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Vegetation Specialist Report 
 

 

Introduction 
 

The environment is the basic determinant of the nature and productivity of eco-systems. Physical 

environmental factors, which include climate, topography and soil, determine the potential of ecosystems 

to support certain types and levels of use (Hamito, 2009). Within the limits set by this potential, the 

influence of fire and biological environmental factors (i.e. insects, herbivory, microorganisms) results in 

different types of vegetation and levels of productivity. According to Branson (1985), vegetation changes 

are of importance for many reasons, improvement in vegetation can only be considered good, but 

deterioration can have many undesirable effects, such as decrease herbage production, increased runoff 

and erosion, and a decline in scenic quality, as well as a loss of biological diversity. Critical processes at 

the ecosystem level influence plant productivity, soil fertility, water quality, atmospheric chemistry, and 

many other local and global environmental conditions that ultimately affect human welfare. These 

ecosystem processes are controlled by both the biological diversity and identity of the plant, animal, and 

microbial species living within a community (Naeem et al., 1999). Therefore, understanding of how the 

various environmental factors plus management activities affect vegetation is crucial to successful 

administration of the Apache-Sitgreaves National Forests (A-SNFs). 

 

The purpose of this assessment is to profile the terrestrial ecosystems of the A-SNFs and the surrounding 

area with an emphasis on vegetation (see the 2008 Vegetation Specialist Report (A-SNFs, 2008a) for a 

more in-depth discussion of this topic). This report evaluates and discloses the potential environmental 

consequences on the vegetation resource that may result from the adoption of a revised land management 

plan. It examines, in detail, four different alternatives for revising the 1987 A-SNFs land management 

plan (1987 forest plan). 

 

 

Relevant Laws, Regulations, and Policy that Apply  
 

The authority for restoring National Forest System lands derives from many laws enacted by Congress 

that define the purpose of national forests and grasslands. Forest Service Manual 2020 - Ecological 

Restoration and Resilience, summarizes the principal statutes that govern management and restoration, 

and provides an overview of each statute (see the Apache-Sitgreaves National Forests Proposed Land 

Management Plan for a more in-depth listing). 

 

The Laws include: 

 

 Organic Administration Act of 1897 (16 U.S.C. 475, 551) 

 Weeks Act of 1911, as amended (16 U.S.C. 515, 552) 

 Knutsen-Vandenberg Act of 1930 (16 U.S.C. at 576b) 

 Anderson-Mansfield Reforestation and Revegetation Joint Resolution Act of 1949 (16 U.S.C. 

581j and 581j(note)) 

 Granger-Thye Act of 1950 (16 U.S.C. at 580g-h) 

 Surfaces Resources Act of 1955 (30 U.S.C. 611-614) 

 Sikes Act (Fish and Wildlife Conservation) of September 15, 1960 (16 U.S.C. at 670g) 

 Multiple-Use Sustained Yield Act of 1960 (16 U.S.C. 528-531) 

 Wilderness Act of 1964 (16 U.S.C. §§ 1131 et seq.) 

 Wild and Scenic Rivers Act of 1968 (82 Stat. 906, as amended, 16 U.S.C. 1271 (note), 1271-1287) 

 National Environmental Policy Act of 1969 (16 U.S.C. 4321 et seq.) 
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 Clean Air Act of 1970 as amended 1977 and 1990 (42 U.S.C. 7401, 7418, 7470, 7472, 7474, 

7475, 7491, 7506, 7602) 

 Endangered Species Act of 1973 (P.L. 93-205, 87 Stat. 884; 16 U.S.C. 1531-1544, as amended) 

 Forest and Rangeland Renewable Resources Planning Act of 1974, as amended through Public Law 

106–580, Dec. 31, 2000 

 National Forest Management Act of 1976 (16 U.S.C. 1600-1614, 472a) 

 Clean Water Act of 1977 (33 U.S.C. 1251, 1254, 1323, 1324, 1329, 1342, 1344; 91 Stat. 1566) 

 North American Wetland Conservation Act of 1989 (16 U.S.C. 4401 (note), 4401-4413, 16 U.S.C. 

669b (note)) 

 Healthy Forests Restoration Act of 2003 (16 U.S.C. at 1611-6591) 

 The Omnibus Appropriations Act for Fiscal Year 2003 [Stewardship End Result Contracting 

Projects (Public Law 108-7, 16 U.S.C. 2104 (note)) 

 Tribal Forest Protection Act of 2004 (P.L. 108-278, 118 Stat. 868; 25 U.S.C. 3115a) 

 

Principal Executive Orders relevant to ecological restoration are listed below: 

 

 Executive Order 11514: Protection and enhancement of environmental quality (35 FR 4247, 

March 7, 1970) 

 Executive Order 11644: Use of off-road vehicles on the public lands (37 FR 2877, February 9, 

1972) 

 Executive Order 11988: Floodplain management (42 FR 26951, May 25, 1977) 

 Executive Order 11990: Protection of wetlands (42 FR 26961, May 25, 1977) 

 Executive Order 13112; Invasive species (64 FR 6183, February 8, 1999) 

 

Forest Service Manual 2020 itself also establishes further policy aimed to re-establish and retain 

ecological resilience of National Forest System lands. 

 

 

Methodology and Analysis Process 
 

This report describes and analyzes the 14 PNVTs of the A-SNFs. It describes the forests role in the larger 

landscape of the ecoregion and the contribution to sustainability
1
 of these vegetation types. The report 

quantifies how far departed the PNVTs’ structure, composition, and cover are from desired condition 

(DC) and historic range of variability (HRV) using the measure of Departure Index
2
 (DI) and what that 

departure and trend will be after implementing the vegetation treatment objectives identified in each 

alternative. It discusses the threats and risks that have caused departures from DCs and may hinder 

progress towards DC. This report examines the state of quaking aspen (Populus tremuloides Michx.), or 

                                                           
1 Sustainability is the use of the environment and resources to meet the needs of the present without compromising the ability of future 

generations to meet their needs (Chapin et al., 2009a). 
2
 Departure Index (DI) is a rating based on departure from characteristic or desired vegetation and fuel conditions considered to be those that 

occurred within the historic range of variability (HRV). Uncharacteristic conditions are those that did not occur within the HRV, such as 

invasive species (e.g., plants, insects, and diseases), changes in forest structure, size class and canopy cover due to vegetation treatments, 
repeated annual livestock grazing, and uncharacteristic fire behavior due changed fuel characteristics. Determination of the amount of departure 

is based on comparison of a composite measure of forest structure, size class, and canopy cover. DI classes are: No departure (0-20%); 
composition and structure of vegetation and fuels are similar to HRV and/or DCs, and risk of loss of key ecosystem components (e.g., native 

species, forest structure, soil) is minimal. Low departure (21-40%); composition and structure of vegetation and fuels are somewhat altered 

from HRV and/or DCs, and risk of loss of key ecosystem components is low. Moderate departure (41-60%); composition and structure of 
vegetation and fuels are moderately altered from HRV and/or DCs, and risk of loss of key ecosystem components is moderate. High departure 

(61-80%); composition and structure of vegetation and fuels are highly altered from HRV and/or DCs, and risk of loss of key ecosystem 

components is great. Severe departure (81-100%); composition and structure of vegetation and fuels are extremely altered from HRV and/or 
DCs, and risk of loss of key ecosystem components is pronounced. 
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aspen, by estimating the current and potential amount (acres) of aspen and whether it has open or closed 

canopy (which indicates the age and state of the aspen stands). The report also describes the overstory and 

understory herbaceous vegetation cover relationship using the amount (acres) of closed canopy cover. See 

the 2008 Vegetation Specialist Report (A-SNFs, 2008a) for a more in-depth discussion of these topics. 

 

 

Potential Natural Vegetation Types (PNVTs) 
 

The Vegetation Specialist Report (A-SNFs, 2008a) is organized around Potential Natural Vegetation 

Types (PNVTs). The Region 3 Ecological Sustainability Report (USFS, 2008a) provides guidance on 

evaluating ecological sustainability by using PNVTs as the framework for vegetation analysis. 

  

The distribution of PNVTs on Region 3 National Forest System lands and across land ownership 

throughout Arizona and New Mexico was analyzed by the Nature Conservancy (Vander Lee et al., 2006). 

PNVTs are coarse-scale groupings of ecosystem types that share similar geography, soils, vegetation, and 

historic ecosystem disturbances such as fire, drought, and grazing by native species. PNVTs represent the 

vegetation type and characteristics that would occur when natural disturbance regimes and biological 

processes prevail (Vander Lee et al., 2006). Tables 1 and 2 display the major PNVTs (Vander Lee et al., 

2006) found within the A-SNFs. The A-SNFs’ Terrestrial Ecosystem Survey (TES) data (Laing et al., 

1987) was used for PNVT delineation and development. The TES reflect 1:24,000-scale ecological unit 

mapping depicting climate, soil, and vegetation pattern, along with the description of multiple biophysical 

attributes including life zone, climate step (subclass of life zone), vegetation class, and disclimax 

categorization (Triepke et al., 2014), and was then used to summarize vegetation for this analysis because 

of their relevance to the characterizations of historic range of natural variability (HRV
3
) and vegetation 

state and transition models
4
 being developed for PNVTs in preparation for the forest planning process (see 

appendix A tables 1 and 2 for the TES (Laing et al., 1987) map units that comprise each PNVT). See 

appendix A maps 1 and 2 for the spatial relationship between the 14 PNVTs found on the forests. 

 

The PNVTs (table 1) used for this analysis were summarized from the Terrestrial Ecosystem Survey of 

the Apache-Sitgreaves National Forests (Laing et al., 1987) and cross-walked with the Southwestern 

Regional Gap Analysis Project (Lowry et al., 2005) land cover vegetation data. 

 
  

                                                           
3
 According to Wiens et al. (2012), the concept of HRV and assessments of HRV have been developed and applied most often in the forested 

ecosystems of the western U.S., where the impacts of Euro-American settlement occurred relatively recently, and where long-lived trees are 

available for relatively precise reconstruction of past forest structure and disturbance regimes. Some of the drawbacks and limitations of using 

historic range of variability (HRV) (Romme et al., 2012; Wiens et al., 2012): 1. The role of humans in reference ecosystems is not well known, 
2. The amount and quality of data available for HRV summaries and assessments may be incomplete or not well known, and 3. Can HRV be 

relevant when facing a future of climate change, invasive species, and accelerated human land-use impacts? Some examples of how the HRV 

concept can be utilized effectively in resource management, planning and policymaking (Romme et al., 2012): 1. HRV helps in identifying 
ecological conditions that will restore ecological resilience in the face of changing climate and fire regimes, 2. HRV helps in evaluating the 

ecological feasibility of management goals that society may find desirable, 3. HRV helps in designing management plans that maintain 

ecological integrity while producing economic commodities, and 4. HRV helps in educating the public and facilitating collaborative discourse 

and decision making about resource-management goals and methods. 
4
 Modeling projected trends in state and transitions were derived through the use of the Vegetation Dynamics Development Tool (VDDT) (ESSA 

Technologies, 2006). VDDT software is a non-spatial model that allows the user to model vegetation change over time as a series of vegetation 
states that differ in structure, composition, and cover and to specify the amount of time it takes to move from one vegetation state to another in 

the absence of disturbance. Various disturbance agents affecting the movement of vegetation between states (or transitions) are incorporated 

(e.g., mechanical vegetation treatments, surface fires, mixed-severity fires, stand-replacing fires, grazing, insect outbreaks, and drought events, 
etc.). By varying the types and rates of disturbance across the landscape, the effects of different disturbance regimes, such as historic and 

current fire regimes, or different management treatments, such as wildland fire to meet resource objectives, fire suppression, prescribed 

burning, grazing practices, and mechanical fuel treatments, on vegetation can be investigated (Schussman and Smith, 2006a). Input data used in 
modeling came directly from forest management activities and fire data over the last 25 years. 
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Table 1. The 14 potential natural vegetation types (PNVTs) of the A-SNFs 

Potential Natural Vegetation Types (PNVTs)1, 2 

forests woodlands grasslands chaparral 
riparian areas/ 
riparian forests 

ponderosa pine 

(PPF) 

Madrean pine-oak 

(MPOW) 

Great Basin 

(GBG) 

interior 

(IC) 

wetland/cienega 

(WCRA) 

wet mixed conifer 

(WMCF) 

piñon-juniper 

(PJW) 

semi-desert 

(SDG) 
 

cottonwood-willow 

(CWRF) 

dry mixed conifer 

(DMCF) 
 

montane/subalpine 

(MSG) 
 

mixed broadleaf deciduous 

(MBDRF) 

spruce-fir 

(SFF) 
   

montane willow 

(MWRF) 
1 PNVTs were defined by terrestrial ecosystem units, based on the terrestrial ecosystem survey of the A-SNFs (Laing et al., 1987) (see appendix A tables 1 and 2) 
2 Within each major vegetation type, the PNVTs are arranged by size: largest to smallest 

 

In order to manage the ecosystems of today, it is important to know as much as possible about past forest 

conditions, especially the “reference conditions” that existed before forest structure and function were 

altered by Euro-American settlers (Friederici, 2004). Such conditions were not unchanging, but were 

sustained across what has been called a “natural range of variability” (Falk, 1990; Landres, et al., 1999). 

They shaped the “evolutionary environment” of southwestern ecosystems and were a fairly stable 

environment in which vegetation and animals evolved and adapted together. Restoring conditions similar 

to those of the evolutionary environment is not a matter of trying to return to the past; rather, it is the only 

way to assure the long-term health of these forests into the future (Friederici, 2004). Health is described 

as the degree to which the integrity of the soils, vegetation, water and air as well as the ecological 

processes of the forests’ ecosystems are balanced and sustained (Pyke et al., 2002). 

 

According to the Schussman and Smith (2006a), HRV is a description of the change over time and space 

in the ecological condition of PNVTs and the ecological processes that shape those types. Dillon et al. 

(2005), characterized HRV as “the spatial and temporal variation in composition, structure and function 

experienced in an ecosystem from about 1600 to 1850, when the influences of Euro-Americans were 

minimal, within the land area being evaluated.” HRV is a tool for assessing ecological integrity, and does 

not necessarily constitute a management target or desired conditions. HRV can help identify key 

structural, functional, compositional, and connectivity characteristics, for which plan components may be 

important for either maintenance or restoration of such ecological conditions. A comparison between a 

PNVT’s existing vegetation and HRV was used to show the departure from reference conditions. HRV 

descriptions focus on characteristics important for managing PNVTs found on National Forests in Arizona 

and New Mexico, including: vegetation composition and structure and how this attribute varies across the 

region within a PNVT; patch or stand characteristics such as size and spatial distribution; patch dynamics 

such as succession; the dominant disturbance processes and frequency of disturbance that shape 

ecological conditions within a PNVT over time; anthropogenic disturbances or exclusion of natural 

disturbance regimes; and the effects of climatic fluctuations (Schussman and Smith, 2006a). Descriptions 

of HRV also focus on quantifying the rate of change in PNVT characteristics and the influence of humans 

on changes in these characteristics (Schussman and Smith, 2006a). 

 

Ecological integrity is achieved when ecosystem structure, function, processes, and services are preserved 

over space and time (Grumbine, 1994; Finch and Dahms, 2004).The closer ecological composition, 

structure, and process are to their historic conditions, the more properly each vegetation type is 

functioning and the more secure dependent species (plants and animals) are within the associated habitats. 

This is particularly important with potential changes in the climate. The intent is to re-establish the natural 

patterns and processes within these vegetation communities that allowed for natural resiliency. This is 

especially important when faced with potential changes in climate, uncharacteristic wildfire, and the 

presence of invasive plant species (the A-SNFs has 81 known noxious and invasive weed species (White, 

2008, 2011 and 2013) see the Invasive Species Specialist Report for more information). 
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Desired conditions (DC), together with other plan components, constitute a framework for sustainability 

and articulate management intent over the life of the forest plan. DCs are the specific conditions of the 

vegetation resources on a landscape scale which meets the management objective as outlined in the forest 

plan. A comparison between a PNVTs’ existing vegetation conditions were used to show the departure 

from DC and HRV (table 2). DC descriptions focus on characteristics important for managing PNVTs 

found on the A-SNFs, including: vegetation composition and structure and how these attributes vary 

within a PNVT. This assessment focuses on the current vegetation conditions found within the 

administrative boundaries of the A-SNFs relative to their HRV and the forests identified DCs. 

 

Because vegetation DC for each PNVT have been identified at or near HRV, the assumption is still the 

same; the closer the composition, structure, and processes of the individual PNVT is to its HRV the more 

properly the PNVT is functioning, and the dependent species (plants and animals) are more secure within 

their habitat. 

 
Table 2. Departure rating of the PNVTs, based on woody overstory, in relation to their defined desired 
condition (DC) and historic range of variability (HRV)  

Potential Natural Vegetation Types (PNVT) and Percent Departure1 from Forest Plan Desired Conditions (DC) and Historic Range of Variability 
(HRV) 

within DC/HRV 
(0-20%) 

low departure 
(21-40%) 

moderate departure 
(41-60%) 

high departure 
(61-80%) 

severe departure 
(81-100%) 

PNVT 
departure 

rating 
PNVT 

departure 
rating 

PNVT 
departure 

rating 
PNVT 

departure 
rating 

PNVT 
departure 

rating 

PNVT Departure from Desired Condition (DC)2 

IC 8 MWRF 21 MSG 54 MPOW 61   

CWRF 20 PJW 26 WMCF 54 GBG 67   

  MBDRF 33 SFF 59 DMCF 67   

  WCRA 36   PPF 77   

      SDG 79   

PNVT Departure from Historic Range of Variability (HRV)2 

IC 8 MWRF 21 MSG 54 WMCF 61 PPF 94 

CWRF 20 PJW 26   SFF 62   

  MBDRF 33   GBG 67   

  WCRA 36   MPOW 72   

      DMCF 77   

      SDG 79   
1 Departure from DC and HRV are based solely on overstory (woody vegetation) attributes of size class, cover class and species composition. Understory (herbaceous 

vegetation) is not factored into the departure calculation, so any departure rating accounts for only a portion of the total plant community structure, composition, 
and function 

2 Within each departure class, the PNVTs are arranged by level of departure: least to greatest 

 

In most cases, reference condition and DCs have been identified as the same target objective. However, as 

can be seen in the above table, departure from reference conditions and DCs are not equal for five of the 

14 PNVTs; ponderosa pine, wet mixed conifer, dry mixed conifer, and spruce-fir forests, and Madrean 

pine-oak woodland. Southwestern Regional Office direction for DCs have been altered from reference 

condition for the ponderosa pine and dry mixed conifer forests to reflect contemporary landscape 

vegetation structural states important to northern goshawks and Mexican spotted owls. DCs have also 

been changed from reference condition within the Madrean pine-oak woodland to reflect contemporary 

landscape vegetation structural states important to Mexican spotted owls. DCs have also been altered 

from reference condition for the wet mixed conifer and spruce-fir forests to reflect areas absent the 

succession of aspen cover types, where even-aged conifer succession predominates. As an expression of 

socioeconomic sustainability, a minor percentage of areas without aspen cover types would be managed 

on shorter rotations than the historic stand replacement intervals (120 years versus 200+ years). This 

results in DCs that have a somewhat higher proportion of early-successional vegetation structural states 

than reference conditions, a proportion of mid-successional vegetation structural states that is somewhat 
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lower than reference conditions, and a proportion of late-successional vegetation structural states that is 

somewhat lower than reference conditions (Jack Triepke, Southwestern R3 Regional Ecologist, 

professional communication). 

 

 

PNVT Write-ups 
 

Each individual PNVT write-up is organized under the following topics (see the 2008 Vegetation 

Specialist Report (A-SNFs, 2008a) for a more in-depth discussion of this topic): 

 

Setting: PNVT descriptions were adapted from Vander Lee et al. (2006) with some modifications to fit 

specific situations occurring on the A-SNFs. Within each PNVT there will be local variations in 

associated vegetation that are due to a combination of several factors; such as, topography, elevation, 

aspect, soil type, soil moisture and soil temperature, associated vegetation, and ambient air temperatures, 

as well as biotic influences. The A-SNFs’ Terrestrial Ecosystem Survey (ASTES) data (Laing et al., 1987) 

was used for PNVT delineation. 

 

Context/Niche: Information regarding context and niche were derived from data provided by the 

Southwestern Regional Office (RO), Albuquerque, New Mexico in 2007. 

  

Vegetation States’ Structure, Composition and Cover: Projecting changes in overstory, or woody 

vegetation structure and composition over time is an important part of landscape-level analyses. 

Vegetation can change for a variety of reasons. Information regarding vegetative states’ structure, 

composition and cover were derived from data provided by the RO in 2007, the A-SNFs draft (2007) 

midscale vegetation analysis (updated in 2012 to reflect the effects of the 2011 Wallow Fire), and The 

Nature Conservancy (Schussman and Smith, 2006b; Vander Lee et al., 2006). 

 

Trends and Projected Future Conditions: Describes the projected future status of the PNVT assuming 

management consistent with Alternative A and the 3 action alternatives, and displays the extent of the 

PNVT within the planning area relative to the ecoregion section and subsections. This step involves 

projecting the conditions of the PNVT into the future (10, 15, 20, 30, 40, and 50 years). Comparing the 

projected future status of the characteristics to the HRV is designed to display the direction in which 

characteristics of the PNVT are headed and is essential in determining the status of ecosystem 

sustainability. Focus is on describing whether the alternatives are sufficient to maintain and/or move the 

PNVT towards DC and HRV. Information used to project trends and future conditions were derived from 

current A-SNFs management and fire activities.  

 

 

Vegetation Analyses 
 

Analyses were conducted on vegetation using PNVTs, existing mid-scale vegetation types found on the 

A-SNFs
5
 and soil types from Terrestrial Ecological Unit Inventory data for the A-SNFs

6
. A comparison 

                                                           
5
 Mid-scale vegetation types were determined using satellite data and are mapped at the scale of 1:100,000. The mid-scale vegetation inventory 

for all A-SNFs’ vegetation types analyzed in this report was conducted in 2005 and 2006. As a result of the 2011 Wallow fire, the A-SNFs’ 

midscale mapping product was updated to reflect changed conditions. This product represents a rapid assessment done to help identify changed 
vegetation condition within the perimeter of the Wallow Fire. The assessment utilized mid-scale existing vegetation data products for 

vegetation dominance type, tree size, and overstory canopy cover map units as well as RAVG (Rapid Assessment of Vegetation Condition after 

Wildfire) data produced by the Remote Sensing Applications Center (RSAC) representing overstory canopy cover mortality classes. The 
datasets were combined using a standard rule-set, developed by the U.S. Forest Service Southwestern Regional Office, to determine where mid-

scale map units had changed according to fire severity. This outcome is intended as a rapid assessment of changed condition and does not 

represent an update of the official mid-scale map products.  
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between PNVT, defined forest plan DCs, and existing vegetation was used to show the departure from 

DCs, and to estimate trends and future conditions. Projecting changes in vegetation structure and 

composition over time is an important part of landscape-level analyses. Vegetation can change for a 

variety of reasons such as human activity, fires, insects, pathogens, mammals, weather, or growth and 

competition. The interaction of these factors can be quite complex and it can be difficult to project the 

combined effects over long periods of time (ESSA Technologies, 2007). Modeling projected trends in 

state and transitions (see appendix B for more information on state and transition modeling) were derived 

through the use of the Vegetation Dynamics Development Tool (VDDT), Version 6.0.25 (ESSA 

Technologies, 2006). VDDT software is a non-spatial model that allows the user to model vegetation 

change over time as a series of vegetation states that differ in structure, composition, and cover and to 

specify the amount of time it takes to move (or transitions) from one vegetation state to another in the 

absence of disturbance
7
. Various disturbance agents affecting the movement (or transitions) of vegetation 

between states are incorporated (e.g., surface fires, stand-replacing fires, grazing, insect outbreaks, and 

drought events, vegetation treatments, etc.). By varying the types and rates of disturbance across the 

landscape, the effects of different disturbance regimes, such as historic and current fire regimes, or 

different management treatments, such as planned and unplanned fire ignitions, fire suppression, grazing 

practices, and mechanical fuel treatments, on vegetation can be investigated (Schussman and Smith, 

2006b; TNC, 2006). Input data used in modeling came directly from forest management activities and fire 

data over the last 25 years. 

 

According to Weisz et al. (2010), projecting transitions in vegetation states (composition and structure) 

over time facilitates evaluating the ecological sustainability of ecosystems. State destinations and 

transition probabilities for vegetation treatments were derived from Forest Vegetation Simulator (FVS), 

modeling, Version 6.31. FVS is a distance-independent; individual-tree forest growth model widely used 

in the United States and is used to compare alternatives. State destinations for natural fires and fire 

treatments were derived from FVS, modeling, Version 2.02 and Fire and Fuel Extension (FFE) (Weisz et 

al., 2012; Weisz and Vandendriesche, 2014). 

 

Some of the drawbacks and limitations of VDDT modeling are: 

 

 Many of the VDDT inputs used were derived from other modeling outputs, e.g., FVS timber 

harvest treatment state transition destinations and the probability of those outcomes 

 Many of the VDDT inputs used were derived from incomplete data sources such as the Forest 

Service Activity Tracking (FACTS
8
) database 

 VDDT is a non-spatial model intended mainly for broad scale analysis 

                                                                                                                                                                                           
6
 The Terrestrial Ecological Unit Inventory referenced in this document is specific to the A-SNFs and is a classification of ecological types. It 

maps terrestrial ecological units based on soil types and existing vegetation (Laing et al., 1987). 

7
 State and transition models are simple box-and arrow diagrams in which boxes represent observed or theoretical ecosystem states and arrows 

represent the observed or theoretical transitions among these states. These models are commonly used to conceptualize either formal 
mathematical models or the complex behavior of dynamic systems. They are essentially a means of mapping system behavior in the absence of 

adequate predictive models (Westoby et al., 1989). 

8
 FACTS is an activity tracking system for all levels of the Forest Service. It supports timber sales in conjunction with TIM Contracts and 

Permits; tracks and monitors NEPA decisions; tracks Knutson-Vandenberg trust fund plans at the timber sale level, reporting at the National 

level; and, it generates National, Regional, Forest, and/or District Reports. FACTS is a nationally supported application that tracks land based 

activities through the NEPA, Layout, and Accomplished stages of a project. The features in GIS represent the activity unit on which these 
activities occur and are depicted in GIS as polygons, lines or points. FACTS version 2.0 uses a total of three feature classes for each feature 

type - polygon, line, point. Within each feature class, there exists three "sub-types" to identify the stage an activity is in - NEPA, Layout, 

Accomplished. The appropriate stage of an activity unit is determined by the status of the project. 

 



  

8 

 VDDT projects changes in vegetative conditions in response to succession, disturbances, and 

management treatments, however, the VDDT model divides vegetation conditions within each 

PNVT into a small number of discrete states, and it is acknowledged that there is more variability 

within each state and within nature than has been modeled for forest plan revision. 

 A small number of states were selected because the VDDT model is driven by the data available; 

the amount of available data was limited 

 VDDT modeled the distribution of landscape states over time, and does not model the more 

detailed physical (soil, temperature, precipitation, aspect, elevation, productivity) chemical and 

biological dynamics of what is happening at each scale of spatial resolution 

 VDDT is a long-range, broad scale, strategic model, and does not describe what is happening at a 

site specific level of detail to individual trees, groups of trees, etc. 

 VDDT does not model detailed mechanisms of landscape change, but by calibrating the VDDT 

models with FVS model outputs (Weisz et al., 2011; Weisz and Vandendriesche, 2012; Weisz et 

al., 2012; Weisz and Vandendriesche, 2014), VDDT modeling takes advantage of some of the 

detailed mechanisms (mortality, regeneration, background dwarf mistletoe presence, natural 

growth, succession, etc.) that FVS considers 

 VDDT models overstory structure, composition, and cover as defined by mid-scale vegetation 

mapping in great detail, but does not model the herbaceous understory vegetation (for example, 

the species composition of grasses and forbs) 

 VDDT models the probability and timing of events (such as fire behavior, management activities, 

insect and disease occurrences, etc.) based on empirical observations, but our current information 

on historical behavior and evidence cannot accurately predict future behavior due to climate 

change and other phenomena which may not have occurred within the realm of the statistical 

evidence which is available to us today 

 

It is assumed the disturbances (e.g., management activities) selected for the VDDT model represent the 

majority of disturbances the A-SNFs experience. There could be many variations to these disturbances; 

however these were not modeled in detail for this analysis. According to Lauenroth and Laycock (1989), 

and others, succession may follow multiple pathways and reach different end-points depending on the 

effects of disturbance on the life history characteristics of the vegetation; causing predictability to be 

limited by the importance of chance or infrequent events. Given the complexities of heterogeneity, 

unforeseen event, and multiple interacting drivers, predicting future ecological changes is an immense 

challenge (Jackson et al., 2009; Romme et al., 2011). 

 

The following PNVTs were modeled using VDDT software: ponderosa pine, wet mixed conifer, dry 

mixed conifer, and spruce-fir forests; Madrean pine-oak, and piñon-juniper woodlands; Great Basin and 

semi-desert grasslands. State and transition modeling was not conducted for interior chaparral, and 

montane/subalpine grasslands, and the four riparian PNVTs. Separate, regionally consistent VDDTs 

models were not developed for montane/subalpine grasslands, and the four riparian PNVTs. 

 

 

Assumptions 
 

In the analysis for this resource, the following assumptions have been made: 

 

 Acreage within each PNVT is static because it is based on a combination of several factors; such 

as, topography, elevation, aspect, soil type, soil moisture and soil temperature, associated 

vegetation, and ambient air temperatures, as well as biotic influences. However, the acreage 

within each PNVT structural state may vary over time because of natural succession, 

management treatments, and other disturbance factors. 
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 The planning timeframe is 15 years; other timeframes were analyzed depending on the resource 

(usually a discussion of anticipated trends into the future). As mentioned earlier, the timeframes 

analyzed in VDDT modeling were 10, 15 (planning period), 20, 30, 40, and 50 (modeling period) 

years.  

 The kinds of resource-management activities allowed under the prescriptions are reasonably 

foreseeable future actions to achieve the goals and objectives. However, the specific location, 

design, and extent of such activities are generally not known at the time. The decisions are made 

on a site-specific (project-by-project) basis. Therefore, the discussions should refer to the 

potential for the effect to occur and are usually only estimates. The effects analyses are to be 

useful for comparing and evaluating alternatives on a forest-wide basis. It is not intended to be 

applied directly to specific locations on the Forests. 

 The closer ecological composition, structure, and process are to their historic conditions, the more 

properly each vegetation type is functioning and the more secure dependent species (plants and 

animals) are within the associated habitats. This is especially important with potential changes in 

the climate. 

 

 

Revision Topics Addressed in this Analysis 
 

Revision Topic 1: Maintenance and Improvement of Ecosystem Health 

 

Issue: Vegetation Conditions 

 

 PNVT percent departed from desired conditions and historic range of variability using the 

Departure Index 

 Percent departed from DCs for acres of old/large trees, number of snags per acre and tons of 

coarse woody debris 

 Acres of aspen-dominant and co-dominated forest types and current vegetation state size, 

composition and cover of aspen 

 Vegetation overstory/understory relationships compared using acres of closed (> 30%) forest and 

woodland woody canopy cover and < 10 percent woody canopy cover within grasslands 

 

 

Summary of Alternatives 
 

A summary of alternatives, including key differences among alternatives, is outlined in the Draft 

Environmental Impact Statement. 

 

 

Description of Affected Environment 
 

Existing Condition 
 

This assessment primarily focuses on the vegetation conditions found within the administrative 

boundaries of the A-SNFs. An attempt has been made to identify the importance or “contribution to 

sustainability” of vegetation managed by the A-SNFs by comparing the quantity and spatial extent of 

vegetation within and outside of the forests’ administrative boundary. The following discussion places the 

A-SNFs in the broader context of the surrounding landscape and uses a hierarchical framework of 

ecological map units including Ecoregion Provinces, Sections, and Subsections as described below. 

 



  

10 

A scale larger than the Forest is desirable to understand the environmental context, opportunities and 

limitations of National Forest System lands to contribute to ecological sustainability. Ecoregions are 

ecosystems of regional extent. Using the National Hierarchical Framework of Ecological Units
9
 

(ECOMAP, 1993; Cleland et al., 1997) an analysis of the landscapes surrounding the A-SNFs was 

completed using the ecological section and subsection units. This broad-scale analysis was done to set the 

context for the contributions the A-SNFs make to ecological sustainability. As described by Bailey (1980, 

1983, 1985 and 1998) ecoregions distinguish areas that share common climatic and vegetation 

characteristics (Cleland et al., 1997). Ecoregions are subdivided into provinces, which are controlled 

primarily by continental weather patterns such as length of dry season and duration of cold temperatures. 

Provinces are also characterized by similar soils. Sections are a subdivision of provinces, described by 

broad areas of similar subregional climate, geomorphic process, geology, geologic origin, topography, and 

drainage networks. Such areas are often inferred by relating geologic maps to potential natural vegetation 

"series" groupings such as those mapped by Küchler (1964). Ecological subsections are a further division 

of sections, and described by areas with similar surface geology, geomorphic process, soil groups, 

subregional climate, and potential natural vegetation communities (McNab and Avers 1994). Because 

subsections are smaller in size they are more useful in planning at a smaller scale. 

 

The A-SNFs is located within the Arizona-New Mexico Mountains Semi-Desert-Open Woodland-

Coniferous Forest-Alpine Meadow ecoregion province (M313) (McNab and Avers, 1994; McNab et al., 

2005 and 2007); and is located entirely within the province’s White Mountains-San Francisco Peaks-

Mogollon Rim ecoregion section (M313A). In addition, the A-SNFs is located within a portion of seven 

subsections in the White Mountains-San Francisco Peaks-Mogollon Rim ecoregion section (map 1). 

 

Table 3 presents the relationship, in acres, of the A-SNFs to the overall ecoregion section and its seven 

subsections (columns one and two). Overall, the section and the seven subsections total nearly 13.5 

million acres. The A-SNFs occupies 15 percent of these total acres. Column three displays the section and 

subsection percent contribution to the A-SNFs’ acreage, while column four displays the A-SNFs’ percent 

contribution to the section and seven subsections’ acreages. 

 

The remaining 85 percent of the lands within the ecoregion section are owned or managed by a diversity 

of entities; including the Coconino, Gila, Kaibab and Tonto National Forests, the states of Arizona and 

New Mexico, Bureau of Land Management, National Park Service, White Mountain Apache and San 

Carlos Apache Nations, and numerous private organizations and citizens. 

 

Table 4 displays the major PNVTs (Vander Lee et al., 2006) found within the A-SNFs and ecoregion 

section and what percent of each PNVT within the ecoregion section is contributed by the forests. In 

addition, the proportional representativeness within the forests and ecoregion section is presented (map 

1). 

                                                           
9
 In 1993, as part of the Forest Service's National Hierarchical Framework of Ecological Units (ECOMAP, 1993), ecoregions were adopted for 

use in ecosystem management. The hierarchical interrelationships, or nesting, are as follows: 1) The United States is divided into three Domains 
(based on general climatic characteristics). The intermountain west (including Arizona and New Mexico) falls within the Dry Domain. The 

essential feature of the Dry Domain is that annual losses of water through evaporation at the earth's surface exceed annual water gains from 

precipitation; 2) Domains are further subdivided into Divisions, northeastern and eastern Arizona fall within the Tropical/Subtropical Steppe 
Division. Tropical steppes border the tropical deserts on both the north and south, and in places on the east as well. Locally because of altitude, 

plateaus and high plains within what would otherwise be desert have a semiarid steppe climate. The Tropical/Subtropical Steppe Division is 
further subdivided into a Mountain segment exhibiting altitudinal zonation and the climatic regime of the adjacent lowlands and is distinguished 

according to the character of altitudinal zonation; 3) Divisions are further subdivided into Provinces and central and eastern Arizona falls within 

the Arizona-New Mexico Mountains Semi desert--Open Woodland--Coniferous Forest--Alpine Meadow Province of the Mountain 
segmentation. This area consists mostly of steep foothills and mountains, but includes some deeply dissected high plateaus; 4) Provinces are 

further subdivided into Sections and the A-SNFs falls entirely within the White Mountains-San Francisco Peaks-Mogollon Rim Section which 

extends from the south rim of the Grand Canyon to central New Mexico; and 5) Sections are further subdivided into Subsections. The A-SNFs 
falls within a portion of seven Subsections.  
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Map 1. A-SNFs in context to the land areas of the White Mountains-San Francisco Peaks-Mogollon Rim 
M313A ecoregion section (cross-hatched area) and the seven ecoregion subsections in which it occurs, and 
the ecoregion section in context within Arizona and New Mexico 
 

Table 3. Land area, in acres, of the A-SNFs in relation to the land areas of the ecoregion section and seven 
ecoregion subsections in which it occurs 

Ecoregion 
Section and 
Subsection 
Code 

Ecoregion Section and Subsection Name 

Total Area of 
the Ecoregion 
Section and 
Subsection  

(acres) 

Total A-SNFs Area 
within the Section 

and Subsection 
(acres) 

Ecoregion Section 
and Subsection 

Contribution to A-
SNFs Acreage 

(percent) 

A-SNFs Contribution 
to Ecoregion Section 

and Subsection 
Acreage  
(percent) 

Ecoregion Section 

 M313A 
White Mountains-San Francisco Peaks-

Mogollon Rim 
13,474,691 2,015,352 100 15.0 

Ecoregion Subsections 

 M313Ac Burro Mountains Oak-Juniper Woodland 128,507 23,290 1.2 18.1 

 M313Ad Mogollon Mountains Woodland 3,591,109 89,792 4.5 2.5 

 M313Af 
White Mountains Scarp Woodland-
Coniferous Forest 

321,920 25,451 1.3 7.9 

 M313Ag White Mountains Woodland 1,057,569 382,771 19.0 36.2 

 M313Ah White Mountains Coniferous Forest 2,124,359 697,158 34.6 32.8 

 M313Ak Coconino Plateau Woodland 1,610,862 180,849 9.0 11.2 

 M313Al Coconino Plateau Coniferous Forest 1,974,415 616,042 30.6 31.2 

 Other1 Located entirely within New Mexico 2,665,951 0 0.0 0.0 
1 Other = Mangas High Plains Grassland Subsection M313Ab; Mogollon Mountains Coniferous Forest Subsection M313Ae; and San Francisco Peaks Coniferous Forest 

Subsection M313Am 

 

The A-SNFs contains very diverse floristic assemblages that occupy certain areas along an elevational 

gradient. At low elevations (3,500-6,100 feet), the A-SNFs support semi-desert grassland and Madrean 

evergreen woodland biotic communities. Low to middle elevations (6,100-8,800 feet) support interior 

chaparral, Great Basin coniferous woodland, and plains and Great Basin grassland biotic communities. 

Rocky Mountain (petran) and Madrean montane coniferous forests, subalpine coniferous forests, alpine 

and subalpine grassland, and montane grassland biotic communities dominate middle to high elevations 

(8,800-11,300 feet) and are found primarily in the northern two-thirds of the A-SNFs. However, Rocky 

Mountain and Madrean montane coniferous forests are the largest and most widespread biotic community 

on the A-SNFs. The A-SNFs provides a wide range of habitats, both geographical and environmental, to 

which plants have been able to adapt. According to White (2014), the A-SNFs provides habitat for nearly 

2,450 vascular plants. Including lichens, mosses, and fungi the A-SNFs contains more than 4,000 

different plant species. 
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Table 4. Land area, in acres, of the A-SNFs’ major PNVTs in relation to the overall land area of the forests and 
their context, or “niche”, and proportional representativeness within the greater ecoregion section 

Potential Natural 
Vegetation Types 
(PNVT) 

White Mountains-San Francisco Peaks-Mogollon Rim Ecoregion Section 
M313A 

A-SNFs’ 
Proportional 

Representativeness 
Relative to the 

Ecoregion Section 
(ratios are based on 

comparison of 
percent displayed 
in columns 2b and 

3b) 

A-SNFs’ 
Proportional 
Contribution 

Relative to the 
Ecoregion Section 

(ratios are based on 
comparison of 

percent displayed 
in columns 4b and 

4c) 

total PNVT area 
contained within 

the A-SNFs 
(column 2) 

total PNVT area 
contained within 
ecoregion section 

(column 3) 

A-SNFs’ contribution to the 
PNVT total area within 

ecoregion section 
(column 4) 

acres 
(a) 

percent 
(b) 

acres 
(a) 

percent1 
(b) 

acres 
(a) 

percent 

on forests 
(b) 

in 
ecoregion 

(c) 

Forests 
Ponderosa pine 602,206 29.9 4,573,316 33.9 602,206 13.2 86.8 0.9:1 1:6.6 
Wet mixed conifer 177,995 8.8 388,258 3.4 177,995 45.8 54.2 2.6:1 1:1.2 

Dry mixed conifer 147,885 7.3 487,098 2.8 147,885 30.4 61.7 2.6:1 1:2.0 

Spruce-Fir 17,667 0.9 38,748 0.3 17,667 45.6 54.4 3.0:1 1:1.2 

Woodlands 
Madrean pine-oak 394,927 19.6 615,111 4.6 394,928 64.2 35.8 4.3:1 1:0.6 
Piñon-juniper 222,166 11.0 2,919,950 21.7 222,155 7.6 92.4 0.5:1 1:12.1 

Grasslands 
Great Basin 185,523 9.2 1,789,899 13.3 185,523 10.4 89.6 0.7:1 1:8.6 

Semi-desert 106,952 5.3 761,965 5.7 106,952 14.0 86.0 0.9:1 1:6.1 

Montane/subalpine 51,559 2.6 174,810 1.3 51,559 29.5 70.5 2.0:1 1:2.4 

Chaparral 
Interior 55,981 2.8 233,468 1.7 55,981 24.0 76.0 1.6:1 1:3.2 

Riparian Areas 
Wetland/cienega 17,900 0.9 27,925 0.1 17,900 64.1 35.9 9.0:1 1:0.6 

Riparian Forests          

Cottonwood-
willow 

15,876 0.8 19,621 0.2 15,876 80.9 19.1 4.0:1 1:0.2 

Mixed broadleaf 

deciduous 

9,657 0.5 28,239 0.1 9,657 34.2 65.8 5.0:1 1:1.9 

Montane willow 4,808 0.2 21,930 0.0005 4,808 21.9 78.1 400.0:1 1:3.6 
1 Summation of this column does not equal 100% because there are other PNVTs within the ecoregion section that do not occur on the A-SNFs, such as, alpine and 

tundra, desert communities, Gambel oak shrubland, Madrean encinal woodland, and sagebrush shrubland; which are not displayed 

 

The majority of PNVTs (ten) have a greater proportional representation on the A-SNFs than in the 

ecoregion section; this includes all of the riparian PNVTs. The A-SNFs’ top five biggest contributing 

PNVTs to the ecoregion section are: Montane Willow Riparian Forest, Wetland/Cienega Riparian Areas, 

Mixed Broadleaf Deciduous Riparian Forest, Madrean Pine-Oak Woodland, and Cottonwood-Willow 

Riparian Forest, from greatest to least, respectively. 

 

Spatial and Temporal Niche Analysis 
 

As mentioned earlier, spatial niche analysis occurs within the context of the ecoregion section(s) and 

comes down to: when the bulk of the PNVT within the ecoregion section is located on-forest, 

sustainability analysis falls to a temporal niche analysis (focus is on conditions on-forest). When the bulk 

of the PNVT within the ecological section is located off-forest, the sustainability analysis falls to a spatial 

and temporal niche analysis (focus on conditions off-forest). For other PNVTs, ecological sustainability 

analysis will reflect the sum conditions of the PNVT both on- and off-forest (see the 2008 Vegetation 

Specialist Report (A-SNFs, 2008a) for a more in-depth discussion of this topic). See figure 1 for a graphic 

used to determine if the management of lands within the A-SNFs is influential to the sustainability within 

the ecoregion section. 

  



  

13 

 
P

er
ce

n
t 

o
f 

P
N

V
T

 a
re

a 
lo

ca
te

d
 o

u
ts

id
e 

th
e 

A
-S

N
F

s 
w

it
h
in

 t
h

e 
ec

o
re

g
io

n
 s

ec
ti

o
n
  

100              
    PJW*        *PPF 

   *IC GBG* *SDG        

75           MWRF*  

      WMCF* MSG*    MRDRF* DMCF* 

      SFF*       

50             

         MPOW*    

            WCRA* 

25             

            CWRF* 

             

0   25   50   75   100 

Percent PNVT level of departure from HRV outside the A-SNFs within the ecoregion section 

A-SNFs’ Contribution to Sustainability when Assessing Off-Forest Conditions:  Low   ,  Moderate   ,  High    

 
Figure 1. Spatial niche analysis, potential A-SNFs contribution to sustainability of PNVTs off-forests within 
the White Mountains-San Francisco Peaks-Mogollon Rim Ecoregion Section 

 

Spatial Niche Analysis: As can be seen from table 3, the importance of the PNVTs within the A-SNFs to 

the sustainability of ecosystems represented by these vegetation communities varies with amount and 

distribution within and outside of the A-SNFs’ boundaries. On one hand, the ponderosa pine Forest PNVT 

comprises nearly 30 percent of the A-SNFs, and represents only about 13 percent of the overall ecoregion 

section acreage. A similar situation exists with the piñon-juniper woodland, and Great Basin and semi-

desert grassland PNVTs in that these PNVTs represent a relatively small percentage of the forests and an 

even smaller percent of what the ecoregion section contains overall; 11 percent and eight percent, nine 

percent and 10 percent, and five percent and 14 percent, respectively. Because these PNVTs are such a 

relatively small percentage of what the ecoregion section contains, overall, the ability of the A-SNFs to 

make a significant contribution to the ecological sustainability of these vegetation communities within the 

ecoregion section specifically and the Southwest in general is limited, but may be very important. 

 

Conversely, all of the riparian forests and wetland/cienega riparian area PNVTs, individually, each make 

up less than two and one-half percent of the A-SNFs, however, they represent a significant portion of the 

total acreage of these vegetation types within the ecoregion section. A similar situation exists with the 

Madrean pine-oak woodland, spruce-fir, wet mixed conifer, and dry mixed conifer forest PNVTs in that 

these PNVTs contribute a relatively large percentage of the ecoregion sections acreage; overall, for these 

vegetation communities. The management of these communities within the A-SNFs is very influential and 

makes a significant contribution to the ecological sustainability of these PNVTs within the ecoregion 

section. 

 

 

Potential Natural Vegetation Types (PNVTs) 
 

A summary of information regarding each of the PNVTs found on the A-SNFs follows. Detailed PNVT 

assessments can be found in the 2008 Vegetation Specialist Report (A-SNFs, 2008a). 
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Forested PNVTs  
 

Ponderosa pine forest (map 2,and appendix A maps 1 and 2): The 

ponderosa pine forest is widespread and at roughly 602,206 acres of 

NFS lands, or approximately 30 percent of the forests (table 4), 

represents the largest PNVT on the A-SNFs.  

 

This PNVT generally occurs at elevations ranging from 6,000 to 

9,000 feet on soils derived from igneous, metamorphic, and 

sedimentary parent material with good aeration and drainage. 

Ponderosa pine forest is typically bounded at the upper elevation by 

mixed conifer forest, and at the lower elevation by grassland, piñon-

juniper forest, or chaparral, although extensive intergrading of 

species may occur at ecotone boundaries along gradients of slope, 

elevation, aspect, and moisture (Moir, 1993). Generally, annual 

precipitation ranges from 17.3 to 27.6 inches, with 45 to 55 percent 

coming between October 1
st
 and March 31

st
 (table 5). 

 

Table 5. Ponderosa pine forest PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between 
Oct 1st and Mar 31st 

annual accumulation 
major accumulation 

period 

41 45 17.3 27.6 45 - 55 39 - 47 6 - 14 Nov 1st - Apr 30th 100 - 130 
1 Winters are cold 
2 Snowfall moisture is included in average annual precipitation data 

 

The dominant species in this PNVT is ponderosa pine (Pinus ponderosa P. & C. Lawson var. scopulorum 

Engelm.)
 10

. Other trees, such as Gambel oak (Quercus gambelii Nutt.), Rocky Mountain Douglas-fir 

(Pseudotsuga menziesii (Mirbel) Franco var. glauca (Beissn.) Franco), piñon pine (Pinus edulis Engelm.), 

and junipers (Juniperus spp. L.) may be present. There is typically a shrubby understory; for example, 

currants/gooseberries (Ribes spp. L.), and buckbrush (Ceanothus spp. L.), mixed with a variety of grasses 

and forbs, such as Arizona fescue (Festuca arizonica Vasey), mountain muhly (Muhlenbergia montana 

(Nutt.) A.S. Hitchc.), pine dropseed (Blepharoneuron tricholepis (Torr.) Nash), blue grama (Bouteloua 

gracilis (Willd. ex Kunth) Lag. ex Griffiths), fleabanes (Erigeron spp. L.), pussytoes (Antennaria spp. 

Gaertn.), and others, although this type sometimes occurs as savannah with extensive grasslands 

interspersed between widely spaced clumps or individual trees. 

 

This PNVT is adapted to drought during the growing season, and has evolved several mechanisms to 

tolerate frequent, low intensity surface fires. 

 

The A-SNFs’ niche for this PNVT is approximately 13 percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the Coconino Plateau Coniferous Forest and the 

White Mountains Woodland subsections, the A-SNFs contribute 30 and 25 percent of this PNVT, 

respectively. The A-SNFs’ contribution to the sustainability of the ponderosa pine forest PNVT is high 

(figure 1). Nearly 87 percent (table 4) of this PNVT is located off-forest and has a severe departure rating 

                                                           
10

 Plant names follow USDA Natural Resources Conservation Service’s (USDA NRCS, 2013a) USDA PLANTS Database conventions and 

nomenclature. The PLANTS Database provides standardized information about the vascular plants, mosses, liverworts, hornworts, and lichens 
of the United States and its territories. The PLANTS Database is available at: http://plants.usda.gov/java/ 

 Map 2. General location of the 
ponderosa pine forest PNVT 
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from HRV.  
  

Ponderosa pine forest PNVT burn severity
11

 acres produced by the 2011 Wallow Fire can be seen in table 

6. Overall, the fire did not cause a significant impact to the ponderosa pine forest PNVT. Somewhat more 

than 21 percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres within the fire 

perimeter, less than 20 percent were burned, and of that; less than six percent (34,543 acres) were 

classified as undergoing a moderate to high severity burn (see Appendix C table 1 for a comparison of pre 

and post-2011 Wallow Fire ponderosa pine forest PNVT overstory vegetation structural states). 
 

Table 6. 2011 Wallow Fire burn severity within the ponderosa pine forest PNVT for pre and post-2011 Wallow 
Fire structural states (see Appendix C table 1) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 11,809 22,734 79,821 14,488 128,852   

Percent 9.2 17.6 61.9 11.2 100  
 

 Total Ponderosa Pine Forest PNVT 

Acres 11,809 22,734 79,821 14,488 128,852 473,355 602,206 

Percent 2.0 3.8 13.3 2.4 21.4 78.6 100 

 

Current conditions within the ponderosa pine forest are highly departed from DCs and severely departed 

from HRV (table 2). With a Departure Index
12

 (DI) of 77 and 94 percent, respectively, this PNVT is the 

most departed on the forests in relation to HRV and the 2
nd

 most departed in respect to DC. With respect 

to the DI from DCs there is a considerable (56%) over-representation of all size and age trees, single or 

multi-storied with closed canopy cover (vegetation structural states G, H, I, L, and M) (see Appendix D 

figure 1 and Appendix D tables 1 through 10), as well as the existence of an atypical, early developmental 

state created by uncharacteristic wildfire represented by vegetation structural state N (11%). Historically, 

this forest type was characterized by open canopies which are now reflected in an under-representation 

(58%) of medium to very large size, single or multi-storied trees with open canopy cover (vegetation 

structural states D, E, J, and K). Historically these forests were dominated by very shade intolerant and 

shade intolerant shrub and tree species with open canopy characteristics. In addition, a more open canopy 

should promote an increase in shrubs and herbaceous understory diversity and abundance. 

                                                           
11 Vegetation Burn Severity: The effect of a fire on vegetative ecosystem properties, often defined by the degree of scorch, consumption, and 

mortality of vegetation and the projected or ultimate vegetative recovery (Lentile et al., 2006; Morgan et al., 2001). The vegetation burn 
severity of a fire depends on the fire intensity and the degree to which ecosystem properties are (or are not) fire resistant. For example, a fire 

of exactly the same fireline intensity might kill thin-barked trees but have little effect on thick-barked trees, or it may root-kill rather than 

canopy-kill trees, which would result in greater mortality than initially observed (Parsons et al., 2010). Burn severity indicators are classified 
and defined as follows (Parsons et al., 2010): 1) Low Soil Burn Severity - Surface organic layers are not completely consumed and are still 

recognizable. Structural aggregate stability is not changed from its unburned condition, and roots are generally unchanged because the heat 

pulse below the soil surface was not great enough to consume or char any underlying organics. The ground surface, including any exposed 
mineral soil, may appear brown or black (lightly charred), and the canopy and herbaceous understory vegetation will likely appear “green.” 2) 

Moderate Soil Burn Severity - Up to 80 percent of the pre-fire ground cover (litter and ground fuels) may be consumed but generally not all of 

it. Fine roots (~3/32 inch diameter) may be scorched but are rarely completely consumed over much of the area. The color of the ash on the 
surface is generally blackened with possible gray patches. There may be potential for recruitment of effective ground cover from scorched 

needles or leaves remaining in the canopy that will soon fall to the ground. The prevailing color of the site is often “brown” due to canopy 

needle and other vegetation scorch. Soil structure is generally unchanged. 3) High Soil Burn Severity - All or nearly all of the pre-fire ground 
cover and surface organic matter (litter, duff, and fine roots) is generally consumed and charring may be visible on larger roots. The prevailing 

color of the site is often “black” due to extensive charring. Bare soil or ash is exposed and susceptible to erosion, and aggregate structure may 

be less stable. White or gray ash (up to several centimeters in depth) indicates that considerable ground cover or fuels were consumed. 
Sometimes very large tree roots (> 3 inch diameter) are entirely burned extending from a charred stump hole. Soil is often gray, orange, or 

reddish at the ground surface where large fuels were concentrated and consumed. 

12
 One of the simplest means of analyzing vegetative data is to look at the degree of association between sample sets and the level of similarity or 

dissimilarity (i.e., departure) between them (comparing current conditions to DC and HRV). Departure Indices (DI) were developed to 

measure the degree to which the defined DC and HRV sets of conditions, such as, amount and arrangement of vegetation successional 

structure, composition and cover classes, compare with the amount and arrangement of these same variables as they exist today. See appendix 
A table 4 for a more complete description of DIs and an explanation and example on how the DI was calculated for each PNVT. 
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Because the ponderosa pine forest makes up the largest PNVT on the A-SNFs it sequesters the greatest 

amount of carbon of any other PNVT. 

 

Disturbances 

 

Fire: According to Smith (2006b), the effects of fire suppression and livestock grazing on understory and 

herbaceous vegetation has been reviewed by Korb and Springer (2003), and effects of tree thinning and 

prescribed burning by Abella (2004). Generally, as the overstory density has increased, both total cover 

and species richness have decreased (Korb and Springer, 2003). Also, thinning and burning generally 

increase ground flora (understory and herbaceous) biomass, but composition and populations processes 

(such as recruitment) have been little studied in ponderosa pine forests (Abella, 2004). Ponderosa pine 

forests in the Southwest generally experienced a high frequency, low intensity surface fire regime, 

although on a small scale, individual trees occasionally may have incinerated via fuel ladders carrying 

surface fire into the crowns over small areas (Weaver, 1951 and 1952; Cooper, 1960; Dieterich, 1980; 

Covington and Moore, 1994; Swetnam and Baisan, 1996; Vankat, 2006). In PPF PNVT systems 

supporting a predominantly grass understory, fire regime group I historically burned frequently with low 

intensity fire. In PPF PNVT systems supporting a more robust shrub component, the fire regime group III 

historically burned with mixed severity (Barrett et al., 2010; Wahlberg et al., 2014). Beyond fire studies, 

little is known about historic disturbance factors that shaped ponderosa pine forests in historic times, 

because settlement and disturbance disruption occurred simultaneously. Based on its current DI rating, 

this PNVT has a fire regime condition class
13

 (FRCC) of III. Historic fire return interval (the average 

number of years between fires) is estimated to have been between 2.1 and 17.1 years (Vander Lee et al., 

2006).  

 

It is well understood that fire suppression has led to degradation of fire-dependent ecosystem (Beckage et 

al., 2005) by reducing its resilience (Larson et al., 2013). In addition, fire plays a major role in shaping 

our environment and maintaining biodiversity. When fire regimes are altered, they can contribute to 

climate-changing greenhouse gases into the environment, provide a pathway for harmful invasive species, 

alter the hydrology of a site, and present a direct risk to biodiversity and human habitation (Shlisky et al., 

2007). Appropriately applied fire can play a critical role in restoration and maintenance of this frequent 

fire PNVT; however, fires that occur at a frequency or season outside the natural fire regime can also have 

negative effects on community structure and species composition (Platt et al., 1988 and 2002; Glitzenstein 

et al., 1995; Breckage et al., 2005). The restoration and management of fire dependent ecosystems 

                                                           
13

 FRCC reflects the degree of departure of the PNVT’s current fire regime from its reference condition (HRV) fire regime (Hann & Bunnell, 

2001; Hann et al., 2005). Condition classes rank the changes in the fire regime and the resulting proportions of vegetation states, and are 
represented by one of three classes (Schmidt et al., 2002): FRCC I - Within reference conditions (0-33% departure). Fire regimes within or 

near historical range (e.g. fire frequencies have departed from historical range by no more than one return interval). There is a low risk of 

losing key ecosystem components. Vegetation attributes (composition and structure) are intact and functioning within historical range. These 
areas can be maintained within the historical fire regime by such treatments as fire use; FRCC II - moderately departed from reference 

conditions (34-66% departure). Fire regimes have been moderately altered from their historical range (e.g. fire frequencies have either 
increased or decreased from range by more than one interval). Moderate changes in fire size, frequency intensity, severity or landscape pattern 

has resulted. There is a moderate risk of losing key ecosystem components. Vegetation attributes (composition and structure) have been 

moderately altered from the historical range. These areas may need moderate levels of restoration treatments, such as fire use, hand or 
mechanical treatments to be restored to historical regime; and FRCC III - severely departed from reference conditions (67-100% departure). 

Fire regimes have been significantly altered from their historical range (e.g. fire frequencies have departed from historical range by multiple 

return intervals). Dramatic changes in fire size, frequency, intensity, severity or landscape pattern has resulted. Vegetation attributes 
(composition and structure) have been significantly altered from the historical range. These areas may need high levels of restoration 

treatments, such as hand or mechanical before fire is used to restore to historical fire regimes. The higher the condition class number the more 

altered the ecosystem is from reference condition. 
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requires ecologically appropriate fire management that, ideally, should be based on natural fire regimes 

(Cissel et al., 1999; Breckage et al., 2005). This should be true for all of the PNVTs on the A-SNs as well.  

Non-native Invasive Plants: Non-native invasive plants infest roughly 8,950 to 13,450 acres; primarily 

mullein (Verbascum thapsus L.), weeping lovegrass (Eragrostis curvula (Schrad.) Nees), and bull thistle 

(Cirsium vulgare (Savi) Ten.). See the Invasive Species Specialist Report for more information 

concerning invasive plants. According to Jordan et al. (2008), noxious and invasive weeds are of special 

concern because there is ample evidence that non-native invasive plants can modify the physical and/or 

chemical attributes of soil, including inputs and cycling of N and other elements (Ehrenfeld, 2003; 

Haubensak et al., 2004; Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 2007), pH (Kourtev et al., 

2003), and soil organic matter and aggregation (Saggar et al., 1999). There is also evidence of direct 

modification of various components of the biotic composition of invaded soil, e.g., affecting the soil food 

web (Duda et al., 2003), total soil microbial communities (Kourtev et al., 2002a and 2002b; Kourtev et 

al., 2003), and mutualistic fungi (Allen et al., 2003; Hawkes et al., 2006; Mummey and Rillig, 2006; 

Mack and Rudgers, 2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties (Ramakrishnan and Vitousek, 1989), which can in turn affect fire behavior and, 

ultimately, alter fire regime characteristics such as frequency, intensity, extent, type, and seasonality of 

fire (Levine et al., 2003; Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote 

the dominance of the invaders, then an invasive plant-fire regime cycle can be established (Ramakrishnan 

and Vitousek, 1989). This change in fire regime is one of the most significant ways that plant invasions 

can affect ecosystems (Brooks, 2008). There are other cases, in Hawaii (Muelller-Dombis, 1973), 

California, and Australia (Vivrette and Muller, 1977) where non-native invasive species have altered 

ecosystem processes during secondary succession, by creating boggy conditions (e.g., Hawaii) and 

changing soil properties; and altering soil chemistry (e.g., California, Australia). 

 

Roads: According to the forests’ geographic information system (GIS) database, approximately 3,200 

miles of roads and motorized trails have been constructed within this PNVT; this equates to 3.5 linear 

miles of road per square mile. Roads and trails are one of the primary access points for noxious and 

invasive weed transport and their right-of-way are areas of establishment. 

 

Insects and Disease: For thousands of years, southwestern forest trees have been host to several species 

of insects, pathogenic fungi, and parasitic plants (Dahms and Geils, 1997; Lynch et al., 2010). 

Unfortunately, the earliest reports of bark beetles on ponderosa pine date from the early 1900s, after 

settlement (Dahms and Geils, 1997), so there are no accounts of historic insect outbreak periodicity. 

However, between 2000 and 2004, insects and disease have impacted (weakened and/or caused mortality) 

approximately 28 percent of this PNVT. 

 

Herbivory: According to Smith (2006b), the disruption of historic fire regimes by introduced grazing 

animals has been well documented in southwestern ecosystems, and ponderosa pine forests were utilized 

as summer range for large numbers of sheep and cattle (Allen, 1989; Covington and Moore, 1994; 

Swetnam et al., 1999). There is evidence that heavy grazing can degrade arid rangelands (Todd and 

Hoffman, 1999), so it is important not to make the assumption that livestock have no impact on arid and 

semi-arid rangeland locations around the world (Fernandez-Gimenez and Allen-Diaz, 1999; Illius and 

O’Connor 1999; Reid and Fernandez-Gimenez, no-date), as well as in the American southwest. Herbivory 

by cattle also reduces competition by grasses with conifer seedlings, allowing them to expand or encroach 

into grasslands (Dahms and Geils, 1997). Herbivory has had detrimental effects on the composition, 

structure and function of forested ecosystems, and has led to a decrease in native species richness 

(Fleischner et al., 1994). And according to Beschta et al. (2012), historical and contemporary livestock 

http://plants.usda.gov/java/profile?symbol=VETH
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production, the most widespread and long-running commercial use of public lands, can alter vegetation, 

soils, hydrology, and wildlife species composition and abundances in ways that exacerbate the effects of 

climate change on these resources. Excess abundance of native ungulates (e.g., deer (Odocoileus 

hemionus and O. virginianus), or elk (Cervus elaphus)) and feral horses and burros (Equus spp.) also add 

to these impacts. 
 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable
14

 grazing 

lands (94% of the total PNVT’s area) associated with the ponderosa pine forest (table 7); approximately 

85 percent of the herbaceous understory is in low to moderately-low ecological status
15

 or very-poor to 

poor range condition
16

, while only 15 percent is in moderately-high ecological status or fair range 

condition. Movement in the direction of low to moderately-low ecological status has resulted in lower 

levels of herbaceous vegetation ground cover and lower levels of vigor and growth, as well as species 

compositional changes, and possible changes in site potential. Total herbage production is considered to 

be correlated with the condition of the range (Osborn, 1956; Goebel and Cook, 1960). The majority of the 

herbaceous understory vegetation within the ponderosa pine forest capable grazing lands is highly to 

severely departed from DCs. According to Osborn (1952), for maximum moisture infiltration, two 

conditions are essential: 1) an adequate surface [vegetation] cover to cushion the impact of the falling 

raindrops and 2) favorable soil conditions associated with a relatively advanced stage of ecological 

succession for the site, typical of one of the higher range condition classes. 

 

Threats: The most important and far reaching threats under agency authority for this PNVT include 

managing the legacy of past livestock grazing, which removed fine fuels needed for carrying frequent, 

low intensity surface fires; forest management practices (vegetation treatments), which have changed 

forest age class distribution, overstory and understory composition, density, and cover values, and greatly 

reduced understory productivity; and fire suppression, which effectively ended the frequent fire regime 

typical of this forest type. There are also areas (roughly 6%) were the soils are in unsatisfactory 

condition
17

. According to Printz et al. (2014), soil health is the capacity of a soil to maintain its function 

                                                           
14

 The grazing capability evaluation is a qualitative expression of the inherent ability of an ecosystem to support grazing use by various kinds and 

classes of livestock while maintaining sustainability of the resource and providing for multiple uses and ecosystem services. Grazing capability 
of a land area is dependent upon the interrelationship of the soils, topography, vegetation, forage production, and animal behavior (USFS, 

2013). Because areas classified as having no grazing capability are not allocated for livestock grazing they are not usually evaluated for range 

condition and ecological status, therefore this information is generally not collected from these areas and is unavailable, or incomplete. In 
addition, other resource program areas do not generally collect this same type of data as well, so again, this type of information is not available 

outside of capable grazing areas. 

15
 Ecological status is the degree of similarity or dissimilarity (i.e., departure) between the existing vegetation (all components and their 

characteristics) and existing soil conditions compared to the potential natural plant community and the desired soil condition on a site. The 
present state of a TES map unit stated in terms of specific values or potentials with respect to species composition, ground cover, and soil 

characteristics. Ecological status is often evaluated on the basis of similarity indices between current conditions and the potential natural plant 

community (USFS, 2013). Ecological status ratings are: high, moderately-high, moderate-low, and low (FSH 2209.21. R3). 

16
 According to McGinty and White (2000) range condition is the key to sustaining ranching productivity by sustaining the forage base. Range 

condition is the present state of vegetation of a range site in relation to the climax (potential natural) plant community for that site (Stoddart et 

al., 1975). It is an expression of the relative degree to which the kinds, proportions, and amounts of plants in a plant community resemble that 
of the climax plant community for the site (USFS, 2013). The adjective descriptions of range condition are: excellent, good, fair, poor and 

very-poor (FSH 2209.21. R3). According to Dyksterhuis (1948 and 1959); Pieper and Beck (1990); and Holechek et al. (1989 and 1998), 

range condition is measured in degrees of departure from climax; excellent range condition would represent climax, and very poor range 
condition would represent the greatest departure from climax. The relationship between ecological status and range condition are: excellent 

and good range condition represents high ecological status, signifying no or low departure from desired conditions; fair range condition 

represents moderately-high ecological status, signifying moderate departure from desired conditions; poor range condition represents 
moderately-low ecological status, signifying high departure from desired conditions; and very-poor range conditions represent low ecological 

status, signifying severe departure from desired conditions (see Appendix D - Addendum tables 1 and 2). 

17
 Soil condition (refined) is a qualitative rating developed within the Southwestern Region of the Forest Service that provides an overall picture 

of soil condition vital in sustaining ecosystems. It is based on three soil functions; the ability of soil to resist erosion, to infiltrate water, and to 

recycle nutrients. From Forest Service Handbook (FSH 2509.18 R-3 Supplement), soil condition class Unsatisfactory is defined as - Indicators 

signify that loss of soil function has occurred. Degradation of vital soil functions result in the inability of soil to maintain resource values, 
sustain outputs, and recover from impacts. Soils rated in the unsatisfactory category are candidates for improved management practices or 

 



  

19 

and flow of ecosystem services given a specific set of physical, chemical, and environmental boundaries 

(Doran and Parken, 1994; USDA NRCS, 2013b). When a soil's health deteriorates, its capacity to support 

and regulate ecosystems is diminished, affecting energy flows, nutrient cycling, and productivity. Overall, 

based on VDDT modeling, under current management, there is a change in the DI from current to DC and 

HRV, which would indicate movement toward DC, and HRV, and a more properly functioning system. 

This trend appears to be consistent over all modeling periods out to 50 years. See Appendix E for a more 

complete discussion of the threats affecting the ponderosa pine forest and the risks they pose to this 

PNVT. 

 
Table 7. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and departure 
from desired conditions (DC) on capability grazing lands within the ponderosa pine forest PNVT on the A-
SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Ponderosa 
Pine Forest PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

34,902 5.8 80 0.0 6,776 1.2 76,353 13.5 394,874 69.6 85,409 15.1 3,812 0.7 567,304 602,206 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15 and16 on page 18 

 

 

Wet mixed conifer forest (map 3, and appendix A maps 1 and 2): The 

wet mixed conifer forest is found primarily on the Alpine, Black 

Mesa, and Springerville RDs and at roughly 177,995 acres of NFS 

lands, or approximately 9 percent of the forests (table 4), represents 

the fifth largest PNVT on the A-SNFs. This PNVT is also known as 

Cool/Moist Mixed Conifer (Margolis et al., 2013) and Mixed Conifer 

with Aspen. 

 

Wet mixed conifer forests range in elevation from approximately 

9,000 to 11,500 feet along a variety of gradients including gentle to 

very steep mountain slopes. Generally, annual precipitation ranges 

from 22.8 to 31.9 inches, with 50 percent coming between October 

1
st
 and March 31

st
 (table 8). 

 

Engelmann spruce (Picea engelmannii Parry ex Engelm.), blue 

spruce (P. pungens Engelm.), and subalpine fir (Abies lasiocarpa (Hook.) Nutt.), or corkbark fir (A. 

                                                                                                                                                                                           
restoration designed to recover soil functions. 

18
 Range condition as evaluated and ranked by the Forest Service, is a subjective expression of the status or health of the vegetation and soil 

relative to the combined potential to produce a sound and stable biotic community. According to Parker (1954), the criteria most frequently 
used in describing condition of the range include floral composition, plant density, and comparative vigor of forage species, total forage 

production, litter accumulation, and soil stability (Goebel and Cook, 1960). Many of the earliest investigators regarded change of vigor as one 
of the important indicators of change in range condition since it is frequently the first response to a change in management (Weaver and 

Darland, 1947; Humphrey, 1949; Pechanec, 1949; Parker, 1954; Johnson, 1956; Short and Woolfolk,1956, Goebel and Cook, 1960; Blaisdell 

et al., 1982; Reece et al., 1991; Heitschmidt et al., 1998; Tunnell, 2004; amomg others). Soundness and stability are evaluated relative to a 
standard that encompasses the composition, density, and vigor of the vegetation, and physical characteristics of the soil (FSH 2209.21.40 R3, 

page 3 of 46). Although the Allotment Analysis Handbook (FSH 2209.21 R3) was officially removed from the directive system, this definition 

is used because the above information was derived (collected, calculated, and evaluated) using the procedures outlined in the FSH 2209.21 R3 
over a number of years. 

represents  Map 3. General location of the wet 
mixed conifer forest PNVT 
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lasiocarpa (Hook.) Nutt. var. arizonica (Merriam) Lemmon) dominate this PNVT either mixed or alone. 

Rocky Mountain Douglas-fir along with mixed conifer and quaking aspen stands may also be present in 

this system for long periods without regeneration. Herbaceous species may include but are not limited to 

red baneberry (Actaea rubra (Ait.) Willd.), starry false Solomon’s seal (Maianthemum stellatum (L.) 

Link), sprucefir fleabane (Erigeron eximius Greene), thimbleberry (Rubus parviflorus Nutt.), and 

subalpine lupine (Lupinus arcticus S. Wats. ssp. subalpinus (Piper & B.L. Robins.) D. Dunn). 

 
Table 8. Wet mixed conifer forest PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

36 43 22.8 31.9 50 55 - 67 20 - 39 Oct 1st - Apr 30th 70 - 90 
1 

Winters are cold 
2 Snowfall moisture is included in average annual precipitation data 

 

The A-SNFs’ niche for this PNVT is approximately 46 percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the White Mountains Woodland and White 

Mountains Scarp Woodland-Coniferous Forest subsections, the A-SNFs contribute 93 and 74 percent of 

this PNVT, respectively. The A-SNFs’ contribution to the sustainability of the wet mixed conifer forest 

PNVT is moderate (figure 1). With nearly 54 percent (table 4) of this PNVT located off-forest and having 

a high departure rating from HRV. 

 

Wet mixed conifer forest PNVT burn severity acres produced by the 2011 Wallow Fire can be seen in 

table 9. Overall, the fire did cause a significant impact to the wet mixed conifer forest PNVT. Somewhat 

more than 75 percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres within the 

fire perimeter, roughly 82 percent were burned, and of that; 50 percent (67,244 acres) were classified as 

experiencing a moderate to high severity burn. According to Margolis et al. (2011), stand-replacing fire 

patches as large as 500 to 1,250 acres burning in the upper elevations (> 8,500 feet) of the wet mixed 

conifer forest may be within the historical range of variability of this PNVT (see Appendix C table 2 for a 

comparison of pre and post-2011 Wallow Fire wet mixed conifer forest PNVT overstory vegetation 

structural states). 
 

Table 9. 2011 Wallow Fire burn severity within the wet mixed conifer forest PNVT (see Appendix C table 2) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 47,409 19,835 43,494 23,702 134,440   

Percent 35.3 14.8 32.4 17.6 100  
 

 Total Wet Mixed Conifer Forest PNVT 

Acres 47,409 19,835 43,494 23,702 134,440 43,555 177,995 

Percent 26.6 11.1 24.4 13.3 75.5 24.5 100 

 

Current conditions within the wet mixed conifer forest are moderately departed from DC and highly 

departed with respect to HRV (table 2). With a DI of 54 and 61 percent, respectively, this PNVT is the 6
th
 

most departed on the forests from DC
19

 and 7
th
 most departed from HRV, respectively. With respect to the 

DI there is an over-representation (37%) of vegetation structural states that are lacking or have limited 

aspen regeneration (vegetation structural states K, L, M, N, O, P, Q, R, and S) due primarily to the 

                                                           
19

 Wet mixed conifer forest PNVT has the equivelant woody overstory departure from DC as the montane/subalpine grasslands PNVT 

(montane/subalpine grasslands PNVT should not have a significant woody overstory; < 10 percent). 

http://plants.usda.gov/java/profile?symbol=LUARS2
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presence of elk (see Appendix D figure 2 and Appendix D tables 11 through 20) and a sizeable under-

representation (38%) of large to very large size, single- or multi-storied trees with closed canopy cover 

(vegetation structural states E and F). Historically these forests were dominated by very shade tolerant, 

shade tolerant, and mixed shade tolerant shrub and tree species with closed canopy characteristics. 

 

Disturbances 

 

Fire: Historic fire regimes of the WMCF PNVT is characterized by historic fire regime group IIIb 

(Barrett et al., 2010; Wahlberg et al., 2014), with an average fire return interval of 50-100 years from both 

stand replacing and mixed severity fire. Small scale, stand replacing fire events play an important role in 

aspen regeneration, and upwards of 150 to 400 years for high intensity, stand replacing crown fires (Fulé 

et al., 2003, Swetnam et al., 2005, Vankat, 2006; Vander Lee et al., 2006). Based on its current DI rating, 

this PNVT has a FRCC of II. 

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 490 to 750 acres; primarily mullein 

and bull thistle. According to Jordan et al. (2008), noxious and invasive weeds are of special concern 

because there is ample evidence that non-native invasive plants can modify the physical and/or chemical 

attributes of soil, including inputs and cycling of N and other elements (Ehrenfeld 2003; Haubensak et al., 

2004; Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 2007), pH (Kourtev et al., 2003), and soil 

organic matter and aggregation (Saggar et al., 1999). There is also evidence of direct modification of 

various components of the biotic composition of invaded soil, e.g., affecting the soil food web (Duda et 

al., 2003), total soil microbial communities (Kourtev et al., 2002a and 2002b; Kourtev et al., 2003), and 

mutualistic fungi (Allen et al., 2003; Hawkes et al., 2006; Mummey and Rillig, 2006; Mack and Rudgers, 

2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: According to the forests’ GIS database, approximately 840 miles of roads and motorized trails 

have been constructed within this PNVT; this equates to roughly 3.0 linear miles of road per square mile. 

Roads and trails are one of the primary access points for noxious and invasive weed transport and their 

right-of-way are areas of establishment. 

 

Insects and Disease: Historically, spruce beetles (Dendroctonus rufipennis) have had the greatest impact 

on wet mixed conifer forests of the central and southern Rocky Mountains, and in the Southwest 

(Alexander, 1987). Historic photographs and tree-ring analysis indicate that there have been six major 

outbreaks since the middle 1800s, and between 1850 and 1880 a very large-scale outbreak affected forests 

from northern New Mexico to northern Colorado (Baker and Veblen, 1990). These outbreaks are 

considered part of the natural variability of spruce-fir with wet mixed conifer forests, and spruce beetles 

likely persist in small windthrow areas (Veblen et al., 1991) and in live trees (Veblen et al., 1994). 

 

Herbivory: The disruption of historic fire regimes by introduced grazing animals has been well 

documented in southwestern ecosystems, and high elevation wet mixed conifer forests were well utilized 

as summer range for large numbers of sheep and cattle (Carlson, 1969; Allen, 1989; Covington and 

Moore, 1994; Bahre, 1998; Swetnam et al., 1999). Herbivory has had detrimental effects on the 

composition, structure and function of forested ecosystems, and has led to a decrease in native species 
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richness (Fleischner et al., 1994). It has also been suggested (Smith, 2006c) that the extinction of large 

carnivores such as the Mexican wolf (Canis lupus baileyi) and grizzly bear (Ursus arctos horribilis) has 

affected at least one component of the mixed conifer forest, quaking aspen, which experiences increased 

mortality due to high levels of herbivory by native and introduced ungulates (elk), and livestock. 

Herbivory has had detrimental effects on the composition, structure and function of forested ecosystems, 

and has led to a decrease in native species richness (Fleischner et al., 1994). Predator control has allowed 

herbivores to increase in numbers, and to exert longer duration and higher intensity grazing and browsing 

effects on select vegetation types, especially aspen (Shepperd and Fairweather, 1994; Romme et al., 1995; 

Kay, 1997; Ripple et al., 2001; Fairweather et al., 2014). 

 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(45% of the total PNVT’s area) associated with the wet mixed conifer forest (table 10); approximately 74 

percent of the herbaceous understory is in low to moderately-low ecological status or very-poor to poor 

range condition, while only 21 percent is in moderately-high ecological status or fair range condition. 

Movement in the direction of low to moderately-low ecological status has resulted in lower levels of 

herbaceous vegetation ground cover and lower levels of vigor and growth, as well as species 

compositional changes, and possible changes in site potential. Total herbage production is considered to 

be correlated with the condition of the range (Osborn, 1956; Goebel and Cook, 1960). The majority of the 

herbaceous understory vegetation within the wet mixed conifer forest capable grazing lands is highly to 

severely departed from DCs. According to Osborn (1952), for maximum moisture infiltration, two 

conditions are essential: 1) an adequate surface [vegetation] cover to cushion the impact of the falling 

raindrops and 2) favorable soil conditions associated with a relatively advanced stage of ecological 

succession for the site, typical of one of the higher range condition classes. 
 

Table 10. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the wet mixed conifer forest PNVT 
on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Wet Mixed 
Conifer Forest PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

97,266 54.6 89 0.1 2,827 3.5 17,119 21.2 48,496 60.1 11,533 14.3 665 0.8 80,729 177,995 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Threats: The most important and far reaching threat under agency authority for this PNVT is the potential 

for human-caused fires, and forest management practices (vegetation treatments), which have changed 

forest age class distribution, overstory and understory composition, density, and cover value. Overall, 

based on VDDT modeling, under current management, there is a change in the DI from current to DC and 

HRV, which would indicate continued reduction in departure with movement toward DC, and HRV, and a 

more properly functioning system. These trends appear to stabilize after 50 years. See Appendix E for a 

more complete discussion of the threats affecting the wet mixed conifer forest and the risks they pose to 

this PNVT. 
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Dry mixed conifer forest (map 4, and appendix A maps 1 and 2): The 

dry mixed conifer forest is widespread and at roughly 147,885 acres 

of NFS lands, or approximately 7 percent of the forests (table 4), 

represents the sixth largest PNVT on the A-SNFs. This PNVT is also 

known as Warm/Dry Mixed Conifer (Margolis et al., 2013) and 

Mixed Conifer with Frequent Fire (Reynolds et al., 2013). 

 

This PNVT contains a mix of dominant and co-dominant species in 

both dry and moister environments in the Rocky Mountain (petran), 

Madrean montane and subalpine coniferous forest biotic 

communities at elevations between 7,500 and 10,000 feet. Dominant 

and co-dominant vegetation varies in relation to elevation and 

moisture availability. Generally, annual precipitation ranges from 

15.7 to 31.9 inches, with 45-55 percent coming between October 1
st
 

and March 31
st
 (table 11). 

 

This PNVT is situated between the lower-drier ponderosa pine, and pine-oak forests, and higher-moister 

wet mix conifer and spruce-fir forests. In the lower and drier elevation portions within this PNVT, to a 

greater or lesser degree, Gambel oak, ponderosa pine, piñon and alligator juniper (Juniperus deppeana 

Steud.) may co-dominate. 

 

Other vegetation that may be present but does not co-dominate in these higher and mesic areas includes 

both Engelmann and blue spruce. The herbaceous understory vegetation is comprised of a wide variety of 

shrubs, grasses, sedges, rushes, and forbs; the composition depends on soil type, aspect, elevation, 

disturbance history and other factors. 

 

The A-SNFs’ niche for this PNVT is approximately 30 percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the White Mountains Woodland and Coconino 

Plateau Coniferous Forest subsections, the A-SNFs contribute 67 and 59 percent of this PNVT, 

respectively. The A-SNFs’ contribution to the sustainability of the dry mixed conifer forest PNVT is high 

(figure 1). With nearly 62 percent (table 4) of this PNVT located off-forest and having a high departure 

rating from HRV. 

 
Table 11. Dry mixed conifer forest PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

37 50 15.7 31.9 45 - 55 39 - 59 14 - 35 Oct 1st - Apr 30th 70 - 130 
1 Winters are cold 
2 

Snowfall moisture is included in average annual precipitation data 

 

Dry mixed conifer forest PNVT burn severity acres produced by the 2011 Wallow Fire can be seen in 

table 12. Overall, the fire did cause a significant impact to the dry mixed conifer forest PNVT. Somewhat 

more than 52 percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres within the 

fire perimeter, roughly 81 percent were burned, and of that; 41 percent (31,665 acres) were classified as 

undergoing a moderate to high severity burn (see Appendix C table 3 for a comparison of pre and post-

2011 Wallow Fire dry mixed conifer forest PNVT overstory vegetation structural states).  
 

  

 

Map 4. General location of the dry 
mixed conifer forest PNVT 
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Table 12. 2011 Wallow Fire burn severity within the dry mixed conifer forest PNVT (see Appendix C table 3) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 19,412 12,253 31,462 14,813 77,940   

Percent 24.9 15.7 40.4 19.0 100  
 

 Total Dry Mixed Conifer Forest PNVT 

Acres 19,412 12,253 31,462 14,813 77,940 69,946 147,885 

Percent 13.1 8.3 21.3 10.0 52.7 47.3 100 

 

Current conditions within the dry mixed conifer forest are highly departed from DC and HRV (table 2). 

With a DI of 67 and 77 percent, respectively, this PNVT is the 3
rd

 most departed on the forests from both 

DC and HRV. With respect to the DI there is an over-representation (56%) of all size and age trees, single 

or multi-storied with closed canopy cover (vegetation structural states G, H, I, L, and M) (see Appendix D 

figure 3 and Appendix D tables 21 through 30), as well as the existence of an atypical, early 

developmental state created by uncharacteristic wildfire represented by vegetation structural state N 

(25%). Historically, this forest type was characterized by open canopies which are now reflected in an 

under-representation (52%) of medium to very large size, single or multi-storied trees with open canopy 

cover (vegetation structural states D, E, J, and K). Historically these forests were dominated by very 

shade intolerant and shade intolerant shrub and tree species with open canopy characteristics. In addition, 

a more open canopy should promote an increase in shrubs and herbaceous understory diversity and 

abundance. 

 

Disturbances 

 

Fire: According to Smith (2006c), the disruption of historic fire regimes by introduced grazing animals 

has been well documented in southwestern ecosystems, and high elevation mixed conifer forests were 

well utilized as summer range for large numbers of sheep and cattle (Carlson, 1969; Allen, 1989; 

Covington and Moore, 1994; Swetnam et al., 1999). The DMCF PNVT is characterized by historical fire 

regime group I, with an average fire return interval of 9-22 years from primarily non-lethal surface fire, 

though less frequent mixed severity fires also occurred (Wahlberg et al., 2014). This is also supported by 

Vander Lee et al. (2006). Little is known about pre-settlement processes in mixed conifer forests, except 

regarding fire, drought, insects, and their interaction. Prior to Euro-American settlement times, the fire 

regime of mixed conifer forests was a mixture of infrequent, small patch size, high intensity crown fires 

interspersed with more frequent, widespread and low intensity surface fires (Touchan et al., 1996). Based 

on its current DI rating, this PNVT has a FRCC of III.  

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 2,650 to 4,000 acres; primarily 

mullein and bull thistle. See the Invasive Species Specialist Report for more information concerning 

invasive plants. According to Jordan et al. (2008), noxious and invasive weeds are of special concern 

because there is ample evidence that non-native invasive plants can modify the physical and/or chemical 

attributes of soil, including inputs and cycling of N and other elements (Ehrenfeld, 2003; Haubensak et 

al., 2004; Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 2007), pH (Kourtev et al., 2003), and soil 

organic matter and aggregation (Saggar et al., 1999). There is also evidence of direct modification of 

various components of the biotic composition of invaded soil, e.g., affecting the soil food web (Duda et 

al., 2003), total soil microbial communities (Kourtev et al., 2002a and 2002b; Kourtev et al., 2003), and 

mutualistic fungi (Allen et al., 2003; Hawkes et al., 2006; Mummey and Rillig, 2006; Mack and Rudgers, 

2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 
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changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: According to the forests’ GIS database, approximately 520 miles of roads and motorized trails 

have been constructed within this PNVT; this equates to roughly 2.3 linear miles of road per square mile. 

Roads and trails are one of the primary access points for noxious and invasive weed transport and their 

right-of-way are areas of establishment. 

 

Insects and Disease: According to Smith (2006c); Swetnam and Lynch (1989) found that there have been 

eight or nine outbreaks of western spruce budworm (Choristoneura occidentalis) since 1700, with 

average return intervals of 30 to 40 years. Western spruce budworm populations periodically increase to 

outbreak proportions, and cause extensive defoliation, tree mortality and altered succession in several 

mixed conifer species. Lynch and Swetnam (1992) studied several old-growth mixed conifer sites in New 

Mexico and found evidence of multiple outbreaks of western spruce budworm, but found that outbreaks 

were not focused on old-growth stands. Several other species of insects as well as fungi currently make 

use of mixed conifer tree species. Between 2000 and 2004, insects and disease have impacted 

approximately 47 percent of this PNVT. 

 

Herbivory: It has been suggested (Smith, 2006c) that the extinction of large carnivores such as the 

Mexican wolf and grizzly bear has affected at least one component of the mixed conifer forest, quaking 

aspen, which experiences increased mortality due to high levels of herbivory by native and introduced 

ungulates (elk), and livestock. Herbivory has had detrimental effects on the composition, structure and 

function of forested ecosystems, and has led to a decrease in native species richness (Fleischner et al., 

1994). Predator control has allowed herbivores to increase in numbers, and to exert longer duration and 

higher intensity grazing and browsing effects on select vegetation types, especially aspen (Shepperd and 

Fairweather, 1994; Romme et al., 1995; Kay, 1997; Ripple et al., 2001; Fairweather et al., 2014). 

 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(71% of the total PNVT’s area) associated with the dry mixed conifer forest (table 13); approximately 78 

percent of the herbaceous understory is in low to moderately-low ecological status or very-poor to poor 

range condition, while only 19 percent is in moderately-high ecological status or fair range condition. 

Movement in the direction of low to moderately-low ecological status has resulted in lower levels of 

herbaceous vegetation ground cover and lower levels of vigor and growth, as well as species 

compositional shifts, and possible changes in site potential. Total herbage production is considered to be 

correlated with the condition of the range (Osborn, 1956; Goebel and Cook, 1960). The majority of the 

understory within the dry mixed conifer forest capable grazing lands is highly to severely departed from 

DCs. According to Osborn (1952), for maximum moisture infiltration, two conditions are essential: 1) an 

adequate surface [vegetation] cover to cushion the impact of the falling raindrops and 2) favorable soil 

conditions associated with a relatively advanced stage of ecological succession for the site, typical of one 

of the higher range condition classes. 
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Table 13. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the dry mixed conifer forest PNVT 
on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Dry Mixed 
Conifer Forest PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

43,469 29.4 60 0.1 2,001 1.9 19,838 19.0 47,819 45.8 33,851 32.4 847 0.8 104,416 147,885 

DC departure no low moderate high severe    
† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Threats: The most important and far reaching threats under agency authority for this PNVT include 

managing the legacy of past livestock grazing, which removed fine fuels needed for carrying frequent, 

low intensity surface fires; forest management practices (vegetation treatments), which have changed 

forest age class distribution, composition, density, and cover values, and greatly reduced understory 

productivity; and fire suppression, which effectively ended the frequent fire regime typical of this forest 

type. There are also areas (roughly 24%) were the soils are in unsatisfactory condition. According to 

Printz et al. (2014), soil health is the capacity of a soil to maintain its function and flow of ecosystem 

services given a specific set of physical, chemical, and environmental boundaries (Doran and Parken, 

1994; USDA NRCS, 2013b). When a soil's health deteriorates, its capacity to support and regulate 

ecosystems is diminished, affecting energy flows, nutrient cycling, and productivity. Overall, based on 

VDDT modeling, under current management, there is a change in the DI from current to DC and HRV, 

which would indicate movement toward DC, and HRV, and a more properly functioning system. This 

trend appears to be consistent over all modeling periods out to 50 years. See Appendix E for a more 

complete discussion of the threats affecting the dry mixed conifer forest and the risks they pose to this 

PNVT. 

 

 

Spruce-fir forest (map 5 and appendix A map 2): The spruce-fir 

forest is found on the Alpine and Springerville RDs and at roughly 

17,667 acres of NFS lands, or approximately 1 percent of the forests 

(table 4), is the smallest of the forest types, and represents the 

eleventh largest PNVT on the A-SNFs. 

 

Also known as subalpine conifer forests, spruce-fir with wet mixed 

conifer forests range in elevation from approximately 9,000 to 

11,300 feet along a variety of gradients including gentle to very steep 

mountain slopes. Generally, annual precipitation ranges from 26.8 to 

36.2 inches, with 50 percent coming between October 1
st
 and March 

31
st
 (table 14). 

 

Engelmann spruce, blue spruce, and subalpine fir or corkbark fir 

dominate this PNVT either mixed or alone. Rocky Mountain 

Douglas-fir along with mixed conifer and quaking aspen stands may also be present in this system for 

long periods without regeneration. Understory herbaceous species may include but are not limited to red 

baneberry, starry false Solomon’s seal, sprucefir fleabane (Erigeron eximius Greene), blackberry, and 

subalpine lupine. 

 
  

 

Map 5. General location of the 
spruce-fir forest PNVT 
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Table 14. Spruce-fir forest PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

32 37 26.8 36.2 50 67 - 71 39 - 47 Oct 1st - Apr 30th 60 - 70 
1 

Winters are cold 
2 Snowfall moisture is included in average annual precipitation data 

 

The A-SNFs’ niche for this PNVT is approximately 46 percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the White Mountains Woodland and White 

Mountains Scarp Woodland-Coniferous Forest subsections, the A-SNFs contribute 93 and 74 percent of 

this PNVT, respectively. The A-SNFs’ contribution to the sustainability of the spruce-fir forest PNVT is 

moderate (figure 1). With nearly 54 percent (table 4) of this PNVT located off-forest and having a 

moderate departure rating from HRV. 

 

Spruce-fir forest PNVT burn severity acres produced by the 2011 Wallow Fire can be seen in table 15. 

Overall, the fire did cause a significant impact to the spruce-fir forest PNVT. Somewhat more than 71 

percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres within the fire perimeter, 

roughly 81 percent were burned, and of that; 50 percent (6,336 acres) were classified as experiencing a 

moderate to high severity burn. According to Margolis et al. (2011), stand-replacing fire patches as large 

as 500 to 1,250 acres burning in the upper elevations (> 8,500 feet) of the spruce-fir forest may be within 

the historical range of variability of this PNVT (see Appendix C table 4 for a comparison of pre and post-

2011 Wallow Fire spruce-fir forest PNVT overstory vegetation structural states). 

 
Table 15. 2011 Wallow Fire burn severity within the spruce-fir forest PNVT (see Appendix C table 4) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 3,874 2,462 3,897 2,423 12,656   

Percent 30.6 19.5 30.8 19.1 100  
 

 Total Spruce-Fir Forest PNVT 

Acres 3,874 2,462 3,897 2,423 12,656 5,010 17,667 

Percent 21.9 13.9 22.1 13.7 71.6 28.4 100 

 

Current conditions within the spruce-fir forest are moderately departed from DC and highly departed from 

HRV (table 2). With a DI of 59 and 62 percent, respectively, this PNVT is the 5
th
 most departed on the 

forests from DC and the 6
th
 most departed from HRV. With respect to the DI there is an over-

representation (29%) of vegetation structural states that are lacking or have limited aspen regeneration 

(vegetation structural states K, L, M, N, O, P, Q, R, and S) due primarily to the presence of elk browsing 

(see Appendix D figure 4 and Appendix D tables 31 through 40). There is a sizable (43%) under-

representation of large to very large size trees, single- or multi-stored with closed canopies (vegetation 

structural states E and F). Historically these forests were dominated by very shade tolerant, shade tolerant, 

and mixed shade tolerant shrub and tree species with closed canopy characteristics. 

 

Disturbances 

 

Fire: The SFF PNVT is characterized by historic fire regime group IIIc (100-200 years) (Barrett et al., 

2010; Wahlberg et al., 2014) with an average fire return interval of 100 to 200 years from mixed severity 

fire (Fulé et al., 2003; Swetnam et al., 2005; Vankat, 2006) and fire regime group Va (200-400 years) 

(Barrett et al., 2010; Wahlberg et al., 2014), with an average fire return interval of 200 to 400 years from 
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stand replacing fire (Vander Lee et al., 2006). Based on its current DI rating, this PNVT has a FRCC of II 

(0-35 years).  

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 490 to 750 acres; primarily mullein 

and bull thistle. According to Jordan et al. (2008), noxious and invasive weeds are of special concern 

because there is ample evidence that non-native invasive plants can modify the physical and/or chemical 

attributes of soil, including inputs and cycling of N and other elements (Ehrenfeld, 2003; Haubensak et 

al., 2004; Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 2007), pH (Kourtev et al., 2003), and soil 

organic matter and aggregation (Saggar et al., 1999). There is also evidence of direct modification of 

various components of the biotic composition of invaded soil, e.g., affecting the soil food web (Duda et 

al., 2003), total soil microbial communities (Kourtev et al., 2002a and 2002b; Kourtev et al., 2003), and 

mutualistic fungi (Allen et al, 2003; Hawkes et al., 2006; Mummey and Rillig, 2006; Mack and Rudgers, 

2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: According to the forests’ GIS database, approximately 15 miles of roads and motorized trails have 

been constructed within this PNVT; this equates to roughly 0.5 linear miles of road per square mile. 

Roads and trails are one of the primary access points for noxious and invasive weed transport and their 

right-of-way are areas of establishment. 

 

Insects and Disease: Historically, spruce beetles (Dendroctonus rufipennis) have had the greatest impact 

on wet mixed conifer forests of the central and southern Rocky Mountains, and in the Southwest 

(Alexander, 1987). Historic photographs and tree-ring analysis indicate that there have been six major 

outbreaks since the middle 1800s, and between 1850 and 1880 a very large-scale outbreak affected forests 

from northern New Mexico to northern Colorado (Baker and Veblen, 1990). These outbreaks are 

considered part of the natural variability of spruce-fir with wet mixed conifer forests, and spruce beetles 

likely persist in small windthrow areas (Veblen et al., 1991) and in live trees (Veblen et al., 1994). 

 

Herbivory: The disruption of historic fire regimes by introduced grazing animals has been well 

documented in southwestern ecosystems, and high elevation wet mixed conifer forests were well utilized 

as summer range for large numbers of sheep and cattle (Carlson, 1969; Allen, 1989; Covington and 

Moore, 1994; Bahre, 1998; Swetnam et al., 1999). Herbivory has had detrimental effects on the 

composition, structure and function of forested ecosystems, and has led to a decrease in native species 

richness (Fleischner et al., 1994). 

 

As mentioned previously, it has been suggested (Smith, 2006c) that the extinction of large carnivores 

such as the Mexican wolf and grizzly bear has affected at least one component of the mixed conifer 

forest, quaking aspen, which experiences increased mortality due to high levels of herbivory by native 

and introduced ungulates (elk), and livestock. Herbivory has had detrimental effects on the composition, 

structure and function of forested ecosystems, and has led to a decrease in native species richness 

(Fleischner et al., 1994). Predator control has allowed herbivores to increase in numbers, and to exert 

longer duration and higher intensity grazing and browsing effects on select vegetation types, especially 

aspen (Shepperd and Fairweather, 1994; Romme et al., 1995; Kay, 1997; Ripple et al., 2001; Fairweather 

et al., 2014). 
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The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(12% of the total PNVT’s area) associated with the spruce-fir forest (table 16); approximately 55 percent 

of the herbaceous understory is in high ecological status or good range condition, while only 24 percent is 

in moderately-low ecological status or poor range condition. High ecological status has resulted in 

maintaining levels of herbaceous vegetation ground cover and levels of vigor and growth, as well as 

species composition, and site potential. Total herbage production is considered to be correlated with the 

condition of the range (Osborn, 1956; Goebel and Cook, 1960). The majority of the herbaceous 

understory vegetation within the spruce-fir forest capable grazing lands is low to moderately departed 

from DCs. According to Osborn (1952), for maximum moisture infiltration, two conditions are essential: 

1) an adequate surface [vegetation] cover to cushion the impact of the falling raindrops and 2) favorable 

soil conditions associated with a relatively advanced stage of ecological succession for the site, typical of 

one of the higher range condition classes. 

 

Threats: The most important and far reaching threat under agency authority for this PNVT is the potential 

for human-caused fires, and forest management practices (vegetation treatments), which have changed 

forest age class distribution, composition, density, and cover value. Overall, based on VDDT modeling, 

under current management, there is a change in the DI from current to DC and HRV, which would 

indicate continued reduction in departure with movement toward DC, and HRV, and a more properly 

functioning system. The trend towards DC appears to begin around 10 years and the trend toward HRV 

appears to stabilize after 50 years. See Appendix E for a more complete discussion of the threats affecting 

the spruce-fir forest and the risks they pose to this PNVT. 

 
Table 16. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the spruce-fir forest PNVT on the 
A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Spruce-Fir 
Forest PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

15,454 87.5 0 0.0 1,205 54.5 481 21.7 524 23.7 0 0.0 3 0.1 2,213 17,667 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

 

Woodland PNVTs 
 

Madrean pine-oak woodland (map 6, and appendix A maps 1 and 2): The Madrean pine-oak woodland is 

found primarily below the Mollogon Rim on the Alpine and Clifton RDs closely associated with the 

semi-desert grasslands. At roughly 394,927 acres of NFS lands, or approximately 20 percent of the forests 

(table 4), Madrean pine-oak woodland represents the second largest PNVT on the A-SNFs (table 4). 

Madrean pine-oak woodland usually occupy foothills and mountains ranging from approximately 4,000 to 

7,000 feet in elevation This PNVT is bounded by semi-desert grasslands at the lowest elevations and 

montane forests at the higher elevations. 
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Madrean pine-oak is dominated by open to closed canopy of 

evergreen oaks such as Arizona white oak (Quercus arizonica Sarg.), 

Emory oak (Q. emoryi Torr.), gray oak (Q. grisea Liebm.), and wavy 

leaf oak (Q. turbinella Greene), alligator juniper, and various other 

conifers. On the A-SNFs the most common conifer is the piñon. 

However, Rocky Mountain Douglas-fir, ponderosa pine, Chihuahuan 

pine (Pinus leiophylla Schiede & Deppe var. chihuahuana (Engelm.) 

Shaw), and border pine (Pinus discolor D.K. Bailey & Hawksw.) 

may also be present. In addition, annual and perennial grasses, forbs, 

half-shrubs and shrubs can be found beneath the woodland overstory. 

 

Climate generally consists of mild winters and wet summers with 

mean annual precipitation ranging from about ten to 25 inches; half 

of the precipitation typically occurs in summer, with the remainder 

occurring during the winter and spring. Generally, annual 

precipitation ranges from 13.4 to 25.2 inches, with 40-45 percent coming between October 1
st
 and March 

31
st
 (table 17). 

 
Table 17. Madrean pine-oak woodland PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

48 61 13.4 25.2 40 - 45 4 - 24 0 - 5 Dec 1st - Mar 15th 130 - 180 
1 Winters can be mild or cold depending on elevation and aspect 
2 Snowfall moisture is included in average annual precipitation data 

 

The A-SNFs’ niche for this PNVT is approximately 64 percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the White Mountains Woodland and the Burro 

Mountains Oak-Juniper Woodland subsections, the A-SNFs contribute 96 and 78 percent of this PNVT, 

respectively. The A-SNFs’ contribution to the sustainability of the Madrean pine-oak woodland PNVT is 

high (figure 1). With nearly 36 percent (table 4) of this PNVT located off-forest and having a high 

departure rating from HRV. 

 

Madrean pine-oak woodland PNVT burn severity acres produced by the 2011 Wallow Fire can be seen in 

table 18. Overall, the fire did not cause a substantial impact to the Madrean pine-oak woodland PNVT. 

Somewhat more than 13 percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres 

within the fire perimeter, roughly 50 percent were burned, and of that; 11 percent (6,013 acres) were 

classified as undergoing a moderate to high severity burn (see Appendix C table 5 for a comparison of pre 

and post-2011 Wallow Fire Madrean pine-oak woodland PNVT overstory vegetation structural states). 

 
Table 18. 2011 Wallow Fire burn severity within the Madrean pine-oak woodland PNVT (see Appendix C table 
5) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 1,246 4,767 20,396 26,679 53,088   

Percent 2.3 9 38.4 50.3 100  
 

 Total Madrean Pine-Oak Woodland PNVT 

Acres 1,246 4,767 20,396 26,679 53,088 341,839 394,927 

Percent 0.3 1.2 5.2 6.8 13.4 86.6 100 

 

 

Map 6. General location of the 
Madrean pine-oak woodland PNVT 

http://plants.usda.gov/java/profile?symbol=QUTU2
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Current conditions within the Madrean pine-oak woodland are highly departed from both DC and HRV 

(table 2). With a DI of 61 and 72 percent, respectively, this PNVT is the 4
th
 most departed on the forests 

from both DC and HRV. With respect to the DI there is a considerable (59%) over-representation of small 

to very large size trees with closed canopy cover (vegetation structural states F and G) (see Appendix D 

figure 5 and Appendix D table 41 through 50). Historically, this woodland type was characterized by open 

canopies which are now reflected in a noteworthy (60%) under-representation of seedling, saplings, small, 

and medium to very large size, single or multi-storied trees with open canopy cover (vegetation structural 

states B, C, and D). Historically these woodlands were dominated by very shade intolerant and shade 

intolerant shrub and tree species with open canopy characteristics. In addition, a more open canopy 

should promote an increase in herbaceous understory diversity and abundance. 

 

Disturbances 

 

Fire: Madrean pine-oak woodland has been shown (Schussman and Gori, 2006) to trend away from 

woodland with an open pine dominated overstory and oak understory to dense woodland with oaks and 

other sprouting tree species dominating the overstory (Barton et al., 2001; Barton, 2002; Fulé and 

Covington, 1998). This change in density and species composition is the result of switching from 

centuries of predominantly low intensity frequent surface fires to decades without fire followed by stand 

replacing fires (Fulé and Covington, 1998; Barton, 2002). Frequent low intensity surface fires allow fire 

resistant pines to dominate a site and maintain an open stand structure. Additionally, short fire-free 

periods, between 20 and 30 years in length, are necessary to allow for periodic pine regeneration (Barton 

et al., 2001). The MPOW PNVT is characterized by historic fire regime group III (I), with an average fire 

return interval of 35-200+ years from mixed severity fire (Barrett et al., 2010; Wahlberg et al., 2014). 

 

The recent shift in fire regimes has been more conducive to the reduction of pine species and regeneration 

of oak and other sprouting species. According to Schussman and Gori (2006), it is well documented 

through fire scar data that prior to about 1880, low intensity surface fires frequently burned through the 

Madrean pine-oak woodland between early spring and summer, primarily as a result of lightning ignitions 

(Swetnam et al., 1992; Kaib et al., 1996; Swetnam and Baisan, 1996; Fulé et al., 2005). 

 

The continuity of fire scars between lower and higher elevations suggests that fire sizes were large 

enough to span the entire elevational distribution of the pine-oak woodlands and that fire ignitions coming 

from semi-desert grasslands and/or montane conifer systems were not uncommon (Swetnam et al., 1992; 

Kaib et al., 1996; Fulé and Covington, 1997, 1998; Fulé et al., 2005). Passive fire suppression through 

livestock grazing in the late 1800s through today, as well as active suppression, has resulted in drastically 

reduced fire return intervals and increased fire severity in Madrean pine-oak woodland (Barton, 1999, 

Swetnam and Baisan, 1996). Based on its current DI rating, this PNVT has a FRCC of III. Historic fire 

return interval is estimated to have been between 3 and 8 years (Vander Lee et al., 2006). 

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 8,950 to 13,450 acres; primarily 

mullein and weeping lovegrass and Lehmann lovegrass (Eragrostis lehmanniana Nees). According to 

LANDFIRE (2007), Lehmann lovegrass was purposely introduced into North America in the 1930s, and 

has spread to the lower and drier edge of Madrean pine-oak woodland. By continuing to spread and 

therefore, add fine fuel, it may contribute to significantly increased fire frequency in this system. 

Lehmann lovegrass may have an advantage over native grasses following fire. According to Jordan et al. 

(2008), noxious and invasive weeds are of special concern because there is ample evidence that non-

native invasive plants can modify the physical and/or chemical attributes of soil, including inputs and 

cycling of N and other elements (Ehrenfeld, 2003; Haubensak et al., 2004; Hawkes et al., 2005; Sperry et 
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al., 2006; Norton et al., 2007), pH (Kourtev et al., 2003), and soil organic matter and aggregation (Saggar 

et al., 1999). There is also evidence of direct modification of various components of the biotic 

composition of invaded soil, e.g., affecting the soil food web (Duda et al., 2003), total soil microbial 

communities (Kourtev et al., 2002a and 2002b; Kourtev et al., 2003), and mutualistic fungi (Allen et al, 

2003; Hawkes et al., 2006; Mummey and Rillig, 2006; Mack and Rudgers, 2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: According to the forests’ GIS database, approximately 145 miles of roads and motorized trails 

have been constructed within this PNVT; this equates to roughly 0.2 linear miles of road per square mile. 

Roads and trails are one of the primary access points for noxious and invasive weed transport and their 

right-of-way are areas of establishment. 

 

Insects and Disease: Between 2000 and 2004, insects and disease have impacted approximately 16 

percent of this PNVT. According to Jordan et al. (2008), noxious and invasive weeds are of special 

concern because there is ample evidence that non-native invasive plants can modify the physical and/or 

chemical attributes of soil, including inputs and cycling of N and other elements (Ehrenfeld, 2003; 

Haubensak et al., 2004; Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 2007), pH (Kourtev et al., 

2003), and soil organic matter and aggregation (Saggar et al., 1999). There is also evidence of direct 

modification of various components of the biotic composition of invaded soil, e.g., affecting the soil food 

web (Duda et al., 2003), total soil microbial communities (Kourtev et al., 2002a and 2002b; Kourtev et 

al., 2003), and mutualistic fungi (Allen et al., 2003; Hawkes et al., 2006; Mummey and Rillig, 2006; 

Mack and Rudgers, 2008). 

 

Herbivory: While the level of resource competition between Coues deer (Odocoileus virginianus couesi) 

and livestock is unclear, it is clear that Coues deer did have an impact on browse species and would have 

been responsible for decreasing shrub cover, to some extent, in Madrean pine-oak woodland. In contrast, 

livestock grazing has decrease grass cover and so their impact on the Madrean pine-oak woodland would 

be different than that of white-tailed deer, the dominant native herbivore (Schussman and Gori, 2006). 

According to Fleischner et al. (1994), herbivory has had detrimental effects on the composition, structure 

and function of woodland ecosystems, and has led to a decrease in native species richness. 

 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(46% of the total PNVT’s area) associated with the Madrean pine-oak woodland (table 19); the 

herbaceous understory is split almost equally between moderately-high to high (48 percent) and low to 

moderately-low (46 percent) ecological status or fair to good and very-poor to poor range conditions. 

Movement in the direction of low to moderately-low ecological status has resulted in lower levels of 

herbaceous vegetation ground cover and lower levels of vigor and growth, as well as species 

compositional shifts, and possible changes in site potential. Total herbage production is considered to be 

correlated with the condition of the range (Osborn, 1956; Goebel and Cook, 1960). The majority of the 

herbaceous understory vegetation within the Madrean pine-oak woodland capable grazing lands is 

moderately to highly departed from DCs. According to Osborn (1952), for maximum moisture 

infiltration, two conditions are essential: 1) an adequate surface [vegetation] cover to cushion the impact 

of the falling raindrops and 2) favorable soil conditions associated with a relatively advanced stage of 

ecological succession for the site, typical of one of the higher range condition classes. 
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Table 19. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the Madrean pine-oak woodland 
PNVT on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Madrean 
Pine-Oak Woodland PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

171,651 43.5 0 0.0 24,074 10.8 83,437 37.4 98,703 44.2 4,312 1.9 12,749 5.7 223,275 394,927 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Threats: The most important and far reaching threats under agency authority for this PNVT include 

managing the legacy of past livestock grazing, which removed fine fuels needed for carrying frequent, 

low intensity surface fires; forest management practices, which have changed woodland age class 

distribution, composition, density, and cover values, and greatly reduced understory productivity; and fire 

suppression, which effectively ended the frequent fire regime typical of this woodland, and the 

introduction of invasive plants. There are also areas (roughly 38%) were the soils are in impaired and/or 

unsatisfactory condition, and another 58 percent are classified as inherently unstable. According to Printz 

et al. (2014), soil health is the capacity of a soil to maintain its function and flow of ecosystem services 

given a specific set of physical, chemical, and environmental boundaries (Doran and Parken, 1994; 

USDA NRCS, 2013b). When a soil's health deteriorates, its capacity to support and regulate ecosystems 

is diminished, affecting energy flows, nutrient cycling, and productivity. Overall, based on VDDT 

modeling, under current management, there is very little change in the DI from current to DC and HRV, 

which would indicate continued high departure with little or no movement toward DC, and HRV, and a 

more properly functioning system. This trend appears to stabilize after 60 years. See Appendix E for a 

more complete discussion of the threats affecting the Madrean pine-oak woodland and the risks they pose 

to this PNVT. 

 

 

Piñon-juniper woodland (map 7, and appendix A maps 1 and 2): The 

piñon-juniper woodland occurs primarily along the forests’ northern 

boundary closely associated with the Great Basin grasslands. At 

roughly 222,166 acres of NFS lands, or approximately 11 percent of 

the forests (table 4), the piñon-juniper woodland represents the third 

largest PNVT on the A-SNFs.  

 

This PNVT is characterized by a series of vegetation states that move 

from herbaceous dominated to shrub-dominated to tree-dominated 

over time after a high severity stand replacing fire. The type, 

including its various vegetation states, occurs on deep, fine-textured 

soils in valley bottoms and on gentle plains with few barriers to fire 

spread; it is common in areas where most of the annual precipitation 

comes in the winter.  

 

Generally, annual precipitation ranges from 11.0 to 22.0 inches, with 40-45 percent coming between 

October 1
st
 and March 31

st
 (table 20). It is mostly found on lower slopes of mountains and in upland 

rolling hills at approximately 4,500 to 7,500 feet in elevation. The most common conifer is piñon. The 

 
Map 7. General location of the 
piñon-juniper woodland PNVT 
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juniper component is a mix of, to a greater or lesser degree, oneseed juniper Juniperus monosperma 

(Engelm.) Sarg.), Utah juniper (J. osteosperma (Torr.) Little), alligator juniper, and Rocky Mountain 

juniper. In addition, annual and perennial grasses and grass-like plants, forbs, half-shrubs and shrubs can 

be found beneath the woodland overstory. 

 
Table 20. Piñon-juniper woodland PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

41 45 11.0 22.0 40 - 45 31 - 39 0 - 6 Dec 1st - Mar 15th 140 - 150 
1 Winters are cold 
2 

Snowfall moisture is included in average annual precipitation data 

 

The A-SNFs’ niche for this PNVT is approximately eight percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the Coconino Plateau Coniferous Forest and 

White Mountains Coniferous Forest subsections, the A-SNFs contribute 58 and 24 percent of this PNVT, 

respectively. The A-SNFs’ contribution to the sustainability of the piñon-juniper woodland PNVT is 

moderate (figure 1). With nearly 92 percent (table 4) of this PNVT located off-forest and having a low 

departure rating from HRV.  

 

Piñon-juniper woodland PNVT burn severity acres produced by the 2011 Wallow Fire can be seen in table 

21. Overall, the fire did not cause a substantial impact to the Piñon-juniper woodland PNVT. Roughly 

eight percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres within the fire 

perimeter, approximately 47 percent were burned, and of that; nearly 16 percent (2,808 acres) were 

classified as experiencing a moderate to high severity burn (see Appendix C table 6 for a comparison of 

pre and post-2011 Wallow Fire piñon-juniper woodland PNVT overstory vegetation structural states). 
  
Table 21. 2011 Wallow Fire burn severity within the piñon-juniper woodland PNVT (see Appendix C table 6) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 583 2,225 5,587 9,389 17,784   

Percent 3.3 12.5 31.4 52.8 100  
 

 Total Piñon-Juniper Woodland PNVT 

Acres 583 2,225 5,587 9,389 17,784 204,382 222,166 

Percent 0.3 1.0 2.5 4.2 8.0 92.0 100 

 

Current conditions within the piñon-juniper woodland are at a low departure from both DC and HRV 

(table 2) with a DI of 26 percent, this PNVT is the 9
th
 and 11

th
 most departed from DC and HRV on the 

forests, respectively. With respect to the DI there is an over-representation (19%) of medium to very large 

size trees with open canopy cover (vegetation structural state D) (see Appendix D figure 6 and Appendix 

D tables 51 through 60), and an under-representation (25%) of early successional, seedlings, sapling and 

small size trees with open or closed canopy cover (vegetation structural states B, C, E and F). Historically 

these woodlands were dominated by very shade intolerant and shade intolerant shrub and tree species 

with open canopy characteristics. In addition, a more open canopy should promote an increase in 

herbaceous understory diversity and abundance. 

 

Disturbances 

 

Based on published literature, climate variation, insect outbreaks, fire and seed dispersal by birds and 

small mammals appear to be the most important natural disturbances that determined the historical 
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structure of Piñon-Juniper woodlands and the distribution and abundance of these stands or patches across 

the landscape (Gori and Bate, 2007). 

 

Climate: According to Gori and Bate (2007), significant expansions and contractions in the distribution of 

piñon-juniper woodland also occurred over the last 4,000 years and have been documented by studies of 

packrat middens, dry caves, pollen cores, lake and wetland sediments and archaeological sites (Van 

Devender et al., 1984; Mehringer and Wigand, 1990; Gottfried et al.,1995). In general, during periods 

when the climate became wetter, piñon and juniper moved down mountain slopes into more xeric 

communities and grasses increased, and when the climate became drier and warmer, piñon-juniper 

declined but grasses persisted. After 500 BP (before present), increased winter precipitation led to a re-

expansion of piñon-juniper woodland that sharply increased after 1700 and again in the early 1900s 

(Davis and Turner, 1986; Mehringer and Wigand, 1990; Ghil and Vautgard, 1991; Eisenhart, 2004). 

 

Drought: According to the Gori and Bate (2007), the recent drought, which began in the mid-1990s, has 

also resulted in regional die-offs of piñon and, to a lesser extent, juniper during the extreme drought years 

of 1996 and 2002-2003 (Ogle et al., 2000; Breshears et al., 2005; Mueller et al., 2005a; Gitlin et al., 

2006). Drought-induced changes in the composition and cover of piñon-juniper woodlands may have a 

number of important ecological effects including significant changes in carbon stores and dynamics 

(Breshears and Allen, 2002); increased solar radiation and ground temperatures (Martens et al., 2000); 

increased water runoff and erosion (Allen and Breshears, 1998; McAuliffe et al., 2006); changes in the 

genetic structure of piñon and other populations (Mitton and Duran, 2004); unfavorable recruitment 

conditions for piñon including a reduction in nurse plants, mycorrhizal fungal inoculum, and seed 

dispersal by birds (Christensen and Whitham, 1991; 1993, Swaty et al., 2004; Haskins and Gehring, 2005; 

Mueller et al., 2005a); and potentially large changes in the composition and function of associated biotic 

communities (Brown et al., 2001a; Ruel and Whitham, 2002; Whitham et al., 2003; Mueller et al., 

2005b). 

 

Fire: According to the Gori and Bate (2007), piñon-juniper grass savanna (and open woodland) is thought 

to have been maintained historically by frequent, low-severity surface fires. The more open, savanna-like 

PJW PNVT is characterized by historic fire regime group I, with an average fire return interval of 0-35 

years from low to moderate severity fire (Wahlberg et al., 2014). Piñon-juniper woodland developed after 

infrequent stand-replacing fire and was most likely maintained by patchy mixed-severity fires that 

occurred with moderate to low frequency (Arnold et al., 1964; Tausch and West,1988; Despain and 

Mosley, 1990; Huffman et al., 2006a). The persistent PJW is generally characterized by historic fire 

regime group IV with fire return intervals of 35-200 years from stand-replacement. However, some types 

exhibit little to no natural fire (historic fire regime group V) (Barrett et al., 2010; Wahlberg et al., 2014). 

Persistent piñon-juniper woodland developed under an historic regime of infrequent high severity, stand 

replacing fire (Tress and Klopatek, 1987; Miller, 1999; Floyd et al., 2000 and 2004; Muldavin et al., 

2003; Romme et al., 2003). Based on its current DI rating, this PNVT has a FRCC of I. Historic fire 

return interval is estimated to have been between 6 and 400 years (Vander Lee et al., 2006).  

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 2,450 to 3,700 acres; primarily 

mullein and weeping lovegrass. According to Jordan et al. (2008), noxious and invasive weeds are of 

special concern because there is ample evidence that non-native invasive plants can modify the physical 

and/or chemical attributes of soil, including inputs and cycling of N and other elements (Ehrenfeld, 2003; 

Haubensak et al., 2004; Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 2007), pH (Kourtev et al., 

2003), and soil organic matter and aggregation (Saggar et al., 1999). There is also evidence of direct 

modification of various components of the biotic composition of invaded soil, e.g., affecting the soil food 

web (Duda et al., 2003), total soil microbial communities (Kourtev et al., 2002a and 2002b; Kourtev et 

al., 2003), and mutualistic fungi (Allen et al., 2003; Hawkes et al., 2006; Mummey and Rillig, 2006; 

Mack and Rudgers, 2008). 
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Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: According to the forests’ GIS database, approximately 520 miles of roads and motorized trails 

have been constructed within this PNVT; this equates to roughly 1.5 linear miles of road per square mile. 

Roads and trails are one of the primary access points for noxious and invasive weed transport and their 

right-of-way are areas of establishment. 

 

Insect and Disease: According to Gori and Bate (2007); Ronco (1990), Gottfried et al. (1995), Negrón 

(1995), Rogers (1995), Weber et al. (1999), and Shaw (2004) all provide lists of insects, pathogens, and 

plant parasites that attack piñon and juniper. Although the life cycles of these pests are known in some 

detail, little information exists on their impacts to piñon populations locally or regionally or on the 

environmental factors that control their populations, including outbreaks. Between 2000 and 2004, insects 

and disease have impacted approximately 38 percent of this PNVT. 

 

Herbivory: The disruption of historical fire regimes that followed the introduction of livestock (and the 

drought of the 1890s) has been documented in historical accounts and fire-history reconstructions in 

piñon-juniper savanna and open woodland (upper and lower ecotones) and in shrub woodland at the 

ecotone with ponderosa pine forest (Leopold, 1924; Bahre, 1985 and 1991; Allen, 1989; Despain and 

Mosley, 1990; Kaib et al., 1996; Swetnam and Baisan, 1996; Baisan and Swetnam, 1997; Brown et al., 

2001a; Muldavin et al., 2003; Huffman et al., 2006a). These reconstructions show the virtual cessation of 

surface and mixed-severity fires in piñon-juniper woodlands between 1890 and 1905. The decline in 

herbaceous cover due to livestock grazing in concert with the disruption of the fire regime has been cited 

in a number of studies as the primary causative factor for the observed increase in tree densities in many 

piñon-juniper systems over the last 120 years (Cottam and Stewart, 1940; Johnsen, 1962; Arnold et al., 

1964; Dwyer and Pieper, 1967; Blackburn and Tueller, 1970; West et al., 1975; Burkhardt and Tisdale, 

1976; Tausch et al., 1981; Gottfried, 1987; Gottfried et al., 1995; Huffman et al., 2006a and 2006b). The 

primary management objective for these activities was to increasing forage production for livestock 

grazing (Gori and Bate, 2007). According to Fleischner et al. (1994), herbivory has had detrimental 

effects on the composition, structure and function of woodland ecosystems, and has led to a decrease in 

native species richness. 

 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(96% of the total PNVT’s area) associated with the piñon-juniper woodland (table 22); approximately 90 

percent of the herbaceous understory is in low to moderately-low ecological status or very-poor to poor 

range condition, while only 8 percent is in moderately high ecological status or fair range condition. 

Movement in the direction of low to moderately-low ecological status has resulted in lower levels of 

herbaceous vegetation ground cover and lower levels of vigor and growth, as well as species 

compositional shifts, and possible changes in site potential. Total herbage production is considered to be 

correlated with the condition of the range (Osborn, 1956; Goebel and Cook, 1960). The majority of the 

herbaceous understory vegetation within the piñon-juniper woodland capable grazing lands is highly to 

severely departed from DCs. According to Osborn (1952), for maximum moisture infiltration, two 

conditions are essential: 1) an adequate surface [vegetation] cover to cushion the impact of the falling 

raindrops and 2) favorable soil conditions associated with a relatively advanced stage of ecological 

succession for the site, typical of one of the higher range condition classes. 
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Table 22. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the piñon-juniper woodland PNVT 
on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Piñon-Juniper 
Woodland PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

7,504 3.4 18 0.0 1,265 0.6 17,363 8.1 164,152 76.5 28,773 13.4 3,091 1.4 214,662 222,166 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Other Disturbances: Other disturbances have included cabling or chaining; bulldozing; clearing or 

thinning with hand axes or motorized saws; and herbicide application. Current, estimates of the number of 

acres treated are lacking on the A-SNFs, however, state-wide, by 1961, roughly 1.2 million acres of 

piñon-juniper woodland had been cleared in Arizona (Cotner, 1963, Gori and Bate, 2007). These were 

very common management activities on the forests between 1950 and 1970 and to a limited extent, 

continue today. 

 

Threats: The most important and far reaching threats under agency authority for this PNVT include 

managing the legacy of past livestock grazing, which removed fine fuels needed for carrying frequent, 

low intensity surface fires; forest management practices, which have changed woodland age class 

distribution, composition, density, and cover values, and greatly reduced understory productivity; and fire 

suppression, which effectively ended the frequent fire regime typical of this woodland, and the 

introduction of invasive plants. There are also areas (roughly 73%) were the soils are in impaired 

condition, and another 10 percent are classified as inherently unstable. According to Printz et al. (2014), 

soil health is the capacity of a soil to maintain its function and flow of ecosystem services given a specific 

set of physical, chemical, and environmental boundaries (Doran and Parken, 1994; USDA NRCS, 2013b). 

When a soil's health deteriorates, its capacity to support and regulate ecosystems is diminished, affecting 

energy flows, nutrient cycling, and productivity. Overall, based on VDDT modeling, under current 

management, there is considerable change in the DI from current to DC and HRV, which would indicate a 

continued trend in departure movement away from DC, and HRV, and a more improperly functioning 

system. This trend appears to be constant from 15 to 50 years. See Appendix E for a more complete 

discussion of the threats affecting the piñon-juniper woodland and the risks they pose to this PNVT. 

 

 

Grassland PNVTs 
 

Great Basin grassland (map 8, and appendix A maps 1 and 2): The Great Basin grassland occurs 

primarily along the forests’ northern boundary closely associated with the piñon-juniper woodland. At 

roughly 185,523 acres of NFS lands or, approximately 9 percent of the forests (table 4), the Great Basin 

grassland represents the fourth largest PNVT on the A-SNFs. 
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Rain, temperature and soils limit this PNVT to lower elevations with 

vegetation coverage consisting of mostly grasses and forbs with 

interspersed shrubs. These grasslands are higher in elevation and 

climatically cooler and moister than semi-desert grasslands and are 

adjacent to and intermingle with piñon-juniper savanna ecosystems. 

Generally, annual precipitation ranges from 11.8 to 18.1 inches, with 

40 percent coming between October 1
st
 and March 31

st
 (table 23). 

 

Grass species may include but are not limited to: Indian ricegrass 

(Achnatherum hymenoides (Roemer & J.A. Schultes) Barkworth), 

threeawns (Aristida spp. L.), blue grama, needle and thread 

Hesperostipa comata (Trin. & Rupr.) Barkworth), New Mexico 

feathergrass (Hesperostipa neomexicana (Thurb. ex Coult.) 

Barkworth), green needlegrass (Nassella viridula (Trin.) Barkworth), 

muhlys (Muhlenbergia spp. Schreb.), James’ galleta (Pleuraphis 

jamesii Torr.), big bluestem (Andropogon gerardii Vitman), little bluestem (Schizachyrium scoparium 

(Michx.) Nash), western wheatgrass (Pascopyrum smithii (Rydb.) A. Löve), and sand dropseed 

(Sporobolus cryptandrus A.S. Hitchc.). 

 
Table 23. Great Basin grassland PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

46 52 11.8 18.1 40 0 - 31 0 - 150 - 160 
1 Winters are cold 
2 Snowfall moisture is included in average annual precipitation data 

 

Shrub species may include but are not limited to: Saltbush (Atriplex spp. L.), jointfir (Ephedra spp. L.), 

rabbitbrush (Chrysothamnus Nutt.), snakeweed (Gutierrezia spp. Lag.), winterfat (Krascheninnikovia 

lanata (Pursh) A.D.J. Meeuse & Smit), juniper, and wax currant (Ribes cereum Dougl.). This PNVT may 

also include areas that are dominated by a variety of forbs.  

 

The A-SNFs’ niche for this PNVT is approximately ten percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the Coconino Plateau Coniferous Forest and 

White Mountains Coniferous Forest subsections, the A-SNFs contribute 59 and 38 percent of this PNVT, 

respectively. The A-SNFs’ contribution to the sustainability of the Great Basin grassland PNVT is 

moderate (figure 1). With nearly 90 percent (table 4) of this PNVT located off-forest and having a low 

departure rating from HRV. 

 

Great Basin grassland PNVT burn severity acres produced by the 2011 Wallow Fire can be seen in table 

24. Overall, the fire did not cause a substantial impact to the Great Basin grassland PNVT. Roughly six 

percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres within the fire perimeter, 

approximately 57 percent were burned, and of that; slightly more than six percent (413 acres) were 

classified as undergoing a moderate to high severity burn (see Appendix C table 7 for a comparison of pre 

and post-2011 Wallow Fire Great Basin grassland PNVT overstory vegetation structural states). 

 
  

 
Map 8. General location of the 
Great Basin grassland PNVT 
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Table 24. 2011 Wallow Fire burn severity within the Great Basin grassland PNVT (see Appendix C table 7) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 88 325 3,311 2,854 6,579   

Percent 1.3 4.9 50.3 43.4 100  
 

 Total Great Basin Grassland PNVT 

Acres 88 325 3,311 2,854 6,579 178,944 185,523 

Percent 0.0 0.2 1.8 1.5 3.5 96.5 100 

 

Current conditions within the Great Basin grassland are highly departed from both DC and HRV (table 2) 

with a DI of 67 percent; this PNVT is the 3
rd

 and 5
th
 most departed from DC and HRV, respectively, on the 

forests. With respect to the DI there is a considerable (66%) over-representation of encroaching shrubs 

and trees of all sizes with open and closed canopies (vegetation structural states C and D) (see Appendix 

D figure 7 and Appendix D tables 61 through 68) and a noteworthy (63%) under-representation of open, 

dense stands of perennial grasses and forbs with less than ten percent woody canopy cover (vegetation 

structural state B). There is also an uncharacteristic state where various noxious weeds and invasive plants 

makeup a significant portion of the herbaceous vegetation composition represented by vegetation 

structural state E (roughly 3,700 acres); a more open canopy should promote an increase in herbaceous 

diversity and abundance. 

 

Disturbances 

 

Fire: The GBG PNVT is characterized by historic fire regime group II, with an average fire return 

interval of 0-35 years from stand replacing fire. Mixed severity fire has been reported in this PNVT to 

have occurred with a mean return interval of 37 years primarily top-killing herbaceous species. Stand 

replacing fire occurred less frequently (mean fire return interval at 75 years) and consumed both shrub 

and herbaceous life forms (Wahlberg et al., 2014). Based on its current DI; this PNVT has a FRCC of III. 

According to Vander Lee et al. (2006), historic fire return interval is estimated to have been between 10 

and 30 years. 

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 2,970 to 4,425 acres; primarily 

mullein, weeping lovegrass, cheatgrass and bull thistle. According to Jordan et al. (2008), noxious and 

invasive weeds are of special concern because there is ample evidence that non-native invasive plants can 

modify the physical and/or chemical attributes of soil, including inputs and cycling of N and other 

elements (Ehrenfeld, 2003; Haubensak et al., 2004; Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 

2007), pH (Kourtev et al., 2003), and soil organic matter and aggregation (Saggar et al., 1999). There is 

also evidence of direct modification of various components of the biotic composition of invaded soil, e.g., 

affecting the soil food web (Duda et al., 2003), total soil microbial communities (Kourtev et al., 2002a 

and 2002b; Kourtev et al., 2003), and mutualistic fungi (Allen et al., 2003; Hawkes et al., 2006; Mummey 

and Rillig, 2006; Mack and Rudgers, 2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 
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Roads: According to the forests’ GIS database, approximately 555 miles of roads and motorized trails 

have been constructed within this PNVT; this equates to roughly 1.9 linear miles of road per square mile. 

Roads and trails are one of the primary access points for noxious and invasive weed transport and their 

right-of-way are areas of establishment. 

 

Insects and Disease: Between 2000 and 2004, insects and disease have impacted approximately 15 

percent of this PNVT. 

 

Herbivory: According to Fletcher and Robbie (2004), one situation that makes grassland particularly 

vulnerable to degradation is a higher complement of cool season grasses, which are more sought after by 

livestock during spring and late fall, and are less resistant to grazing than warm season grasses, coupled 

with the soils prone to erosion across the majority of the Great Basin grassland. The complement of 

factors degrading other grasslands - mainly interruption of the fire regime and heavy use by livestock 

during dry years - may have caused greater change here than even in the semi-desert grassland. Acre for 

acre, the Great Basin grassland prior to Euro-American settlement condition had greater hydrologic 

function (infiltration) and higher primary productivity than the semi-desert grassland. According to 

Fleischner et al. (1994), herbivory has had detrimental effects on the composition, structure and function 

of grassland ecosystems, and has led to a decrease in native species richness. 

 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(99% of the total PNVT’s area) associated with the Great Basin grassland (table 25); approximately 87 

percent of the herbaceous understory is in low to moderately-low ecological status or very-poor to poor 

range condition, while only 10 percent is in moderately-high ecological status or fair range condition. 

Movement in the direction of low to moderately-low ecological status has resulted in lower levels of 

herbaceous vegetation ground cover and lower levels of vigor and growth, as well as species 

compositional shifts, and possible changes in site potential. Total herbage production is considered to be 

correlated with the condition of the range (Osborn, 1956; Goebel and Cook,1960). The majority of the 

herbaceous understory vegetation within the Great Basin grassland capable grazing lands is highly to 

severely departed from DCs. According to Osborn (1952), for maximum moisture infiltration, two 

conditions are essential: 1) an adequate surface [vegetation] cover to cushion the impact of the falling 

raindrops and 2) favorable soil conditions associated with a relatively advanced stage of ecological 

succession for the site, typical of one of the higher range condition classes. 

 

At present, much of this grassland more closely resembles woodland than grassland. Overall, 

approximately 68 percent or nearly 126,156 acres of this PNVT have been encroached, to a lesser or 

greater degree by woody species, primarily piñon and juniper. According to Vander Lee et al. (2006) 

approximately 70 percent (88,309 acres) of these invaded acres may be non-restorable to their former 

grassland state. Historically these grasslands were dominated by herbaceous vegetation. 
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Table 25. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the Great Basin grassland PNVT 
on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Great Basin 
Grassland PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

627 0.3 0 0.0 1,187 0.6 17,767 9.6 128,068 69.3 32,896 17.8 4,979 2.7 184,897 185,523 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Threats: The most important threats under agency authority to this PNVT include fire suppression, which 

effectively ended the frequent fire regime typical of this grassland, woody species encroachment and 

establishment, human-caused fires, roads, highways and energy corridors, noxious weeds and invasive 

plants, and livestock grazing. These threat types include modification of natural processes and habitat 

conversion which have negative consequences to ecological composition, structure, function and 

processes. Continuation of current management along with ecological threshold changes (woody species 

encroachment, loss of understory productivity, loss of soil and soil productivity (there are also areas 

(roughly 94%) were the soils are in impaired and/or unsatisfactory condition) is not likely to move this 

PNVT towards DC and HRV. According to Printz et al. (2014), soil health is the capacity of a soil to 

maintain its function and flow of ecosystem services given a specific set of physical, chemical, and 

environmental boundaries (Doran and Parken, 1994; USDA NRCS, 2013b). When a soil's health 

deteriorates, its capacity to support and regulate ecosystems is diminished, affecting energy flows, 

nutrient cycling, and productivity. Overall, based on VDDT modeling, under current management, there 

is considerable change in the DI from current to DC and HRV, which would indicate a continued trend in 

departure movement away from DC, and HRV, and a more improperly functioning system. These trends 

appear to be constant from 30 to 50 years. See Appendix E for a more complete discussion of the threats 

affecting the Great Basin grassland and the risks they pose to this PNVT. 

 

According to Gori and Enquist (2003), changes in the structure and function of grassland systems have 

been noted as the primary cause of the loss of native diversity within grasslands (Stacey, 1995). Finch 

(2004) identified and summarized the major threats to grassland biological diversity as the loss of natural 

fire cycles, overgrazing by livestock (Fleischner et al., 1994), prairie dog eradication, exotic grasses, 

shrub encroachment, erosion, and habitat fragmentation.  

 

 

Semi-desert grassland (map 9 and appendix A map 2): This PNVT occurs primarily on the Clifton RD 

closely associated with the Madrean pine-oak woodland. At roughly 106,952 acres of NFS lands, or 

approximately 5 percent of the forests (table 4), the semi-desert grassland represents the seventh largest 

PNVT on the A-SNFs. 

 

This PNVT occurs below the Mogollon Rim at elevations ranging from 3,200 to 4,500 feet. These 

grasslands are bounded by Chihuahuan Desert at the lowest elevations and Madrean pine-oak woodland 

or interior chaparral at the higher elevations. Generally, annual precipitation ranges from 12.6 to 21.3 

inches, with 40 percent coming between October 1
st
 and March 31

st
 (table 26). 

 

Species composition and dominance varies across the broad range of soils and topography. Dominant 

grassland associations/types are black grama (Bouteloua eriopoda (Torr.) Torr.) grassland, blue  
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grama/hairy grama (Bouteloua hirsuta Lag.) grassland, tobossa 

(Pleuraphis mutica Buckl.) grassland, giant sacaton (Sporobolus 

giganteus Nash) grassland, and mixed native perennial grassland. 

Shrubs may also inhabit these grasslands and their abundance and 

species composition also varies. 

 

The A-SNFs’ niche for this PNVT is approximately 14 percent of the 

White Mountains-San Francisco Peaks-Mogollon Rim ecoregion 

section (table 4). Within the White Mountains Woodland and Burro 

Mountains Oak-Juniper Woodland subsections, the A-SNFs 

contribute 58 and 24 percent of this PNVT, respectively. The A-

SNFs’ contribution to the sustainability of the semi-desert grassland 

PNVT is moderate (figure 1). With nearly 86 percent (table 4) of this 

PNVT located off-forest and having a low departure rating from 

HRV. 

 
Table 26. Semi-desert grassland PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

54 63 12.6 21.3 40 0 - 8 0 - 170 - 200 
1 Winters are mild 
2 Snowfall moisture is included in average annual precipitation data 

 

Semi-desert grassland PNVT burn severity acres produced by the 2011 Wallow Fire can be seen in table 

27. Overall, the fire did not cause a substantial impact to the semi-desert grassland PNVT. Less than two 

percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres within the fire perimeter, 

approximately 59 percent were burned, and of that; nearly 19 percent (287 acres) were classified as 

experiencing a moderate to high severity burn (see Appendix C table 8 for a comparison of pre and post-

2011 Wallow Fire semi-desert grassland PNVT overstory vegetation structural states). 
 

Table 27. 2011 Wallow Fire burn severity within the semi-desert grassland PNVT (see Appendix C table 8) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 35 251 606 624 1,517   

Percent 2.3 16.5 40.0 41.2 100  
 

 Total Semi-desert Grassland PNVT 

Acres 35 251 606 624 1,517 105,435 106,952 

Percent 0.0 0.2 0.6 0.6 1.4 98.6 100 

 

Current conditions within the semi-desert grassland are highly departed from DC and HRV (table 2) with 

a DI of 79 percent; this PNVT is the 1
st
 and 2

nd
 most departed from DC and HV, respectively, on the 

forests. With respect to the DI there is a considerable (77%) over-representation of encroaching shrubs 

and trees of all sizes with open and closed canopies (vegetation structural states C and D) (see Appendix 

D figure 8 and Appendix D tables 69 through 76) and a major (81%) under representation of open, dense 

stands of perennial grasses and forbs (late successional) with less than ten percent woody canopy cover 

(vegetation structural states A and B). There is also an uncharacteristic state where various noxious weeds 

and invasive plants makeup a significant portion of the herbaceous vegetation composition represented by 

vegetation structural state E (roughly 2,100 acres); a more open canopy should promote an increase in 

herbaceous diversity and abundance. 

 

Map 9. General location of the 
semi-desert grassland PNVT 
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Disturbances 

 

Fire: According to Gori and Enquist (2003) and Schussman (2006a), it is documented, through direct and 

indirect evidence, that fire played a key role in semi-desert grasslands in southeastern Arizona before 

1890 (Humphrey, 1953; Wright, 1960; Bahre, 1985; McPherson, 1995; Kaib et al., 1996; Turner et al., 

2003). Specifically, stand replacing fires swept across the grasslands between June and July at intervals of 

every 2.5 to 10 years and covered hundreds of square miles at a time (Kaib et al., 1996; McPherson, 1995; 

Bahre, 1985). Passive fire suppression, through livestock grazing beginning in the late 1800s as well as 

active suppression increasing over the last 120 years, has resulted in reduced fire return intervals in semi-

desert grassland (Davis et al., 2002; Kaib et al., 1996; McPherson, 1995). The SDG PNVT is 

characterized by historic fire regime group II, with an average fire return interval of 0-35 years from stand 

replacing fire. Recurring fire is important in this type to maintain open conditions, prevent shrub and tree 

invasion, and retain species diversity. TNC (Vander-Lee et al., 2006) synthesis of fire history in this ERU 

reports large scale fire events occurring every 2.5-10 years and typically occurring in the early summer. 

This coincides with pre-monsoon lightning activity in the region and contemporary fire behavior suggests 

that historic ignitions would likely have burned until they ran out of contiguous fuel or were rained out. 

Based its current DI rating, this PNVT has a FRCC of III. 

 

Lack of fire has been implicated in the increased density and cover of mesquite, juniper, broom 

snakeweed (Gutierrezia sarothrae (Pursh) Britton & Rusby), burrowed (Isocoma tenuisecta Greene), 

creosote bush (Larrea tridentata (DC.) Coville), and cacti (Humphrey and Mehrhoff, 1958; Buffington 

and Herbel, 1965; Gori and Enquist, 2003; Hennessy et al., 1983; Muldavin et al., 2002; Turner et al., 

2003). This increase in woody species has been documented both with and without the presence of 

livestock grazing and has not been convincingly tied to climatic changes (McPherson and Weltzin, 1998, 

2000; Turner et al., 2003). Ultimately, the increase in trees and shrubs has changed vegetation in the 

semi-desert grasslands from a predominantly open perennial grass system to mixed shrub, tree, and 

perennial grass system with multiple areas having been converted to shrublands (Gibbens et al., 2005; 

Gori and Enquist, 2003), and woodlands (Vander Lee et al., 2006). 

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 1,730 to 2,470 acres; primarily 

mullein, Lehmann lovegrass, and field bindweed (Convolvulus arvensis L.). According to Jordan et al. 

(2008), noxious and invasive weeds are of special concern because there is ample evidence that non-

native invasive plants can modify the physical and/or chemical attributes of soil, including inputs and 

cycling of N and other elements (Ehrenfeld, 2003; Haubensak et al., 2004; Hawkes et al., 2005; Sperry et 

al., 2006; Norton et al., 2007), pH (Kourtev et al., 2003), and soil organic matter and aggregation (Saggar 

et al., 1999). There is also evidence of direct modification of various components of the biotic 

composition of invaded soil, e.g., affecting the soil food web (Duda et al., 2003), total soil microbial 

communities (Kourtev et al., 2002a and 2002b; Kourtev et al., 2003), and mutualistic fungi (Allen et al., 

2003; Hawkes et al., 2006; Mummey and Rillig, 2006; Mack and Rudgers 2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: According to the forests’ GIS database, approximately 100 miles of roads and motorized trails 

have been constructed within this PNVT; this equates to roughly 0.6 linear miles of road per square mile. 
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Roads and trails are one of the primary access points for noxious and invasive weed transport and their 

right-of-way are areas of establishment. 

 

Insect and Disease: Between 2000 and 2004, insects and disease have impacted approximately seven 

percent of this PNVT. 

 

Herbivory: Native herbivores in the semi-desert grasslands ranged from insects and rodents to pronghorn 

antelope and deer (Finch, 2004). According to Fleischner et al. (1994), herbivory has had detrimental 

effects on the composition, structure and function of grassland ecosystems, and has led to a decrease in 

native species richness. 

 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(80% of the total PNVT’s area) associated with the semi-desert grassland (table 28); approximately 52 

percent of the herbaceous understory is in low to moderately-low ecological status or very-poor to poor 

range condition, while only 34 percent is in moderately-high to high ecological status or fair range 

condition. Movement in the direction of low to moderately-low ecological status has resulted in lower 

levels of herbaceous vegetation ground cover and lower levels of vigor and growth, as well as species 

compositional shifts, and possible changes in site potential. Total herbage production is considered to be 

correlated with the condition of the range (Osborn, 1956; Goebel and Cook, 1960). The majority of the 

herbaceous understory vegetation within the semi-desert grassland capable grazing lands is highly 

departed from DCs. According to Osborn (1952), for maximum moisture infiltration, two conditions are 

essential: 1) an adequate surface [vegetation] cover to cushion the impact of the falling raindrops and 2) 

favorable soil conditions associated with a relatively advanced stage of ecological succession for the site, 

typical of one of the higher range condition classes. 

 
Table 28. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the semi-desert grassland PNVT 
on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Semi-desert 
Grassland PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

21,301 19.9 0 0.0 3,236 3.8 25,533 29.8 42,987 50.2 1,859 2.2 12,035 14.1 85,650 106,592 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

At present, much of this grassland more closely resembles woodland than grassland. Overall, 

approximately 80 percent or nearly 85,562 acres of this PNVT have been encroached, to a lesser or 

greater degree by woody species, primarily juniper and mesquite. According to Vander Lee et al. (2006) 

approximately 36 percent (30,802 acres) of these invaded acres may be non-restorable to their former 

grassland state. Historically these grasslands were dominated by herbaceous vegetation.  
 

Threats: The threats to semi-desert grassland are the same as those listed for Great Basin grassland. 

Continuation of current management along with ecological threshold changes, such as woody species 

encroachment, loss of understory productivity, loss of soil and soil productivity (there are also areas 

(roughly 41%) were the soils are in impaired and/or unsatisfactory condition, and another 52 percent are 

classified as inherently unstable) is not likely to move this PNVT towards DC and HRV. According to 

Printz et al. (2014), soil health is the capacity of a soil to maintain its function and flow of ecosystem 
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services given a specific set of physical, chemical, and environmental boundaries (Doran and Parken, 

1994; USDA NRCS, 2013b). When a soil's health deteriorates, its capacity to support and regulate 

ecosystems is diminished, affecting energy flows, nutrient cycling, and productivity. Overall, based on 

VDDT modeling, under current management, there is considerable change in the DI from current to DC 

and HRV, which would indicate a continued trend in departure movement away from DC, and HRV, and 

a more improperly functioning system. These trends appear to be constant to 50 years. See Appendix E 

for a more complete discussion of the threats affecting the semi-desert grassland and the risks they pose to 

this PNVT. 

 

 

Montane/subalpine grasslands (map10 and appendix A map 2): This 

PNVT occurs primarily on the Alpine and Springerville RDs and at 

roughly 51,559 acres of NFS lands, or approximately 3 percent of the 

forests (table 4), is the smallest of the grassland types, and represents 

the ninth largest PNVT on the A-SNFs.  

 

This PNVT contains a mix of dominant and co-dominant species in 

both dry and moister environments. This PNVT typically occurs at 

elevations ranging from approximately 7,500 to 11,000 feet on gentle 

to steep gradient slopes. Generally, annual precipitation ranges from 

19.7 to 30.7 inches, with 50-55 percent coming between October 1
st
 

and March 31
st
 (table 29). 

 

Soils in swales and on riparian benches are usually moist throughout 

the year, and often harbor several plant associations with varying 

dominant grasses and herbaceous species. Upland and swale 

vegetation composition are characterized by different dominant species. 

 
Table 29. Montane/subalpine grasslands PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

36 43 19.7 30.7 50 - 55 47 - 63 15 - 35 Oct 1st - Apr 30th 80 - 100 
1 Winters are cold 
2 Snowfall moisture is included in average annual precipitation data 

 

Common species at higher elevations in more mesic sites include tufted hairgrass (Deschampsia cespitosa 

(L.) Beauv.), non-native Canada bluegrass (Poa compressa L.) and Kentucky bluegrass, sheep fescue 

(Festuca ovina L.), Nebraska sedge (Carex nebrascensis Dewey), yarrow (Achillea millefolium L.), 

dryspike sedge (Carex siccata Dewey), and Baltic rush (Juncus balticus L.). 

 

The more xeric upland sites at the higher elevations are dominated by mutton bluegrass (Poa fendleriana 

L.), Arizona fescue, pine dropseed, mountain muhly, White Mountain sedge (Carex geophila Mackenzie), 

sheep fescue, woolly cinquefoil (Potentilla hippiana Lehm.), and small-leaf pussytoes (Antennaria 

parvifolia Nutt.). 

 

Common species at lower elevations in more mesic sites include Canada and Kentucky bluegrass, spike 

muhly (Muhlenbergia wrightii Vasey ex Coult.), spreading fleabane (Erigeron flagellaris Gray), annual 

muhly (Muhlenbergia minutissima (Steud.) Swallen), white clover (Trifolium repens L.), yarrow, and 

dandelion (Taraxacum officinale L.). 

 

 

Map 10. General location of the 
montane/subalpine grasslands 
PNVT 
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The more xeric upland sites at lower elevations are dominated by pine dropseed, blue grama, spreading 

fleabane, prairie junegrass (Koeleria macrantha (Ledeb.) J.A. Schultes), White Mountain sedge, non-

native Canada bluegrass, annual muhly, and Fendler's sandwort (Arenaria fendleri Gray). 

 

Size of montane/subalpine grasslands range from small park-like openings to extensive landscapes 

covering several thousand acres. Trees occur along the periphery of these grasslands; primarily ponderosa 

pine, southwestern white pine, Engelmann spruce, and subalpine fir, depending on elevation and moisture 

gradient. Some shrubs may also be present. 

 

The A-SNFs’ niche for this PNVT is approximately 30 percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the White Mountains Woodland and White 

Mountains Coniferous Forest subsections, the A-SNFs contribute 96 and 74 percent of this PNVT, 

respectively. The A-SNFs’ contribution to the sustainability of the montane/subalpine grasslands PNVT is 

moderate (figure 1). With roughly 70 percent (table 4) of this PNVT located off-forest and having a 

moderate departure rating from HRV. 

 

Montane/subalpine grasslands PNVT burn severity acres produced by the 2011 Wallow Fire can be seen 

in table 30. Overall, the fire did cause a significant impact to the montane/subalpine grasslands PNVT. 

Somewhat more than 70 percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres 

within the fire perimeter, roughly 80 percent were burned, and of that; five percent (1,855 acres) were 

classified as undergoing a moderate to high severity burn (see Appendix C table 9 for a comparison of pre 

and post-2011 Wallow Fire montane/subalpine grasslands PNVT overstory vegetation structural states).  
 

Table 30. 2011 Wallow Fire burn severity within the montane/subalpine grasslands PNVT (see Appendix C 
table 9) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 176 1,679 27,422 7,159 36,436   

Percent 0.5 4.6 75.3 19.6 100  
 

 Total Montane/Subalpine Grasslands PNVT 

Acres 176 1,679 27,422 7,159 36,436 15,020 51,559 

Percent 0.3 3.3 53.2 13.9 70.7 29.1 100 

 

Current conditions within the montane/subalpine grasslands are moderately departed from DC (table 2) 

with a DI of 54 percent from both DC
20

 and HRV; this PNVT is the 6
th
 and 8

th
 most departed from DC and 

HV, respectively, on the forests. With respect to the DI there is an over-representation (50%) of mid 

development (mid successional), open canopy (herbaceous vegetation) (vegetation structural state B), 

encroaching shrubs and trees of all sizes with open and closed canopies (vegetation structural state D) 

(see Appendix D figure 9), and an important (41%) under-representation of late development (late 

successional), open canopy (herbaceous vegetation) vegetation structural state C). There is also an 

uncharacteristic state where various noxious weeds and invasive plants makeup a significant portion of 

the herbaceous vegetation composition represented by vegetation structural state E (roughly 520 acres). 

Overall, approximately ten percent or nearly 5,156 acres of this PNVT have been encroached, to a lesser 

or greater degree by woody species, primarily mixed conifer, ponderosa pine and piñon-juniper, 

depending on elevation and slope aspect. 

 

                                                           
20

 Montane/subalpine grasslands PNVT has the equivelant departure from DC as the wet mixed conifer forest PNVT (montane/subalpine 

grasslands PNVT should not have a significant woody overstory; < 10 percent) 
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Disturbances 

 

Fire: Most grassland is subject to encroachment by woody vegetation, and montane/subalpine grasslands 

are found within a mosaic of reproductive coniferous forests. However, fire is acknowledged to be the 

most influential force in checking tree encroachment (Daubenmire, 1968; Allen, 1984). Adjacent 

grasslands, with drier microclimates and annual accumulation of fuels are assumed to have burned at least 

as frequently as surrounding forest types (Allen, 1984). During these grassland fires, young tree seedlings 

would have been killed due to the intensity of fire behavior in grassland fuels, maintaining intact 

grasslands (Daubenmire, 1968). Based its DI rating, this PNVT has a FRCC of II. The MSG PNVT is 

characterized by historic fire regime group II, with an average fire return interval of 0-35 years from stand 

replacing fire (Wahlberg et al., 2014). However, according to Vander-Lee et al. (2006), historic fire return 

interval is estimated to have been between 2 and 400 years depending on the adjacent forest type. 

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 1,100 to 1,650 acres; primarily 

mullein and bull thistle. However, according to White (2002), non-native Kentucky and Canada 

bluegrasses are dominant species within the floristic assemblages of these grasslands. In addition, another 

six non-native grass species have become naturalized within these grassland communities. All eight of 

these cool-season, perennial, non-native grasses have been seeded by the USDA Forest Service for either: 

1) rehabilitation of skid trails, logging roads, landings, fire lines and severely burned areas, 2) riparian and 

meadow restoration, and/or 3) forage enhancement for domestic livestock (Jardine and Anderson, 1919; 

Sampson, 1923; USFS, 1937; White, 2002). According to Jordan et al. (2008), noxious and invasive 

weeds are of special concern because there is ample evidence that non-native invasive plants can modify 

the physical and/or chemical attributes of soil, including inputs and cycling of N and other elements 

(Ehrenfeld, 2003; Haubensak et al., 2004; Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 2007), 

pH (Kourtev et al., 2003), and soil organic matter and aggregation (Saggar et al., 1999). There is also 

evidence of direct modification of various components of the biotic composition of invaded soil, e.g., 

affecting the soil food web (Duda et al., 2003), total soil microbial communities (Kourtev et al., 2002a 

and 2002b; Kourtev et al., 2003), and mutualistic fungi (Allen et al., 2003; Hawkes et al., 2006; Mummey 

and Rillig, 2006; Mack and Rudgers, 2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: According to the forests’ GIS database, approximately 170 miles of roads and motorized trails 

have been constructed within this PNVT; this equates to roughly 2.1 linear miles of road per square mile. 

Roads and trails are one of the primary access points for noxious and invasive weed transport and their 

right-of-way are areas of establishment. 

 

Insects and Disease: Between 2000 and 2004, insects and disease have impacted approximately 13 

percent of this PNVT. 

 

Herbivory: Smith (2007) could find no studies that documented herbivory as an important historical 

ecological determinant for the montane/subalpine grasslands. Turner and Paulsen (1976), and Vankat 

(2006) accept that herbivores did use grasslands for forage, including mule deer, Merriam’s elk, 

pronghorn, and various rodents and insects. Different grazers show preference for different species of 

grasses, grasslike plants and/or forbs, and reduce the more palatable species with high variability spatially 
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and temporally, but little is known about direct effects on high elevation grasslands. According to 

Fleischner et al. (1994), herbivory has had detrimental effects on the composition, structure and function 

of grassland ecosystems, and has led to a decrease in native species richness. 

 

The most current A-SNFs data (White, 2002; USFS, 2008b); indicates that within the capable grazing 

lands (99% of the total PNVT’s area) associated with the montane/subalpine grasslands (table 31); 

approximately 79 percent of the herbaceous understory is in moderately-high to high ecological status or 

fair, good and excellent range conditions, while nearly 20 percent is in low to moderately low ecological 

status or very-poor to poor range condition. Moderately-high to high ecological status has resulted in 

maintaining levels of herbaceous vegetation ground cover and levels of vigor and growth, as well as 

species composition, and site potential. Total herbage production is considered to be correlated with the 

condition of the range (Osborn, 1956; Goebel and Cook, 1960). The majority of the herbaceous 

understory vegetation within the montane/subalpine grasslands capable grazing lands is moderately to 

highly departed from DCs. According to Osborn (1952), for maximum moisture infiltration, two 

conditions are essential: 1) an adequate surface [vegetation] cover to cushion the impact of the falling 

raindrops and 2) favorable soil conditions associated with a relatively advanced stage of ecological 

succession for the site, typical of one of the higher range condition classes. 

 
Table 31. Most current (White 2002; USFS, 2008b) understory vegetation ecological status, range condition, 
and departure from desired conditions (DC) on capability grazing lands within the montane/subalpine 
grasslands PNVT on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the 
Montane/Subalpine Grasslands PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

307 0.7 1,860 3.6 3,756 7.3 34,607 67.6 8,899 17.4 1,438 2.8 628 1.2 51,188 51,559 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Threats: The threats to montane/subalpine grasslands are the same as those listed for Great Basin and 

semi-desert grasslands. A Region 3 VDDT model was not developed for this PNVT, however, 

continuation of current management along with ecological threshold changes, such as woody species 

encroachment, loss of understory productivity, loss of soil and soil productivity (there are also areas 

(roughly 8%) where the soils are in impaired condition) is likely to continue to move this PNVT way DC 

and HRV. According to Printz et al. (2014), soil health is the capacity of a soil to maintain its function and 

flow of ecosystem services given a specific set of physical, chemical, and environmental boundaries 

(Doran and Parken, 1994; USDA NRCS, 2013b). When a soil's health deteriorates, its capacity to support 

and regulate ecosystems is diminished, affecting energy flows, nutrient cycling, and productivity. See 

Appendix E for a more complete discussion of the threats affecting the montane/subalpine grasslands and 

the risks they pose to this PNVT. 
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Chaparral PNVT 
 

Interior chaparral (map 11, and appendix A maps 1 and 2): This 

PNVT occurs primarily on the Clifton RD and at roughly 55,981 

acres of NFS lands, or approximately 3 percent of the forests (table 

4), represents the eighth largest PNVT on the A-SNFs. This PNVT is 

typically found on mountain foothills and lower slopes where low-

elevation desert landscapes transition into Madrean pine-oak 

woodlands. 

 

Interior chaparral consists of mixed shrub associations including but 

not limited to the following species: Manzanita (Arctostaphylos spp. 

Adans.), desert ceanothus (Ceanothus greggii Gray), mountain 

mahogany (Cercocarpus montanus Raf.), silktassles (Garrya spp. 

Dougl. ex Lindl.), Stansbury cliffrose (Purshia stansburiana (Torr.) 

Henrickson), yerba de pasmo (Baccharis pteronioides DC.), 

evergreen oaks, various cactus such as prickly pear (Opuntia spp. P. 

Mill.), cholla (Cylindropuntia spp. (Engelm.) Kreuzinger), hedgehog cactus (Echinocereus spp. Engelm.), 

and globe cactus (Mammillaria spp. Haw.), Arizona cypress (Cupressus arizonica Greene), and sumacs 

(Rhus spp. L.). Grasses typically include bullgrass (Muhlenbergia emersleyi Vasey) and longtongue 

muhly (M. longiligula A.S. Hitchc.). 

 

Generally, annual precipitation ranges from 17.3 to 23.6 inches, with 45 percent coming between October 

1
st
 and March 31

st
 (table 32). 

 
Table 32. Interior chaparral PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

41 54 17.3 23.6 45 12 - 39 0 - 6 Dec 1st - Mar 31st 130 - 160 
1 Winters can be mild or cold depending on elevation and aspect 
2 Snowfall moisture is included in average annual precipitation data 

 

The A-SNFs’ niche for this PNVT is approximately 24 percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the White Mountains Woodland and White 

Mountains Coniferous Forest subsections, the A-SNFs contribute 78 and 61 percent of this PNVT, 

respectively. The A-SNFs’ contribution to the sustainability of the interior chaparral PNVT is low (figure 

1). With 76 percent (table 4) of this PNVT located off-forest and having a low departure rating from HRV. 

 

Interior chaparral PNVT burn severity acres produced by the 2011 Wallow Fire can be seen in table 33. 

Overall, the fire did not cause a substantial impact to the interior chaparral PNVT. Somewhat more than 

18 percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres within the fire 

perimeter, roughly 61 percent were burned, and of that; 28 percent (2,783 acres) were classified as 

experiencing a moderate to high severity burn (see Appendix C table 10 for a comparison of pre and post-

2011 Wallow Fire interior chaparral PNVT overstory vegetation structural states). 

 
Current conditions within the interior chaparral are not departed from DC and HRV (table 2) with a DI of 

8 percent for both, making it the least departed PNVT on the forests for DC and HRV, respectively (see 

Appendix D figure 10). With respect to DI, there is a small over-representation (8 percent) of early 

development (early seral) open canopy herbaceous dominated conditions in a historically shrub 

dominated vegetation type. 

 
Map 11. General location of the 
interior chaparral PNVT 

http://plants.usda.gov/java/profile?symbol=BAPT
http://plants.usda.gov/java/profile?symbol=CYLIN2
http://plants.usda.gov/java/profile?symbol=CUAR
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Table 33. 2011 Wallow Fire burn severity within the interior chaparral PNVT (see Appendix C table 10) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 357 2,426 3,266 3,900 9,949   

Percent 3.6 24.4 32.8 39.2 100  
 

 Total Interior Chaparral PNVT 

Acres 357 2,426 3,266 3,900 9,949 46,032 55,981 

Percent 0.6 4.3 5.8 7.0 17.8 82.2 100 

 

Disturbances 

 

Fire: The IC PNVT is characterized by historic fire regime group IV, with an average fire return interval 

of 35-200+ years from stand replacement fire (Wahlberg et al., 2014). Given the relatively less frequent 

and broad fire return interval that chaparral shrublands are adapted to, the last 120 years of fire 

suppression has had less effect on chaparral than frequent fire regime adapted PNVTs. In general, 

structural changes, such as changes from a grass dominated structure to a shrub dominated one, have not 

occurred within chaparral. The only change that has been documented within this PNVT is an increase in 

shrub cover densities within already existing chaparral stands (Huebner et al., 1999; Huebner and Vankat 

2003). Based its current DI rating, this PNVT has a FRCC of I. 

 

Non-native Invasive Plants: Non-native invasive plants have become established and infest roughly 100 

to 150 acres; primarily mullein. According to Jordan et al. (2008), noxious and invasive weeds are of 

special concern because there is ample evidence that non-native invasive plants can modify the physical 

and/or chemical attributes of soil, including inputs and cycling of N and other elements (Ehrenfeld, 2003; 

Haubensak et al., 2004; Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 2007), pH (Kourtev et al., 

2003), and soil organic matter and aggregation (Saggar et al., 1999). There is also evidence of direct 

modification of various components of the biotic composition of invaded soil, e.g., affecting the soil food 

web (Duda et al., 2003), total soil microbial communities (Kourtev et al., 2002a and 2002b; Kourtev et 

al., 2003), and mutualistic fungi (Allen et al., 2003; Hawkes et al., 2006; Mummey and Rillig, 2006; 

Mack and Rudgers, 2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: According to the forests’ GIS database, approximately 5 miles of roads and motorized trails have 

been constructed within this PNVT; this equates to roughly 0.1 linear miles of road per square mile. 

Roads and trails are one of the primary access points for noxious and invasive weed transport and their 

right-of-way are areas of establishment. 

 

Insects and Disease: Between 2000 and 2004, insects and disease have impacted approximately 19 

percent of this PNVT. 

 

Herbivory: Mule deer, white-tailed deer, and black bears are key herbivores in interior chaparral. Deer eat 

a variety of forbs, shrubs and browse, as well as mast and other fruits (Cable, 1975; Baker, 1999). 
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Conversion treatments of chaparral to grassland were shown to increase forage for deer, elk, and cattle. 

However, the decrease in protective cover following conversion was also shown to negatively affect deer, 

especially when treatments occurred on large landscape scales (Cable, 1975; Baker, 1999). Additionally, 

cover and food for black bear is best when there are shrubs and low trees due to presence of numerous 

mast and fruit producing species (Baker, 1999). According to Fleischner et al. (1994), herbivory has had 

detrimental effects on the composition, structure and function of chaparral ecosystems, and has led to a 

decrease in native species richness. 

 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(44% of the total PNVT’s area) associated with the interior chaparral (table 34); approximately 54 percent 

of the herbaceous understory is in moderately-high ecological status or fair range condition, while nearly 

45 percent is in moderately-low ecological status or poor range condition. Movement in the direction of 

moderately-low ecological status has resulted in lower levels of herbaceous vegetation ground cover and 

lower levels of vigor and growth, as well as species compositional shifts, and possible changes in site 

potential. Total herbage production is considered to be correlated with the condition of the range (Osborn, 

1956; Goebel and Cook, 1960). The majority of the herbaceous understory vegetation within the interior 

chaparral capable grazing lands is moderately to highly departed from DCs. According to Osborn (1952), 

for maximum moisture infiltration, two conditions are essential: 1) an adequate surface [vegetation] cover 

to cushion the impact of the falling raindrops and 2) favorable soil conditions associated with a relatively 

advanced stage of ecological succession for the site, typical of one of the higher range condition classes. 

 
Table 34. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the interior chaparral PNVT on the 
A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Interior 
Chaparral PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

31,403 56.1 0 0.0 299 1.2 11,756 47.8 9,789 39.8 0 0.0 2,734 11.1 24,578 55,981 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Threats: The most important and far reaching threat under agency authority for this PNVT is the potential 

for human-caused fires, invasive species establishment, livestock grazing, loss of soil and soil 

productivity (there are also areas (19%) where the soils are in unsatisfactory condition, and another 81 

percent are classified as inherently unstable). According to Printz et al. (2014), soil health is the capacity 

of a soil to maintain its function and flow of ecosystem services given a specific set of physical, chemical, 

and environmental boundaries (Doran and Parken, 1994; USDA NRCS, 2013b). When a soil's health 

deteriorates, its capacity to support and regulate ecosystems is diminished, affecting energy flows, 

nutrient cycling, and productivity. Under current management risks are addressed. See Appendix E for a 

more complete discussion of the threats affecting the interior chaparral and the risks they pose to this 

PNVT. 
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Riparian PNVTs 
 

Riparian areas are of primary importance because of the scarcity of water in the Southwest. In Arizona 

and New Mexico, 80 percent of all vertebrate species use riparian areas for at least half their life cycles, 

and more than half of these are totally dependent on riparian areas (Chaney et al., 1990). According to the 

Arizona Riparian Council (ARC, 2004), 60 to 75 percent of the state’s wildlife species depend on riparian 

areas to sustain their populations, even though riparian habitats occupy less than half a percent of 

Arizona’s land area (ARC, 2004). Likewise, aquatic habitats and fish productivity are directly related to 

properly functioning riparian systems (Knutson and Naef, 1997). All of the riparian PNVTs are unique in 

the fact that they represent a very small portion (less than three percent total) of the A-SNFs’ land area. 

However, the A-SNFs are responsible for the management of the majority of this type within the 

landscape of the ecoregion (table 4). These areas on the A-SNFs are a focal point for humans, terrestrial 

wildlife, and livestock activities, as well as species that are obligate-dependence on wetland, riparian and 

aquatic habitats. Therefore, both demand and impacts are high. Currently, 72 to 75 percent of riparian 

communities on the A-SNFs are either functioning-at-risk or non-functioning
21

. In addition, monitoring 

across the forests has found that riparian area soils and herbaceous vegetation (sedges, grasses, forbs) and 

deciduous trees and shrubs (cottonwood, willow) receive far greater impacts from grazing and browsing 

ungulates, both domestic and wild, as compared to uplands. 

 

In addition, recent studies by Beckman and Wohl (2014) found that headwater streams are particularly 

important in fluvial carbon dynamics because of their relatively close connection to adjacent uplands, 

headwater streams receive most of the terrestrial dissolved organic carbon and and fine and coarse 

particulate organic matter (Battin et al., 2008) during downstream transport. Fluvial examples of storage 

and retention zones include marginal eddies, lee deposits downstream from obstacles (Thompson, 2008), 

river and stream segments ponded by beaver dams, logjams or other downstream constrictions (Lautz et 

al., 2006 and 2010; Fanelli and Lautz, 2008; Hester and Doyle, 2008; Hester et al., 2009), and where there 

is mixing of shallow groundwater and surface water beneath and adjacent to streams (Lawrence et al., 

2013); also known as the hyporheic zone - hyporheic zones are areas of the streambed and near-stream 

aquifers through which stream water flows; these areas have been identified as critically important in 

stream nutrient cycling, in moderating stream temperature regimes, and in creating unique habitats within 

streams (Wondzell et al., no-date) and fish spawning, among other processes (Harvey and Fuller, 1998). 

 

Wetland/cienega riparian areas (map 12, and appendix A maps 1 and 2): This PNVT occurs primarily on 

the Alpine, Lakeside, and Springerville RDs and at roughly 17,900 acres of NFS lands, or approximately 

1 percent of the forests (table 4), represents the tenth largest PNVT on the A-SNFs. This PNVT is 

associated with perennial springs or headwater streams, bogs, and fens where ground water intersects the 

surface and creates pools of standing water, sometimes with channels flowing between pools. Generally, 

annual precipitation ranges from 19.7 to 31.5 inches, with 50-55 percent coming between October 1
st
 and 

March 31
st
 (table 35). 

 

Some vegetation types found in wetland/cienegas include saltgrass (Distichlis spicata (L.) Greene), yerba 

mansa (Anemopsis californica (Nutt.) Hook. & Arn.), sacaton (Sporobolus airoides (Torr.) Torr.), giant 

sacaton, and bog alkaligrass (Puccinellia parishii A.S. Hitchc.) in more saline areas at lower elevations. 

At medium and higher elevations tufted hairgrass, mannagrasses (Glyceria spp. R. Br.), non-native 

                                                           
21

 Functional-At-Risk (FAR): Riparian-wetland areas that are in functional condition, but an existing soil, water, or vegetation attribute makes 

them susceptible to degradation. Non-functional (NF): Riparian-wetland areas that clearly are not providing adequate vegetation, landform, or 

large woody debris to dissipate stream energy associated with high flows, and are not reducing erosion, improving water quality, etc. (USDI 
BLM, 1993, 1994, 1998, 1999 and 2003). 

http://plants.usda.gov/java/profile?symbol=DISP
http://plants.usda.gov/java/profile?symbol=SPAI
http://plants.usda.gov/java/profile?symbol=PUPA
http://plants.usda.gov/java/profile?symbol=GLYCE
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Canada and Kentucky bluegrass, rushes, sedges, flat sedges (Cyperus 

spp. L.), and spikerushes (Eleocharis spp. R. Br.) can be found, and 

deep pools support a variety of other aquatic vegetation. 

 

The A-SNFs’ niche for this PNVT is approximately 64 percent of the 

White Mountains-San Francisco Peaks-Mogollon Rim ecoregion 

section (table 4). Within the White Mountains Coniferous Forest and 

White Mountains Scarp Woodland-Coniferous Forest subsections, 

the A-SNFs contribute 95 and 79 percent of this PNVT, respectively. 

With 36 percent (table 4) of this PNVT located off-forest and having 

an overall estimated moderate departure rating from HRV; 

nevertheless, given the importance of riparian areas in the Southwest 

in general and the forests specifically, the A-SNFs’ contribution to 

the sustainability of the wetland/cienega riparian areas PNVT is high 

(figure 1). Historically these riparian areas were dominated by 

herbaceous vegetation. 
 

Table 35. Wetland/cienega riparian areas PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

34 43 19.7 31.5 50 - 55 47 - 67 14 - 39 Nov 1st - Apr 30th 70 - 100 
1 Winters are cold 
2 Snowfall moisture is included in average annual precipitation data 

 

Wetland/cienega riparian areas PNVT burn severity acres produced by the 2011 Wallow Fire can be seen 

in table 36. Overall, the fire did cause a significant impact to the wetland/cienega riparian areas PNVT. 

Approximately 60 percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres within 

the fire perimeter, roughly 73 percent were burned, and of that; slightly more than ten percent (1,200 

acres) were classified as undergoing a moderate to high severity burn (see Appendix C table 11 for a 

comparison of pre and post-2011 Wallow Fire wetland/cienega riparian areas PNVT overstory vegetation 

structural states).  
 

Table 36. 2011 Wallow Fire burn severity within the wetland/cienega riparian areas PNVT (see Appendix C 
table 11) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 441 759 7,406 3,212 11,818   

Percent 3.7 6.4 62.7 27.2 100  
 

 Total Wetland/Cienega Riparian Areas PNVT 

Acres 441 759 7,406 3,212 11,818 6,082 17,900 

Percent 2.5 4.2 41.4 17.9 66.0 34.0 100 

 

Current conditions within wetland/cienega riparian areas are rated at low departure from DC and HRV 

(table 2) with a DI of 36 percent for both DC and HRV; this PNVT is the 7
th
 and 9

th
 most departed from 

DC and HV, respectively, on the forests. With respect to the DI there is an under-representation (27%) of 

mid development (mid successional), open canopy (herbaceous vegetation) (vegetation structural state B), 

and an over-representation (37%) of encroaching shrubs and trees of all sizes with open and closed 

canopies (vegetation structural states C and D) (see Appendix D figure 11). Historically, wetland/cienega 

riparian areas were capable of producing herbaceous vegetation that provided from 95 to 100 percent 

 

Map 12. General location of the 
wetland/cienega riparian areas 
PNVT 
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ground cover. Today ground cover provided by herbaceous vegetation ranges from 55 to 100 percent 

(Laing et al., 1989). This is a decline in herbaceous cover ranging from 0 to 42 percent; a more open 

canopy should promote an increase in herbaceous diversity and abundance. 

 
Disturbances 

 

Fire: The moisture associated with riparian areas promotes lower fire frequency compared with adjacent 

uplands, and rapid recovery from fire events. Wet meadow types seldom burn (LANDFIRE, 2007f). 

However, fire behavior in these systems is strongly influenced by the adjacent PNVTs. However, with 

two of the largest wildfires in Arizona (2002- Rodeo/Chediski Fire and 2011 Wallow Fire), wildfire 

severity has increased in riparian PNVTs (Stone et al., 2010), as well as in the forest, woodland and 

grassland PNVTs  

 

Hydrologic Events: Hydrological events (i.e., flooding) are/were the major disturbance agents in these 

systems. 

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 250 to 350 acres; primarily mullein 

and bull thistle. However, many of these areas are dominated by non-native Canada and Kentucky 

bluegrass. According to Jordan et al. (2008), noxious and invasive weeds are of special concern because 

there is ample evidence that non-native invasive plants can modify the physical and/or chemical attributes 

of soil, including inputs and cycling of N and other elements (Ehrenfeld, 2003; Haubensak et al., 2004; 

Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 2007), pH (Kourtev et al., 2003), and soil organic 

matter and aggregation (Saggar et al., 1999). There is also evidence of direct modification of various 

components of the biotic composition of invaded soil, e.g., affecting the soil food web (Duda et al., 2003), 

total soil microbial communities (Kourtev et al., 2002a and 2002b; Kourtev et al., 2003), and mutualistic 

fungi (Allen et al., 2003; Hawkes et al., 2006; Mummey and Rillig, 2006; Mack and Rudgers, 2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: According to the forests’ GIS database, approximately 70 miles of roads and motorized trails have 

been constructed within this PNVT; this equates to roughly 2.5 linear miles of road per square mile. 

Roads and trails are one of the primary access points for noxious and invasive weed transport and their 

right-of-way are areas of establishment. 

 

Insects and Disease: Between 2000 and 2004, insects and disease have impacted approximately 23 

percent of this PNVT. 

 

Herbivory: Because these areas have water available, and have the potential to produce from 3,895 to 

4,810 pounds of herbaceous vegetation per acre, they are areas of concentrated livestock use as well as 

wild ungulates. According to White (2002), livestock and elk grazing have been major negative 

influences in the alteration of structure, composition and function of the vegetation community. The 

majority of this PNVT has very low to low ecological similarity with historic conditions (White, 2002). 

According to Fleischner et al. (1994), herbivory has had detrimental effects on the composition, structure 

and function of riparian ecosystems, and has led to a decrease in native species richness. According to 

Hoorman and McCutcheon (2005a and 2005b), livestock grazing riparian areas can increase sediment 
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load from the watershed, increase instream trampling, increase disturbance and erosion from overgrazed 

streambanks, reduced sediment trapping by riparian and instream vegetation, decreased bank stability and 

increased peak flows from compaction. Livestock grazing has been found to negatively affect water 

quality and seasonal quantity, stream channel morphology, hydrology, riparian zone soils, instream and 

streambank vegetation, and aquatic and riparian wildlife (Platt, 1979; Armour et al., 1991; Fleischner 

1994; Belsky et al., 1999; among others). 

 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(94% of the total PNVT’s area) associated with wetland/cienegas riparian areas (table 37); the herbaceous 

understory is split almost equally between moderately-high to high (49 percent) and low to moderately-

low (48 percent) ecological status or fair to good and very-poor to poor range conditions. Movement in 

the direction of low to moderately-low ecological status has resulted in lower levels of herbaceous 

vegetation ground cover and lower levels of vigor and growth, as well as species compositional shifts, and 

possible changes in site potential. Total herbage production is considered to be correlated with the 

condition of the range (Osborn, 1956; Goebel and Cook, 1960). The majority of the herbaceous 

understory vegetation within the wetland/cienega riparian areas capable grazing lands is moderately to 

highly departed from DCs. According to Osborn (1952), for maximum moisture infiltration, two 

conditions are essential: 1) an adequate surface [vegetation] cover to cushion the impact of the falling 

raindrops and 2) favorable soil conditions associated with a relatively advanced stage of ecological 

succession for the site, typical of one of the higher range condition classes. 

 
Table 37. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the wetland/cienega riparian areas 
PNVT on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the 
Wetland/Cienega Riparian Areas PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

1,013 5.7 52 0.3 816 4.8 7,445 44.1 7,227 42.8 823 4.9 524 3.1 16,887 17,900 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Other disturbances: As a result of this PNVT’s landscape position and its close association with water 

and runoff, it is directly and cumulatively affected by all of the threats and risks from adjacent, upland, 

PNVTs. 

 

Changes in the structure and function of wetland/cienega systems have been noted as the primary cause of 

the loss of biological diversity within these systems. The causes of adverse change in the ecological 

character of wetland/cienegas can be grouped in five broad categories: 1) changes to the water regime; 2) 

water pollution; 3) physical modification; 4) exploitation of biological products; and 5) introduction of 

invasive species (Bodner and Simms, 2008). 

 

Threats: The most important threats under agency management authority to all of the riparian areas and 

riparian forest PNVTs include fire suppression which has allowed non-riparian species expansion into 

these communities, inundation (diversions, dams and impoundments (Krueper, 1995)) which has allowed 

for de-watering and drying of these communities below these structures, human-caused fires, and roads, 

highways and energy corridors, and livestock grazing (Krueper, 1995), and wild ungulates. These threats 

types include modification of natural processes and habitat conversion which have negative consequences 
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to ecological composition, structure, function and processes. A Region 3 VDDT model was not developed 

for this PNVT, however, continuation of current management along with ecological threshold changes 

(upland woody species encroachment, loss of understory productivity, loss of soil and soil productivity 

(27% of the soils are rated as being impaired), and the inability to reverse the malfunctioning physical 

processes within these riparian areas is likely to continue to move this PNVT away from DC and HRV. 

According to Printz et al. (2014), soil health is the capacity of a soil to maintain its function and flow of 

ecosystem services given a specific set of physical, chemical, and environmental boundaries (Doran and 

Parken, 1994; USDA NRCS, 2013b). When a soil's health deteriorates, its capacity to support and 

regulate ecosystems is diminished, affecting energy flows, nutrient cycling, and productivity. See 

Appendix E for a more complete discussion of the threats affecting the wetland/cienega riparian areas and 

the risks they pose to this PNVT.  

 

 

Cottonwood-willow riparian forest (map 13, and appendix A maps 1 

and 2): This PNVT occurs primarily on the Alpine, Black Mesa and 

Lakeside RDs along approximately 800 miles of rivers and streams. 

At roughly 15,876 acres of NFS lands, or approximately 1 percent of 

the forests (table 4), represents the largest PNVT on the A-SNFs. 

Generally, annual precipitation ranges from 11.0 to 24.0 inches, with 

40-55 percent 

coming between October 1
st
 and March 31

st
 (table 38). 

 

Dominant woody species include narrowleaf cottonwood and a 

variety of willow; Bebb (Salix bebbiana Sarg.), greenleaf (S. lucida 

Muhl. ssp. caudata (Nutt.) E. Murr.), and dewystem (S. irrorata 

Anderss.). Various grasses and forbs are usually present. 

 
These areas are often subjected to water withdrawal, heavy grazing 

and recreational pressure and can be profoundly degraded and the 

water table can be severely depleted. Vegetation can be dependent upon annual or periodic flooding for 

growth and reproduction, especially at lower elevations. 

 

The A-SNFs’ niche for this PNVT is approximately 81 percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the Coconino Plateau Woodland and Coconino 

Plateau Coniferous Forest subsections, the A-SNFs contribute 92 and 82 percent of this PNVT, 

respectively. With 19 percent (table 4) of this PNVT located off-forest and having an overall estimated 

low departure rating from HRV; nevertheless, given the importance of riparian areas in the Southwest in 

general and the forests specifically, the A-SNFs’ contribution to the sustainability of the cottonwood-

willow riparian forest PNVT is high (figure 1). 

 
Table 38. Cottonwood-willow riparian forest PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

41 54 11.0 24.0 40 - 55 0 - 47 0 - 16 Nov 1st - Apr 30th 100 - 150 
1 Winters are cold 
2 Snowfall moisture is included in average annual precipitation data 

 

Cottonwood-willow riparian forest PNVT burn severity acres produced by the 2011 Wallow Fire can be 

seen in table 39. Overall, the fire did not cause a substantial impact to the cottonwood-willow riparian 

forest PNVT. Approximately 11 percent of this PNVT was within the perimeter of the Wallow Fire. Of the 

 

Map 13. General location of the 
cottonwood-willow riparian forest 
PNVT 
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acres within the fire perimeter, roughly 56 percent were burned, and of that; slightly more than 14 percent 

(249 acres) were classified as experiencing a moderate to high severity burn (see Appendix C table 12 for 

a comparison of pre and post-2011 Wallow Fire cottonwood-willow riparian forest PNVT overstory 

vegetation structural states).  
 

Table 39. 2011 Wallow Fire burn severity within the cottonwood-willow riparian forest PNVT (see Appendix C 
table 12) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 72 176 731 759 1,738   

Percent 4.2 10.1 42.0 43.7 100  
 

 Total Cottonwood-Willow Riparian Forest PNVT 

Acres 72 176 731 759 1,738 14,137 15,876 

Percent 0.5 1.1 4.6 4.8 11.0 89.0 100 

 

Current conditions within the cottonwood-willow riparian forest are not departed from DC and HRV 

(table 2) with a DI of 20 percent for both, making it the 12
th
 and 13

th
 most departed PNVT on the forests 

for DC and HRV, respectively. With respect to the DI there is an under-representation (20%) of small size 

trees with open and closed canopies (vegetation structural states B) (see Appendix D figure 12), and over- 

representation (16%) of medium to very large size trees with open and closed canopies (vegetation 

structural state C). These conditions are indicative of and older stand structure which lacks young tree 

recruitment. Historically these forests were dominated by very shade intolerant and shade intolerant shrub 

and tree species with open canopy characteristics allowing for an abundance of herbaceous species. 

Generally, cottonwood-willow riparian forests were capable of producing herbaceous vegetation that 

provided from 65 to 90 percent ground cover. Today ground cover provided by herbaceous vegetation 

ranges from 35 to 80 percent (Laing et al., 1989). This is a decline in herbaceous cover ranging from 11 to 

46 percent. 

 

Disturbances 

 

Fire: The moisture associated with riparian areas promotes lower fire frequency compared with adjacent 

uplands, and rapid recovery from fire events. Wet meadow/riparian types seldom burn (LANDFIRE, 

2007f). However, fire behavior in these systems is strongly influenced by the adjacent uplands. Based on 

a departure index rating of 42 percent (tables 96 and 98), this PNVT has a FRCC of II. Historic fire return 

interval is estimated to have been infrequent - similar to adjacent PNVT fire regimes (Vander Lee et al., 

2006) as compared to the forests’ current fire return intervals. Fire severity was lower than current 

condition, with stand replacing fires rarely occurring. In riparian systems the pre-burn herbaceous plant 

community is not permanently destroyed, and rapidly recovers. Recovery is possible within a single 

growing season. Woody species (i.e., cottonwood, willows) can be top-killed, but generally resprout 

within a short period of time. 

 

Hydrological Events: Hydrological events (i.e., flooding) are/were the major disturbance agents in these 

systems. 

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 100 to 150 acres; consisting 

primarily of mullein, saltcedar (Tamarix spp. L.), Siberian elm (Ulmus pumila L.), Russian olive 

(Elaeagnus angustifolia L.), yellow and white sweetclovers (Melilotus officinalis (L.) Lam. and M. albus 

Medik., respectively), and weeping lovegrass. According to Jordan et al. (2008), noxious and invasive 

weeds are of special concern because there is ample evidence that non-native invasive plants can modify 

the physical and/or chemical attributes of soil (Vivrette and Muller, 1977; Ramakrishnan and Vitousek, 
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1989), including inputs and cycling of N and other elements (Ehrenfeld, 2003; Haubensak et al., 2004; 

Hawkes et al., 2005; Sperry et al., 2006; Norton et al., 2007), pH (Kourtev et al., 2003), and soil organic 

matter and aggregation (Saggar et al., 1999). There is also evidence of direct modification of various 

components of the biotic composition of invaded soil, e.g., affecting the soil food web (Duda et al., 2003), 

total soil microbial communities (Kourtev et al., 2002a and 2002b; Kourtev et al., 2003), and mutualistic 

fungi (Allen et al., 2003; Hawkes et al., 2006; Mummey and Rillig, 2006; Mack and Rudgers, 2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: Approximately 50 miles of roads have been constructed within this PNVT; this equates to nearly 

1.9 linear miles of road per square mile. Roads and trails are one of the primary access points for noxious 

and invasive weed transport and their right-of-way are areas of establishment. 

 

Insects and Disease: Between 2000 and 2004, insects and disease have impacted approximately 16 

percent of this PNVT. 

 

Herbivory: Because these areas have water available, and have the potential to produce from 340 to 1,265 

pounds of herbaceous vegetation per acre, they are areas of concentrated livestock use as well as wild 

ungulates. Livestock and elk grazing have been major negative influences in the alteration of structure, 

composition and function of the vegetation community. According to Fleischner et al. (1994), herbivory 

has had detrimental effects on the composition, structure and function of riparian ecosystems, and has led 

to a decrease in native species richness. According to Hoorman and McCutcheon (2005a and 2005b), 

Livestock grazing riparian areas can increase sediment load from the watershed, increase instream 

trampling, increase disturbance and erosion from overgrazed streambanks, reduced sediment trapping by 

riparian and instream vegetation, decreased bank stability and increased peak flows from compaction. 

Livestock grazing has been found to negatively affect water quality and seasonal quantity, stream channel 

morphology, hydrology, riparian zone soils, instream and streambank vegetation, and aquatic and riparian 

wildlife (Platt, 1979; Armour et al., 1991; Fleischner, 1994; Belsky et al., 1999; among others). 

 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(97% of the total PNVT’s area) associated with the cottonwood-willow riparian forest (table 40); 

approximately 86 percent of the herbaceous understory is in low to moderately-low ecological status or 

very-poor to poor range condition, while only 11 percent is in moderately-high ecological status or fair 

range condition. Movement in the direction of low to moderately-low ecological status has resulted in 

lower levels of herbaceous vegetation ground cover and lower levels of vigor and growth, as well as 

species compositional shifts, and possible changes in site potential. Total herbage production is 

considered to be correlated with the condition of the range (Osborn, 1956; Goebel and Cook, 1960). The 

majority of the herbaceous understory vegetation within the cottonwood-willow riparian forest capable 

grazing lands is highly severely departed from DCs. According to Osborn (1952), for maximum moisture 

infiltration, two conditions are essential: 1) an adequate surface [vegetation] cover to cushion the impact 

of the falling raindrops and 2) favorable soil conditions associated with a relatively advanced stage of 

ecological succession for the site, typical of one of the higher range condition classes. 

 

Wildlife: Beaver were historically important in many of these cottonwood-willow riparian forest systems. 
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Other disturbances: As a result of this PNVT’s landscape position and its close association with water 

and runoff, it is directly and cumulatively affected by all of the threats and risks from adjacent, upland, 

PNVTs. 

 
Table 40. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the cottonwood-willow riparian 
forest PNVT on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Cottonwood-
Willow Riparian Forest PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

427 2.7 0 0.0 111 0.7 1,542 10.0 8,839 57.2 4,496 29.1 461 3.0 15,449 15,876 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Threats: The threats to cottonwood-willow riparian forest are the same as those listed for wetland/cienega 

riparian areas. A Region 3 VDDT model was not developed for this PNVT, however, continuation of 

current management along with ecological threshold changes, such as upland woody species 

encroachment, loss of understory productivity, loss of soil and soil productivity (100% of the soils are 

rated as being impaired and/or unsatisfactory), and the inability to reverse the malfunctioning physical 

processes within these riparian areas is likely to move this PNVT away from DC and HRV. According to 

Printz et al. (2014), soil health is the capacity of a soil to maintain its function and flow of ecosystem 

services given a specific set of physical, chemical, and environmental boundaries (Doran and Parken, 

1994; USDA NRCS, 2013b). When a soil's health deteriorates, its capacity to support and regulate 

ecosystems is diminished, affecting energy flows, nutrient cycling, and productivity. See Appendix E for 

a more complete discussion of the threats affecting the cottonwood-willow riparian forest and the risks 

they pose to this PNVT. 

 

 

Mixed broadleaf deciduous riparian forest (map 14 and appendix A 

map 2): This PNVT occurs primarily on the Alpine and Clifton RDs 

along approximately 860 miles of rivers and streams. At roughly 

9,657 acres of NFS lands, or approximately 0.5 percent of the forests 

(table 4), represents the 13
th
 largest PNVT on the A-SNFs. Generally, 

annual precipitation ranges from 11.0 to 24.0 inches, with 40-55 

percent coming between October 1
st
 and March 31

st
 (table 41). 

 

The vegetation is a mix of riparian woodlands and shrublands with a 

variety of vegetation associations. The dominant vegetation is likely 

to depend upon a suite of site-specific characteristics including 

elevation, substrate, stream gradient, and depth to groundwater. For 

example, one vegetation association is dominated by bigtooth maple 

(Acer grandidentatum Nutt.) with mixed stands of Emory oak and 

scattered conifers (pines and junipers). 

 

Other sites can be dominated by a mixture of the following woody species: boxelder (Acer negundo L.), 

Fremont cottonwood (Populus fremontii S. Wats.), Arizona sycamore (Platanus wrightii S. Wats.), velvet 

ash (Fraxinus velutina Torr.), Arizona walnut (Juglans major (Torr.) Heller), desert willow (Chilopsis 

 

Map 14. General location of the 
mixed broadleaf deciduous 
riparian forest PNVT 

http://plants.usda.gov/java/profile?symbol=CHLI2
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linearis (Cav.) Sweet), and willow species (Salix spp. L.), as well as numerous shrub, grass and forb 

species. 

 
Table 41. Mixed broadleaf deciduous riparian forest PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

54 61 12.6 19.7 40 0 - 8 0 - 170 - 200 
1 Winters are cold 
2 

Snowfall moisture is included in average annual precipitation data 

 

The PNVT often contains several species of oak and conifers (pines and junipers) from upstream and 

adjacent uplands. Vegetation can be dependent upon annual or periodic flooding for growth and 

reproduction, especially at lower elevations. 

 

The A-SNFs’ niche for this PNVT is approximately 34 percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the White Mountains Woodland and White 

Mountains Coniferous Forest subsections, the A-SNFs contribute 86 and 83 percent of this PNVT, 

respectively. With 66 percent (table 4) of this PNVT located off-forest and having an overall estimated 

low departure rating from HRV; nevertheless, given the importance of riparian areas in the Southwest in 

general and the forests specifically, the A-SNFs’ contribution to the sustainability of the mixed broadleaf 

deciduous riparian forest PNVT is high (figure 1).  

 

Mixed broadleaf deciduous riparian forest PNVT burn severity acres produced by the 2011 Wallow Fire 

can be seen in table 42. Overall, the fire did not cause a substantial impact to the mixed broadleaf 

deciduous riparian forest PNVT. Approximately five percent of this PNVT was within the perimeter of 

the Wallow Fire. Of the acres within the fire perimeter, roughly 49 percent were burned, and of that; 

nearly six percent (27 acres) were classified as undergoing a moderate to high severity burn (for a 

comparison of pre and post-2011 Wallow Fire mixed broadleaf deciduous riparian forest PNVT overstory 

vegetation structural states).  

 
Table 42. 2011 Wallow Fire burn severity within the mixed broadleaf deciduous riparian forest PNVT (see 
Appendix C table 13) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 0 27 212 251 491   

Percent 0.1 5.6 43.2 51.1 100  
 

 Total Mixed Broadleaf Deciduous Riparian Forest PNVT 

Acres 0 27 212 251 491 9,166 9,657 

Percent 0.0 0.3 2.2 2.6 5.1 94.9 100 

 

Current conditions within the mixed broadleaf deciduous riparian forest are at a low departure from DC 

and HRV (table 2) with a DI of 33 percent, this PNVT is 8
th
 and 10

th
 most departed on the forests for DC 

and HRV, respectively. With respect to the DI there is an over-representation (31%) of seedlings, saplings, 

and small to medium size trees with closed canopies (vegetation structural state B) (see Appendix D 

figure 13) and an under-representation (29%) of seedlings, saplings, and small to very large size trees 

with open canopies (vegetation structural states C and D). Historically these forests were dominated by 

very shade intolerant and shade intolerant shrub and tree species with open canopy characteristics 

allowing for an abundance of herbaceous species. Generally, mixed broadleaf deciduous riparian forests 

were capable of producing herbaceous vegetation that provided from 25 to 90 percent ground cover. 

http://plants.usda.gov/java/profile?symbol=CHLI2
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Today ground cover provided by herbaceous vegetation ranges from 5 to 20 percent (Laing et al., 1989). 

This is a decline in herbaceous cover ranging from 78 to 80 percent. 

 

Disturbances 

 

Fire: The moisture associated with riparian areas promotes lower fire frequency compared with adjacent 

uplands, and rapid recovery from fire events. Wet meadow/riparian types seldom burn (LANDFIRE, 

2007f). However, Fire behavior in these systems is strongly influenced by the adjacent uplands. Based on 

a departure index rating of 28 percent (tables 82 and 84), this PNVT has a FRCC of I. In riparian systems 

the pre-burn herbaceous plant community is not permanently destroyed, and rapidly recovers. Recovery is 

possible within a single growing season. Woody species (i.e., willows, boxelder) can be top-killed, but 

generally resprout within a short period of time. 

 

Hydrological Events: Hydrological events (i.e., flooding) are/were the major disturbance agents in these 

systems. 

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 500 to 750 acres; primarily yellow 

and white sweetclovers, weeping lovegrass, saltcedar, and mullein. According to Jordan et al. (2008), 

noxious and invasive weeds are of special concern because there is ample evidence that non-native 

invasive plants can modify the physical and/or chemical attributes of soil, including inputs and cycling of 

N and other elements (Ehrenfeld 2003; Haubensak et al., 2004; Hawkes et al., 2005; Sperry et al., 2006; 

Norton et al., 2007), pH (Kourtev et al., 2003), and soil organic matter and aggregation (Saggar et al., 

1999). There is also evidence of direct modification of various components of the biotic composition of 

invaded soil, e.g., affecting the soil food web (Duda et al., 2003), total soil microbial communities 

(Kourtev et al., 2002a and 2002b; Kourtev et al., 2003), and mutualistic fungi (Allen et al., 2003; Hawkes 

et al., 2006; Mummey and Rillig, 2006; Mack and Rudgers, 2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 

 

Roads: Approximately 20 miles of roads have been constructed within this PNVT; this equates to nearly 

1.4 linear miles of road per square mile. Roads and trails are one of the primary access points for noxious 

and invasive weed transport and their right-of-way are areas of establishment. 

 

Insects and Disease: Between 2000 and 2004, insects and disease have impacted approximately 11 

percent of this PNVT. 

 

Herbivory: Because these areas have water available, and have the potential to produce from 490 to 740 

pounds of herbaceous vegetation per acre, they are areas of concentrated livestock use as well as wild 

ungulates. Livestock and elk grazing have been major negative influences in the alteration of structure, 

composition and function of the vegetation community. According to Fleischner et al. (1994), herbivory 

has had detrimental effects on the composition, structure and function of riparian ecosystems, and has led 

to a decrease in native species richness. According to Hoorman and McCutcheon (2005a and 2005b), 

Livestock grazing riparian areas can increase sediment load from the watershed, increase instream 

trampling, increase disturbance and erosion from overgrazed streambanks, reduced sediment trapping by 

riparian and instream vegetation, decreased bank stability and increased peak flows from compaction. 
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Livestock grazing has been found to negatively affect water quality and seasonal quantity, stream channel 

morphology, hydrology, riparian zone soils, instream and streambank vegetation, and aquatic and riparian 

wildlife (Platt, 1979; Armour et al., 1991; Fleischner 1994; Belsky et al., 1999; among others). 

 

The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(85% of the total PNVT’s area) associated with the mixed broadleaf deciduous riparian forest (table 43); 

approximately 55 percent of the herbaceous understory is in low to moderately-low ecological status or 

very-poor to poor range condition, while nearly 35 percent is in moderately-high to high ecological status 

or fair to good range condition. Movement in the direction of low to moderately low ecological status has 

resulted in lower levels of herbaceous vegetation ground cover and lower levels of vigor and growth, as 

well as species compositional shifts, and possible changes in site potential. Total herbage production is 

considered to be correlated with the condition of the range (Osborn, 1956; Goebel and Cook, 1960). The 

majority of the herbaceous understory vegetation within the mixed broadleaf deciduous riparian forest 

capable grazing lands is highly departed from DCs. According to Osborn (1952), for maximum moisture 

infiltration, two conditions are essential: 1) an adequate surface [vegetation] cover to cushion the impact 

of the falling raindrops and 2) favorable soil conditions associated with a relatively advanced stage of 

ecological succession for the site, typical of one of the higher range condition classes. 

 
Table 43. Most current (USFS, 2008b) vegetation ecological status, range condition, and departure from 
desired conditions (DC) on capability grazing lands within the mixed broadleaf deciduous riparian forest 
PNVT on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Mixed 
Broadleaf Deciduous Riparian Forest PNVT on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

1,476 15.3 0 0.0 1,209 14.8 1,619 19.8 4,172 51.0 348 4.3 833 10.2 8,181 9,657 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Wildlife: Beaver were historically important in many of these mixed broadleaf deciduous riparian forest 

systems. 

 

Other disturbances: As a result of this PNVT’s landscape position and its close association with water 

and runoff, it is directly and cumulatively affected by all of the threats and risks from adjacent, upland, 

PNVTs. 

 

Threats: The threats to mixed broadleaf deciduous riparian forest are the same as those listed for 

wetland/cienega riparian areas and cottonwood-willow riparian forests. A Region 3 VDDT model was not 

developed for this PNVT, however, continuation of current management along with ecological threshold 

changes, such as upland woody species encroachment, loss of understory productivity, loss of soil and 

soil productivity (73% of the soils are rated as being impaired and/or unsatisfactory), and the inability to 

reverse the malfunctioning physical processes within these riparian areas is likely to move this PNVT 

away from DC and HRV. According to Printz et al. (2014), soil health is the capacity of a soil to maintain 

its function and flow of ecosystem services given a specific set of physical, chemical, and environmental 

boundaries (Doran and Parken, 1994; USDA NRCS, 2013b). When a soil's health deteriorates, its 

capacity to support and regulate ecosystems is diminished, affecting energy flows, nutrient cycling, and 

productivity. See Appendix E for a more complete discussion of the threats affecting the mixed broadleaf 

deciduous riparian forest and the risks they pose to this PNVT. 
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Montane willow riparian forest (map 15, and appendix A maps 1 

and 2): This PNVT occurs primarily on the Alpine, Black Mesa and 

Springerville RDs along approximately 1,130 miles of rivers and 

streams. At roughly 4,808 acres of NFS lands, or approximately 0.2 

percent of the forests (table 4), represents the smallest PNVT on the 

A-SNFs. Generally, annual precipitation ranges from 19.7 to 30.7 

inches, with 50-55 percent coming between October 1
st
 and March 

31
st
 (table 44). 

 

At the lowest elevations the dominant woody vegetation includes 

Fremont cottonwood, Arizona sycamore, Arizona walnut, velvet ash, 

and soapberry (Sapindus saponaria L.). Shrubs include a variety of 

willows, chokecherry (Prunus virginiana L.), and Arizona alder 

(Alnus oblongifolia Torr.). 

 

A variety of herbaceous species are usually present. At higher 

elevations, this PNVT is found along streambanks, seeps, fens, and isolated springs narrowleaf 

cottonwood (Populus angustifolia James) may be present. In addition, this PNVT can be shrub and herb 

dominated. Dominant shrubs may include thinleaf alder (Alnus incana (L.) Moench ssp. tenuifolia (Nutt.) 

Breitung), birch (Betula spp. L.), redosier dogwood (Cornus sericea L.), and a variety of willows. In 

many high elevations situations within this PNVT the herbaceous species component is dominated by 

non-native Kentucky and Canada bluegrass. 

 
Table 44. Montane willow riparian forest PNVT temperature and moisture data (Laing et al., 1987) 

Average Annual Air 

Temperature1 ( F) 
Average Annual Precipitation (inches) Average Snowfall2 (inches) Number of 

Frost-free Days 
per Year low high low high 

percent occurring between Oct 
1st and Mar 31st 

annual accumulation 
major accumulation 

period 

37 46 19.7 30.7 50 - 55 47 - 63 14 - 35 Oct 1st - Apr 30th 80 - 100 
1 Winters are cold 
2 Snowfall moisture is included in average annual precipitation data 

 

The A-SNFs’ niche for this PNVT is approximately 22 percent of the White Mountains-San Francisco 

Peaks-Mogollon Rim ecoregion section (table 4). Within the White Mountains Coniferous Forest and 

Coconino Plateau Coniferous Forest subsections, the A-SNFs contribute 63 and 53 percent of this PNVT, 

respectively. With 78 percent (table 4) of this PNVT located off-forest and having an overall estimated 

high departure rating from HRV; nevertheless, given the importance of riparian areas in the Southwest in 

general and the forests specifically, the A-SNFs’ contribution to the sustainability of the montane willow 

riparian forest PNVT is high (figure 1). 

 

Montane willow riparian forest PNVT burn severity acres produced by the 2011 Wallow Fire can be seen 

in table 45. Overall, the fire did cause a significant impact to the montane willow riparian forest PNVT. 

Approximately 69 percent of this PNVT was within the perimeter of the Wallow Fire. Of the acres within 

the fire perimeter, roughly 69 percent were burned, and of that; nearly 19 percent (620 acres) were 

classified as experiencing a moderate to high severity burn (see Appendix C table 14 for a comparison of 

pre and post-2011 Wallow Fire montane willow riparian forest PNVT overstory vegetation structural 

states).  
 

Current conditions within the montane willow riparian forest are at a low departure from DC and HRV 

(table 2) with a DI of 21 percent, this PNVT is the 10
th
 and 12

th
 most departed PNVT on the forests for 

 

Map 15. General location of the 
montane willow riparian forest 
PNVT 

http://plants.usda.gov/java/profile?symbol=SASA4
http://plants.usda.gov/java/profile?symbol=PRVI
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DC and HRV, respectively. With respect to the DI there is an over-representation (21%) of seedlings, 

saplings, and small to very large size trees with open and closed canopies (vegetation structural state B) 

(see Appendix D figure 14) and an under-representation (21%) of herbaceous vegetation, and seedlings 

and saplings with open canopies (vegetation structural state A). Historically these forests were dominated 

by very shade intolerant and shade intolerant shrub and tree species with open canopy characteristics 

allowing for an abundance of herbaceous species. Generally, montane willow riparian forests were 

capable of producing herbaceous vegetation that provided from 70 to 90 percent ground cover. Today 

ground cover provided by herbaceous vegetation ranges from 55 to 90 percent (Laing et al., 1989). This is 

a decline in herbaceous cover ranging from 0 to 21 percent. 

 
Table 45. 2011 Wallow Fire burn severity within the montane willow riparian forest PNVT (see Appendix C 
table 14) 

Item 

Burn Severity by Soil Burn Severity Class 
Outside Fire 
Perimeter 

Total PNVT within fire perimeter 

high moderate low unburned total 

Acres 196 424 1,674 1,041 3,336   

Percent 5.9 12.7 50.2 31.2 100  
 

 Total Montane Willow Riparian Forest PNVT 

Acres 196 424 1,674 1,041 3,336 1,472 4,808 

Percent 4.1 8.8 34.8 21.6 69.4 30.6 100 

 

Disturbances 

 

Fire: The moisture associated with riparian areas promotes lower fire frequency compared with adjacent 

uplands, and rapid recovery from fire events. Wet meadow/riparian types seldom burn (LANDFIRE, 

2007f). However, fire behavior in these systems is strongly influenced by the adjacent uplands. Ninety-

two percent of this PNVT is within FRCCs II and III. 

 

Hydrological Events: Hydrological events (i.e., flooding) are/were the major disturbance agents in these 

systems. 

 

Non-native Invasive Plants: Non-native invasive plants infest roughly 500 to 750 acres; primarily 

saltcedar, Russian olive, Siberian elm, yellow and white sweetclovers, weeping lovegrass, and mullein. 

According to Jordan et al. (2008), noxious and invasive weeds are of special concern because there is 

ample evidence that non-native invasive plants can modify the physical and/or chemical attributes of soil, 

including inputs and cycling of N and other elements (Ehrenfeld, 2003; Haubensak et al., 2004; Hawkes 

et al., 2005; Sperry et al., 2006; Norton et al., 2007), pH (Kourtev et al., 2003), and soil organic matter 

and aggregation (Saggar et al., 1999). There is also evidence of direct modification of various components 

of the biotic composition of invaded soil, e.g., affecting the soil food web (Duda et al., 2003), total soil 

microbial communities (Kourtev et al., 2002a and 2002b; Kourtev et al., 2003), and mutualistic fungi 

(Allen et al., 2003; Hawkes et al., 2006; Mummey and Rillig, 2006; Mack and Rudgers, 2008). 

 

Non-native plant invasions are widely recognized as significant threats to biodiversity conservation 

worldwide (Brooks et al., 2004; Brooks, 2008). One way invasions can affect native ecosystems is by 

changing fuel properties, which can in turn affect fire behavior and, ultimately, alter fire regime 

characteristics such as frequency, intensity, extent, type, and seasonality of fire (Levine et al., 2003; 

Brooks et al., 2004; Brooks, 2008). If the regime changes subsequently promote the dominance of the 

invaders, then an invasive plant-fire regime cycle can be established. This change in fire regime is one of 

the most significant ways that plant invasions can affect ecosystems (Brooks, 2008). 
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Roads: Approximately 25 miles of roads have been constructed within this PNVT; this equates to nearly 

3.4 linear miles of road per square mile. Roads and trails are one of the primary access points for noxious 

and invasive weed transport and their right-of-way are areas of establishment. 

 

Insects and Disease: Between 2000 and 2004, insects and disease have impacted approximately 11 

percent of this PNVT. 

 

Herbivory: Because these areas have water available, and have the potential to produce from 140 to 1,255 

pounds of herbaceous vegetation per acre, they are areas of concentrated livestock use as well as wild 

ungulates. According to White (2002), livestock and elk grazing have been major influences in the 

alteration of structure, composition and function of the vegetation community. The majority of this PNVT 

has very low to low ecological similarity with historic conditions (White, 2002). According to Fleischner 

et al. (1994), herbivory has had detrimental effects on the composition, structure and function of riparian 

ecosystems, and has led to a decrease in native species richness. According to Hoorman and McCutcheon 

(2005a and 2005b), Livestock grazing riparian areas can increase sediment load from the watershed, 

increase instream trampling, increase disturbance and erosion from overgrazed streambanks, reduced 

sediment trapping by riparian and instream vegetation, decreased bank stability and increased peak flows 

from compaction. Livestock grazing has been found to negatively affect water quality and seasonal 

quantity, stream channel morphology, hydrology, riparian zone soils, instream and streambank vegetation, 

and aquatic and riparian wildlife (Platt, 1979; Armour et al., 1991; Fleischner 1994; Belsky et al., 1999; 

among others). 

 
The most current A-SNFs data, 2007-2008 (USFS, 2008b), indicates that within the capable grazing lands 

(85% of the total PNVT’s area) associated with the montane willow riparian forest (table 46); 

approximately 80 percent of the herbaceous understory is in low to moderately-low ecological status or 

very-poor to poor range condition, while only 15 percent is in moderately-high ecological status or fair 

range condition. Movement in the direction of low to moderately-low ecological status has resulted in 

lower levels of herbaceous vegetation ground cover and lower levels of vigor and growth, as well as 

species compositional shifts, and possible changes in site potential. Total herbage production is 

considered to be correlated with the condition of the range (Osborn, 1956; Goebel and Cook, 1960). The 

majority of the herbaceous understory vegetation within the montane willow riparian forest capable 

grazing lands is highly to severely departed from DCs. According to Osborn (1952), for maximum 

moisture infiltration, two conditions are essential: 1) an adequate surface [vegetation] cover to cushion the 

impact of the falling raindrops and 2) favorable soil conditions associated with a relatively advanced stage 

of ecological succession for the site, typical of one of the higher range condition classes. 

 
Table 46. Most current (USFS, 2008b) understory vegetation ecological status, range condition, and 
departure from desired conditions (DC) on capability grazing lands within the montane willow riparian forest 
PNVT on the A-SNFs 

No Capability 
Grazing Lands 
(DC departure 

status 
unknown)† 

Vegetation Ecological Status15 and Range Condition16, 18 Ratings of Capable Grazing Lands within the Montane 
Willow Riparian Forest on the A-SNFs‡ 

Total 
Acres 

high ecological status 
moderately-high 
ecological status 

moderately-low 
ecological status 

low ecological 
status 

no data (DC 
departure 

status 
unknown) 

total 
acres 

excellent range 
condition 

good range 
condition 

fair range 
condition 

poor range 
condition 

very-poor range 
condition 

acres % acres % acres % acres % acres % acres % acres % 

1,368 28.5 0 0.0 101 2.9 428 12.4 1,868 54.3 872 25.3 171 5.0 3,440 4,808 

DC departure no low moderate high severe    

† See footnote 14 on page 18 
‡ See footnotes 15, 16 and18 on page 18 

 

Wildlife: Beaver were historically important in many of these montane willow riparian forest systems. 
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Other disturbances: As a result of this PNVT’s landscape position and its close association with water 

and runoff, it is directly and cumulatively affected by all of the threats and risks from adjacent, upland, 

PNVTs. 

 

Threats: The threats to montane willow riparian forest are the same as those listed for wetland/cienega 

riparian areas and cottonwood-willow and mixed broadleaf deciduous riparian forests. A Region 3 VDDT 

model was not developed for this PNVT, however, continuation of current management along with 

ecological threshold changes, such as upland woody species encroachment, loss of understory 

productivity, loss of soil and soil productivity (72% of the soils are rated as being impaired and/or 

unsatisfactory), and the inability to reverse the malfunctioning physical processes within these riparian 

areas is likely to continue to move this PNVT away from DC and HRV. According to Printz et al. (2014), 

soil health is the capacity of a soil to maintain its function and flow of ecosystem services given a specific 

set of physical, chemical, and environmental boundaries (Doran and Parken 1994; USDA NRCS 2013b). 

When a soil's health deteriorates, its capacity to support and regulate ecosystems is diminished, affecting 

energy flows, nutrient cycling, and productivity. See Appendix E for a more complete discussion of the 

threats affecting the montane willow riparian forest and the risks they pose to this PNVT. 

 

Common Threats and Risks to All PNVTs 

 

The threats to the PNVTs from disturbances pose the following risks, many of these risks when 

functioning together are additive and have compounding affects with negative consequences to ecological 

composition, structure, function and processes. Specifically by affecting:  

 

 Ecological processes, functions, and services 

 Vegetation health (e.g., resulting in atypical composition, structure, and function of both the 

overstory and understory vegetation); 

 Soil compaction, erosion, sedimentation and loss of soil fertility 

 Altered watershed and hydrologic functions 

 Reduced water quality and quantity 

 Riparian, aquatic and terrestrial site loss, and/or degradation and fragmentation of these habitats 

within these PNVT 

 Altered fire regime, uncharacteristic wildfire, and inability to re-establish natural wildfire 

processes 

 Introduction and spread of invasive plants 

 Modification of natural processes and changes in ecological potentials 

 Species extinction and/or reduction in population(s) and/or habitat(s) 

 

Additionally, climate influences a variety of ecological processes. Because of the unidentified aspects 

about the complex interactions between the spatial and temporal variability of climate, ecosystem 

processes, disturbance regimes, hydrology, and forest management activities, the true consequences of the 

risks posed by the threats are unknown. 
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Quaking Aspen  
 

In western North America, quaking aspen (aspen) (Populus 

tremuloides Michx.) occurs with conifer in mixed stands as well as in 

adjacent pure communities (Mittanck et al., 2014). Within this 

landscape aspen is often assumed to be seral to conifer species 

(Baker 1918; Bartos et al., 1983). The successional trajectory of 

aspen to conifer is described as deterministic, where aspen requires 

disturbance or will eventually be replaced by encroaching conifer 

(Shepperd and Jones, 1985). However, many studies show evidence 

for not only a seral but a stable aspen community or functional type 

(Langenheim, 1962; Betters and Wood, 1981; Mueggler, 1988; 

Romme et al., 2001; Rogers et al., 2014); describing such a 

community as one that persists free of conifers and is self-

regenerating (Mittanck et al., 2014). 

 

However, on the A-SNFs, aspen occurs as a species (vegetation type) 

primarily within the conifer forest types (ponderosa pine, wet mixed conifer, dry mixed conifer, and 

spruce-fir forest PNVTs) and is found primarily on the Alpine, Black Mesa, and Springerville RDs (map 

16). 

 

Successfully recruiting aspen sprouts and seedlings provide important sources of structural, functional 

and genetic diversity vital to resilient aspen forests (Seager et al., 2013). As a species, aspen is adapted to a 

much broader range of environmental conditions than most plant species associated with it. This highly 

variable ecological community can be comprised mostly of aspen (roughly 24,000 acres) or aspen co-

dominating with few to several conifer species (roughly 52,000 acres). At lower elevations conifers 

include ponderosa pine, Rocky Mountain Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco var. glauca 

(Beissn.) Franco), and white fir (Abies concolor (Gord. & Glend.) Lindl. ex Hildebr.). At mid-elevations 

conifers include Rocky Mountain Douglas-fir, white fir, blue spruce (Picea pungens Engelm.), 

southwestern white pine (Pinus strobiformis Engelm.), and ponderosa pine (Pinus ponderosa Lawson & 

C. Lawson var. scopulorum Engelm.). Rocky Mountain juniper (Juniperus scopulorum Sarg.) can also be 

present. At higher elevations conifers include Rocky Mountain Douglas-fir, southwestern white pine, 

subalpine fir (Abies lasiocarpa (Hook.) Nutt.), corkbark fir (A. lasiocarpa (Hook.) Nutt. var. arizonica 

(Merriam) Lemmon), and Engelmann spruce (Picea engelmannii Parry ex Engelm.). 

 

Aspen may exist in single-storied or, more commonly, multi-storied stands (Seager et al., 2013) depending 

on disturbance history and local stand dynamics. Aspen stands are usually closed canopied. Due to its 

high productivity and structural diversity, aspen is capable of supporting the broadest array of plant and 

animal species of any forest type in the West (Rogers and Mittanck, 2013), and is considered second only 

to riparian areas in its support of biological diversity (Mueggler, 1985; Kay, 1997; Chong et al., 2001). 

According to Woods et al. (1982) aspen stands can have significantly more herbage and species richness 

(Reich et al., 2001) and diversity (Potter, 1998) in their understory than other forest types. The understory 

structure may be complex with multiple shrub and herbaceous layers, or simple with just an herbaceous 

layer (Betters 1983). This herbaceous layer may be dense or sparse, depending on soil type and moisture 

conditions, dominated by grasses and grass-like plants or forbs. Some of the species typically found 

associated with aspen include bracken fern (Pteridium aquilinum (L.) Kuhn), grassleaf pea (Lathyrus 

graminifolius (S. Watson) T.G. White), Fendler’s meadow rue (Thalictrum fendleri Engelm. ex A. Gray), 

deer’s ears (Frasera speciosa Douglas ex Griseb.), yarrow (Achillea millefolium L. var. occidentalis DC.), 

violet (Viola spp. L.), paintbrush (Castilleja spp. Mutis ex L. f.), arnica (Arnica spp. L.), and a variety of 

grasses and sedges. Decaying coarse woody debris is common. 

 

Map 16. General location of 
quaking aspen 
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According to Simard et al. (2001), aspen have a role in early succession. Aspen leaves are very rich in 

nutrients and have a high photosynthesis rate and are high in nitrogen (N). When their litter falls to the 

forest floor their nutrients are cycled back into the soil for the conifers to pick up. Aspen are a very shade 

intolerant pioneer tree on burned areas, forming clonal thickets of short-lived trees subsequently replaced 

by conifers (Little 1976). According to Bartos and Mueggler (1981), aspen reaches maturity in 80 to 120 

years, with a few individual trees reaching 300 years or more in age (Jones and Schier, 1985). Relatively 

pure aspen stands may function as natural fire breaks across the landscape, support watershed stability, 

and contribute to scenic landscapes. 

 

Aspen primarily reproduces asexually from underground root suckers that are stimulated by hormonal 

changes within an adult tree affected by disturbance (Bartos, 2001). However, reproduction by sexual 

means or seed production does occur (Romme et al., 1997; Quinn and Wu, 2001; Smith, 2006a; Vance et 

al., 2010a and 2010b; among others). Fairweather et al. (2014) found that aspen clones can persist 

vegetatively in landscapes for long periods of time, however, this reproductive strategy allow for only 

colonization of adjacently vacant habitat, nor does it allow rapid adaptation through sexual 

recombination. According to Vance et al. (2010a and 2010b), natural seedling establishment is limited to 

years of viable seed production and seedling recruitment is limited to sites where there is adequate soil 

moisture following seed dispersal in early summer. In Arizona, Fairweather et al. (2014) reported finding 

naturally occurring, and recurring aspen seedling establishment in a xeric landscape after a severe stand-

replacing fire, during a period of severe drought and high temperatures.  

 

Aspen is considered a shade intolerant, disturbance dependent species, in that it is perpetuated on sites 

where fire, windthrow, fungal diseases, tent caterpillars and other insects, snow damage, hail, lightning, 

and sunscald (Jones and DeByle, 1985a and 1985b; Jones et al., 1985; Shepperd et al., 2001; Romme et 

al., 2009a; Veblen, 2000; WDNR, 2011; among others), or other stand replacing events are active (Bartos, 

2001). Fire has long been recognized as a vital natural force in the perpetuation of aspen groves and 

forests in the Rocky Mountains (Baker, 1925).  

 

A key factor influencing fire regime parameters for aspen is the relative dominance, competitive 

influence, and fuel contribution of conifer species (Shinneman et al., 2013). According to Smith (2006a), 

fire regimes for aspen are determined by the adjacent forest type, ranging at low elevation for ponderosa 

pine from 2 to 20 years fire return interval, to 10 to 30 years for mixed conifer at middle elevations, up to 

30 to 300 years for spruce-fir forests. Both spruce-fir and wet mixed conifer forests have mixed severity 

fire regimes, experiencing both frequent, low intensity surface fires, as well as infrequent, stand-replacing 

crown fires (White and Vankat, 1993; Grissino-Mayer et al., 1995; Fulé et al., 2003; Smith, 2006b, 2006c 

and 2006d). Thus aspen forest fire return interval is affected by the surrounding forest.  

 

Fire suppression over the last century has increased conifer expansion and dominance in aspen-conifer 

forests, which appears to be a driving force behind aspen decline in some areas (Smith et al., 2011). 

According to Romme et al. (2001), the most important agent of disturbance in aspen forests of the 

southern Rocky Mountains before 1900 was fire, although other natural disturbances were locally 

important. Without periodic fire or with high levels of herbivory, conifers will replace aspen. In some 

areas, chronic levels of herbivory have been observed to be detrimental to aspen reproduction (Shepperd 

and Fairweather, 1994; Fairweather et al., 2008; Fairweather, 2008; USFS, 2009; Rogers, 2009 and 2011; 

Beschta and Ripple, 2010; Lynch et al., 2010; WSDNR, 2011, Fairweather et al., 2014, among others). As 

a result, this type is significantly altered today and is very difficult to identify because of conifer 

succession. The presence of even a single aspen tree in a conifer stand provides strong evidence that the 

area historically supported aspen. Mature aspen canopies also reduce frost damage to seedlings in the 

understory by restricting radiant heat loss during the night and improving air temperatures at seedling 

height. Because of its communal root system, aspen is mechanically stable and a highly resilient species 
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(Lieffers et al., 2001), and its presence may increase resistance of neighboring conifers to windthrow 

(Simard et al., 2001). 

 

The cessation of historically frequent fires for the last 130 years, within the drier portions of the mixed 

conifer forest PNVTs, has likely altered the current aspen age and stand structures (Margolis et al., 2011). 

According to Smith (2006a), fire regimes for aspen are determined by the adjacent forest type, ranging 

from 2 to 20 years fire return interval at low elevation in ponderosa pine to 10 to 30 years for mixed 

conifer at middle elevations, up to 30 to 400 years for spruce-fir forests. Both spruce-fir and mixed 

conifer forests have mixed severity fire regimes, experiencing both frequent, low-intensity surface fires, 

as well as infrequent, stand-replacing crown fires. Overall, aspen is an important successional community 

in ponderosa pine, mixed conifer, and spruce-fir forests. Aspen is primarily affected by fire, wind, insects 

(tent caterpillars), disease, pathogens, herbivores, and climate interactions. 

 

The decline in aspen throughout its western range is an ecological concern. This dieback process has 

tremendous ecological and economic importance, yet remains poorly understood (Korb. 2012; Korb et al., 

2014). This declining trend has been noted for the past 50 years, but aspen mortality has become more 

pronounced since about 2002 (Worrall et al., 2008). Not only are trees dying, but their clonal root systems 

are dying as well. Low aspen recruitment has been attributed to climate patterns, past management, 

herbivore increases, competitive interactions with conifers, predator and beaver extirpation, and livestock 

grazing. Several of these potential causes result from direct or indirect actions of human agency 

(UFRWG, 2010; Crawford, 2011; Korb, 2012; Rogers et al., 2013; Korb et al., 2014).  

 

However, as a consequence of the 2011 Wallow Fire, the acreage dominated by aspen is expected to 

increase on the A-SNFs. However, given all of the agents of decline mentioned previously, the longevity 

of this increase in aspen is unknown. Under HRV, aspen comprised roughly 50,200 acres on the A-SNFs; 

with approximately 37,400 acres in wet mixed conifer and 2,300 acres in spruce-fir forest, with the 

remainder of 10,500 acres in ponderosa pine and dry mixed conifer. Currently there is roughly 76,500 

acres of aspen on the forests. 

 

As a direct result of the 2011 Wallow Fire, roughly 33 percent of the aspen overstory was eliminated and 

those acres are now being recruited into the seedling/sapling size class with open canopy characteristics, 

largely through clonal root sprouting (additional acres, previously unoccupied may be established through 

seed production and seedling recruitment). The majority (34%) of the trees in the remaining aspen 

overstory are ten inches or greater in diameter and exist in a closed canopy condition (table 47). This 

would indicate that most of the remaining aspen on the A-SNFs are mature trees and are being over-

topped by conifers within the individual forest types. The greatest acreage of aspen is located within the 

wet mixed conifer forest PNVT. However; as a percentage, the spruce-fir forest PNVT contain the 

greatest proportion, at nearly 33 percent. Proportionally, at one-percent the ponderosa pine forest PNVT 

contains the least aspen, although its overall aspen acreage is slightly more than that found in the spruce-

fir forest PNVT. 

 

The Forests’ objective is to have aspen dominate or co-dominate acres within the forest types, 

representing a range of size and age classes to maintain a viable aspen community of at least 50,200 acres 

during the planning period. The DCs for aspen are that the species is occurring throughout the forested 

landscapes, are successfully regenerating and recruiting into older and larger size classes. Size classes 

have a natural distribution, with the greatest number of stems being in the smaller size classes. 
 

Common Threats and Risks to Aspen 

 

Alterations to historic patterns of aspen distribution, range, regeneration, and recruitment have been 

attributed to human-caused changes. Direct and indirect human impacts to aspen have occurred via 
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manipulation of game and predator populations, livestock and wild ungulate grazing, timber harvest, fire 

suppression, and climate change (Leopold et al., 1947; Hessl, 2002; Binkley et al., 2003; White et al., 

2003; Seager et al., 2013; Rogers and Mittanck, 2013). Consequently, many of the threats to the forested 

PNVTs from disturbances pose the following risks to aspen as well, many of these risks when functioning 

together are additive and have compounding affects with negative consequences to ecological 

composition, structure, function and processes. Specifically by affecting:  

 

 Vegetation health (e.g., resulting in atypical composition, structure, and function of both the 

overstory and understory vegetation) 

 Herbivory, both domestic and wild ungulates 

 Soil compaction, erosion, sedimentation and loss of soil fertility 

 Altered watershed and hydrologic functions 

 Reduced water quality and quantity 

 Degradation and fragmentation of these habitats within these PNVT 

 Altered fire regime, uncharacteristic wildfire, and inability to re-establish natural wildfire 

processes 

 Introduction and spread of invasive plants 

 Modification of natural processes and changes in ecological potentials 
 

Table 47. Current status of aspen on the A-SNFs (all data is post-2011 Wallow Fire) 

Aspen Vegetation Structural 
States 

Current Amount (acres) and Type of the A-SNFs’ Forested PNVTs Containing Aspen 

Total Forested PNVTs 
945,753 acres 

ponderosa pine 
forest 

602,206 acres 

wet mixed conifer 
forest 

177,995 acres 

dry mixed conifer 
forest 

147,885 acres 

spruce-fir forest 
17,667 acres 

current amount of aspen within each forested PNVT 

acres percent acres percent acres percent acres percent acres percent 

5,988 1.0 50,355 28.3 14,287 9.7 5,875 33.3 76,506 8.1 

Percent of total A-SNFs aspen  7.8  65.8  18.7  7.7  100 

Herbaceous vegetation           

Grass, forb, shrub with very 
open (< 10%) overstory 

canopy cover 

0 0.0 35 0.1 0 0.0 2 0.0 37 0.0 

Seedling and sapling size (< 5-inch diameter) trees, plus recently burned acres      

Open (≤ 30%) woody canopy 

cover 
380 6.3 20,542 40.8 1,389 9.7 2,627 44.7 24,938 32.6 

Closed (> 30%) woody canopy 

cover 
213 3.6 3,087 6.1 319 2.2 522 8.9 4,142 5.4 

Small size (5-inch to 9.9-inch diameter) trees         

Open canopy cover 461 7.7 1,124 2.2 800 5.6 77 1.3 2,462 3.2 

Closed canopy cover 2,175 36.3 6,993 13.9 3,350 23.4 856 14.6 13,374 17.5 

Medium size (10-inch to 19.9-inch diameter) trees         

Open canopy cover 556 9.3 2,153 4.2 1,704 11.9 187 3.2 4,550 5.9 

Closed canopy cover 1,865 32.1 14,002 27.8 6,001 42.0 1,417 24.1 23,285 30.4 

Large to very large size (≥ 20-inch diameter) trees         

Open canopy cover 152 31.1 263 0.5 230 1.6 48 0.8 693 0.9 

Closed canopy cover 186 3.1 2,205 4.4 495 3.5 138 2.4 3,025 4.0 

 

Significant impacts to aspen by elk have been documented where aspen occurred prior to the 2011 

Wallow Fire (Shepperd and Fairweather, 1994; Fairweather, 2008; USFS, 2009; Rogers, 2009 and 2011; 

Beschta and Ripple, 2010; Lynch et al., 2010). As mentioned in the forested PNVT descriptions, it has 

been suggested (Smith, 2006c) that the extinction of large carnivores such as grey wolf and grizzly bear 

has affected aspen regeneration, which experiences increased mortality due to high levels of herbivory by 

native and introduced ungulates, especially elk. Predator control has allowed herbivores to increase in 

numbers, and to exert longer duration and higher intensity grazing and browsing effects on select 
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vegetation types, especially aspen (Shepperd and Fairweather, 1994; Romme et al., 1995; Kay, 1997; 

White et al., 1998; Ripple et al., 2001; Bailey and Whitham, 2002; Fairweather et al., 2014). Numerous 

elk browsing studies have documented their impacts on aspen regeneration (Shepperd and Fairweather, 

1994; Rolf, 2001; Kay, and Bartos, 2000; Kay, 2001; Bailey and Whitham, 2002; Kaye et al., 2004; 

Seager et al., 2013), herbivory can reduce community resilience and significantly alter future aspen cover 

(Rogers et al., 2013), leading some to suggest that successful aspen management should include adequate 

control of browsing animals (Shepperd and Fairweather, 1994; Bartos, 2001; Weisberg and Coughenour, 

2003; Rogers et al., 2013; Fairweather et al., 2014). 

 

Sudden aspen decline (SAD) was first noted in Arizona on the Coconino NF in the late 1990s and early 

2000s (Fairweather et al., 2008). SAD is different from what is traditionally referred to as aspen decline. 

It is occurring on a landscape scale, versus the stand-level changes that are typically noted with aspen 

forest related to disturbance and succession. The mortality is rapidly occurring over a few years, versus 

the typical changes occurring over decades. In addition, pathogens and insects associated with SAD are 

different from those usually associated with aspen mortality (USFS, 2014). SAD is characterized by 

rapid, synchronous branch dieback (Marchetti et al., 2011), crown thinning and mortality of aspen stems 

on a landscape scale, without the association of destructive, pathogens and insects. According to 

Marchetti et al. (2011), cytospora canker, bronze poplar borer, and aspen bark were the primary causes of 

mortality and played complex and varied roles in healthy versus declining stands. Preliminary evidence 

suggested that affected stands may fail to produce suckers in response to the crown loss and mortality 

(Worrall et al., 2008). 

 

Additionally, climate influences a variety of ecological processes. According to Morelli and Carr (2011), 

the overall, research indicates a complex, unpredictable future for aspen in the West, where increased 

drought, ozone, and insect outbreaks will compete with CO2 fertilization (Romme et al., 2009b) and 

warmer soils, resulting in unknown cumulative effects. Because of the unidentified aspects about the 

complex interactions between the spatial and temporal variability of climate change, ecosystem processes, 

disturbance regimes, hydrology, and forest management activities, the true consequences of the risks 

posed by the threats are unknown (Zoltai et al., 1991; Hogg, 2001; Iverson et al., 2004; Shepperd et al., 

2006; Nitschke and Innes, 2008; Rehfeldt et al., 2009). Considering its positive moisture influence on the 

landscape, its economic impact, and its many benefits to the resilience of wildlife in terms of habitat and 

forage, aspen is a valuable, yet vulnerable, species in the face of global warming (Morelli and Carr, 

2011). 

 
 
Woody Overstory/Herbaceous Understory Vegetation Cover Relationship 
 

According to Browning et al. (2008), one of the most striking land cover changes in grasslands in the past 

150 years has been the proliferation of trees and shrubs at the expense of perennial grasses (Heisler et al., 

2003). This is ecologically significant because it represents a potentially irreversible shift in dominant 

species composition and life forms (Hobbs and Mooney, 1986; Knight et al., 1994; Archer, 1995; Hoch 

and Briggs, 1999; Roques et al., 2001; Briggs et al., 2002a and 2002b; among others). The Southwest has 

been no different, the landscape has been unavoidably altered over the past century by an extensive 

encroachment of woody plants into areas that were formerly grasslands (Merola-Zwartjes, 2004; among 

others). Woodlands (Pieper, 1990 and 1995; among others) and forests (Covington and Moore, 1994; 

among others) have all seen increased densities of woody species. 

 

These changes in vegetation structure may reflect historical shifts in climate and land use; and are likely 

to influence biodiversity, productivity, above- and belowground C and N sequestration and biophysical 

aspects of land surface-atmosphere interaction (Wessman et al., 2004). According to Archer and Smeins 

(1991), the concept of community resistance and resilience suggests the existence of transition thresholds. 
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The existence of such thresholds may account for the abrupt, non-linear development of woody plant 

communities in areas formerly dominated by grasses (Buffington and Herbel, 1965; Herbel et al., 1972; 

Archer et al., 1988), such as the Great Basin and semi-desert grassland PNVTs. Several studies (Chew 

and Chew, 1965; Blackburn and Tueller, 1970; Young and Evans, 1981; Archer, 1989; Brown and 

Archer, 1987, 1989 and 1999; Van Auken, 2000) suggest periods of drought followed by rainfall may 

trigger woody plant encroachment on areas exposed to livestock grazing (Archer and Smeins, 1991). 

 

The understory light environment is a key contributing factor to vegetation pattern and ecosystem 

processes, and varies spatially perhaps more than any resource used by plants (Martens et al., 2000). 

According to Moir (1966), increased light interception by the pine canopies and the poorer soil N supply 

under trees act together in bringing about a decline in herbaceous plants. The first expression of this 

decline is a reduction in inflorescence production of grass species and later by decreased canopy coverage 

of the herbaceous community. Continued tree growth unchecked by fire or artificial thinning appears to 

lead to total or near-total loss of the herbaceous understory. Competition for space, light, water and 

nutrients between overstory trees and herbaceous understory plants have been studied in a variety of 

forest types, with differing results (Woods et al.,1982). Ponderosa pine (Moir, 1966; McConnell and 

Smith, 1970; Smith, 2006b) and dry mixed conifer (Lindh, 2005; Smith, 2006c; Dodson et al., 2008) 

forests, both woodlands (Fulé and Covington, 1998; Barton, 2002; Schussman and Gori, 2006; Gori and 

Bate, 2007), and the three grasslands (Livingston et al., 1997; Gori and Enquist, 2003; Schussman, 2006a; 

Vander Lee et al., 2006) on the A-SNFs developed with frequent, low-intensity fires. 

 

Fire is acknowledged to be the most influential force in checking woody species encroachment 

(Daubenmire, 1968; Allen, 1984) into grasslands. The removal of the natural process of fire by human 

suppression efforts, the introduction of livestock, variability in climate, atmospheric CO2 enrichment, and 

reduced soil moisture have disrupted these ecosystems in many ways (Romme et al., 2009b), including 

the loss of much grassy vegetation as woody plants have expanded in distribution into non forested and 

woodland PNVTs and increased in density within the forested and woodland PNVTs. Woody plant 

encroachment also leads to significant declines in understory species richness and productivity in forests 

(Moir, 1966; Naumberg and DeWald, 1999; Griffis et al., 2001; Lindh, 2005; among others) grassland 

(Browning et al., 2008), and savanna communities (Jameson, 1967; Clary, 1971; Ratajczak et al., 2012). 

Jacobs et al. (2008), noted that areas of the southwestern United States with strong monsoonal (summer 

moisture) patterns appear too had been the most susceptible to historical woodland expansion. According 

to Archer (1994), and De Deyn et al. (2008), shifts in grass and woody plant abundance have broad 

implications for the following: 

 

 Biological diversity 

 Primary and secondary productivity 

 Soil development and stability 

 Livestock and wildlife composition a and carrying capacity 

 Recreational opportunities 

 Water quality and water distribution 

 Global climate feedback by affecting CO2 sequestration, non-methane hydrocarbon emissions, 

and biophysical land surface-atmosphere interactions (albedo, evapotranspiration, surface 

roughness, boundary layer dynamics) 

 

According to Briggs et al. (2005), important consequences of this shift in plant life-form abundance 

include alterations in plant productivity, species diversity, and C storage (Browning et al., 2008); and 

potential soil alteration (Abella et al., 2013). Ecologically, the most far reaching, long term negative affect 

due to shifts in grass and woody plant abundance is concurrent loss of soil, soil productivity, and species 
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diversity; including some wildlife species (Peek et al., 2001), and alters the amount and distribution of 

water reaching the soil, and ultimately overall productivity (Thurow and Hester, 2011).  

 

Overall, if an ecosystem is degraded due to overuse, soil C is lost to the atmosphere (Archer et al., 2001; 

Schuman et al., 2002). According to Havstad et al. (2007), even though soil C is relatively stable when 

soil disturbance is minimized (Follett et al., 2001; Heath et al., 2003), accelerated wind and water erosion 

can result in the substantial losses of organic C over a period of years (Heath et al., 2003). Losses of 

inorganic C may also be significant sources of CO2 flux to the atmosphere (Monger and Martinez-Rios, 

2001). A potential pitfall in evaluating the benefits of C sequestration occurs when encroaching woody 

plants are considered to sequester C (Havstad et al., 2007). Deeper rooting woody plants access sources of 

water and nutrients inaccessible to grasses, and may stimulate productivity and store C as wood, 

increasing levels of ecosystem C even as other ecological processes and ecosystems services degrade 

(Archer et al., 2001; Asner et al., 2004). 

 

Additionally, as mentioned earlier, from 10-94 percent of the grassland soils are in impaired and/or 

unsatisfactory condition; much of this can be attributed directly to the loss of the herbaceous vegetation. 

According to Friedel (1991), once grass has been displaced, this alteration may result in a transition 

across a threshold to woody vegetation that is difficult to reverse. A second threshold may occur when 

soil erosion irreversibly alters the physical, chemical and biological properties of the soil (CRC, 1994). 

Soil erosion thereby irreversible alters the kind and amount of vegetation a site can support and the 

attainment of ecological goals necessary for achieving DCs (Baker et al., 1995).  

 

Increasing densities of established forest and woodland stands, and encroachment of new forest and 

woodland stands into grasslands have reduced the amount of available herbaceous understory vegetation 

(Cooper, 1960; Clary, 1971; Wilcox and Davenport, 1995; Allen, 1998; Donahue, 1999; Archer et al., 

2001) since the arrival of Euro-Americans. The relationship of woody overstory/herbaceous understory 

vegetation is well documented in forests (Cooper, 1960; Moir, 1966; Betters, 1983; Clary, 1983; Ffolliott, 

1983; Larson and Wolters, 1983; Mitchell, 1983; Thill et al., 1983; Riegel et al., 1992; Griffis et al., 2001; 

Abella, 2004; Lindh, 2005; among others), aspen (Woods et al., 1983; Berger and Puettmann, 2000; 

Bandeff et al., 2006; LaRade and Bork, 2011; Coop et al., 2014; among others), woodlands (Jameson, 

1967 and 1971; Gallina and Ffolliott, 1983; Armentrout and Pieper, 1988; Pieper, 1983, 1990 and 1995; 

Breshears et al., 1997; McPherson and Weltzin, 1998; Harris et al., 2003; among others), savannas 

(Bidwell et al., no-date; Johnsen, 1962; Adamoli et al., 1990; Archer, 1994; Miller and Wigand, 1994; 

Mast et al. 1997; Archer et al., 2001; among others), and grasslands (Campbell and Bomberger, 1934; 

Hennessy et al., 1983; Schott and Pieper, 1985; Friedel, 1991; McDaniel et al., 1993; Livingston et al., 

1997; Van Auken, 2000, 2009; Brockway et al., 2002; among others). 

 

Herbaceous vegetation cover and production within all PNVTs on the A-SNFs is departed from potential 

(table 48); anywhere from 1 to 87 percent, and 8 to 91 percent, for cover and production, respectively.  
Overall, the least departure from potential in herbaceous cover and production has occurred in the spruce-

fir forest PNVT, while the greatest departure from potential in herbaceous cover and production has 

occurred in the montane willow riparian forest PNVT. 

 

Herbaceous understory vegetation is an important response variable to monitor after mechanical tree 

removal and prescribed burning treatments designed to restore composition and structure and/or remove 

overstory woody vegetation for grassland restoration. According to Abella (2004), understanding 

vegetation responses to thinning and burning is fundamental to better comprehend the ecology of 

Southwest forests and woodlands (McClaran and McPherson, 1999; Platt, 1999), and is of practical 

importance for predicting vegetation changes after treatments to improve outcomes of ecological 

restoration. 
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Trees limit the establishment, growth and development of understory vegetation. Trees do this in several 

ways; above ground, for example, there is light interception (shading), rain and snow interception, 

temperature modification, litter, allelopathy
22

, and site occupation. Below ground, such as, site 

occupation, competition for soil moisture, nutrients and minerals, and allelopathy. Historically, ponderosa 

pine and dry mixed conifer forests, and piñon-juniper and Madrean pine-oak woodlands were generally 

characterized by open (10-30%) canopies; and Great Basin, semi-desert, and montane/subalpine 

grasslands were generally characterized by very open (less than 10%) woody canopy cover with a 

majority of the overall landscape covered by grasses and forbs. 

 

Understory herbaceous vegetation provided the fine fuels that maintained and supported the natural fire 

regimes (periodic (relatively frequent), low-intensity fires) needed to renew these frequent fire forest, 

woodland, and grassland PNVTs. In addition, understory vegetation, and grassland vegetation both 

provide habitat, hiding and thermal cover, nesting sites and foraging behavior (Finch et al., 1997), and 

food sources for a myriad of dependent plant and animal species.  

 

The DCs for herbaceous understory vegetation within the forest, woodland, and riparian vegetation types 

have the composition, structure, and function of the herbaceous and shrub (where appropriate) layers to 

provide for a balance of species within these communities and promote a greater level of ecosystem 

health. The DCs for the grassland communities have the composition, structure, and function and to 

promote a greater level of ecosystem health, namely by removing woody vegetation and invasive species. 

 

 

Environmental Consequences 
 

The underlying assumption is, that for each PNVT the closer their ecological composition, structure, and 

processes are to their reference conditions (having a low departure indices
23

 (DI) versus a high DI), the 

more properly each PNVT is functioning and the more secure dependent species (plants and animals) are 

within the associated habitats. This is particularly important with potential changes in the climate. The 

intent is to re-establish the natural patterns and processes within these vegetation communities that 

allowed for natural resiliency; especially important when faced with, uncharacteristic wildfire, and the 

presence of invasive plant species, and coupled with climate change.  

 

The land management plan provides a programmatic framework that guides site-specific actions but does 

not authorize, fund, or carryout any project or activity. Because the land management plan does not 

authorize or mandate any ground-disturbing actions there can be no direct effects. However, there may be 

                                                           
22

Allelopathy (the suppression of neighboring plants) is the secreation into the environment by one plant of a toxic substance that inhibits the 

germination or growth of other potential competitor plants of the same or another species (Lapedes, 1974). 

23
 Departure Index (DI) measures the degree to which the state composition, structure and cover between current and reference conditions are 

dissimilar is being used as an inference of sustainability; the lower the DI - the closer to reference conditions – the greater the sustain ability. 

The DIs are: 1) within reference condition (0-20%), minimal risk of losing key ecosystem components. Vegetation attributes (composition and 

structure) are intact and functioning within reference conditions. These areas can be maintained within the historical fire regime by such 
treatments as fire use; 2) Low departure (21-40%), low risk of losing key ecosystem components. Vegetation attributes (composition and 

structure) have been somewhat altered from reference conditions. These areas may need some level of restoration treatments, such as fire use, 

hand or mechanical treatments to be restored to reference conditions; 3) Moderate departure (41-60%), moderate risk of losing key ecosystem 
components. Vegetation attributes (composition and structure) have been moderately altered from reference conditions. These areas may need 

moderate levels of restoration treatments, such as fire use, hand or mechanical treatments to be restored to reference conditions; 4) High 
departure (61-80%), high risk of losing key ecosystem components. Vegetation attributes (composition and structure) have been quite altered 

from reference conditions. These areas may need greater levels of restoration treatments to be restored to reference conditions; and 5) Severe 

departure (81-100%), great risk of losing key ecosystem components. Vegetation attributes (composition and structure) have been significantly 
altered from reference conditions. These areas may need very high levels of restoration treatments, such as hand or mechanical before fire is 

used to restore to reference conditions. The higher the condition class number the more altered the ecosystem is from reference conditions. The 

DI provides a quantitative value used for reference and comparison in discussions regarding the PNVTs. Current DI can also be compared to 
results derived from modeling potential change. 
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implications, or longer term environmental consequences, of managing the forests under this 

programmatic framework.  

 

Programmatic plan alternatives describe differing means for achieving DCs. Therefore the programmatic 

EIS more correctly identifies environmental consequences for choosing one alternative over another, 

rather than the more site specific environmental effects. 
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Table 48. Current and potential herbaceous and woody understory vegetation cover, production and plant heights by PNVT on the A-SNFs 

Potential Natural 
Vegetation Type (PNVT) 

Percent Average Low and High Understory 
Vegetation Ground Cover1 

(forbs, grasses & grass-like plants) 

Average Low and High Understory 
Pounds of Herbage Production1 

(forbs, grasses & grass-like plants) 
Range of Average Vegetation1 Stature2 in Inches 

current 
(a) 

potential 
(b) 

average percent 
difference 

between columns 
a & b 

current 
(estimated) 

(c) 

potential 
(d) 

average percent 
difference 

between columns 
c & d 

shrubs 
(woody) 

all herbaceous 
vegetation 

(forbs, grasses & 
grass-like plants) 

grass & 
grass-like 

plants only 

Forests          

Ponderosa pine 45 - 78 76 - 93 27 255 - 390 415 - 630 39 28 - 108 8 - 30 9 - 33 

Wet mixed conifer 73 - 94 94 - 98 13 60 - 140 70 -165 16 45 - 131 7 - 27 13 - 36 

Dry mixed conifer 57 - 89 81 - 100 19 205 - 500 280 - 680 27 57 - 161 9 - 35 8 - 34 

Spruce-fir 90 - 95 96 - 100 6 25 - 50 26 - 53 5 45 - 135 8 - 30 13 - 36 

Woodlands          

Madrean pine-oak 6 - 35 20 - 52 43 100 - 155 495 - 740 79 31 - 104 11 - 36 12 - 34 

Piñon-juniper 17 - 37 58 - 78 60 100 - 225 430 - 770 73 30 - 105 7 - 32 7 - 35 

Grasslands          

Great Basin 23 - 45 52 - 74 46 260 - 440 765 - 1,305 66 40 - 97 7 - 29 7 - 32 

Semi-desert 7 - 16 21 - 31 56 50 - 105 460 - 940 89 28 - 101 10 - 32 11 - 37 

Montane/subalpine 28 - 363 86 - 99 65 845 - 990 2,675 - 3,130 68 - 7 - 26 9 - 33 

Chaparral          

Interior  23 - 41 29 - 56 25 5 - 55 20 - 175 68 40 - 119 9 - 36 10 - 41 

Riparian Areas          

Wetland/cienega 30 - 413 96 - 100 64 1,375 - 1,700 3,895 - 4,810 65 - 8 - 29 9 - 33 

Riparian Forests          

Cottonwood-willow 33 - 55 61 - 87 41 150 - 555 340 - 1,265 56 37 - 110 7 - 31 8 - 33 

Mixed broadleaf deciduous 5 - 18 15 - 78 75 55 - 85 490 - 740 88 31 - 112 11 - 39 11 - 37 

Montane willow  6 - 12 47 - 88 87 15 - 115 140 - 1,255 91 77 - 158 8 - 29 9 - 34 
1 Values and vegetation species derived from Terrestrial Ecosystem Survey of the A-SNFs (Laing et al., 1989) and White, 2014 
2 Vegetation stature source material: Vine, 1960; Hermann, 1970 and 1975; Hitchcock and Chase, 1971; McDougall, 1973; Correll and Correll, 1975; Gould, 1977; Martin and Hutchins, 1980; Benson and Darrow, 1981; Hickman, 

1993; Cronquist et al., 1997; Ruyle and Young, 1997; Welsh et al., 1997; Hurd et al., 1998; Barkworth et al., 2003 and 2007; Flora of North America, 2008; Springer et al., 2009 
3 Data from White, 2002 
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Potential Natural Vegetation Types (PNVTs) Relationship to Desired Conditions (percent 
departure) 
 

The values presented either come directly from the VDDT model outputs, and other information derived 

from research (when available) or professional judgment. For a list of management treatments and acres 

treated by PNVT see Appendix E, tables 1 through 3. The following indicators will be used to compare 

alternatives: relationship to DCs (percent departure); acres of aspen; percent grassland restoration; and 

reduction in overstory as it relates to understory herbaceous composition and production. All of the data 

that was derived from VDDT modeling and used to provide information for the following discussion can 

be found in the project record. 

 

 

Forested PNVTs 
 

Ponderosa pine forest: 

 

Table 49 presents the proposed treatment objectives within the ponderosa pine forest PNVT by 

alternative. 

 
Table 49. Proposed annual vegetation overstory treatment objectives within the ponderosa pine forest 
PNVT(see Appendix F tables 1 through 8 for a more complete description of the individual treatments and the 
annual acres of each proposed treatment objective by PNVT for alternatives B, C and D, and alternative A) 

Alternative 

High Acre Treatment 
Objectives 

Low Acre Treatment 
Objectives 

Average Acre Treatment 
Objectives 

Alternative A Treatment Acres 

mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire 

A - - - - - - 7,119 3,150 

B 11,025 11,025 1,552 1,575 6,289 6,300 - - 

C 24,255 10,187 2,426 1,040 13,341 5,614 - - 

D 9,450 22,050 1,417 3,308 5,434 12,679 - - 

 

Vegetation Outcome 

 

After one planning cycle (15 years), the proposed high acre treatment objectives under alternative C 

produces the greatest movement toward DC, from the current rating of 77 to 52 (table 50). This is a 

change of one departure class, from high to moderate. Under this alternative there is the greatest overall 

reduction in the representation of all size and age trees, single or multi-storied with closed canopy cover 

(combined values of vegetation structural states G, H, I, L, M). And the greatest overall increase in 

representation of medium to very large size, single or multi-storied trees with open canopy cover 

(combined values of vegetation structural states D, E, J, and K). Reduction in overstory canopy cover will 

favor shade intolerant and very shade intolerant species, including the herbaceous understory vegetation. 

 

The proposed average acre treatment objectives under alternative C produce the second greatest 

movement toward DC, from the current rating of 77 to 60. This is also a change of one departure class, 

from high to moderate. The proposed high acre treatment objectives under alternative D produce the third 

greatest movement toward DC, from the current rating of 77 to 61. However, this does not change its high 

departure rating. The proposed high and average acre treatment objectives under alternative B produce the 

fourth greatest movement toward DC, from the current rating of 77 to 63. However, this does not change 

the high departure rating. The low acre treatment objectives proposed under alternatives B, C and D, and 

the average acre treatment objectives proposed under alternative D provide less movement towards DC 

than alternative A. For more information regarding ponderosa pine vegetation structural state model run 

outcomes see Appendix D tables 1 through 10. 
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Table 50. Fifteen-year planning period ponderosa pine forest PNVT overstory departure from DC and HRV 
comparisons by alternative (B, C and D) for the proposed high, low and average acre treatment objectives, 
and alternative A; alternatives are arranged in the order of departure from DC (lowest to highest) 

Alternative and Percent 
Acres Treated Annually 
(arranged from least to 
most departed from DC) 

Percent Within Each Ponderosa Pine Forest Vegetation Structural State 
Overall 

Departure1 

A B C D E F G H I J K L M N DC HRV 

Desired Condition 0 1 1 7 22 1 1 2 2 16 45 2 2 0 0N - 

Current Condition 6 1 2 4 3 3 14 11 7 3 3 17 16 11 77H 94S 

C High Treatment (6.0) 8 4 5 6 11 5 11 7 3 7 14 11 5 2 52M 75H 

C Average (3.4) 6 4 4 5 10 5 12 9 5 6 10 14 9 2 60M 81S 

D High Treatment (5.3) 5 3 4 5 14 3 8 8 19 4 4 12 8 3 61H 82S 

B High Treatment (3.9) 5 4 4 6 11 5 11 9 5 6 9 14 9 2 63H 80H 

B Average (2.3) 5 3 4 5 9 5 12 10 6 5 7 16 11 2 63H 83S 

Alternative A (1.8) 5 3 3 5 10 5 12 10 9 4 6 15 11 3 65H 84S 

D Average (3.1) 5 3 3 4 11 4 10 9 14 4 4 14 11 3 66H 85S 

C Low Treatment (0.7) 4 3 3 4 8 5 13 10 7 4 6 17 13 2 69H 86S 

B Low Treatment (0.6) 5 3 3 4 8 5 13 11 7 4 5 17 13 2 69H 87S 

D Low Treatment (0.8) 5 2 3 4 8 4 13 10 10 4 4 17 13 3 70H 87S 
1 Departure from DC and HRV Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-

100% = severe departureS) 

 

Figure 2 displays the long-term trend toward DC for all ponderosa pine forest alternatives, based on their 

proposed average acre treatments. All alternatives produce reductions in departure from DC immediately, 

and continue to trend in movement toward DC through all modeling periods (out to 50 years). All 

alternatives move from a high to moderate departure class. Overall, alternatives A, B and C produce the 

greatest movement towards DC, respectively; followed by alternative D. 

 

After one planning period (15 years), the proposed high acre treatment objectives under alternative C also 

produces the greatest movement toward HRV, from the current rating of 94 to 75 (table 50). This is a 

change of one departure class, from severe too high. The proposed high acre treatment objectives under 

alternative B produce the second greatest movement toward HRV, from the current rating of 94 to 80. 

This is also a change of one departure class, from severe to high. The proposed average acre treatment 

objectives under alternative C produce the third greatest movement toward HRV, from the current rating 

of 94 to 81. However, this does not change its severe departure rating. The low acre treatment objectives 

proposed under each of the action alternatives, and the average acre treatment objectives proposed under 

alternative D provide less movement towards HRV than alternative A. 
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Figure 2. Overstory departure from DC trend comparisons for the ponderosa pine forest PNVT by alternative, 
over a 50-year time period, for alternative A and the average of the proposed high and low acre treatment 
objectives for alternatives B, C, and D 

 

Figure 3 displays the long-term trend toward HRV for all ponderosa pine forest alternatives, based on 

their proposed average acre treatments. All alternatives produce reductions in departure from HRV 

immediately, and continue to trend in movement toward HRV through all modeling periods (out to 50 

years). All alternatives move from a severe to high departure class. Overall, alternative D produces the 

greatest movement towards HRV over the other alternatives.  

 

 
Figure 3. Overstory departure from HRV trend comparisons for the ponderosa pine forest PNVT by 
alternative, over a 50-year time period, for alternative A and the average of the proposed high and low acre 
treatment objectives for alternatives B, C, and D 

 

In summary (for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6 for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 

A), for the proposed high acre treatment objectives, by the end of the 15-year planning period, alternative 

C does more to address the threats and risks when assessing movement toward DC, followed by 

alternative D, then B, and lastly A. In addition, by the end of the 15-year planning period, alternative C 
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also does more to address the threats and risks when assessing movement toward HRV, but followed by 

alternative B, then D, and lastly A. By the end of the 50-year modeling period, alternative B does more to 

address the threats and risks when assessing movement toward DC, followed by alternative C, and lastly, 

by the equally rated alternatives A and D. However, by the end of the 50-year modeling period, alternative 

D does more to address the threats and risks when assessing movement toward HRV, followed by 

alternative B, then C, and lastly A. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period, alternative 

C does more to address the threats and risks when assessing movement towards both DC and HRV, 

followed by alternative B, then A, and lastly D. By the end of the 50-year modeling period, the equally 

rated alternatives A, B and C do more to address the threats and risks when assessing movement toward 

DC, than alternative D. However, by the end of the 50-year modeling period, alternative D does more to 

address the threats and risks when assessing movement toward HRV, followed by alternative A, and 

lastly, by the equally rated alternatives B and C. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, alternative A 

does more to address the threats and risks when assessing movement toward DC followed by the equally 

rated alternatives B and C, and lastly D. In addition, by the end of the 15-year planning period, alternative 

A also does more to address the threats and risks when assessing movement toward HRV, but followed by 

alternative C, then B, and lastly D. Furthermore, by the end of the 50-year modeling period, alternative A 

also does more to address the threats and risks when assessing movement toward DC, followed by 

alternative C, then B, and lastly D. In addition, by the end of the 50-year modeling period, alternative A 

also does more to address the threats and risks when assessing movement toward HRV, but followed by 

the equally rated alternatives C and D, and lastly B. 

 

Large/Old Trees, Snags and Coarse Woody Debris 

 

In brief, large trees/old trees contribute to old growth forest conditions. According to Binkley et al. 

(2007), ecological processes are the driving forces behind any ecosystem, those processes are reflected 

and supported by the composition of the ecosystem, that is by the living and non-living entities that exist 

in the ecosystem. Old-growth forests, by definition, have old/large trees, but the presence of old/large 

trees is just the beginning of a description of the composition of an old-growth forest (Binkley et al., 

2007). Old growth forests are a significant and unique part of the diverse ecological web formed by 

natural forest landscapes. Human activities or natural disturbances in one part of the forest landscape can 

affect many other parts of the landscape (SEC, 1992). As an important part of the landscape ecology of 

natural forests, old growth provides unique resources for plants and animals (including people) within the 

landscape (Harris, 1984; Franklin et al., 1986). In addition, Beckman and Wohl (2014), found that in the 

Colorado Front Range, old-growth forests where highly correlated with more C storage in headwater 

rivers and streams than those in altered forests. Old growth forests are also important because we do not 

fully understand their functions, the life forms they support, or their importance to the ecology of A-

SNFs. 

 

Ecologically, a dead tree is as important to the forest ecosystem as a live one (Franklin et al., 1989), and 

according to Marcot (2002), provide several key ecological functions that influence the ecosystem 

through trophic relations, species interactions, soil aeration, primary cavity and burrow excavation, and 

dispersal of fungi, lichens, seeds, fruits, plants, and invertebrates. Snags (standing dead trees) and rotting 

logs are essential to healthy forest ecosystems in several ways: Snags provide homes for birds that eat 

insects. When they fall and become coarse woody debris, they provide habitat for small animals and 

insects. When these logs rot they store water and provide nutrients for the continued growth of the forest. 

Dead wood rotting on the forest floor eventually gets incorporated into the soil. This underground wood 
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feeds many insects and bacteria which provide N to feed the trees and other plants in the forest. 

Underground wood is the major source of N for dry forests. 

 

The importance of coarse woody debris in forests has been partially documented, although much remains 

to be discovered (Stevens, 1997). What is known of these roles is divided into four, inter-related 

categories: 1) the role in productivity of forest trees; 2) the role in providing habitat and structure to 

maintain biological diversity; 3) the role in geomorphology of streams and slopes; and 4) the role in long-

term carbon storage. The importance of each of these roles to an ecosystem varies throughout the forests 

by natural disturbance type, biogeoclimatic zone and moisture regime (Stevens, 1997). 

 

Large/Old Trees: By the end of the 15-year planning period, none of the alternatives would achieve the 

DCs for number of acres of large/old tree retention (table 51). However, the proposed high acre treatment 

objectives under alternatives D would provide the greatest movement toward DCs. This is followed by 

alternative D proposed average acre treatment objectives, alternative A, alternative D proposed low acre 

treatment objectives, alternative B proposed average acre treatment objectives, alternative C proposed low 

acre treatment objectives, alternative B proposed high acre treatment objectives, alternative B proposed 

low acre treatment objectives, alternative C proposed average acre treatment objectives, and lastly, 

alternative C proposed high acre treatment objectives. By the end of the 50-year modeling period, none of 

the alternatives would achieve the DCs for number of acres of large/old tree retention. However, the 

proposed high acre treatment objectives under alternatives D would provide the greatest movement 

toward DCs. This is followed by alternative D proposed average acre treatment objectives, alternative A, 

alternative D proposed low acre treatment objectives, alternative B proposed high acre treatment 

objectives, alternative C proposed low acre treatment objectives, alternative B proposed average acre 

treatment objectives, alternative B proposed low acre treatment objectives, alternative C proposed average 

acre treatment objectives, and lastly, alternative C proposed high acre treatment objectives.  

 

Snags (18 inches or larger DBH): By the end of the 15-year planning period, none of the alternatives 

would achieve the DCs for the number of snags 18 inches or greater DBH per acre (table 51). However, 

the low acre treatment objectives proposed under both alternatives B and C provide the greatest 

movement toward DCs. This is followed equally by the alternative B proposed high acre treatment 

objectives, alternative B proposed average acre treatment objectives, alternative C proposed high acre 

treatment objectives, alternative C proposed average acre treatment objectives, and alternative D proposed 

low acre treatment objectives, then alternative A, alternative D proposed high acre treatment objectives, 

and lastly, alternative D proposed average acre treatment objectives. By the end of the 50-year modeling 

period, all alternatives are even further departed from DCs than they were at the end of the 15-year 

planning period. 

 

Coarse Woody Debris: By the end of the 15-year planning period, none of the alternatives would achieve 

the DCs for the amount of coarse woody debris per acre (table 51). However, the proposed average acre 

treatment objectives under alternatives C would provide the greatest movement toward DCs. This is 

followed by alternative B proposed average acre treatment objectives, alternative C proposed high acre 

treatment objectives, alternative B proposed high acre treatment objectives, alternative B proposed low 

acre treatment objectives, alternative C proposed low acre treatment objectives, alternative A, alternative 

D proposed low acre treatment objectives, alternative D proposed high acre treatment objectives, and 

lastly, alternative D proposed average acre treatment objectives. By the end of the 50-year modeling 

period, all alternatives, except alternative C proposed high acre treatment objectives, are even further 

departed from DCs than they were at the end of the 15-year planning period. 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and 50-year 

modeling period comparisons of the environmental consequences to the vegetation indicators between the 

proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and alternative A 
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see Appendix G tables 1 through 6, for the proposed high acre treatment objectives, by the end of the 15-

year planning period, alternative D does more, when assessing movement toward DC for acres of 

large/old trees per acre, followed by alternative A, then B, and lastly C. In addition, by the end of the 50-

year modeling period, alternative D also does more, when assessing movement toward DC for acres of 

large/old trees per acre, but followed by alternative B, then C, and lastly A. By the end of the 15-year 

planning period, the equally rated alternatives B and C do more, when assessing movement toward DC 

for number of large snags per acre, followed by alternative A, and lastly D. However, by the end of the 

50-year modeling period, alternative C does more, when assessing movement toward DC for number of 

large snags per acre, followed by alternative B, then A, and lastly D. By the end of the 15-year planning 

period and the 50-year modeling period, alternative C does more, when assessing movement toward DC 

for tons of coarse woody debris per acre, followed by alternative B, then A, and lastly D.  

 
Table 51. Acres of large/old trees, number of snags greater than 18 inch diameter at breast height (DBH) per 
acre, and tons of the three size classes of coarse woody debris per acre by the end of the 15-year planning 
period and the 50-year modeling period within the ponderosa pine forest PNVT for the proposed high, low 
and average treatment objectives for alters B, C and D, and alternative A 

Alternative 

Acres of Large/Old Trees 
Across All Ponderosa Pine Forest Vegetation Structural States 

number of snags/acre tons of coarse woody debris/acre 

ponderosa pine forest 
vegetation structural states 

E, I, K, M 

DBH DBH 
total 

5” - 17.9” ≥ 18” ≤ 3” > 3” & ≤ 12” > 12” 

Desired Condition 424,555 Non-defined1 average 1 - 2 range from 3 - 10 

Current Condition 175,013 10.9 3.1 4.4 6.5 2.9 13.8 

15-year Planning Period        

Alternative A 219,145 10.3 3.7 4.6 7.1 3.5 15.2 

B High Treatment 202,935 9.9 3.6 4.5 6.9 3.4 14.8 

B Average Treatment 206,655 10.4 3.5 4.4 6.7 3.4 14.5 

B Low Treatment 201,048 10.9 3.5 4.6 7.0 3.3 14.9 

C High Treatment 199,004 8.9 3.6 4.5 6.7 3.4 14.6 

C Average Treatment 200,026 9.8 3.5 4.0 6.3 3.3 13.6 

C Low Treatment 204,795 10.9 3.5 4.7 7.0 3.4 15.1 

D High Treatment 270,289 9.4 4.1 4.7 7.4 3.6 15.7 

D Average Treatment 241,884 10.1 3.8 4.7 7.5 3.8 16.0 

D Low Treatment 213,478 10.8 3.6 4.7 7.2 3.4 15.3 

50-year Modeling Period        

Alternative A 281,337 9.9 4.4 5.9 7.7 4.1 16.7 

B High Treatment 238,992 9.2 4.1 4.4 7.0 3.8 15.2 

B Average Treatment 237,166 10.1 4.0 4.7 7.3 3.8 15.8 

B Low Treatment 235,339 10.9 3.9 5.0 7.5 3.8 16.3 

C High Treatment 205,515 8.5 3.8 4.0 6.3 3.5 13.8 

C Average Treatment 221,966 9.7 3.9 4.5 6.9 3.7 15.0 

C Low Treatment 238,417 10.8 4.0 4.9 7.5 3.8 16.3 

D High Treatment 405,289 8.2 5.5 5.2 8.3 5.0 18.5 

D Average Treatment 342,964 9.3 4.9 5.2 8.1 4.5 17.8 

D Low Treatment 280,639 10.6 4.3 5.2 7.9 4.1 17.2 
1 

Proposed Forest Plan desired conditions for ponderosa pine forest do not specify any DCs for this size class of snags; data is provide for additional information only 

 
For the proposed average acre treatment objectives, by the end of the 15-year planning period and the 50-

year modeling period, alternative D does more, when assessing movement toward DC for acres of 

large/old trees per acre, followed by alternative A, then B, and lastly C. By the end of the 15-year 

planning period, alternative D does more, when assessing movement toward DC for number of large 

snags per acre, followed by alternative C, then A, and lastly D. However, by the end of the 50-year 

modeling period, alternative C does more, when assessing movement toward DC for number of large 

snags per acre, followed by alternative B, then A, and lastly D. By the end of the 15-year planning period 
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and the 50-year modeling period, alternative C does more, when assessing movement toward DC for tons 

of coarse woody debris per acre, followed by alternative B, then A, and lastly D. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period and the 50-year 

modeling period, alternative A does more, when assessing movement toward DC for acres of large/old 

trees per acre, followed by alternative D, then C, and lastly B. By the end of the 15-year planning period, 

the equally rated alternatives B and C do more, when assessing movement toward DC for number of large 

snags per acre, followed by alternative D, and lastly A. However, by the end of the 50-year modeling 

period, alternative B does more, when assessing movement toward DC for number of large snags per 

acre, followed by alternative C, then D, and lastly A. By the end of the 15-year planning period, 

alternative B does more, when assessing movement toward DC for tons of coarse woody debris per acre, 

followed by alternative C, then A, and lastly D. However, by the end of the 50-year modeling period, the 

equally rated alternatives B and C do more, when assessing movement toward DC for number of large 

snags per acre, followed by alternative A, and lastly D. 

 

 

Wet mixed conifer forest: 

 

Table 52 presents the proposed treatment objectives within the wet mixed conifer forest PNVT by 

alternative. 

 
Table 52. Proposed annual vegetation overstory treatment objectives within the wet mixed conifer forest 
PNVT(see Appendix F tables 1 through 8 for a more complete description of the individual treatments and the 
annual acres of each proposed treatment objective by PNVT for alternatives B, C and D, and alternative A) 

Alternative 

High Acre Treatment 
Objectives 

Low Acre Treatment 
Objectives 

Average Acre Treatment 
Objectives 

Alternative A Treatment Acres 

mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire 

A - - - - - - 2,147 950 

B 3,325 3,325 475 475 1,900 1,900 - - 

C 7,315 3,135 731 313 4,023 1,725 - - 

D 2,851 6,650 428 998 1,640 3,824 - - 

 

Vegetation Outcome 

 

After one planning period (15 years), the average acre treatment objectives under alternative A produce 

the greatest movement toward DC, from the current rating of 54 to 49 (table 53). However, this does not 

produce a change in the departure class; it remains moderate. Under this alternative there is the greatest 

overall reduction in the representation of vegetation structural states that are lacking aspen regeneration 

(combined values of vegetation structural states K, L, M, N, O, and Q). And the greatest overall increase 

in representation of medium to very large size, single or multi-storied trees with open canopy cover 

(combined values of vegetation structural states E and F). Reduction in overstory canopy cover will favor 

aspen and mixed-shade tolerant species, including the herbaceous understory vegetation; however, this is 

inappropriate for later seral states of this PNVT. This forest type is supposed to be dense with closed 

canopy. Aspen is only dominant following high severity disturbances in the early seral conditions. 

 

The proposed high acre treatment objectives under alternative D produce the second greatest movement 

toward DC, from the current rating of 54 to 50. However, this does not produce a change in the departure 

class; it remains moderate. The proposed high acre treatment objectives under alternative B and the 

average acre treatment objectives under alternative D produce the third greatest movement toward DC, 

from the current rating of 54 to 52. Again, this does not produce a change in the departure classes; they 

remain moderate. The proposed alternative B low and average acre treatment objectives, all aspects of 

alternatives C, and the proposed low acre treatment objectives in alternative D produce less change or no 
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change in the movement towards DC when compared to alternative A. For more information regarding 

wet mixed conifer vegetation structural state model run outcomes see Appendix D tables 11 through 20. 

 

Figure 4 displays the long-term trend in relation to DC for all wet mixed conifer forest alternatives, based 

on their proposed average acre treatments. Alternative A produces the greatest DC departure reduction 

during the planning period and continues throughout all modeling periods. Alternatives B and D produce 

some movement toward DC. Alternative C continues to trend away from DC throughout all modeling 

periods.  

 
Table 53. Fifteen-year planning period wet mixed conifer forest PNVT overstory departure from DC and HRV 
comparisons by alternative (B, C and D) for the proposed high, low and average acre treatment objectives, 
and alternative A; alternatives are arranged in the order of departure from DC (lowest to highest) 

Alternative and Percent 
Acres Treated Annually 
(arranged from least to 
most departed from DC) 

Percent Within Each Wet Mixed Conifer Forest Vegetation Structural State 
Overall 

Departure1 

A B C D E F G H I J K L M N O P Q R S DC HRV 

Desired Condition 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 0N - 

Current Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 54M 61H 

Alternative A (1.9) 0 29 15 8 1 3 6 4 2 8 1 5 4 1 2 7 3 1 2 49M 46M 

D High Treatment (5.3) 0 22 7 9 1 3 3 6 4 3 1 11 6 1 3 11 5 2 2 50M 47M 

B High Treatment (4.0) 0 23 9 9 1 3 4 4 2 4 1 12 7 1 3 12 3 1 2 52M 44M 

D Average (4.9) 0 23 8 8 1 3 3 5 3 3 1 13 7 1 3 12 5 1 2 52M 47M 

B Average (2.3) 0 24 9 8 1 2 3 4 2 3 0 14 7 1 3 12 4 1 2 53M 46M 

B Low Treatment (0.6) 0 24 9 7 1 2 3 3 2 2 0 15 8 1 3 13 5 1 2 54M 47M 

D Low Treatment (4.4) 0 24 8 7 1 2 3 4 2 2 0 15 8 1 3 13 5 1 2 54M 46M 

C Low Treatment (0.8) 0 24 9 6 1 2 3 3 2 2 0 15 8 1 3 13 4 1 2 55M 47M 

C High Treatment (6.3) 1 20 9 5 1 3 4 3 2 6 2 14 7 0 3 15 2 1 2 56M 51M 

C Average (3.6) 1 22 9 6 1 2 4 3 2 4 1 14 7 1 3 14 3 1 2 56M 49M 
1 Departure from DC and HRV Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-

100% = severe departureS) 

 

After one planning period (15 years), the proposed high acre treatment objectives under alternative B 

produces the greatest movement toward HRV, from the current rating of 61 to 44 (table 53). This is a 

change of one departure class, from high moderate. The treatment objectives under alternative A, the 

proposed average acre treatment objectives under alternative B, and the proposed low acre treatment 

objectives under alternative D all produce the same departure from HRV, from 61 to 46. This is a change 

of one departure class, from high moderate. The proposed high acre treatment objectives under alternative 

C produce the least movement towards HRV, from 61 to 51; however, this does lowers its high departure 

rating to moderate. 
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Figure 4. Overstory departure from DC trend comparisons for wet mixed conifer forest PNVT by alternative 
over a 50-year time period for alternative A and the average of the proposed high and low acre treatment 
objectives for alternatives B, C, and D 

 

Figure 5 displays the long-term trend in relation to HRV for all wet mixed conifer forest alternatives, 

based on their proposed average acre treatments. All alternatives produce a decline in departure from high 

to moderate. Alternatives A and B produce the greatest HRV departure reduction during the planning 

period. All alternatives maintain a moderate departure throughout the modeling periods. 

 

 
Figure 5. Overstory departure from HRV trend comparisons for wet mixed conifer forest PNVT by alternative 
over a 50-year time period for alternative A and the average of the proposed high and low acre treatment 
objectives for alternatives B, C, and D 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6, for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 

A, for the proposed high acre treatment objectives, by the end of the 15-year planning period, alternative 

A does more to address the threats and risks when assessing movement toward DC, followed by 

alternative D, then B, and lastly C. However, by the end of the 15-year planning period, alternative B does 

more to address the threats and risks when assessing movement toward HRV, followed by alternative A, 
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then D, and lastly C. by the end of the 50-year modeling period, alternative A does more to address the 

threats and risks when assessing movement toward DC, followed by alternative D, then B, and lastly C. In 

addition, by the end of the 50-year modeling period, alternative A also does more to address the threats 

and risks when assessing movement toward HRV, but followed by the equally rated alternatives B and D, 

and lastly C. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period, alternative 

A does more to address the threats and risks when assessing movement toward DC, followed by 

alternative D, then B, and lastly C. However, by the end of the 15-year planning period, the equally rated 

alternatives A and B do more to address the threats and risks when assessing movement toward HRV, 

followed by alternative D, and lastly C. By the end of the 50-year modeling period, alternative A does 

more to address the threats and risks when assessing movement toward DC, followed by alternative D, 

then B, and lastly C. In addition, by the end of the 50-year modeling period, alternative A also does more 

to address the threats and risks when assessing movement toward HRV, but followed by the equally rated 

alternatives B and D, and lastly C. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, alternative A 

does more to address the threats and risks when assessing movement toward DC followed by the equally 

rated alternatives B and D, and lastly C. However, by the end of the 15-year planning period, the equally 

rated alternatives A and D do more to address the threats and risks when assessing movement toward 

HRV, followed by the equally rated alternatives B and C. by the end of the 50-year modeling period, 

alternative A does more to address the threats and risks when assessing movement toward DC, followed 

by alternative D, then B, and lastly C. In addition, by the end of the 50-year modeling period, alternative 

A also does more to address the threats and risks when assessing movement toward HRV, but followed by 

alternative D, and lastly, the equally rated alternatives B and C. 

 

Large Trees/Old Trees, Snags and Coarse Woody Debris 

 

Large/Old Trees: By the end of the 15-year planning period, none of the alternatives would achieve the 

DCs for number of acres of large/old tree retention (table 54). However, the proposed high acre treatment 

objectives under alternatives D would provide the greatest movement toward DCs. This is followed by 

alternative C proposed high acre treatment objectives, alternative B proposed high acre treatment 

objectives, alternative D proposed average acre treatment objectives, alternative C proposed average acre 

treatment objectives, alternative B proposed average acre treatment objectives, alternative A, alternative 

D proposed low acre treatment objectives, alternative C proposed low acre treatment objectives, and 

lastly, alternative B proposed low acre treatment objectives. By the end of the 50-year modeling period, 

none of the alternatives would achieve the DCs for number of acres of large/old tree retention. However, 

the proposed high acre treatment objectives under alternatives D would provide the greatest movement 

toward DCs. This is followed by alternative D proposed average acre treatment objectives, alternative B 

proposed high acre treatment objectives, alternative C proposed high acre treatment objectives, alternative 

B proposed average acre treatment objectives, alternative C proposed average acre treatment objectives, 

alternative A, alternative D proposed low acre treatment objectives, alternative B proposed low acre 

treatment objectives, and lastly, alternative C proposed low acre treatment objectives. 

 

Snags (18 inches or larger DBH): By the end of the 15-year planning period, none of the alternatives 

would achieve the DCs for the number of snags 18 inches or greater DBH per acre (table 54). However, 

the low acre treatment objectives proposed under both alternatives B and C provide the greatest 

movement toward DCs. This is followed by alternative A, alternative B proposed high acre treatment 

objectives, alternative C proposed high acre treatment objectives, alternative B proposed average acre 

treatment objectives, alternative D proposed low acre treatment objectives, alternative C proposed 

average acre treatment objectives, and then alternative D proposed high acre treatment objectives, and 
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lastly, alternative D proposed average acre treatment objectives. By the end of the 50-year modeling 

period, all alternatives are even further departed from DCs than they were at the end of the 15-year 

planning period. 
 

Coarse Woody Debris: By the end of the 15-year planning period, five alternatives’ proposed acre 

treatment objectives would achieve the DCs for the amount of coarse woody debris per acre (table 54). 

They are: alternative C proposed high, average, and low acre treatment objectives, alternative B proposed 

low acre treatment objectives, and lastly, alternative D proposed low acre treatment objectives. Those 

alternatives not meeting DCs for the amount of coarse woody debris per acre are: alternative A, 

alternative B proposed high and average acre treatment objectives, and lastly, alternative D proposed 

high, and average acre treatment objectives. By the end of the 50-year modeling period, all alternatives 

are even further departed from DCs than they were at the end of the 15-year planning period. 

 
Table 54. Acres of large/old trees, number of snags greater than 18 inch diameter at breast height (DBH) per 
acre, and tons of the three size classes of coarse woody debris per acre by the end of the 15-year planning 
period and the 50-year modeling period within the wet mixed conifer forest PNVT for the proposed high, low 
and average treatment objectives for alters B, C and D, and alternative A 

Alternative 

Acres of Large/Old Trees 
Across All Wet Mixed Conifer Forest Vegetation Structural States 

number of snags/acre  tons of coarse woody debris/acre 

wet mixed conifer forest 
vegetation structural states 

E, F, I, J, N, O, R, S 

DBH DBH 
total 

5” - 17.9” ≥ 18”  ≤ 3” > 3” & ≤ 12” > 12” 

Desired Condition 80,543 ≥ 201 average 1 - 5 range from 5 - 40 

Current Condition 20,058 25.4 9.8 4.4 6.5 2.9 13.8 

15-year Planning Period        

Alternative A 36,004 23.0 10.0 9.5 18.6 12.7 40.7 

B High Treatment 39,080 23.9 10.4 9.6 18.5 12.7 40.8 

B Average Treatment 36,238 23.3 10.0 9.5 18.4 12.6 40.5 

B Low Treatment 33,396 22.7 9.7 9.4 18.3 12.5 40.2 

C High Treatment 39,966 23.7 10.7 9.2 17.7 12.3 39.3 

C Average Treatment 36,729 23.3 10.2 9.3 18.0 12.3 39.2 

C Low Treatment 33,492 22.8 9.7 9.4 18.2 12.5 40.1 

D High Treatment 41,950 24.3 11.0 9.7 19.2 13.3 42.2 

D Average Treatment 37,689 23.6 10.4 9.6 18.7 12.9 41.2 

D Low Treatment 33,428 22.9 9.8 9.4 18.3 12.6 40.3 

50-year Modeling Period        

Alternative A 45,522 25.0 11.4 10.1 19.5 13.5 43.0 

B High Treatment 51,037 25.5 12.0 10.2 19.3 13.9 43.4 

B Average Treatment 46,288 24.6 11.4 10.0 19.1 13.7 42.8 

B Low Treatment 41,540 23.8 10.8 9.8 18.8 13.5 42.1 

C High Treatment 46,305 24.6 11.7 9.6 18.3 13.2 41.1 

C Average Treatment 43,819 24.1 11.2 9.7 18.5 13.2 41.4 

C Low Treatment 41,333 23.7 10.8 9.7 18.6 13.3 41.6 

D High Treatment 58,547 26.6 13.2 10.6 20.5 14.7 45.7 

D Average Treatment 51,279 25.5 12.1 10.2 19.8 14.1 44.1 

D Low Treatment 44,012 24.3 11.1 9.9 19.0 13.6 42.5 
1 

Proposed Forest Plan mid-scale DCs (100 to 1,000 acres) for wet mixed conifer forest are for 20 or more snags > 8” in DBH per acre. Available data ranges from 
“small” (> 5”and ≤ 10” DBH), “large” (> 10” and ≤ 18” DBH), and “extra-large” (> 18” DBH): so there is no way to examine exactly how many 8” or greater diameter 
snags per acre there are currently, or would be under the proposed high, low and average acre treatments objectives by the end of the 15-year planning period or 
the 50-year modeling period). Data is provide for additional information only 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and 50-year 

modeling period comparisons of the environmental consequences to the vegetation indicators between the 

proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and alternative A 

see Appendix G tables 1 through 6, for the proposed high acre treatment objectives, by the end of the 15-

year planning period, alternative D does more when assessing movement toward DC for acres of large/old 
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trees per acre, followed by alternative C, then B, and lastly A. In addition, by the end of the 50-year 

modeling period, alternative D also does more when assessing movement toward DC for acres of 

large/old trees per acre, followed by alternative B, then C, and lastly A. By the end of the 15-year 

planning period, alternative A does more when assessing movement toward DC for number of large snags 

per acre, followed by alternative B, then C, and lastly D. In addition, by the end of the 50-year modeling 

period alternative A also does more when assessing movement toward DC for number of large snags per 

acre, followed by alternative C, then B, and lastly D. By the end of the 15-year planning period, 

alternative C does more when assessing movement toward DC for tons of coarse woody debris per acre, 

followed by the equally rated alternatives A and B, and lastly D. However, by the end of the 50-year 

modeling period, alternative C does more when assessing movement toward DC for tons of coarse woody 

debris per acre, followed by alternative A, then B, and lastly D. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period, alternative 

D does more when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative C, then B, and lastly A. In addition, by the end of the 50-year modeling period, alternative D 

also does more when assessing movement toward DC for acres of large/old trees per acre, but followed by 

alternative B, then C, and lastly A. By the end of the 15-year planning period, alternative A does more 

when assessing movement toward DC for number of large snags per acre, followed by alternative B, then 

C, and lastly D. However, by the end of the 50-year modeling period, alternative C does more when 

assessing movement toward DC for number of large snags per acre, followed by the equally rated 

alternatives A and B, and lastly D. By the end of the 15-year planning period and the 50-year modeling 

period, alternative C does more when assessing movement toward DC for tons of coarse woody debris per 

acre, followed by alternative B, then A, and lastly D. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, alternative A 

does more when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative D, then C, and lastly B. In, addition, by the end of the 50-year modeling period, alternative A 

also does more when assessing movement toward DC for acres of large/old trees per acre, but followed by 

alternative D, then B, and lastly C. By the end of the 15-year planning period, the equally rated 

alternatives B and C do more when assessing movement toward DC for number of large snags per acre, 

followed by alternative A, and lastly D. In addition, by the end of the 50-year modeling period, the 

equally rated alternatives B and C also do more when assessing movement toward DC for number of 

large snags per acre, but followed by alternative D, and lastly A. By the end of the 15-year planning 

period and the 50-year modeling period, alternative C does more when assessing movement toward DC 

for tons of coarse woody debris per acre, followed by alternative B, then D, and lastly A. 

 

 

Dry mixed conifer forest:  
 

Table 55 presents the proposed treatment objectives within the dry mixed conifer forest PNVT by 

alternative. 

 
Table 55. Proposed annual vegetation overstory treatment objectives within the dry mixed conifer forest 
PNVT(see Appendix F tables 1 through 8 for a more complete description of the individual treatments and the 
annual acres of each proposed treatment objective by PNVT for alternatives B, C and D, and alternative A) 

Alternative 

High Acre Treatment 
Objectives 

Low Acre Treatment 
Objectives 

Average Acre Treatment 
Objectives 

Alternative A Treatment Acres 

mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire 

A - - - - - - 1,808 800 

B 2,772 2,910 396 416 1,584 1,663 - - 

C 6,160 2,772 616 277 3,388 1,525 - - 

D 2,400 5,880 360 881 1,380 3,381 - - 
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Vegetation Outcome 

 

After one planning period (15 years), the proposed high acre treatment objectives under alternative C 

produces the greatest movement toward DC, from the current rating of 67 to 49 (table 56). This is a 

change of one departure class, from high to moderate. Under this alternative there is the greatest overall 

reduction in the representation of all size and age trees, single or multi-storied with closed canopy cover 

(combined values of vegetation structural states G, H, I, L, M). And the greatest overall increase in 

representation of medium to very large size, single or multi-storied trees with open canopy cover 

(combined values of vegetation structural states D, E, J, and K). Reduction in overstory canopy cover will 

favor shade intolerant and very shade intolerant species, including the herbaceous understory vegetation. 

 
Table 56. Fifteen-year planning period dry mixed conifer forest PNVT overstory departure from DC and HRV 
comparisons by alternative (B, C and D) for the proposed high, low and average acre treatment objectives, 
and alternative A; alternatives are arranged in the order of departure from DC (lowest to highest) 

Alternative and Percent 
Acres Treated Annually 
(arranged from least to 
most departed from DC) 

Percent Within Each Dry Mixed Conifer Forest Vegetation Structural State 
Overall 

Departure1 

A B C D E F G H I J K L M N DC HRV 

Desired Condition 0 5 3 4 15 4 3 2 6 11 30 4 13 0 0N - 

Current Condition 3 1 2 3 1 3 14 8 2 3 1 26 9 25 67H 77H 

C High Treatment (6.4) 3 1 1 3 2 30 11 5 3 6 14 10 6 5 49M 44M 

B High Treatment (4.1) 3 1 1 3 4 28 10 8 4 5 9 13 7 5 53M 48M 

C Average (3.6) 3 1 1 3 2 29 11 8 4 5 9 14 7 5 54M 51M 

B Average (2.4) 3 1 1 3 4 28 11 8 4 4 6 14 7 5 56M 52M 

D High Treatment (3.9) 3 2 1 5 3 24 9 8 11 4 4 13 7 6 56M 52M 

A Average (1.8) 2 1 1 3 5 27 11 9 4 3 4 16 7 6 57M 54M 

D Average (2.2) 3 1 1 4 3 26 10 10 8 4 3 15 7 6 58M 54M 

C Low Treatment (0.8) 2 1 1 2 1 28 12 10 5 3 4 17 8 5 59M 58M 

D Low Treatment (0.6) 2 1 1 3 2 27 11 11 5 3 3 18 8 6 59M 56M 

B Low Treatment (0.7) 2 0 1 2 4 28 12 9 5 3 3 16 8 6 60M 57M 
1 Departure from DC and HRV Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-

100% = severe departureS) 

 

The proposed high acre treatment objectives under alternative B produce the second greatest movement 

toward DC, from the current rating of 67 to 53. This is a change of one departure class, from high to 

moderate. The proposed average acre treatment objectives under alternative C produce the third greatest 

movement toward DC, from the current rating of 67 to 54. This is also a change of one departure class, 

from high to moderate. The low acre treatment objectives proposed under each of the action alternatives, 

and the average acre treatment objectives proposed under alternative D provide less movement towards 

DC than alternative A. For more information regarding dry mixed conifer vegetation structural state 

model run outcomes see Appendix D tables 21 through 30. 

 

Figure 6 displays the long-term trend toward DC for all dry mixed conifer forest alternatives, based on 

their proposed average acre treatments. All alternatives produce reductions in departure from DC 

immediately, and continue to trend in movement toward DC through all modeling periods. They all move 

from a high to moderate departure. Overall, alternative A produces the greatest movement towards DC 

over the other alternatives. This is followed equally by alternatives B and C, and lastly by alternative D. 
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Figure 6. Overstory departure from DC trend comparisons for dry mixed conifer forest PNVT by alternative 
over a 50-year time period for alternative A and the average of the proposed high and low acre treatment 
objectives for alternatives B, C, and D 

 

After one planning period (15 years), the proposed high acre treatment objectives under alternative C also 

produces the greatest movement toward HRV, from the current rating of 77 to 44 (table 56). This is a 

change of one departure class, from high moderate. The proposed high acre treatment objectives under 

alternative B produce the second greatest movement toward HRV, from the current rating of 77 to 49. 

This is also a change of one departure class, from high to moderate. The proposed average acre treatment 

objectives under alternative C produce the third greatest movement toward HRV, from the current rating 

of 77 to 51. This also lowers its high departure rating. The low acre treatment objectives proposed under 

each of the action alternatives, and the average acre treatment objectives proposed under alternative D 

provide less movement towards HRV than alternative A. 

 

Figure 7 displays the long-term trend toward HRV for all dry mixed conifer forest alternatives, based on 

their proposed average acre treatments. All alternatives produce reductions in departure from HRV 

immediately, and continue to trend in movement toward HRV through all modeling periods. They all 

move from a high to moderate departure rating. Overall, alternative B produces the greatest movement 

towards HRV over the other alternatives. 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6, for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 

A), for the proposed high acre treatment objectives, by the end of the 15-year planning period, alternative 

C does more to address the threats and risks when assessing movement towards both DC and HRV, 

followed by alternative B, then D, and lastly A. However, by the end of the 50-year modeling period, 

alternative B does more to address the threats and risks when assessing movement toward DC and HRV, 

followed by alternative A, then D, and lastly C. 
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Figure 7. Overstory departure from HRV trend comparisons for dry mixed conifer forest PNVT by alternative 
over a 50-year time period for alternative A and the average of the proposed high and low acre treatment 
objectives for alternatives B, C, and D 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period, alternative 

C does more to address the threats and risks when assessing movement towards both DC and HRV, 

followed by alternative B, then A, and lastly D. However, by the end of the 50-year modeling period, 

alternative A does more to address the threats and risks when assessing movement toward DC followed 

by alternative B, then C, and lastly D. In addition, by the end of the 50-year modeling period, alternative 

A also does more to address the threats and risks when assessing movement toward HRV, but followed by 

the equally rated alternatives B and D, and lastly C. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, alternative A 

does more to address the threats and risks when assessing movement toward DC followed by the equally 

rated alternatives C and D, and lastly B. In addition, by the end of the 15-year planning period, alternative 

A also does more to address the threats and risks but when assessing movement toward HRV, but 

followed by alternative D, then B, and lastly C. Furthermore, by the end of the 50-year modeling period, 

alternative A also does more to address the threats and risks when assessing movement towards both DC 

and HRV, followed by alternative B, then C, and lastly D. 

 

Large/Old Trees, Snags and Coarse Woody Debris 

 

Large/Old Trees: By the end of the 15-year planning period, none of the alternatives would achieve the 

DCs for number of acres of large/old tree retention (table 57). However, the proposed high acre treatment 

objectives under alternatives D would provide the greatest movement toward DCs. This is followed by 

alternative C proposed high acre treatment objectives, alternative B proposed high acre treatment 

objectives, alternative B proposed average acre treatment objectives, alternative C proposed average acre 

treatment objectives, alternative D proposed average acre treatment objectives, alternative A, alternative 

B proposed low acre treatment objectives, alternative C proposed low acre treatment objectives, and 

lastly, alternative D proposed low acre treatment objectives. By the end of the 50-year modeling period, 

none of the alternatives would achieve the DCs for number of acres of large/old tree retention. However, 

the proposed high acre treatment objectives under alternatives B would provide the greatest movement 

toward DCs. This is followed by alternative D proposed high acre treatment objectives, alternative C 

proposed high acre treatment objectives, alternative B proposed average acre treatment objectives, 

alternative D proposed average acre treatment objectives, alternative C proposed average acre treatment 

objectives, alternative B proposed low acre treatment objectives, alternative A, alternative C proposed low 

acre treatment objectives, and lastly, alternative D proposed low acre treatment objectives. 
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Snags (18 inches or larger DBH): By the end of the 15-year planning period, none of the alternatives 

would achieve the DCs for the number of snags 18 inches or greater DBH per acre (table 57). However, 

the low acre treatment objectives proposed under alternatives D would provide the greatest movement 

toward DCs. This is followed by alternative C proposed low acre treatment objectives, alternative D 

proposed average acre treatment objectives and alternative B proposed low acre treatment objectives, 

alternative C proposed average acre treatment objectives, alternative A, alternative B proposed average 

acre treatment objectives, alternative D proposed high acre treatment objectives, and lastly, alternative B 

proposed high acre treatment objectives. By the end of the 50-year modeling period, all alternatives are 

even further departed from DCs than they were at the end of the 15-year planning period. 

 
Table 57. Acres of large/old trees, number of snags greater than 18 inch diameter at breast height (DBH) per 
acre, and tons of the three size classes of coarse woody debris per acre by the end of the 15-year planning 
period and the 50-year modeling period within the dry mixed conifer forest PNVT for the proposed high, low 
and average treatment objectives for alters B, C and D, and alternative A 

Alternative 

Acres of Large/Old Trees 
Across All Dry Mixed Conifer Forest Vegetation Structural States 

number of snags/acre tons of coarse woody debris/acre 

dry mixed conifer forest 
vegetation structural states 

E, I, K, M 

DBH DBH 
total 

5” - 17.9” ≥ 18” ≤ 3” > 3” & ≤ 12” > 12” 

Desired Condition 84,295 non-defined1 average 3 range from 5 - 15 

Current Condition 17,618 19.9 4.9 10.1 10.5 5.4 26.0 

15- year Planning Period        

Alternative A 30,071 21.9 7.9 7.3 11.5 6.3 25.2 

B High Treatment 34,905 21.5 8.3 7.0 10.9 6.0 23.9 

B Average Treatment 32,618 21.7 8.1 7.3 11.3 6.3 24.9 

B Low Treatment 29,606 21.9 7.9 7.5 11.8 6.6 25.9 

C High Treatment 36,116 20.4 8.4 6.8 10.4 5.7 22.9 

C Average Treatment 31,648 20.9 8.0 7.2 11.2 6.2 24.6 

C Low Treatment 27,179 21.5 7.5 7.6 12.0 6.7 26.3 

D High Treatment 36,995 20.2 8.2 7.2 11.6 6.6 25.4 

D Average Treatment 31,598 20.8 7.7 7.4 11.8 6.6 25.9 

D Low Treatment 26,201 21.4 7.3 7.6 12.0 6.7 26.3 

50-year Modeling Period        

Alternative A 45,736 23.8 9.6 7.6 11.7 6.6 25.9 

B High Treatment 55,479 23.9 10.5 7.4 11.3 6.3 25.1 

B Average Treatment 50,623 23.8 10.1 7.7 11.8 6.6 26.0 

B Low Treatment 45,767 23.7 9.7 7.9 12.2 7.0 27.0 

C High Treatment 50,934 22.4 10.1 7.3 11.0 6.1 24.4 

C Average Treatment 47,074 22.6 9.6 7.7 11.8 6.7 26.1 

C Low Treatment 43,214 22.8 9.1 8.1 12.6 7.2 27.9 

D High Treatment 54,132 23.1 10.0 7.5 12.0 6.8 26.4 

D Average Treatment 47,985 23.0 9.5 7.8 12.4 7.1 27.3 

D Low Treatment 41,838 22.9 9.0 8.1 12.8 7.4 28.3 
1 Proposed Forest Plan desired conditions for dry mixed conifer forest do not specify any DCs for this size class of snags; data is provide for additional information 

only 

 

Coarse Woody Debris: By the end of the 15-year planning period, none of the alternatives would achieve 

the DCs for the amount of coarse woody debris per acre (table 57). However, the proposed high acre 

treatment objectives under alternatives B would provide the greatest movement toward DCs. This is 

followed by alternative C proposed high acre treatment objectives, alternative C proposed average acre 

treatment objectives, alternative B proposed average acre treatment objectives, alternative A, alternative 

D proposed high acre treatment objectives, equally by alternative B proposed low acre treatment 

objectives and alternative D proposed average acre treatment objectives, and lastly, equally by alternative 

C proposed low acre treatment objectives and alternative D proposed low acre treatment objectives. By 

the end of the 50-year modeling period, all alternatives are even further departed from DCs than they 
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were at the end of the 15-year planning period. 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and 50-year 

modeling period comparisons of the environmental consequences to the vegetation indicators between the 

proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and alternative A 

see Appendix G tables 1 through 6, for the proposed high acre treatment objectives, by the end of the 15-

year planning period, alternative D does more, when assessing movement toward DC for acres of 

large/old trees per acre, followed by alternative C, then B, and lastly A. However, by the end of the 50-

year modeling period, alternative B does more, when assessing movement toward DC for acres of 

large/old trees per acre, followed by alternative D, then C, and lastly A. By the end of the 15-year 

planning period and the 50-year modeling period, alternative A does more, when assessing movement 

toward DC for number of large snags per acre, followed by alternative D, then C, and lastly B. By the end 

of the 15-year planning period, alternative B does more, when assessing movement toward DC for tons of 

coarse woody debris per acre, followed by alternative C, then A, and lastly D. However, by the end of the 

50-year modeling period, alternative C does more, when assessing movement toward DC for tons of 

coarse woody debris per acre, followed by alternative B, then A, and lastly D. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period, alternative 

B does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative C, then D, and lastly A. In addition, by the end of the 50-year modeling period, alternative B 

also does more, when assessing movement toward DC for acres of large/old trees per acre, but followed 

by alternative D, then C, and lastly A. By the end of the 15-year planning period and the 50-year 

modeling period, alternative D does more, when assessing movement toward DC, for number of large 

snags per acre, followed by the equally rated alternatives A and C, and lastly B. By the end of the 15-year 

planning period, alternative C does more, when assessing movement toward DC for tons of coarse woody 

debris per acre, followed by alternative B, then A, and lastly D. However, by the end of the 50-year 

modeling period, alternative A does more, when assessing movement toward DC for tons of coarse woody 

debris per acre, followed by alternative B, then C, and lastly D. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, alternative A 

does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative B, then C, and lastly D. However, by the end of the 50-year modeling period, alternative B 

does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative A, then C, and lastly D. By the end of the 15-year planning period, alternative D does more, 

when assessing movement toward DC for number of large snags per acre, followed by alternative C, then 

B, and lastly D. In addition, by the end of the 50-year modeling period, alternative D also does more, 

when assessing movement toward DC for number of large snags per acre, but followed by alternative C, 

then A, and lastly B. By the end of the 15-year planning period, alternative A does more, when assessing 

movement toward DC for tons of coarse woody debris per acre, followed by alternative B, and lastly by 

the equally rated alternatives C and D. In addition, by the end of the 50-year modeling period, alternative 

A also does more, when assessing movement toward DC for tons of coarse woody debris per acre, but 

followed by alternative B, then C, and lastly D. 

 

 

Spruce-fir forest:  

 

Table 58 presents the proposed treatment objectives within the spruce-fir forest PNVT by alternative. 

 

After one planning period (15 years), all four alternatives produce trends moving away from DC and 

change one departure class, from moderate to high (table 59). Within the planning cycle no alternative 

produces a reduction in the representation of vegetation structural states that are lacking aspen 
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regeneration (combined values of vegetation structural states K, L, M, N, O, and Q), or an increase in 

representation of medium to very large size, single or multi-storied trees with open canopy cover 

(combined values of vegetation structural states E and F). In addition, there is no reduction in overstory 

canopy cover to favor aspen and mixed-shade tolerant species, including the herbaceous understory 

vegetation; however, this is inappropriate for later seral states of this PNVT. This forest type is supposed 

to be dense with closed canopy. Aspen is only dominant following high severity disturbances in the early 

seral conditions. 

 
Table 58. Proposed annual vegetation overstory treatment objectives within the spruce-fir forest PNVT(see 
Appendix F tables 1 through 8 for a more complete description of the individual treatments and the annual 
acres of each proposed treatment objective by PNVT for alternatives B, C and D, and alternative A) 

Alternative 

High Acre Treatment 
Objectives 

Low Acre Treatment 
Objectives 

Average Acre Treatment 
Objectives 

Alternative A Treatment Acres 

mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire 

A - - - -   108 100 

B 95 606 14 87 55 347 - - 

C 208 892 16 93 112 493 - - 

D 36 964 6 145 21 555 - - 

 

Vegetation Outcome 

 

However, of all of the alternatives, the proposed high acre treatment objectives under alternative C 

produce the smallest increase in departure, from the current rating of 59 to 63. The proposed high acre 

treatment objectives under alternatives B and D produce the next smallest increase, from the current 

rating of 59 to 64. The average acre treatment objectives under alternatives A and the proposed low acre 

treatment objectives in alternative B produce the greatest departure, from the current rating of 59 to 68. 

As mentioned earlier, these are all changes of one departure class, from moderate to high. For more 

information regarding spruce-fir vegetation structural state model run outcomes see Appendix D tables 31 

through 40. 

 
Table 59. Fifteen-year planning period spruce-fir forest PNVT overstory departure from DC and HRV 
comparisons by alternative (B, C and D) for the proposed high, low and average acre treatment objectives, 
and alternative A; alternatives are arranged in the order of departure from DC (lowest to highest) 

Alternative and Percent 
Acres Treated Annually 
(arranged from least to 
most departed from DC) 

Percent Within Each Spruce-Fir Forest Vegetation Structural State 
Overall 

Departure1 

A B C D E F G H I J K L M N O P Q R S DC HRV 

Desired Condition 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 0N - 

Current Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 59M 62H 

C High Treatment (7.4) 0 31 5 9 2 2 3 5 6 4 1 14 5 1 1 3 6 2 1 63H 54M 

B High Treatment (4.2) 0 33 6 8 1 1 3 4 4 3 0 16 5 1 1 3 6 3 2 64H 54M 

D High Treatment (4.0) 0 31 5 9 1 2 3 5 6 3 0 13 5 1 1 3 7 3 1 64H 53M 

C Average (4.1) 0 32 6 7 1 1 3 4 4 3 0 18 5 1 1 3 6 2 1 65H 55M 

D Average (2.2) 0 33 6 7 1 1 3 4 4 2 0 17 5 0 1 3 7 2 1 65H 55M 

B Average (2.1) 0 34 6 6 1 1 3 4 4 2 0 19 5 1 1 3 6 3 1 66H 55M 

C Low Treatment (0.7) 0 34 7 5 1 1 2 3 3 2 0 22 6 0 1 3 6 2 1 67H 57M 

D Low Treatment (0.4) 0 35 7 5 1 1 2 3 3 2 0 21 5 0 1 2 6 2 1 67H 56M 

Alternative A (1.2) 0 40 12 6 2 1 4 1 1 0 1 13 5 2 2 7 3 2 0 68H 58M 

B Low Treatment (2.5) 0 35 7 5 1 1 2 3 3 2 0 22 5 1 1 3 6 3 1 68H 56M 
1 Departure from DC and HRV Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-

100% = severe departure
S
) 

 

Figure 8 displays the long-term trend in relation to DC for all spruce-fir forest alternatives, based on their 

proposed average acre treatments. At first, all alternatives produce increases in departure from DC 

immediately; however, at year 10 the trend reverses and all alternatives begin trending toward DC 
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throughout all modeling periods. At the end of the modeling period (50 years), Alternative D produces the 

greatest movement toward DC. By the end of the modeling period all alternatives have move from a 

moderate to a high departure rating. 

 

 
Figure 8. Overstory departure from DC trend comparisons for spruce-fir forest PNVT by alternative over a 50-
year time period for alternative A and the average of the proposed high and low acre treatment objectives for 
alternatives B, C, and D 

 

After one planning period (15 years), the proposed high acre treatment objectives under alternative D 

produces the greatest movement toward HRV, from the current rating of 62 to 53 (table 59). This is a 

change of one departure class, from high moderate. The proposed high acre treatment objectives under 

alternatives B and C produce the second greatest movement toward HRV, from their current rating of 77 

to 54. This is also a change of one departure class, from high to moderate. The proposed low acre 

treatment objectives under alternative C and the treatment objectives in alternative A produce the least 

movement toward HRV, from the current rating of 62 to 57 and 58, respectively. However, this lowers 

their high departure ratings to moderate.  

 

Figure 9 displays the long-term trend toward HRV for all spruce-fir forest alternatives, based on their 

proposed average acre treatments. All alternatives produce reductions in departure from HRV 

immediately, and continue to trend in movement toward HRV through all modeling periods. They all 

move from a high to moderate departure. Overall, alternatives B, C, and D produce the greatest movement 

towards HRV over alternative A, however all the action alternatives differ by only one percentage point. 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6, for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 

A), for the proposed high acre treatment objectives, by the end of the 15-year planning period, alternative 

C does more to address the threats and risks when assessing movement toward DC, followed by the 

equally rated alternatives B and D, and lastly A. However, by the end of the 15-year planning period, 

alternative D does more to address the threats and risks when assessing movement toward HRV, followed 

by the equally rated alternatives B and C, and lastly A. By the end of the 50-year modeling period, the 

equally rated alternatives C and D do more to address the threats and risks when assessing movement 

toward DC, followed by alternative B, and lastly A. However, by the end of the 50-year modeling period, 
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alternative C does more to address the threats and risks when assessing movement toward HRV, followed 

by the equally rated alternatives B and D, lastly A. 

 

 
Figure 9. Overstory departure from HRV trend comparisons for spruce-fir forest PNVT by alternative over a 
50-year time period for alternative A and the average of the proposed high and low acre treatment objectives 
for alternatives B, C, and D 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period, the equally 

rated alternatives C and D do more to address the threats and risks when assessing movement toward DC, 

followed by alternative B, and lastly A. However, by the end of the 15-year planning period, the equally 

rated alternatives B, C, and D equally do more to address the threats and risks when assessing movement 

toward HRV, followed by alternative A. By the end of the 50-year modeling period, alternative D does 

more to address the threats and risks when assessing movement toward DC, followed by the equally rated 

alternatives B and C, and lastly A. However, by the end of the 50-year modeling period, the equally rated 

alternatives B, C, and D do more to address the threats and risks when assessing movement toward HRV, 

followed by alternative A. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, the equally 

rated alternatives C and D do more to address the threats and risks when assessing movement toward DC, 

followed by alternative A, and lastly B. However, by the end of the 15-year planning period, the equally 

rated alternatives B and D do more to address the threats and risks when assessing movement toward 

HRV, followed by alternative C, and lastly A. By the end of the 50-year modeling period, alternative D 

does more to address the threats and risks when assessing movement toward DC, followed by the equally 

rated alternatives A and B, and lastly C. However, by the end of the 50-year modeling period, the equally 

rated alternatives B and C do more to address the threats and risks when assessing movement toward 

HRV, followed by the equally rated alternatives A and D. 

 

Large/Old Trees, Snags and Coarse Woody Debris 

 

Large/Old Trees: By the end of the 15-year planning period, none of the alternatives would achieve the 

DCs for number of acres of large/old tree retention (table 60). However, the proposed high acre treatment 

objectives under alternatives D would provide the greatest movement toward DCs. This is followed by 

alternative C proposed high acre treatment objectives, alternative B proposed high acre treatment 

objectives, alternative D proposed average acre treatment objectives, alternative C proposed average acre 

treatment objectives, alternative B proposed average acre treatment objectives, alternative A, alternative 

D proposed low acre treatment objectives, alternative B proposed low acre treatment objectives, and 

lastly, alternative C proposed low acre treatment objectives. By the end of the 50-year modeling period, 
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four alternatives’ proposed acre treatment objectives would achieve the DCs. They are: alternatives B, C, 

and D high acre treatment objectives, and alternative D average acre treatment objectives. These are 

followed by alternative C proposed average acre treatment objectives, alternative B proposed average acre 

treatment objectives, alternative D proposed low acre treatment objectives, alternative C proposed low 

acre treatment objectives, alternative A, and lastly, alternative D proposed low acre treatment objectives.  

 
Table 60. Acres of large/old trees, number of snags greater than 18 inch diameter at breast height (DBH) per 
acre, and tons of the three size classes of coarse woody debris per acre by the end of the 15-year planning 
period and the 50-year modeling period within the spruce-fir forest PNVT for the proposed high, low and 
average treatment objectives for alters B, C and D, and alternative A 

Alternative 

Acres of Large/Old Trees 
Across All Spruce-Fir Forest Vegetation Structural States 

number of snags/acre tons of coarse woody debris/acre 

spruce-fir forest vegetation 
structural states 

E, F, I, J, N, O, R, S 

DBH DBH 
total 

5” - 17.9” ≥ 18” ≤ 3” > 3” & ≤ 12” > 12” 

Desired Condition 7,067 13 - 301 1 - 3 range from 5 - 40 

Current Condition 1,829 24.7 8.4 10.1 20.7 7.4 38.2 

15-year Planning Period        

Alternative A 3,660 32.6 13.1 12.8 25.4 11.4 49.7 

B High Treatment 4,344 32.9 14.6 13.2 26.5 12.4 52.1 

B Average Treatment 3,970 32.7 13.8 13.0 25.9 11.9 50.7 

B Low Treatment 3,596 32.6 12.9 12.8 25.3 11.3 49.5 

C High Treatment 4,525 32.9 15.1 13.2 26.7 12.8 52.6 

C Average Treatment 4,029 32.7 14.1 13.0 26.0 12.0 51.0 

C Low Treatment 3,533 32.6 13.0 12.7 25.3 11.3 49.4 

D High Treatment 4,587 32.7 15.2 13.3 26.9 12.8 53.0 

D Average Treatment 4,090 32.5 14.1 13.0 26.1 12.1 51.2 

D Low Treatment 3,593 32.3 13.1 12.7 25.4 11.4 49.5 

50-year modeling Period        

Alternative A 5,723 30.7 17.4 14.2 28.5 14.4 57.1 

B High Treatment 7,599 29.3 21.1 15.5 31.2 17.1 63.8 

B Average Treatment 6,655 30.0 19.3 14.8 29.9 15.7 60.4 

B Low Treatment 5,712 30.6 17.4 14.2 28.5 14.3 57.0 

C High Treatment 8,133 29.0 22.4 15.9 32.1 18.0 66.0 

C Average Treatment 6,928 29.8 19.9 15.0 30.3 16.2 61.5 

C Low Treatment 5,724 30.5 17.5 14.2 28.5 14.4 57.1 

D High Treatment 8,619 28.4 23.1 16.1 32.6 18.6 67.3 

D Average Treatment 7,316 29.4 20.5 15.2 30.7 16.6 62.6 

D Low Treatment 6,017 30.4 17.8 14.4 28.8 14.6 57.8 
1 

Proposed Forest Plan mid-scale DCs (100 to 1,000 acres) for spruce-fir forest are for 13 - 30 snags > 8” in DBH per acre. Available data ranges from “small” (> 5”and 
≤ 10” DBH), “large” (> 10” and ≤ 18” DBH), and “extra-large” (> 18” DBH): so there is no way to examine exactly how many 8” or greater diameter snags per acre 
there are currently, or would be under the proposed high, low and average acre treatments objectives by the end of the 15-year planning period or the 50-year 
modeling period). Data is provide for additional information only 

 

Snags (18 inches or larger DBH): By the end of the 15-year planning period, none of the alternatives 

would achieve the DCs for number of snags 18 inches or greater DBH per acre (table 60). However, the 

low acre treatment objectives proposed under alternative B provides the greatest movement toward DCs. 

This is followed by alternative C proposed low acre treatment objectives, alternative A and alternative D 

proposed low acre treatment objectives, alternative B proposed average acre treatment objectives, 

alternative C proposed average acre treatment objectives, alternative D proposed average acre treatment 

objectives, alternative B proposed high acre treatment objectives, alternative C proposed high acre 

treatment objectives, and lastly alternative D proposed high acre treatment objectives. By the end of the 

50-year modeling period, all alternatives are even further departed from DCs than they were at the end of 

the 15-year planning period. 
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Coarse Woody Debris: By the end of the 15-year planning period, only the proposed high acre treatment 

objectives under alternatives D would achieve DCs for the amount of coarse woody debris per acre (table 

60). This is followed by alternative C proposed low acre treatment objectives, alternative B proposed low 

acre treatment objectives, alternative D proposed low acre treatment objectives, alternative A, alternative 

B proposed acreage acre treatment objectives, alternative C proposed acreage acre treatment objectives, 

alternative D proposed acreage acre treatment objectives, alternative B proposed high acre treatment 

objectives, and lastly, alternative C proposed high acre treatment objectives. By the end of the 50-year 

modeling period, all alternatives are even further departed from DCs for the amount of coarse woody 

debris per acre than they were at the end of the 15-year planning period. 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and 50-year 

modeling period comparisons of the environmental consequences to the vegetation indicators between the 

proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and alternative A 

see Appendix G tables 1 through 6, for the proposed high acre treatment objectives, by the end of the 15-

year planning period, alternative D does more, when assessing movement toward DC for acres of 

large/old trees per acre, followed by alternative C, then B, and lastly A. However, by the end of the 50-

year modeling period, the equally rated alternatives B, C and D do more, when assessing movement 

toward DC for acres of large/old trees per acre, followed by alternative A. By the end of the 15-year 

planning period and 50-year modeling period, alternative A does more, when assessing movement toward 

DC for number of large snags per acre, followed by alternative B, then C, and lastly D. By the end of the 

15-year planning period, alternative D does more, when assessing movement toward DC for tons of 

coarse woody debris per acre, followed by alternative A, then B, and lastly C. However, by the end of the 

50-year modeling period, alternative A does more, when assessing movement toward DC for tons of 

coarse woody debris per acre, followed by alternative B, then C, and lastly D. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period and 50-year 

modeling period, alternative D does more, when assessing movement toward DC for acres of large/old 

trees per acre, followed by alternative C, then B, and lastly A. By the end of the 15-year planning period 

and 50-year modeling period, alternative A does more, when assessing movement toward DC for number 

of large snags per acre, followed by alternative B, then C, and lastly A. By the end of the 15-year 

planning period and 50-year modeling period, alternative A does more, when assessing movement toward 

DC for tons of coarse woody debris per acre, followed by alternative B, then C, and lastly D. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, alternative A 

does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative B, then D, and lastly C. However, by the end of the 50-year modeling period, alternative D 

does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative C, then A, and lastly B. By the end of the 15-year planning period, alternative B does more, 

when assessing movement toward DC for number of large snags per acre, followed by alternative C, and 

lastly, by the equally rated alternatives A and D. However, by the end of the 50-year modeling period, the 

equally rated alternatives A and B do more, when assessing movement toward DC for the number of large 

snags per acre, but followed by alternative C, and lastly D. By the end of the 15-year planning period, 

alternative C does more, when assessing movement toward DC for tons of coarse woody debris per acre, 

followed by alternative B, then D, and lastly A. However, by the end of the 50-year modeling period, 

alternative B does more, when assessing movement toward DC, for tons of coarse woody debris per acre, 

followed by the equally rated alternatives A and C, and lastly D. 

 

Forested PNVTs: Figure 10 displays the summary of long-term trends in relation to DC for the collective 

forested PNVTs under all alternatives, modeled in VDDT, based on their proposed average acre 

treatments. All action alternatives produce reductions in departure from DC immediately and continue 

across all modeling periods. Alternative C produces the greatest movement towards DC by the end of the 
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planning period. However, by the end of the 50 year modeling period, alternatives A produce the greatest 

movement towards DC; however, all alternatives are within four percentage points of one another. 

 

 
Figure 10. Overstory departure from DC trend comparisons for all forested PNVTs by alternative over a 50-
year time period for alternative A and the average of the proposed high and low acre treatment objectives for 
alternatives B, C, and D 

 

Figure 11 displays the summary of long-term trends in relation to HRV for the collective forest PNVTs 

under all alternatives, modeled in VDDT, based on their proposed average acre treatments. All 

alternatives produce reductions in departure from HRV immediately and continue across all modeling 

periods. Alternative C produces the greatest movement towards HRV by the end of the planning period. 

By the end of the 50-year modeling period, alternative D produces the greatest movement towards HRV. 

 

 
Figure 11. Overstory departure from HRV trend comparisons for all forest PNVTs by alternative over a 50-
year time period for alternative A and the average of the proposed high and low acre treatment objectives for 
alternatives B, C, and D 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6, for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 
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A), for the proposed high acre treatment objectives, by the end of the 15-year planning period, alternative 

C does more to address the threats and risks when assessing movement toward DC, followed by 

alternative B, then A, and lastly D. In addition, by the end of the 15-year planning period, alternative C 

does more to address the threats and risks when assessing movement toward HRV, but followed by the 

equally rated alternatives A and B, and lastly D. By the end of the 50-year modeling period, alternative A 

does more to address the threats and risks when assessing movement toward DC, followed by alternative 

B, then C, and lastly D. However, by the end of the 50-year modeling period, alternative D does more to 

address the threats and risks when assessing movement toward HRV, followed by alternative A, and 

lastly, by the equally rated alternatives B and C. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period, alternative 

C does more to address the threats and risks when assessing movement toward DC, followed by 

alternative B, then A, and lastly D. In addition, by the end of the 15-year planning period, alternative C 

also does more to address the threats and risks when assessing movement toward HRV, but followed by 

the equally rated alternatives A and B, and lastly D. By the end of the 50-year modeling period, 

alternative A does more to address the threats and risks when assessing movement toward DC, followed 

by alternative B, then C, and lastly D. However, by the end of the 50-year modeling period, alternative D 

does more to address the threats and risks when assessing movement toward HRV, followed by alternative 

A, and lastly by the equally rated alternatives B and C. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, alternatives C 

does more to address the threats and risks when assessing movement toward DC, followed by alternative 

B, then A, and lastly D. In addition, by the end of the 15-year planning period, alternatives C also does 

more to address the threats and risks when assessing movement toward HRV, but followed by the equally 

rated alternatives A and B, and lastly D. By the end of the 50-year modeling period, alternative A does 

more to address the threats and risks when assessing movement toward DC, followed by alternative B, 

then C, and lastly D. By the end of the 50-year modeling period, alternatives D does more to address the 

threats and risks when assessing movement toward HRV, followed by alternative A, and lastly, by the 

equally rated alternatives B and C. 

 

 

Woodland PNVTs 
 

Madrean pine-oak woodland:  
 

Table 61 presents the proposed treatment objectives within the Madrean pine-oak woodland PNVT by 

alternative. 

 
Table 61. Proposed annual vegetation overstory treatment objectives within the Madrean pine-oak woodland 
PNVT(see Appendix F tables 9 through 16 for a more complete description of the individual treatments and 
the annual acres of each proposed treatment objective by PNVT for alternatives B, C and D, and alternative 
A) 

Alternative 

High Acre Treatment 
Objectives 

Low Acre Treatment 
Objectives 

Average Acre Treatment 
Objectives 

Alternative A Treatment Acres 

mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire 

A - - - - - - 0 1,063 

B 0 11,143 0 3,714 0 7,429 - - 

C 0 5,000 0 1,250 0 3,125 - - 

D 0 22,335 0 3,722 0 13,029 - - 

 

Vegetation Outcome 
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After one planning cycle, the proposed high acre treatment objectives under alternative D produce the 

greatest movement toward DC, from the current rating of 61 to 28 (table 62). This is a change of two 

departure classes, from high to low. Under this alternative there is the greatest overall increase in the 

representation of seedling, saplings, small, and medium to very large size, single or multi-storied trees 

with open canopy cover (vegetation structural states B, C, and D). And the greatest reduction in closed 

canopy structural states (vegetation structural states F and G). Reduction in overstory canopy cover will 

favor shade intolerant and very shade intolerant species, including the herbaceous understory vegetation. 

 
Table 62. Fifteen-year planning period Madrean pine-oak woodland PNVT overstory departure from DC and 
HRV comparisons by alternative (B, C and D) for the proposed high, low and average acre treatment 
objectives, and alternative A; alternatives are arranged in the order of departure from DC (lowest to highest) 

Alternative and Percent 
Acres Treated Annually 
(arranged from least to 
most departed from DC) 

Percent Within Each Madrean Pine-Oak Woodland Vegetation Structural State 
Overall 

Departure1 

A B C D E F G DC HRV 

Desired Condition 4 3 13 60 3 3 15 0N - 

Current Conditions 5 0 9 7 1 44 33 61H 72H 

D High Treatment (5.6) 6 2 14 34 1 17 26 28L 38L 

B High Treatment (2.8) 5 2 10 25 1 23 35 41M 52M 

D Average (3.3) 5 2 10 25 1 23 35 41M 51M 

B Average (1.9) 5 1 8 20 1 26 39 47M 58M 

C High Treatment (1.3) 8 1 7 18 1 27 37 50M 61H 

B Low Treatment (0.9) 4 1 6 15 1 28 44 54M 65H 

D Low Treatment (0.9) 4 1 6 17 1 28 44 54M 65H 

C Average (0.8) 6 1 6 16 1 29 41 55M 66H 

Alternative A (0.3) 6 1 4 12 1 31 44 59M 70H 

C Low Treatment (0.3) 4 1 5 13 1 31 46 59M 70H 
1 Departure from DC and HRV Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-

100% = severe departureS) 

 

The proposed high acre treatment objectives under alternative B and the average acre treatment objectives 

under alternative D produce the second greatest movement toward DC, from their current ratings of 61 to 

41. This is a change of one departure classes, from high to moderate. The treatment objectives under 

alternative A and the proposed low acre treatment objectives under alternative C produce the least 

movement toward DC, from the current rating of 61 to 59. However this does provide a change in their 

departure class, from high to moderate. For more information regarding Madrean pine-oak vegetation 

structural state model run outcomes see Appendix D tables 41 through 50.  

 

Figure 12 displays the long-term trend in relation to DC for all Madrean pine-oak woodland alternatives, 

based on their average acre treatments. All action alternatives produce reductions in departure from DC 

immediately; however, alternative D has the greatest movement during the planning cycle and across all 

modeling periods (at which point it has dropped two departure classes). Alternatives B, C, and A lag 

behind, respectively, however, alternative B also decreases two departure classes while alternatives A and 

C each decrease by one departure class. 
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Figure 12. Overstory departure from DC trend comparisons for Madrean pine-oak woodland PNVT by 
alternative over a 50-year time period for alternative A and the average of the proposed high and low acre 
treatment objectives for alternatives B, C, and D 

 

Figure 13 displays the long-term trend in relation to HRV for all Madrean pine-oak woodland alternatives, 

based on their average acre treatments. All alternatives produce reductions in departure from HRV 

immediately; however, alternative D has the greatest movement during the planning cycle and across all 

modeling periods (at which point it has dropped one departure classes. Alternatives B, C, and A lag 

behind, respectively, however, alternative B and C also decrease one departure classes while alternatives 

A remains highly departed.  

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6, for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 

A), for the proposed high acre treatment objectives, by the end of the 15-year planning period and the 50-

year modeling period, alternative D does more to address the threats and risks when assessing movement 

towards both DC and HRV, followed by alternative B, then C, and lastly A. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period and the 50-

year modeling period, alternative D does more to address the threats and risks when assessing movement 

towards both DC and HRV, followed by alternative B, then C, and lastly A. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, the equally 

rated alternatives B and D do more to address the threats and risks when assessing movement towards 

both DC and HRV, followed by the equally rated alternatives A and C. In addition, by the end of the 50-

year modeling period, the equally rated alternatives B and D also do more to address the threats and risks 

when assessing movement towards both DC and HRV, but followed by alternative C, and lastly A.  
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Figure 13. Overstory departure from HRV trend comparisons for Madrean pine-oak woodland PNVT by 
alternative over a 50-year time period for alternative A and the average of the proposed high and low acre 
treatment objectives for alternatives B, C, and D 

 

Large/Old Trees, Snags and Coarse Woody Debris 

 

Large/Old Trees: By the end of the 15-year planning period, none of the alternatives would achieve the 

DCs for number of acres of large/old tree retention (table 63). However, the proposed high acre treatment 

objectives under alternatives D would provide the greatest movement toward DCs. This is followed by 

alternative D proposed average acre treatment objectives, alternative D proposed low acre treatment 

objectives, alternative B proposed high acre treatment objectives, alternative B proposed average acre 

treatment objectives, alternative B proposed low acre treatment objectives, alternative C proposed low 

acre treatment objectives, alternative C proposed average acre treatment objectives, alternative A, and 

lastly, alternative C proposed high acre treatment objectives. By the end of the 50-year modeling period, 

none of the alternatives would achieve the DCs for number of acres of large/old tree retention (table 63). 

However, the proposed low acre treatment objectives under alternatives C would provide the greatest 

movement toward DCs. This is followed by alternative D proposed low acre treatment objectives, 

alternative B proposed low acre treatment objectives, alternative A, alternative B proposed average acre 

treatment objectives, alternative D proposed average acre treatment objectives, alternative B proposed 

high acre treatment objectives, alternative D proposed high acre treatment objectives, alternative C 

proposed average acre treatment objectives, and lastly, alternative C proposed high acre treatment 

objectives.  

 

Snags (18 inches or larger DBH): By the end of the 15-year planning period, all of the alternatives would 

achieve the DCs for number of snags 18 inches or greater DBH per acre (table 63). By the end of the 50-

year modeling period, all alternatives would continue to maintain DCs for number of snags 18 inches or 

greater DBH per acre.  

 

Coarse Woody Debris: By the end of the 15-year planning period, none of the alternatives would achieve 

the DCs for the amount of coarse woody debris per acre (table 63). However, the proposed high acre 

treatment objectives under alternatives D would provide the greatest movement toward DCs. This is 

followed by alternative B proposed average acre treatment objectives and alternative D proposed average 

acre treatment objectives, alternative C proposed average acre treatment objectives, alternative B 

proposed high acre treatment objectives, alternative C proposed high acre treatment objectives, alternative 

D proposed low acre treatment objectives, alternative B proposed low acre treatment objectives, 

alternative C proposed low acre treatment objectives, and lastly, alternative A. By the end of the 50-year 

modeling period, none of the alternatives would achieve the DCs for the amount of coarse woody debris 
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per acre (table 63). However, the proposed high acre treatment objectives under alternatives D would 

provide the greatest movement toward DCs. This is followed by alternative B proposed high acre 

treatment objectives, alternative C proposed high acre treatment objectives and alternative D proposed 

average acre treatment objectives, alternative B proposed average acre treatment objectives, alternative C 

proposed average acre treatment objectives and alternative B proposed low acre treatment objectives and 

alternative D proposed low acre treatment objectives, alternative C proposed low acre treatment 

objectives, and lastly, alternative A. 
 

Table 63. Acres of large/old trees, number of snags greater than 18 inch diameter at breast height (DBH) per 
acre, and tons of the three size classes of coarse woody debris per acre by the end of the 15-year planning 
period and the 50 modeling period within the Madrean pine-oak woodland PNVT for the proposed high, low 
and average treatment objectives for alters B, C and D, and alternative A 

Alternative 

Acres of Large/Old Trees 
Across All Madrean Pine-Oak Woodland Vegetation Structural States 

number of snags/acre tons of coarse woody debris/acre 

Madrean pine-oak woodland 
vegetation structural states 

D, G 

DBH DBH 
total 

5” - 17.9” ≥ 18” ≤ 3” > 3” & ≤ 12” > 12” 

Desired Condition 222,147 non-defined1 1 - 2 range from 1 - 5 

Current Condition 119,259 3.7 0.9 0.3 1.3 0.8 2.4 

15- year Planning Period        

Alternative A 167,913 11.5 1.4 3.4 3.6 2.1 9.0 

B High Treatment 176,473 9.6 1.3 2.8 3.0 1.8 7.6 

B Average Treatment 176,088 10.4 1.4 3.1 3.2 1.9 8.2 

B Low Treatment 175,703 11.3 1.4 3.3 3.5 2.1 8.9 

C High Treatment 162,582 10.1 1.3 3.0 3.1 1.9 8.0 

C Average Treatment 171,142 10.9 1.3 3.2 3.4 2.0 8.6 

C Low Treatment 174,370 11.7 1.4 3.4 3.6 2.1 9.2 

D High Treatment 178,991 8.0 1.3 2.4 2.5 1.5 6.4 

D Average Treatment 178,695 9.6 1.3 2.8 3.0 1.8 7.6 

D Low Treatment 178,399 11.2 1.4 3.3 3.5 2.1 8.8 

50-year Modeling Period        

Alternative A 211,099 11.8 1.4 3.4 3.9 2.2 9.4 

B High Treatment 204,553 8.1 1.3 2.4 2.6 1.5 6.5 

B Average Treatment 208,640 9.3 1.3 2.7 3.0 1.7 7.5 

B Low Treatment 212,728 10.6 1.4 3.1 3.4 2.0 8.4 

C High Treatment 181,775 8.4 1.2 2.5 2.7 1.6 6.8 

C Average Treatment 197,666 10.0 1.3 2.9 3.2 1.9 8.0 

C Low Treatment 213,557 11.6 1.4 3.3 3.8 2.1 9.2 

D High Treatment 199,932 6.4 1.2 1.9 2.0 1.2 5.2 

D Average Treatment 206,700 8.4 1.3 2.5 2.7 1.6 6.8 

D Low Treatment 213,468 10.5 1.4 3.0 3.4 1.9 8.4 
1 Proposed Forest Plan desired conditions for dry mixed conifer forest do not specify any DCs for this size class of snags; data is provide for additional information 

only 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and 50-year 

modeling period comparisons of the environmental consequences to the vegetation indicators between the 

proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and alternative A 

see Appendix G tables 1 through 6, for the proposed high acre treatment objectives, by the end of the 15-

year planning period, alternative D does more, when assessing movement toward DC for acres of 

large/old trees per acre, followed by alternative B, then A, and lastly C. However, by the end of the 50-

year modeling period, alternative A does more, when assessing movement toward DC for acres of 

large/old trees per acre, followed by alternative B, then D, and lastly C. By the end of the 15-year 

planning period and the 50-year modeling period, all of the alternatives are rated as equal, when assessing 

movement toward DC for number of large snags per acre. By the end of the 15-year planning period and 

the 50-year modeling period, alternative D does more, when assessing movement toward DC for tons of 

coarse woody debris per acre, followed by alternative B, then C, and lastly A. 
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For the proposed average acre treatment objectives, by the end of the 15-year planning period, alternative 

D does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative B, then C, and lastly A. However, by the end of the 50-year modeling period, alternative A 

does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative B, then D, and lastly C. By the end of the 15-year planning period and by the end of the 50-

year modeling period, all of the alternatives are rated as equal, when assessing movement toward DC for 

number of large snags per acre. By the end of the 15-year planning period and the 50-year modeling 

period, alternative D does more, when assessing movement toward DC for tons of coarse woody debris 

per acre, followed by alternative B, then C, and lastly A. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, alternative D 

does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative C, then B, and lastly A. However, by the end of the 50-year modeling period, alternative C 

does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative D, then B, and lastly A. By the end of the 15-year planning period and the 50-year modeling 

period, all of the alternatives are rated as equal, when assessing movement toward DC for number of large 

snags per acre. By the end of the 15-year planning period, alternative D does more, when assessing 

movement toward DC for tons of coarse woody debris per acre, followed by alternative B, and lastly, by 

the equally rated alternatives A and C. However, by the end of the 50-year modeling period, the equally 

rated alternatives B and D do more, when assessing movement toward DC for tons of coarse woody 

debris per acre, followed by alternative C, and lastly A. 

 

 

Piñon-juniper woodland: 

 

Table 64 presents the proposed treatment objectives within the piñon-juniper woodland PNVT by 

alternative. 

 
Table 64. Proposed annual vegetation overstory treatment objectives within the piñon-juniper woodland 
PNVT(see Appendix F tables 9 through 16 for a more complete description of the individual treatments and 
the annual acres of each proposed treatment objective by PNVT for alternatives B, C and D, and alternative 
A) 

Alternative 

High Acre Treatment 
Objectives 

Low Acre Treatment 
Objectives 

Average Acre Treatment 
Objectives 

Alternative A Treatment Acres 

mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire 

A - - - - - - 500 713 

B 2,341 1,412 780 470 1,561 941 - - 

C 4,213 600 1,053 150 2,633 375 - - 

D 4,042 3,443 673 575 2,358 2,009 - - 

 

Vegetation Outcome 

 

After one planning period, the proposed high acre treatment objectives under alternative C produce the 

greatest movement toward DC, from the current rating of 26 to 18 (table 65). There is a change in 

departure class from low to no departure. Under this alternative there is the greatest overall increase in the 

representation of seedling, saplings, small, and medium to very large size, single or multi-storied trees 

with open canopy cover (vegetation structural states B, C, and D), and the greatest reduction in closed 

canopy vegetation structural state G. Reduction in overstory canopy cover will favor shade intolerant and 

very shade intolerant species, including the herbaceous understory vegetation. 
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All proposed acre treatments under alternatives B and D, and the proposed average acre treatment 

objectives under alternative and C produce movement toward DC, from the current rating of 26 to 19s and 

20s. These are all changes in departure class from low to no departure. The treatment objectives under 

alternative A and the proposed low acre treatment objectives under alternative C do not change departure 

class. 

 
Table 65. Fifteen-year planning period piñon-juniper woodland PNVT overstory departure from DC and HRV 
comparisons by alternative (B, C and D) for the proposed high, low and average acre treatment objectives, 
and alternative A; alternatives are arranged in the order of departure from DC (lowest to highest) 

Alternative and Percent 
Acres Treated Annually 
(arranged from least to 
most departed from DC) 

Percent Within Each Piñon-Juniper Woodland Vegetation Structural State Overall Departure1 

A B C D E F G DC HRV 

Desired Condition 5 8 8 50 8 10 10 0N - 

Current Conditions 7 1 1 69 1 6 15 26L 26L 

C High Treatment (2.2) 7 5 4 54 3 6 22 18N 18N 

B High Treatment (1.7) 5 5 4 56 4 6 21 19N 19N 

C Average (1.4) 6 4 3 52 3 7 25 19N 19N 

D High Treatment (3.4) 9 5 4 60 4 4 14 19N 19N 

D Average (2.0) 7 5 3 56 3 5 20 19N 19N 

B Low Treatment (0.6) 5 4 2 52 3 7 26 20N 20N 

B Average (1.2) 5 4 3 54 4 6 24 20N 20N 

D Low Treatment (0.6) 6 4 2 51 3 7 26 20N 20N 

Alternative A (0.2) 6 4 2 48 3 8 29 21L 21L 

C Low Treatment (0.5) 5 4 2 49 3 8 28 21L 21L 
1 Departure from DC and HRV Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-

100% = severe departureS) 

 

Figure 14 displays the long-term trend in relation to DC and HRV for all piñon-juniper woodland 

alternatives, based on their average acre treatments. All alternatives produce reductions in departure from 

DC and HRV immediately; however, around 15 to 20 years all alternatives start trending away from DC 

and HRV. Alternative D maintains a lower departure trend than the other alternatives, while alternative A 

maintains a higher departure trend than alternatives B and C. Alternative D maintains the lowest departure 

rating across all modeling periods, followed by alternatives B, C and then A. Alternatives D, and B end in 

a low departure class while alternative C, and alternative A end in a moderate departure class. However, it 

appears that around 15 years trend changes in all alternatives and management changes would be needed 

to reset movement toward DCs within this PNVT. For more information regarding piñon-juniper 

vegetation structural state model run outcomes see Appendix D tables 51 through 60. 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6, for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 

A), for the proposed high acre treatment objectives, by the end of the 15-year planning period, alternative 

C does more to address the threats and risks when assessing movement towards both DC and HRV, 

followed by the equally rated alternatives B and D, and lastly A. However, by the end of the 50-year 

modeling period, alternative D does more to address the threats and risks when assessing movement 

towards both DC and HRV, followed by alternative B, then C, and lastly A. 
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Figure 14. Overstory departure from DC and HRV trend comparisons for piñon-juniper woodland PNVT by 
alternative over a 50-year time period for alternative A and the average of the proposed high and low acre 
treatment objectives for alternatives B, C, and D 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period, the equally 

rated alternatives C and D do more to address the threats and risks when assessing movement towards 

both DC and HRV, followed by alternative B, and lastly A. However, risks by the end of the 50-year 

modeling period, alternative D does more to address the threats and risks when assessing movement 

towards both DC and HRV, and followed by alternative B, then C, and lastly A. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, the equally 

rated alternatives B and D do more to address the threats and risks when assessing movement towards 

both DC and HRV, followed by the equally rated alternatives A and C. However, by the end of the 50-year 

modeling period, alternative D does more to address the threats and risks when assessing movement 

towards both DC and HRV, followed by alternative B, then C, and lastly A. 

 

Large/Old Trees, Snags and Coarse Woody Debris 

 

Large/Old Trees: By the end of the 15-year planning period, none of the alternatives would achieve the 

DCs for number of acres of large/old tree retention (table 66). However, the proposed high acre treatment 

objectives under alternatives D would provide the greatest movement toward DCs. This is followed by 

alternative C proposed high acre treatment objectives, alternative B proposed high acre treatment 

objectives, alternative D proposed average acre treatment objectives, alternative C proposed average acre 

treatment objectives, alternative D proposed low acre treatment objectives, alternative A, alternative C 

proposed low acre treatment objectives, alternative B proposed average acre treatment objectives, and 

lastly, alternative B proposed low acre treatment objectives. By the end of the 50-year modeling period, 

none of the alternatives would achieve the DCs for number of acres of large/old tree retention. However, 

the proposed high acre treatment objectives under alternatives D would provide the greatest movement 

toward DCs. This is followed by alternative C proposed high acre treatment objectives, alternative D 

proposed average acre treatment objectives, alternative C proposed average acre treatment objectives, 

alternative B proposed high acre treatment objectives, alternative B proposed average acre treatment 

objectives, alternative D proposed low acre treatment objectives, alternative B proposed low acre 

treatment objectives, alternative A, and lastly, alternative C proposed low acre treatment objectives.  

 

Snags (18 inches or larger DBH): By the end of the 15-year planning period, all of the alternatives would 

achieve the DC for number of snags 18 inches or greater DBH per acre (table 66). By the end of the 50-
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year modeling period, all alternatives would continue to maintain DCs for number of snags 18 inches or 

greater DBH per acre. 

 
Table 66. Acres of large/old trees, number of snags greater than 18 inch diameter at breast height (DBH) per 
acre, and tons of the three size classes of coarse woody debris per acre by the end of the 15-year planning 
period and the 50-year modeling period within the piñon-juniper woodland PNVT for the proposed high, low 
and average treatment objectives for alters B, C and D, and alternative A 

Alternative 

Acres of Large/Old Trees 
Across All Piñon-Juniper Woodland Vegetation Structural States 

number of snags/acre  tons of coarse woody debris/acre 

piñon-juniper woodland 
vegetation structural states 

D, G 

DBH DBH 
total 

5” - 17.9” ≥ 18” ≤ 3” > 3” & ≤ 12” > 12” 

Desired Condition 99,971 non-defined1 1 - 2 range from 2 - 5 

Current Condition 139,845 6.6 1.5 0.6 2.2 1.4 4.2 

15-year Planning Period        

Alternative A 128,541 8.7 1.4 0.7 2.9 1.4 5.0 

B High Treatment 128,307 7.2 1.4 0.7 2.4 1.3 4.4 

B Average Treatment 129,806 7.7 1.4 0.7 2.6 1.4 4.6 

B Low Treatment 129,844 8.2 1.4 0.7 2.7 1.4 4.8 

C High Treatment 125,196 7.6 1.4 0.7 2.5 1.3 4.5 

C Average Treatment 128,408 8.1 1.4 0.7 2.8 1.4 5.0 

C Low Treatment 129,768 8.6 1.4 0.7 2.8 1.4 4.9 

D High Treatment 124,493 6.0 1.4 0.6 2.1 1.2 3.9 

D Average Treatment 128,357 7.1 1.4 0.6 2.4 1.3 4.3 

D Low Treatment 128,508 8.2 1.4 0.7 2.7 1.4 4.8 

50-year Modeling Period        

Alternative A 121,558 12.0 1.3 0.9 3.8 1.6 6.3 

B High Treatment 118,483 8.1 1.3 0.7 2.7 1.3 4.7 

B Average Treatment 119,829 9.3 1.3 0.8 3.0 1.4 5.2 

B Low Treatment 121,175 10.5 1.3 0.8 3.3 1.5 5.7 

C High Treatment 113,981 9.3 1.3 0.8 3.0 1.4 5.1 

C Average Treatment 117,971 10.3 1.3 0.8 3.3 1.4 5.6 

C Low Treatment 121,961 11.3 1.3 0.9 3.6 1.5 6.0 

D High Treatment 109,376 5.8 1.3 0.6 1.9 1.1 3.7 

D Average Treatment 114,984 7.9 1.3 0.7 2.6 1.3 4.6 

D Low Treatment 120,593 10.1 1.3 0.8 3.2 1.5 5.5 
1 Proposed Forest Plan desired conditions for dry mixed conifer forest do not specify any DCs for this size class of snags; data is provide for additional information 

only 

 

Coarse Woody Debris: By the end of the 15-year planning period, all of the alternatives would achieve 

the DC for the amount of coarse woody debris per acre (table 66). By the end of the 50-year modeling 

period, only the following alternatives would maintain DC for the amount of coarse woody debris per 

acre: alternative D proposed high acre treatment objectives, alternative D proposed average acre treatment 

objectives, alternative B proposed high acre treatment objectives, and alternative C proposed high acre 

treatment objectives. 

  

In summary, for a complete display of the tabular summations of the 15-year planning period and 50-year 

modeling period comparisons of the environmental consequences to the vegetation indicators between the 

proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and alternative A 

see Appendix G tables 1 through 6, for the proposed high acre treatment objectives, by the end of the 15-

year planning period and the 50-year modeling period, alternative D does more, when assessing 

movement toward DC for acres of large/old trees per acre, followed by alternative C, then B, and lastly A. 

by the end of the 15-year planning period and by the end of the 50-year modeling period, all of the 

alternatives are rated as equal, when assessing movement toward DC for number of large snags per acre. 

By the end of the 15-year planning period, all of the alternatives are rated as equal, when assessing 

movement toward DC for tons of coarse woody debris per acre. However, by the end of the 50-year 
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modeling period, the equally rated alternatives B and D do more, when assessing movement toward DC 

for tons of coarse woody debris per acre, followed by alternative C, and lastly A. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period, alternative 

D does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative C, then A, and lastly B. In addition, by the end of the 50-year modeling period, alternative D 

also does more, when assessing movement toward DC for acres of large/old trees per acre, but followed 

by alternative C, then B, and lastly A. By the end of the 15-year planning period and the 50-year 

modeling period, all of the alternatives are rated as equal, when assessing movement toward DC for 

number of large snags per acre. By the end of the 15-year planning period, all of the alternatives are rated 

as equal, when assessing movement toward DC for tons of coarse woody debris per acre. However, by the 

end of the 50-year modeling period, alternative D does more, when assessing movement toward DC for 

tons of coarse woody debris per acre, followed by alternative C, then B, and lastly A. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, alternative D 

does more, when assessing movement toward DC for acres of large/old trees per acre, followed by 

alternative A, then C, and lastly B. In addition, by the end of the 50-year modeling period, alternative D 

also does more, when assessing movement toward DC for acres of large/old trees per acre, but followed 

by alternative B, then A, and lastly C. By the end of the 15-year planning period and by the end of the 50-

year modeling period, all of the alternatives are rated as equal, when assessing movement toward DC for 

number of large snags per acre. By the end of the 15-year planning period, all of the alternatives are rated 

as equal, when assessing movement toward DC for tons of coarse woody debris per acre. However, by the 

end of the 50-year modeling period alternative D does more, when assessing movement toward DC for 

tons of coarse woody debris per acre, followed by alternative B, then C, and lastly A. 

 

Woodland PNVTs: Figure 15 displays the summary of long-term trends in relation to DC for the 

collective woodland PNVTs under all alternatives, modeled in VDDT, based on their proposed average 

acre treatment objectives. All alternatives produce reductions in departure from DC immediately. 

Alternative D produces the greatest movement towards DC by the end of the planning period going from 

a moderate to low departure rating, followed by alternative B (going from a moderate to low, as well), 

and then alternative C. Alternative A provides no movement toward DC after the 15-year planning period. 

Both alternatives C and A remain moderately departed by the end of the 50-year modeling period. 

 

 
Figure 15. Overstory departure from DC trend comparisons for all woodland PNVTs by alternative over a 50-
year time period for alternative A and the average of the proposed high and low acre treatment objectives for 
alternatives B, C, and D 
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Figure 16 displays the summary of long-term trends in relation to HRV for the collective woodland 

PNVTs under all alternatives, modeled in VDDT, based on their average acre treatments. All alternatives 

produce reductions in departure from HRV immediately. Alternative D produces the greatest movement 

towards DC by the end of the planning period going from a moderate to low departure rating, followed by 

alternative B (going from a moderate to low, as well), and then alternative C. Alternative A provides no 

movement toward HRV by the end of the 15-year planning period. Both alternatives C and A remain 

moderately departed by the end of the 50-year modeling period. 

 

 
Figure 16. Overstory departure from HRV trend comparisons for all woodland PNVTs by alternative over a 50-
year time period for alternative A and the average of the proposed high and low acre treatment objectives for 
alternatives B, C, and D 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6, for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 

A), for the proposed high acre treatment objectives, by the end of the 15-year planning period and by the 

end of the 50-year modeling period, alternative D does more to address the threats and risks when 

assessing movement towards both DC and HRV, followed by alternative B, then C, and lastly A. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period and by the 

end of the 50-year modeling period, alternative D does more to address the threats and risks when 

assessing movement towards both DC and HRV, followed by alternative B, then C, and lastly A. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, the equally 

rated alternatives B and D do more to address the threats and risks when assessing movement towards 

both DC and HRV, followed by the equally rated alternatives A and C. By the end of the 50-year modeling 

period, alternative D does more to address the threats and risks when assessing movement toward DC, 

followed by alternative B, then C, and lastly A. However, by the end of the 50-year modeling period, the 

equally rated alternatives B and D do more to address the threats and risks when assessing movement 

toward HRV, followed by alternative C, and lastly A. 
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Grassland PNVTs 
 

Great Basin grassland: 

 

Table 67 presents the proposed treatment objectives within the Great Basin grassland PNVT by 

alternative. 

 
Table 67. Proposed annual vegetation overstory treatment objectives within the Great Basin grassland 
PNVT(see Appendix F tables 17 through 24 for a more complete description of the individual treatments and 
the annual acres of each proposed treatment objective by PNVT for alternatives B, C and D, and alternative 
A) 

Alternative 

High Acre Treatment 
Objectives 

Low Acre Treatment 
Objectives 

Average Acre Treatment 
Objectives 

Alternative A Treatment Acres 

mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire 

A - - - - - - 500 41 

B 10,269 10,000 5,135 5,000 7,702 7,500 - - 

C 0 0 0 0 0 0 - - 

D 6,161 14,000 3,081 7,000 4,621 10,500 - - 

  

Vegetation Outcome 

 

After one planning period (15 years), the proposed high acre treatment objectives under alternative D 

produce the greatest movement toward DC, from the current rating of 67 to 8 (table 68). This is a change 

of four departure classes, from high to no departure. Under this alternative there is the greatest overall 

reduction in woody vegetation encroachment
24

 (vegetation structural states C and D) and a return to 

historic grassland conditions, dense stands of perennial grasses and forbs with less than ten percent 

woody canopy cover (vegetation structural state B). Reduction in overstory canopy cover will favor shade 

intolerant and very shade intolerant herbaceous species. 

 

The proposed high acre treatment objectives under alternative B produce the second greatest movement 

toward DC, from the current rating of 67 to 9. This is also a change of four departure classes, from high to 

no departure. The proposed average acre treatment objectives under alternative B produce the third 

greatest movement toward DC, from the current rating of 67 to 17. This is a change of three departure 

classes, from high to low. Alternatives A and C stay highly departed from DC and HRV. For more 

information regarding Great Basin vegetation structural state model run outcomes see Appendix D tables 

61 through 68. 

 

Figure 17 displays the long-term trend in relation to DC and HRV for all Great Basin grassland 

alternatives, based on their average acre treatments. Both alternatives B and D produce reductions in 

departure from DC and HRV immediately, from high to no departure and remain there throughout the 50-

year modeling period. Both alternatives A and C produce movement away from DC and HRV. 

  

                                                           
24 The term encroachment and not invasion is used because woody species that have been increasing in density are native species and have been 

present in these communities for thousands of years. These indigenous or native woody species have increased in density, cover and biomass 

because of changes in one or more abiotic or biotic factors or conditions. Woody species that have increased in density and cover are not the 
cause of the encroachment, but the result of changes in the abiotic or biotic factors or conditions (Van Auken, 2009). 
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Table 68. Fifteen-year planning period Great Basin grassland PNVT overstory departure from DC and HRV 
comparisons by alternative (B, C and D) for the proposed high, low and average acre treatment objectives; 
alternatives are arranged in the order of departure from DC (lowest to highest) 

Alternative and Percent Acres 
Treated Annually (arranged from 
least to most departed from DC) 

Percent Within Each Great Basin Grassland Vegetation Structural State Overall Departure1 

A B C D E DC HRV 

Desired Condition 5 73 20 2 0 0N  

Current Conditions 1 10 69 18 2 67H 67H 

D High Treatment (10.9) 0 70 19 8 2 8N 8N 

B High Treatment (11.0) 0 75 15 7 2 9N 9N 

B Average (8.3) 0 65 21 12 2 17N 17N 

D Average (8.2) 0 60 25 13 2 19N 19N 

B Low Treatment (5.5) 0 54 26 18 2 24L 24L 

D Low Treatment (5.4) 0 49 31 18 2 29L 29L 

Alternative A (0.2) 0 15 43 40 2 63H 63H 

Alternative C (0.2) 0 15 43 40 2 63H 63H 
1 

Departure from DC Ratings: (0-20% = no departure
N
); (21-40% = low departure

L
); (41-60% = moderate departure

M
); (61-80% = high departure

H
); and (81-100% = 

severe departureS) 

 

 
Figure 17. Overstory departure from DC and HRV trend comparisons for Great Basin grassland PNVT by 
alternative over a 50-year time period for alternative A and the average of the proposed high and low acre 
treatment objectives for alternatives B, C, and D 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6, for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 

A), for the proposed high acre treatment objectives, by the end of the 15-year planning period and the 50-

year modeling period, alternative D does more to address the threats and risks when assessing movement 

towards both DC and HRV, followed by alternative B, and lastly, the equally rated alternatives A and C. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period, alternative 

B does more to address the threats and risks when assessing movement towards both DC and HRV, 

followed by alternative D, and lastly, the equally rated alternatives A and C. However, by the end of the 

50-year modeling period, alternative D does more to address the threats and risks when assessing 
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movement towards both DC and HRV, followed by alternative B, and lastly, the equally rated alternatives 

A and C.  

 

For the proposed low acre treatment objectives, when assessing movement towards both DC and HRV, 

alternative B does more to address the threats and risks by the end of the 15-year planning period and by 

the end of the 50-year modeling period followed by alternative D, then equally by alternatives A and C.  

 

 

Semi-desert grassland: 

 

Table 69 presents the proposed treatment objectives within the semi-desert grassland PNVT by 

alternative. 

 

Table 69. Proposed annual vegetation overstory treatment objectives within the semi-desert grassland 
PNVT(see Appendix F tables 17 through 24 for a more complete description of the individual treatments and 
the annual acres of each proposed treatment objective by PNVT for alternatives B, C and D, and alternative 
A) 

Alternative 

High Acre Treatment 
Objectives 

Low Acre Treatment 
Objectives 

Average Acre Treatment 
Objectives 

Alternative A Treatment Acres 

mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire mechanical prescribed fire 

A - - - - - - 0 27 

B 0 3,000 0 2,000 0 2,500 - - 

C 0 0 0 0 0 0 - - 

D 0 3,000 0 2,000 0 2,500 - - 

 

Vegetation Outcome 

 

After one planning period, the proposed high acre treatment objectives under both Alternatives B and D 

produce the greatest movement toward DC and HRV, from the current rating of 78 to 66 (table 70). 

However, there is no change in departure class, and the grassland remains highly departed. Under these 

alternatives there is the greatest overall reduction in woody vegetation encroachment (vegetation 

structural states C and D) and some movement to historic grassland conditions, dense stands of perennial 

grasses and forbs with less than ten percent woody canopy cover (vegetation structural state B). 

Reduction in overstory canopy cover will favor shade intolerant and very shade intolerant herbaceous 

species. 

 

The proposed average acre treatment objectives under alternatives B and D produce the second greatest 

movement toward DC and HRV, from the current rating of 78 to 68. Again, there is no change in 

departure class, and the grassland remains highly departed. Alternatives A and C continue to trend away 

from DC and HRV For more information regarding semi-desert vegetation structural state model run 

outcomes see Appendix D tables 69 through 76. 
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Table 70. Fifteen-year planning cycle semi-desert grassland PNVT overstory departure from DC and HRV 
comparisons by alternative (B, C and D) for the proposed high, low and average acre treatment objectives, 
and alternative A; alternatives are arranged in the order of departure from DC (lowest to highest) 

Alternative and Percent Acres 
Treated Annually (arranged from 
least to most departed from DC) 

Percent Within Each Semi-desert Grassland Vegetation Structural State Overall Departure1 

A B C D E DC HRV 

Desired Condition 24 76 0 0 0 0N - 

Current Conditions 4 15 22 57 2 79H 79H 

B High Treatment (2.8) 1 34 25 39 2 66H 66H 

D High Treatment (2.8) 1 34 25 39 2 66H 66H 

B Average (2.3) 1 30 24 44 2 68H 68H 

D Average (2.3) 1 30 24 44 2 68H 68H 

B Low Treatment (1.8) 0 29 23 45 2 70H 70H 

D Low Treatment (1.8) 0 29 23 45 2 70H 70H 

Alternative A (0.0) 0 16 21 61 2 84S 84S 

Alternative C (0.0) 0 16 21 61 2 84S 84S 
1 

Departure from DC Ratings: (0-20% = no departure
N
); (21-40% = low departure

L
); (41-60% = moderate departure

M
); (61-80% = high departure

H
); and (81-100% = 

severe departureS) 

 

Figure 18 displays the long-term trend in relation to DC and HRV for all semi-desert grassland 

alternatives, based on their average acre treatments. Both alternatives B and D produce reductions in 

departure from DC and HRV from high to moderate by year 30, and the departure class remains the same 

throughout the modeling period. Alternatives A and C produce movement away from DC and transition 

from highly to severely departed. 

 

 
Figure 18. Overstory departure from DC and HRV trend comparisons for semi-desert grassland PNVT by 
alternative over a 50-year time period for alternative A and the average of the proposed high and low acre 
treatment objectives for alternatives B, C, and D 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6, for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 

A), for the proposed high, average, and low acre treatment objectives, by the end of the 15-year planning 

period and the 50-year modeling period, the equally rated alternatives B and D do more to address the 

threats and risks when assessing movement towards both DC and HRV, followed by the equally rated 

alternatives A and C. 
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Grassland PNVTs: Figure 19 displays the summary of long-term trends in relation to DC and HRV for 

the collective grassland PNVTs under all alternatives, modeled in VDDT, based on their average acre 

treatments. Both Alternatives B and D produce reductions in departure from DC and HRV immediately, 

from high to no departure and remain in this departure class out to 50 years. This trend reflects the greater 

influence of the trends and conditions within the Great Basin grassland as opposed to the semi-desert 

grasslands. Both Alternatives A and C produce movement away from DC and HRV and transition from 

highly to severely departed. 

 

 
Figure 19. Overstory departure from DC and HRV trend comparisons for all grassland PNVTs by alternative 
over a 50-year time period for alternative A and the average of the proposed high and low acre treatment 
objectives for alternatives B, C, and D 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 6, for comparisons of 

the percent departures from DC and HRV by the end of the 15-year planning period and the 50-year 

modeling period, by alternative proposed high, average, and low acre treatment objectives and alternative 

A), for the proposed high, average, and low acre treatment objectives, by the end of the 15-year planning 

period and the 50-year modeling period, alternative D does more to address the threats and risks when 

assessing movement towards both DC and HRV, followed by alternative B, and lastly, the equally rated 

alternatives A and C.  

 

 

Summary of Modeling Results Relative to Desired Conditions and Historic Range 
of Variability 
 

All Modeled PNVTs: When comparing the alternative proposed average acre treatment objectives, after 

one planning cycle, across all modeled PNVTs (this includes the four forest, two woodland, and two 

grassland PNVTs), all four alternatives display a reduction in departure from DC; from a high to 

moderate departure (table 71). In relation to HRV, alternatives B and D display a reduction from a high to 

moderate departure. Both alternatives A and C remain highly departed. See Appendix H tables 1 through 

6 for comparisons of the percent departures from DC and HRV by the end of the 15-year planning period 

and 50-year modeling period, by alternative proposed high, average, and low acre treatment objectives 

and alternative A. 
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Table 71. Comparisons of the overstory departures from DC and HRV at the end of the 15-year planning 
period, by alternative (B, C and D) proposed average

1
 acre treatment objectives and alternative A (the lower 

the departure
2
 value the closer to DC and HRV) 

Alter-
native 

Forested PNVT Group Woodland PNVT Group Grassland PNVT Group 

All A-SNFs 
Modeled 

PNVTs 

ponderosa 
pine 

forest 

wet 
mixed 
conifer 
forest 

dry 
mixed 
conifer 
forest 

spruce-fir 
forest 

all A-SNFs 
modeled 
forested 
PNVTs 

Madrean 
pine-oak 

woodland 

piñon-
juniper 

woodland 

all A-SNFs 
modeled 

woodland 
PNVTs 

Great 
Basin 

grassland 

semi-
desert 

grassland 

all A-SNFs 
modeled 
grassland 

PNVTs 

DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV 

Current 
Condition 

77H 94S 54M 61H 67H 77H 59M 62H 71H 85S 61H 72H 28L 28L 49M 56M 67H 67H 79H 79H 71H 71H 64H 73H 

A 65H 84S 49M 46M 57M 54M 68H 58M 61H 71H 59M 70H 21L 21L 45M 52M 63H 63H 84S 84S 71H 71H 57M 65H 

B 
Average 

63H 83S 53M 46M 56M 52M 66H 55M 60M 71H 47M 58M 20N 20N 37L 44M 17N 17N 68H 68H 36L 36L 49M 56M 

C 
Average 

60M 81S 56M 49M 54M 51M 65H 55M 58M 70H 55M 66H 19N 19N 42M 49M 63H 63H 84S 84S 71H 71H 55M 63H 

D 
Average 

66H 85S 52M 47M 59M 56M 65H 55M 62H 73H 41M 51M 19N 19N 33L 39L 19N 19N 68H 68H 37L 37L 48M 56M 

1 See Appendix H tables 1 and 3 for comparisons of the departures from DC and HRV by the end of the 15-year planning period, by alternative proposed high and 
low acre treatment objectives and alternative A 

2 Departure Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-100% = severe 
departureS) 

 

Numerically, all of the alternatives produce some movement toward DC/HRV by the end of the 15-year 

planning period. However, alternative D produces the greatest movement in the direction toward 

DC/HRV (from 64% DC-73% HRV (existing condition) to 48% DC-56% HRV), when considering the 

modeling results across all eight PNVTs. Alternative B produces the second greatest movement in the 

direction toward DC/HRV from existing conditions to 49% DC-56% HRV, when considering the 

modeling results across all eight PNVTs; however, the only difference between alternatives D and B is 

one percentage point for movement toward DC; they are equal in movement toward HRV. Qualitatively, 

these are both movements from high departure to moderate departure in relation to both DC and HRV. 

 

By the end of the 15-year planning period, alternative C produces the third greatest movement in the 

direction toward DC/HRV from existing conditions to 55% DC-63% HRV, when considering the 

modeling results across all eight PNVTs. Alternative A produces the least movement in the direction 

toward DC/HRV from existing conditions to 57% DC-65% HRV; however, the only difference between 

alternatives C and A is two percentage points for both DC and HRV. Qualitatively, there is no change in 

departure class in relation to both DC and HRV for either alternative C or alternative A, when considering 

the modeling results across all eight PNVTs. 

 

When comparing the alternative proposed average acre treatments, by the end of the 50-year modeling 

period, for all modeled PNVTs, all four alternatives display a reduction in departure from DC; from a 

high to moderate departure rating (table 72). In relation to HRV, Alternatives B and D display a reduction 

from a high to moderate departure rating. Both Alternatives A and C remain highly departed; alternative A 

slightly more than alternative C. 

 

Numerically, all of the alternatives produce some movement toward DC/HRV by the end of the 50-year 

modeling period. However, alternative D produces the greatest movement in the direction toward 

DC/HRV (from 64% DC-73% HRV (existing condition) to 42% DC-46% HRV). Alternative B produces 

the second greatest movement in the direction toward DC/HRV from existing conditions to 43% DC-51% 

HRV; however, the difference between alternatives D and B is one and five percentage point for DC and 
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HRV, respectively. Qualitatively, these are movements from high departure to moderate departure in 

relation to both DC and HRV for both alternatives D and B. 

 
Table 72. Comparisons of the overstory departures from DC and HRV at the end of the 50-year modeling 
period, by alternative (B, C and D) proposed average

1
 acre treatment objectives and alternative A (the lower 

the departure
2
 value the closer to DC and HRV) 

Alter-
native 

Forested PNVT Group Woodland PNVT Group Grassland PNVT Group 

All A-SNFs 
Modeled 

PNVTs 

ponderosa 
pine 

forest 

wet 
mixed 
conifer 
forest 

dry 
mixed 
conifer 
forest 

spruce-fir 
forest 

all A-SNFs 
modeled 
forested 
PNVTs 

Madrean 
pine-oak 

woodland 

piñon-
juniper 

woodland 

all A-SNFs 
modeled 

woodland 
PNVTs 

Great 
Basin 

grassland 

semi-
desert 

grassland 

all A-SNFs 
modeled 
grassland 

PNVTs 

DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV 

Current 
Condition 

77H 94S 54M 61H 67H 77H 59M 62H 71H 85S 61H 72H 28L 28L 49M 56M 67H 67H 79H 79H 71H 71H 64H 73H 

A 54M 71H 45M 43M 47M 47M 65H 54M 51M 62H 56M 67H 41M 41M 51M 57M 68H 68H 94S 94S 78H 78H 55M 63H 

B 
Average 

54M 74H 53M 45M 48M 46M 63H 53M 53M 64H 38L 48M 22L 22L 32L 38L 20N 20N 58M 58M 34L 34L 43M 51M 

C 
Average 

54M 74H 57M 48M 48M 47M 63H 53M 54M 64H 47M 57M 30L 30L 41M 47M 68H 68H 94S 94S 78H 78H 53M 61H 

D 
Average 

57M 66H 51M 45M 49M 49M 62H 53M 55M 59M 32L 42M 19N 19N 27L 34L 18N 18N 58M 58M 33L 33L 42M 46M 

1 See Appendix H tables 2 and 4 for comparisons of the departures from DC and HRV by the end of the 50-year modeling period, by alternative proposed high and 
low acre treatment objectives and alternative A 

2 Departure Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-100% = severe 
departureS) 

 

By the end of the 50-year modeling period, alternative C produces the third greatest movement in the 

direction toward DC/HRV from existing conditions to 53% DC-61% HRV. Alternative A produces the 

least movement in the direction toward DC/HRV from existing conditions to 55% DC-63% HRV; 

however, the only difference between alternatives C and A is two percentage points for DC and HRV. 

Qualitatively, these are movements from high departure to moderate departure in relation to both DC. 

Qualitatively, there is no change in departure class in relation to HRV for either alternative C or 

alternative A; they remain highly departed. 

 

The greater movements toward DC and HRV for alternatives D and B than those produced by alternatives 

C and A can be primarily attributed to two factors: 1) the proposed 2.4- to 4.2-fold increase in acre 

treatments within the Madrean pine-oak woodland not included in alternative C, and the 7.0- to 12.3-fold 

increase in acre treatments not included in alternative A; and 2) the proposed 19,682 to 19,803 acre 

treatments in the Great Basin and semi-desert grasslands that are not included in alternative C or 

alternative A. The amount and extent of the proposed treatments within these three highly departed 

PNVTs has a substantial influence on the overall rate and extent of progress in movement in relation to 

DC/HRV among the action alternatives, as well as the no-action alternative.  

 

Figure 20 displays the summary of long-term trends in relation to DC for the collective A-SNFs modeled 

PNVTs under all alternatives, modeled in VDDT, based on their proposed average acre treatments. All 

alternatives produce reductions in departure from DC immediately (by the end of the 15-year planning 

period), from high to moderate departure. Alternatives A and C “plateau-out” about 30 years and remain 

moderately departed across the remaining modeling periods. Alternatives B and D level out about 40 

years out and remain moderately departed by the end of the 50-year modeling period. 
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Figure 20. Overstory departure from DC trend comparisons for all A-SNFs PNVTs modeled by alternative 
over a 50-year time period for alternative A and the average of the proposed high and low acre treatment 
objectives for alternatives B, C, and D 

 

Figure 21 displays the summary of long-term trends in relation to HRV for the collective A-SNFs 

modeled PNVTs under all alternatives, modeled in VDDT, based on their proposed average acre 

treatments. All alternatives produce reductions in departure from HRV immediately (by the end of the 15-

year planning period). Alternatives B and D transition from high to moderate departure at year ten; while 

alternatives A and C remain highly departed to the end of the 50-year modeling period. 

 

 
Figure 21. Overstory departure from HRV trend comparisons for all A-SNFs PNVTs modeled by alternative 
over a 50-year time period for alternative A and the average of the proposed high and low acre treatment 
objectives for alternatives B, C, and D 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, and Appendix H tables 1 through 4, for comparisons of 

the departures from DC and HRV by the end of the 15-year planning period and the 50-year modeling 

period, by alternative proposed high and low acre treatment objectives and alternative A, for the proposed 

high acre treatment objectives, by the end of the 15-year planning period, alternative C does more to 

address the threats and risks when assessing movement toward DC, followed by alternative A, then B, and 
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lastly D. However, by the end of the 15-year planning period, alternative A does more to address the 

threats and risks when assessing movement toward HRV followed by alternative C, then B, and lastly D. 

By the end of the 50-year modeling period, alternative D does more to address the threats and risks when 

assessing movement toward DC, followed by alternative B, then C, and lastly A. However, by the end of 

the 50-year modeling period, alternative B does more to address the threats and risks when assessing 

movement toward HRV, followed by alternative D, then C, and lastly A. 

 

For the proposed average acre treatment objectives, by the end of the 15-year planning period and the 50-

year modeling period, alternative D does more to address the threats and risks when assessing movement 

towards both DC and HRV, followed by alternative B, then C, and lastly A. However, by the end of the 

15-year planning period, the equally rated alternatives B and D do more to address the threats and risks 

when assessing movement toward HRV, followed by alternative C, and lastly A. Furthermore, by the end 

of the 50-year modeling period, alternative B does more to address the threats and risks when assessing 

movement toward HRV, followed by alternative D, then C, and lastly A.  

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period, alternative B 

does more to address the threats and risks when assessing movement toward DC, followed by alternative 

D, then C, and lastly A. However, by the end of the 15-year planning period, the equally rated alternatives 

B and D do more to address the threats and risks when assessing movement toward HRV, followed by 

alternative C, and lastly A. In addition, by the end of the 15-year planning period and the 50-year 

modeling period, the equally rated alternatives B and D also do more to address the threats and risks when 

assessing movement towards both DC and HRV, followed by alternative C, and lastly A. 

 

 

PNVTs Not Modeled with VDDT 
 

Grassland PNVT 
 

Montane/subalpine grasslands:  
 

Annual Vegetation Treatment Objectives 

 

There are no specific objectives regarding this PNVT in alternative A other than a general statement on 

eliminating tree encroachment to maintain grasslands as suitable range. The action alternatives would 

treat approximately 500 acres per year to restore grassland conditions (table 73). 

 
Table 73. General proposed annual vegetation overstory treatment objectives within the montane/subalpine 
grassland PNVT for alternatives B, C and D, and alternative A 

Alternative 
Annual Average Acre Treatment Objectives Alternative A Treatment Acre Objectives 

mechanical prescribed fire mechanical prescribed fire 

A - - 0 0 

B 500 0 - - 

C 500 0 - - 

D 500 0 - - 

 

Vegetation Outcome 

 

Alternatives B, C and D would provide equal benefit to the montane/subalpine grasslands. These 

alternatives have a proposed 500 acre annual treatment objective through the planning period; 

specifically, under alternative C for commercial tree removal where encroachment in the grasslands has 

occurred and under alternatives B and D for grassland restoration. Although not quantified, burning 
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(planned and unplanned) would also be emphasizes under alternatives C and D. At this treatment rate, 

treating the 10 percent tree encroached area of this PNVT will take roughly 11 years to complete. 

Alternative B primarily emphasizes restoration treatments within the Great Basin and semi-desert 

grasslands and would provide some restoration benefits on an opportunity basis. Since alternative A does 

not have any proposed treatment objectives, it provides less benefit to these grasslands than alternatives 

B, C, and D. 

 

The departure from DC within these grasslands is rated at moderate and trending away. While removal of 

encroaching trees would be beneficial, they are a minor contributor to overall departure. In a study 

conducted on the A-SNFs, White (2002) found significant changes had occurred in these grasslands 

between 1913 and 1998 in soil surface cover, exposed soil, herbaceous vegetation composition and cover, 

and dominant species composition that were not related to woody species encroachment. White 

determined that ungulate grazing (both livestock and wildlife) were the principle causal factors 

responsible for these changes; followed by fire suppression. The proposed treatment objectives under all 

action alternatives would not change this PNVT’s departure classification. 

 

Changes in the structure and function of grassland systems have been noted as the primary cause of the 

loss of native diversity within grasslands (Stacey, 1995, Gori and Enquist, 2003). Finch (2004) identified 

and summarized the major threats to grassland biological diversity as the loss of natural fire cycles, 

overgrazing by livestock (Fleischner et al., 1994), prairie dog eradication, and introduction of non-native 

vegetation, woody species encroachment, erosion, and habitat fragmentation. 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and 50-year 

modeling period comparisons of the environmental consequences to the vegetation indicators between the 

proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and alternative A 

see Appendix G tables 1 through 6, for the proposed high, average, and low acre treatment objectives, by 

the end of the 15-year planning period, the equally rated alternatives B, C and D do more to address the 

threats and risks when assessing movement towards both DC and HRV, followed by alternative A. 

 

 

Chaparral PNVT 
 

Interior chaparral:  
 

Annual Vegetation Treatment Objectives 

 

There are no specific objectives regarding this PNVT in alternative A or the action alternatives and the 

overstory and understory structure and function of the interior chaparral ecosystem would not change 

during the course of the planning period.  

 

Vegetation Outcome 

 

Since chaparral is rated at not being departed from DC/HRV, the management approach under all 

alternatives is to maintain this condition into the future, primarily by fire (planned and unplanned 

ignitions). 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and 50-year 

modeling period comparisons of the environmental consequences to the vegetation indicators between the 

proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and alternative A 

see Appendix G tables 1 through 6, for the proposed high, average, and low acre treatment objectives, by 
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the end of the 15-year planning period, alternatives A, B, C and D equally address the threats and risks 

when assessing movement towards both DC and HRV.  

 

 

Riparian Areas/Riparian Forest PNVTs (see the Riparian Specialist Report for a 
description of riparian conditions) 
 

Wetland/cienegas riparian areas, mixed broadleaf deciduous, montane willow, and cottonwood-willow 

riparian forests: 

 

Annual vegetation treatment objectives are displayed in table  
 

Table 74. General proposed average annual vegetation overstory treatment objectives within the 
wetland/cienega riparian areas, and mixed broadleaf deciduous, montane willow, and cottonwood-willow 
riparian forests PNVTs for alternatives B, C and D, and alternative A  

Alternative 
Treatment Objectives 

mechanical treatment acres prescribed fire treatment acres number of wetland/cienegas restored 

A 0 0 0 

B Average 0 350 15 

C Average 0 0 0 

D Average 0 450 15 

 

Vegetation Outcome 

 

As mentioned earlier, these riparian PNVTs are rated as no departure (CWRF) to low departure MWRF, 

MBDRF, and WCRA). There are no specific objectives regarding treating the vegetation structure and 

compositions of these PNVTs in alternatives A or C. Alternatives B and D propose to restore 200 to 500, 

and 300 to 600 acres annually (B and D, respectively). Alternatives B and D also have an objective to 

restore 5 to 25 wetland/cienegas riparian areas during the planning period, and would therefore, have a 

greater benefit.  

 

If proposed treatments include removal of non-riparian woody and herbaceous species, alternatives B and 

D would provide the greater benefit to all of the riparian PNVTs. All action alternatives also propose to 

reduce animal damage on five miles of riparian area annually. This should reduce ungulate damage to 

willows and other riparian woody species.  

 

Changes in the structure and function of wetland/cienega systems have been noted as the primary cause of 

the loss of biological diversity within these systems. The causes of adverse change in the ecological 

character of wetland/cienegas can be grouped in five broad categories: 

 

 Changes to the water regime 

 Water pollution 

 Physical modification 

 Exploitation of biological products 

 Introduction of invasive species 

 

Again, alternatives B and D have an objective to restore 5 to 25 wetland/cienegas riparian areas during the 

planning period, and would therefore, have a greater benefit than either alternative A or C. 

 

The riparian areas and riparian forest PNVTs have some of the highest road and motorized trail densities 

on the forests; ranging from 1.4 (MBDRF), 1.9 (CWRF), 2.5 (WCRA) to 3.4 (MWRF) linear miles of 
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road and motorized trails per square mile. Rehabilitating land that has been roaded is difficult at best. 

However, all action alternatives proposed to remove roads and unauthorized routes during the planning 

period. 

 

Treatment Objectives 

 

Objective Description 
Alternative 

A B C D 

Minimum amount of NFS roads or trails that negatively impact streams or riparian areas to 

be relocated, repaired, improved, or decommissioned 
0 4 0 4 

Average amount of unauthorized roads or trails that negatively impact streams or riparian 

areas to be removed 
0 2 3 3 

 

In this regard, alternative D would produce the greatest benefit by removing the most roads, followed by 

Alternatives B and C. Alternative A does not contain specific objectives to remove roads for the benefit of 

riparian areas. 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and 50-year 

modeling period comparisons of the environmental consequences to the vegetation indicators between the 

proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and alternative A 

see Appendix G tables 1 through 6, for the proposed high, average, and low acre treatment objectives, by 

the end of the 15-year planning period, the equally rated alternatives B and D do more to address the 

threats and risks when assessing movement towards both DC and HRV, followed by the equally rated 

alternatives A and C.  

 

Overall Evaluation of PNVT Overstory Vegetation Movement towards Desired Conditions and Historic 

Range of Variability (see Appendix G for further information) 

 

Desired Conditions: The overall evaluation of the alternatives regarding all A-SNFs PNVTs for the 

proposed high acre treatment objectives, by the end of the 15-year planning period and the 50-year 

modeling period, alternative D does more to address the threats and risks when assessing movement 

toward DC, followed by alternative B, then C, and lastly A. 

 

The overall evaluation of the alternatives regarding all A-SNFs PNVTs for the proposed average acre 

treatment objectives, by the end of the 15-year planning period, alternative B does more to address the 

threats and risks when assessing movement toward DC, followed by alternative D, then C, and lastly A. 

However, by the end of the 50-year modeling period, alternative D does more to address the threats and 

risks when assessing movement toward DC, followed by alternative B, and lastly, the equally rated 

alternatives A and C. 

 

The overall evaluation of the alternatives regarding all A-SNFs PNVTs for the proposed low acre 

treatment objectives, by the end of the 15-year planning period and the 50-year modeling period, 

alternative B does more to address the threats and risks when assessing movement toward DC, followed 

by alternative D, then C, and lastly A. 

 

Historic Range of Variability: The overall evaluation of the alternatives regarding all A-SNFs PNVTs for 

the proposed high acre treatment objectives, by the end of the 15-year planning period, the equally rated 

alternatives B and D do more to address the threats and risks when assessing movement toward HRV, 

followed by alternative C, and lastly A. However, by the end of the 50-year modeling period, alternative 

D does more to address the threats and risks when assessing movement toward HRV, followed by 

alternative B, then C, and lastly A. 
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The overall evaluation of the alternatives regarding all A-SNFs PNVTs for the proposed average acre 

treatment objectives, by the end of the 15-year planning period, alternative B does more to address the 

threats and risks when assessing movement toward HRV, followed by alternative D, then C, and lastly A. 

However, by the end of the 50-year modeling period, alternative D does more to address the threats and 

risks when assessing movement toward HRV, followed by alternative B, then C, and lastly, A. 

 

The overall evaluation of the alternatives regarding all A-SNFs PNVTs for the proposed low acre 

treatment objectives, by the end of the 15-year planning period, alternative B does more to address the 

threats and risks when assessing movement toward HRV, followed by alternative D, then C, and lastly A. 

However, by the end of the 50-year modeling period, alternative D does more to address the threats and 

risks when assessing movement toward HRV, followed by the equally rated alternatives A and C. 

 

 

Quaking Aspen 
 

Maintain and Regenerate 

 

All alternatives have the objective to retain aspen on the landscape. This would entail actions to maintain 

and regenerate aspen at the DC level of 50,200 acres or more during the planning period. Aspen readily 

regenerates with disturbance like fire. Actions to maintain aspen include fencing and removal of conifer 

succession within aspen clones. 

 

Table 75 shows that aspen is maintained at a level above DC under all alternatives during the planning 

cycle (15 years). Alternative A maintains the greatest amount of aspen with 71,076 acres at the end of the 

planning period, followed by the proposed low acre treatment objectives under alternative B with 70,711 

acres. The proposed high acre treatment objectives under alternative C produce the greatest reduction, 

20.2 percent at the end of the planning cycle, followed by the proposed high acre treatment objectives 

under alternative D with 19.2 percent at the end of the planning cycle. However, all alternatives have 

aspen levels above DC ranging from a low of 121.6 percent to a high of 141.6 percent for the proposed 

high acre treatment acres under alternative C and the average acre treatment objectives in alternative A, 

respectively.  

 

It is recognized that the level of aspen, as a consequence of forest management and activities, shown in 

table 75 will be further affected by non-federal actions. A primary example of aspen loss not related to 

forest management and activities, commonly occurring now, include ungulate browsing of aspen 

seedlings and saplings, insects and disease, and sudden aspen decline (SAD). SAD is distinct from age-

induced dieback, as it is a sudden, landscape-scale event that can lead to loss of most of an aspen stand 

(Worrall et al., 2008; Korb, 2012). The average time frame for naturally occurring dieback for aspen is 

approximately 100 years while the average time frame for SAD induced dieback is between 3 to 6 years 

(Frey et al., 2004). Worrell et al. (2010 and 2013), found that an extremely warm drought was a major 

factor in an episode of SAD in southwestern Colorado. Ireland et al. (2014) found for some early 

successional species, like aspen, slow growth at various stages of the tree’s life is associated with 

increased mortality risk. One of the principle dynamic forces for growth is available moisture (Hogg et 

al., 2008; Worrell et al., 2010; Huang and Anderegg, 2011). Results from Hanna and Kulakowski’s 

(2012) study of aspen mortality throughout the western U.S. suggests that aspen die-off is strongly 

associated with recent climatic conditions. 

 

At the end of the 50-year modeling period, all alternatives apart from the proposed high acre treatment 

acre objectives in both alternatives C and D maintain aspen at levels above DCs. 
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Table 75. Comparisons of the trend in aspen in relation to DC acres by alternative (B, C and D) for the 
proposed high, low and average acre treatment objectives, and alternative A, for the 15-year planning period 
and the 50-year modeling period; alternatives are arranged from the most to least aspen acres by the end of 
the 15-year planning period 

Alternative (arranged 
from the most to least 
aspen acres at 15 
years)  

Aspen 

acres percent 

15-year planning period 50-year modeling period 

acres 
% reduction from 

current acres 
percent of 

minimum DC 
acres 

% reduction from 
current acres 

percent of 
minimum DC 

Desired Condition 50,200 acres or more 

Current Condition1 76,500 100       

Alternative A   71,076 7.1 141.6 58,870 23.1 117.3 

B Low Treatment   70,711 7.6 140.9 57,946 24.3 115.4 

C Low Treatment   70,542 7.8 140.5 56,966 25.5 113.5 

D Low Treatment   69,241 9.5 137.9 56,597 26.0 112.7 

B Average   68,204 10.9 135.9 54,333 29.0 108.2 

C Average   65,796 14.0 131.1 51,532 32.6 102.7 

B High Treatment   65,696 14.1 130.9 50,720 33.7 101.0 

D Average   65,517 14.4 130.5 50,450 34.1 100.5 

D High Treatment   61,793 19.2 123.1 44,304 42.1 88.3 

C High Treatment   61,049 20.2 121.6 46,098 39.7 91.8 
1 Data is post-2011 Wallow Fire  

 

Figure 22 illustrates the long-term trends in aspen acres under all alternative proposed average acre 

treatment acre objectives. Alternative A maintains the greatest number of aspen acres; however, this is 

roughly a 23 percent reduction from current levels. This is followed by alternatives B, C and D with 

reductions of 29.0, 32.6, and 34.1 percent, respectively. However, all alternative proposed average acre 

treatment acre objectives still provide for aspen acreage at levels above DC.  

 

 
Figure 22. Comparisons of the trend in acres of aspen, between alternatives, across the 50-year modeling 
period, based on the proposed average acre treatment objectives for alternatives B, C and D, and alternative 
A 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and 50-year 

modeling period comparisons of the environmental consequences to the vegetation indicators between the 

proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and alternative A 

see Appendix G tables 1 through 6, for the proposed high acre treatment objectives, by the end of the 15-

year planning period, alternatives A, B, C and D equally address the maintenance of aspen within DC 

levels. However, by the end of the 50-year modeling period, alternatives A and B equally address the 

maintenance of aspen within DC levels, while alternatives C and D do not. 
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For the proposed average acre treatment objectives, by the end of the 15-year planning period, 

alternatives A, B, C and D equally address the maintenance of aspen within DC levels. However, by the 

end of the 50-year modeling period, alternatives A and B equally address the maintenance of aspen within 

DC levels, while alternatives C and D do not. 

 

For the proposed low acre treatment objectives, by the end of the 15-year planning period and the 50-year 

modeling period, alternatives A, B, C and D equally address the maintenance of aspen within DC levels. 

 

 

Woody Overstory/Herbaceous Understory Vegetation Cover Relationship 
 

According to Copper (1960), the composition and quality of the herbaceous vegetation is governed by 

livestock grazing, fire and the density of the forest canopy. One of the most distinctive features of 

frequent-fire forests, woodlands, and grasslands of the A-SNFs is the major contribution that the 

herbaceous understory vegetation (grasses, forbs, shrubs) makes to ecosystem diversity and productivity 

(Smith, 2011). According to Laughlin and Grace (2006), in the absence of fire, the density of overstory 

trees increases, which can reduces the diversity of herbaceous understory vegetation 10-30 percent. 

Restoration efforts on the A-SNFs should focus on the enhancement and/or recovery of native herbaceous 

species. 

 

The following discussion presents potential changes in the relations between overstory and herbaceous 

understory vegetation due to the different proposed alternative acre treatment levels. Jameson (1967) 

studying the overstory/understory relationships in ponderosa pine forests in northern Arizona found a 

greater than 2.3- to 3.4-fold increase in herbaceous understory vegetation production between open (30% 

or less) and closed (greater than 30%) canopy sites. Reduction in overstory canopy cover and burning the 

understory would increase understory species composition and diversity (Smith 2011). 

 

Tree canopy closure in southwestern ponderosa pine old-growth stands ranges from 17 to 30 percent 

(Laughlin et al., 2006), which suggests that understory patches may have comprised greater than 70 

percent of the forested landscape. Moore and Deiter (1992) reported that herbaceous understory 

vegetation response to the overstory reduction appeared to be dependent on understory plant type. They 

found that overstory density effects on understory production were most predictable for the herbaceous 

plants (i.e., grasses, sedges, and forbs) while shrubs showed only a slight response to changing overstory 

density. To what extent the herbaceous understory vegetation responses to overstory removal, also 

depends on the health and condition of the existing understory community and its ability to respond, as 

well as, available seed bank, and soil productivity. In a study conducted in a ponderosa pine forest in 

northern Arizona, Springer (1999) found that overstory canopy type has a significant influence on the 

species in the soil seed bank. In general, annual and biennial species were found in greater numbers in the 

soil seed bank as opposed to perennials. This is troubling for all of the PNVTs where long-term, 

established herbage production in response to overstory removal is of concern.  

 

According to Heitschmidt and Stuth (1991), remaining grasslands and savannas may become increasingly 

susceptible to woody plant encroachment in response to anticipated global changes that may generate 

warmer, drier climates characterized by greater variability (Emanuel et al., 1985a and 1985b). The 

ecological ramifications of the loss of herbaceous understory vegetation are hard to quantify; however, 

there are relationships between composition, structure, and processes that continually act upon one 

another to keep these communities functioning in a healthy manner. Pellant et al. (2005) define the three 

attributes of community health that can be directly related to loss of vegetation composition and structure: 

1) soil and site stability; 2) integrity of the biotic; and 3) hydrologic function of the community. 

According to the Jacoby (1989), the degree to which these three attributes, as well as the ecological 
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processes of the ecological system are in equilibrium and sustained is an indicator of overall health of the 

system. 

 

If a goal of ecological restoration in these forests is increased cover of native perennial plants, and the 

potential for increased native perennial grass reproduction, then cattle grazing exclusion, or a change in 

cattle management, could provide critically important options in restoration plans (Kerns et al., 2011). 

Grazing-induced modifications in species composition have been documented in numerous grasslands 

throughout the world (Voigt and Weaver, 1951; Branson and Weaver, 1953; Ellison, 1960; Williams, 

1969; Noy-Meir et al., 1989; Grover and Musick, 1990; among others). Compositional changes frequently 

involve the replacement of higher successional species by lower successional species (Canfield, 1957). 

The lower successional species are frequently mid- or short-grass species held in a subordinate position 

by competitive interaction with species possessing greater stature (Arnold, 1955; Belsky, 1986). The 

importance of this is, successional changes within plant communities are linked to soil fertility, where 

lower successional stages are associated with soil erosion and the loss of topsoil in which nutrients are 

concentrated (Humphreys, 1997). Successional changes are linked directly to the integrity of the biotic 

community. 

 

Integrity of the biotic community is defined as the capacity of a site to support characteristic functional 

and structural communities within the context of normal variability to withstand and recover from 

disturbance events (Pellant et al., 2005). Ecological processes functioning within a normal range of 

variability will support specific plant communities, however, when the biotic integrity of a site has been 

impaired changes within the functional and structural community can take place (Pellant et al., 2005). 

According to Tilman (1997), species structural and functional diversity are the principle factors for plant 

productivity. Consistent with McLaren (2006), species composition very probably plays an important role 

in determining ecosystem function because species differ in their traits. The effect of the loss of a species 

on an ecosystem is the result of both the loss of the direct effects of the organism on ecosystem 

functioning, and the response of other organisms to that loss. These effects and responses occur through 

numerous mechanisms (e.g., species can directly affect soil nutrient and water content through varying 

root mass). In addition, specific species can alter plant community composition through varying 

competitive abilities and facilitative effects, which in turn may affect ecosystem function. Vegetation 

species compositional shifts have occurred within these PNVTs (White, 2002; Vander Lee et al., 2006). 

 

As overstory canopy cover moves towards DCs; (reduction in overstory canopy cover), and with the 

reintroduction of periodic fire within the ponderosa pine and dry mixed conifer forests, Madrean pine-oak 

and piñon-juniper woodlands, and Great Basin and semi-desert grasslands there would be an expected 

increase in understory species diversity, cover, composition and production (Smith, 2011). Laughlin et al. 

(2005) found that, low-intensity surface fire is an important ecological process in lower montane and 

subalpine forests that maintains understory communities within the range of natural variability and 

appears to promote species diversity. According to several authors (Bailey and Copeland, 1961; 

Blackburn et al., 1986; Knight, 1993), species composition is a clear indicator of hydrologic function. 

Hydrologic function is defined as the capacity of a site to capture, store and release moisture and as the 

ability to withstand and recover from capacity reducing events (Pellant et al., 2005). 

 

Shifts in compositions that change the vegetative structure from herbaceous species to woody species, has 

a direct effect on levels of surface runoff and soil loss (McGinty et al., 1995). As sediment production 

increases, total biomass decreases (Thurow et al., 1986; Thurow, 1991). Species compositional shifts have 

already occurred within these PNVTs and they exhibit moderate to high departure from DC/HRV. 

Functionally, the advantage of increased efficiency of water use is in conserving soil moisture and 

delaying the effects of drought (Long, 1999). A reduction in nutrient availability also occurs in dry soils 

(Chapin, 1991).  
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The significance of changes in vegetation composition and structure is the relation to ecosystem function 

and process-litter and root biomass of herbaceous vegetation builds and enriches soils at a far greater rate 

than within adjacent forested or woodland sites (Aber and Melillo, 1991) or areas that are now occupied 

by tree encroachment. Within southwestern ponderosa pine forests, Kaye and Hart (1998) reported that 

net rates of nitrogen (N) transformation beneath relict grassy openings were twice those beneath post-

settlement pines. Other studies have identified some herbaceous understory vegetation components that 

may function as major community and ecosystem drivers (Nilsson and Wardle, 2005). 

 

 
Forested PNVTs Woody Overstory/Herbaceous Understory Relationship 
 

Ponderosa pine forest: Ponderosa pine is a naturally open canopied forest and DCs are to have 90 percent 

(541,985 acres) of this PNVT with open canopy cover. By the end of the 15 year planning period all 

alternatives proposed average acre treatment objectives produce a reduction in closed canopy acres 

(figure 23); however, alternative C reduces the closed canopy cover on the greatest number of acres, from 

410,912 to 324,765 acres, a 21 percent reduction (table 76); alternatives B, A, and D follow with 13, 10, 

and 8 percent reductions, respectively. See Appendix I tables 1 and 3 for more information regarding 

changes in canopy cover for the proposed high and low acre treatment objectives by the end of the 15-

year planning period and the 50-year modeling period for ponderosa pine. 

 

At the end of 50 years all the alternatives have reduced closed canopy acres by 24, 21, 18, and 16 percent 

for alternatives C, D, B, and A, respectively. It would appear that under all alternatives, insufficient acres 

would be treated within this PNVT to achieve the DCs over time. 

  

 
Figure 23. Percent of ponderosa pine forest PNVT acres with woody canopy cover greater than 30 percent 
over a 50-year timeframe, based on the proposed average acre treatment objectives for alternatives B, C and 
D, and alternative A 

 

Herbaceous understory vegetation cover has been directly related to time since fire and ponderosa pine 

basal area (Laughlin et al., 2005). Results from Dodson and Peterson’s (2010) study, suggest that 

restoration treatments designed primarily to reduce fire hazard and promote sustainable conditions in fire-

adapted ecosystems (such as this PNVT) can also increase community heterogeneity and facilitate 

colonization by new understory species without significant local extirpation of current species. As a result 

of canopy cover reductions through mechanical thinning and introduction of periodic fire on a regular 

basis, within this PNVT there should be an increase in understory plant cover, richness, diversity, and 

heterogeneity.  
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Table 76. Comparisons, based on the proposed average acre treatment objectives for alternatives B, C and D, and alternative A, by the end of the 15-
year planning period and the 50-year modeling period, of the percentage and acreage changes in closed woody canopy cover

1
 within the historically 

open forest (ponderosa pine forest [PPF] and dry mixed conifer forest [DMCF]) PNVTs, and the historically closed forest (wet mixed conifer forest 
[WMCF] and spruce-fir forest [SFF]) PNVTs on the A-SNFs 

Years 

Percent and Acreage Display the Amount of Change within Each PNVT that has Closed Woody Canopy Cover Greater than 30 Percent 
(arrows indicate direction of change in woody canopy cover; ↑ increase or↓ decrease) 

alternative A 
proposed average treatment objectives 

alternative B alternative C  alternative D 

Ponderosa pine forest PNVT current conditions: 602,206 acres of which 68% or 410,912 acres with woody canopy cover > 30% 

15 10%↓ (370,119 acres) 13%↓ (359,445 acres) 21%↓ (324,765 acres) 8%↓ (378,270 acres) 

50 16%↓ (343,281 acres) 18%↓ (338,631 acres) 24%↓ (312,530 acres) 21%↓ (324,026 acres) 

Dry mixed conifer forest PNVT current conditions: 147,885 acres of which 61% or 90,210 acres with woody canopy cover > 30% 

15 23%↑ (110,914 acres) 20%↑ (107,956 acres) 19%↑ (107,217 acres) 25%↑ (112,393 acres) 

50 21%↑ (109,435 acres) 20%↑ (107,695 acres) 22%↑ (110,174 acres) 26%↑ (113,871 acres) 

All A-SNFs Modeled Open canopy forest types (PPF+DMCF): 750,091 acres of which 67% or 501,122 acres with woody canopy cover > 30% 

15 4%↓ (481,033 acres) 7%↓ (467,401 acres) 14%↓ (431,982 acres) 2%↓ (490,662 acres) 

50 10%↓ (452,716 acres) 11%↓ (447,327 acres) 16%↓ (422,704 acres) 13%↓ (437,897 acres) 

Wet mixed conifer forest PNVT current conditions: 177,995 acres of which 61% or 101,457 acres with woody canopy cover > 30% 

15 12%↑ (113,917 acres) 12%↑ (113,917 acres) 5%↑ (106,797 acres) 12%↑ (113,917 acres) 

50 18%↑ (119,257 acres) 19%↑ (121,037 acres) 14%↑ (115,697 acres) 18%↑ (120,147 acres) 

Spruce-fir forest PNVT current conditions: 17,667 acres of which 61% or 10,777 acres with woody canopy cover > 30% 

15 11%↑ (12,014 acres) 11%↑ (11,925 acres) 9%↑ (11,749 acres) 10%↑ (11,837 acres) 

50 2%↑ (10,954 acres) 3%↓ (10,424 acres) 4%↓ (10,335 acres) 7%↓ (9,982 acres) 

All A-SNFs Modeled Closed canopy forest types (WMCF+SFF): 195,662 acres of which 57% or 112,234 acres with woody canopy cover > 30% 

15 12%↑ (125,930 acres) 12%↑ (125,842 acres) 6%↑ (118,546 acres) 12%↑ (125,754 acres) 

50 16%↑ (130,210 acres) 17%↑ (131,460 acres) 12%↑ (126,032 acres) 16%↑ (130,128 acres) 

1 Woody canopy closure classes are: 0 to < 10% is defined as very open canopy; 10 to ≤ 30% is defined as open canopy; and > 30% is defined as closed canopy. Under HRV and for DC ponderosa pine and dry mixed conifer forests 
should exhibit open canopies (10 to ≤ 30% woody canopy cover). Therefore, the lower the amounts of closed woody canopy cover, the closer these two PNVTs are to their HRV and forest plan DCs. Under HRV and for DC wet 
mixed conifer and spruce-fir forests should exhibit closed canopies (> 30% woody canopy cover). Therefore, the higher the amount of closed woody canopy cover, the closer these two PNVTs are to their HRV and forest plan 
DCs 
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With expected increases in herbaceous plant vigor through decreased competition for sunlight and 

moisture, and more rapid nutrient cycling by fire there could be greater herbage growth. Current average 

herbaceous cover ranging from 45-78 percent and average estimated production ranging from 255-390 

pounds per acre have the potential to increase by as much as 27 and 39 percent for cover and production, 

respectively (table 48). Given the opportunity to respond to overstory canopy reductions, the existing 

understory state of affairs where low and moderately-low ecological conditions or very-poor and poor 

range conditions occur on more than 480,000 acres, should enable some movement to higher ecological 

levels and closer to DCs.  

  

Wet mixed conifer forest: Wet mixed conifer is a naturally closed canopy forest and DCs are to have 79 

percent (140,616 acres) of this PNVT with closed canopy cover. By the end of the 15-year planning 

period, all alternative proposed average acre treatment objectives would produce increases in closed 

canopy acres (figure 24). Alternatives A, B, and D would equally increase closed canopy acres from 

101,457 to 113,917, a nearly 12 percent increase (table 76). Alternative C would increase closed canopy 

acres from 101,457 to 106,797, a five percent increase. At the end of 50 years all the alternatives have 

increased closed canopy acres by 19, 18, 18, and 14 percent for alternatives B, A, D, and C, respectively. 

It would appear that under all alternatives, too many acres would be treated within this PNVT to achieve 

DCs over time. See Appendix I tables 1 and 3 for more information regarding changes in canopy cover 

for the proposed high and low acre treatment objectives by the end of the 15-year planning period and the 

50-year modeling period for wet mixed conifer. 

 

As a result of canopy cover increases within this PNVT there is very little likelihood in a change occuring 

in understory plant cover, richness, diversity, and heterogeneity from current conditions. Current average 

herbaceous cover ranging from 73-94 percent and average estimated production ranging from 60-140 

pounds per acre would not have the potential to increase by as much as 13 and 16 percent for cover and 

production, respectively (table 48). Overstory canopy increase would facilitate minimal, if any, movement 

of the existing understory situation where low and moderately-low ecological conditions occur on more 

than 60,000 acres, to higher ecological levels and closer to DCs; in fact, the opposite is more likely to 

occur. 

 

 

Figure 24. Percent of wet mixed conifer forest PNVT acres with woody canopy cover greater than 30 percent 
over a 50-year timeframe, based on the proposed average acre treatment objectives for alternatives B, C and 
D, and alternative A 

 

Dry mixed conifer forest: Dry mixed conifer is a naturally open canopied forest and DCs are to have 68 

percent (100,562 acres) of this PNVT with open canopy cover. However, within the planning period all 
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alternatives proposed average acre treatment objectives produce increases in closed canopy acres (figure 

25). Alternatives C yield the smallest increase in closed canopy acres, from 90,210 to 107,217 acres, a 19 

percent increase (table 76); alternatives B and A follow with 20 and 23 percent increases, respectively. At 

the end of 50 years all the alternatives have augmented closed canopy acres by 20, 21, 22, and 26 percent 

for alternatives B, A, C, and D, respectively, from current conditions. It would appear that under all 

alternatives, insufficient acres would be treated within this PNVT to achieve the DCs. See Appendix I 

tables 1 and 3 for more information regarding changes in canopy cover for the proposed high and low 

acre treatment objectives by the end of the 15-year planning period and the 50-year modeling period for 

dry mixed conifer. 

 

 
Figure 25. Percent of dry mixed conifer forest PNVT acres with woody canopy cover greater than 30 percent 
over a 50-year timeframe, based on the proposed average acre treatment objectives for alternatives B, C and 
D, and alternative A 

 

As a result of canopy cover increases within this PNVT there is very little likelihood in a change occuring 

in understory plant cover, richness, diversity, and heterogeneity from current conditions. Current average 

herbaceous cover ranging from 57-89 percent and average estimated production ranging from 205-500 

pounds per acre would not have the potential to increase by as much as 19 and 27 percent for cover and 

production, respectively (table 48). Overstory canopy increase would facilitate minimal, if any, movement 

of the existing understory situation where low and moderately-low ecological conditions occur on more 

than 81,000 acres, to higher ecological levels and closer to DCs; in fact, the opposite is more likely to 

occur. 

 

When combining the two naturally open forested PNVTs’ (ponderosa pine and dry mixed conifer forests) 

to assess canopy cover changes, alternative C results in the greatest overall reduction (14%) in closed 

canopy acres within the planning period; followed by alternatives B, A and D with seven, four and two 

percent, respectively. By the end of the 50 year modeling period Alternative C again results in the greatest 

overall reduction (16%) in closed canopy acres; followed by alternatives D, B, and A with 13, 11 and 10 

percent, respectively. 

 

Spruce-fir forest: Spruce-fir is a naturally closed canopy forest and DCs are to have no more than 19 

percent (3,357 acres) of this PNVT with open canopy cover. By the end of the 15-year planning period, 

all alternative proposed average acre treatment objectives would produce an increase in closed canopy 

acres (figure 26). Alternative A would produce the greatest increase in closed canopy acres from 10,777 to 

12,014 acres, an 11 percent increase (table 76). Alternative B would increase closed canopy acres to 

11,925, a nearly 11 percent increase. Alternative B would increase closed canopy acres to 11,925, a nearly 

11 percent increase. Alternative D would provide a roughly10 percent increase in closed canopy acres 
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(from 10,777 to 11,837). Alternative C would increase closed canopy acres the least from 10,777 to 

11,749 acres, a nine percent increase. Desired conditions for this PNVT are to have roughly 81 percent or 

14,310 acres with closed canopy cover. However, at the end of 50 years, only alternative A would result in 

an increase (2%) in closed canopy acres. Alternatives B, C, and D would produce further decreases in 

closed canopy by 3, 4, and 7 percent, respectively. It would appear that under all alternatives, too many 

acres would be treated within this PNVT to achieve and maintain DCs over time. Reduction in canopy 

cover is likely the result of the number of years that it would require to treat this entire PNVT under the 

various alternative proposed treatment objective acres; 83 years, 41 years, 28 years, and 33 years for A, B, 

C, and D, respectively. See Appendix I tables 1 and 3 for more information regarding changes in canopy 

cover for the proposed high and low acre treatment objectives by the end of the 15-year planning period 

and the 50-year modeling period for spruce-fir. 

 

 

Figure 26. Percent of spruce-fir forest PNVT acres with woody canopy cover greater than 30 percent over a 
50-year timeframe, based on the proposed average acre treatment objectives for alternatives B, C and D, and 
alternative A 

 

As a result of canopy cover increases through mechanical thinning and introduction of some 

underburning, within this PNVT there should be a small increase (at least in the short-term) in understory 

plant cover, richness, diversity, and heterogeneity because of more rapid nutrient cycling by fire; there 

could be greater herbage growth. Current average herbaceous cover ranging from 90-95 percent and 

average estimated production ranging from 25-50 pounds per acre have the potential to increase by as 

much as 6 and 8 percent for cover and production, respectively (table 48). Overstory canopy decrease 

may facilitate minimal movement of the existing understory situation where low and moderately-low 

ecological conditions occur on more than 500 acres, to higher ecological levels and closer to potential. 

 

When combining the two naturally closed forested PNVTs’ (wet mixed conifer and spruce-fir forests) to 

assess canopy cover changes, alternative C results in the smallest overall increase (6%) within the 

planning period; followed equally by alternatives A, B, and D with 12 percent increases. By the end of the 

50-year modeling period alternative C again results in the smallest overall increase (12%) in closed 

canopy acres; followed equally by alternatives A and D with a 16 percent increase, and lastly by 

alternative B with a 17 percent increase in closed canopy acres. 

 

 

Woodland PNVTs Woody Overstory/Herbaceous Understory Relationship 
 

Madrean pine-oak woodland: Madrean pine-oak is naturally open canopy woodland and DCs are to have 

less than 21 percent (82,935 acres) of this PNVT with closed canopy cover. Within the planning period all 
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alternative proposed average acre treatment objectives produce reductions in closed canopy acres (figure 

27). However, alternative D reduces the closed woody canopy cover on the greatest number of acres, 

from 308,927 to 231,032 acres, a 25 percent reduction (table 77), and alternatives B, C and A follow with 

15, 8, and 3 percent reductions, respectively. At the end of 50 years all alternatives have reduced closed 

woody canopy acres by 42, 32, 24 and 6 percent for alternatives D, B, C, and A, respectively. Because this 

PNVT is predominately roadless (93%) and has no suitable lands for timber production or mechanical 

harvest treatments, fire is the only management tool available. It would appear that under all alternatives, 

insufficient acres would be treated or fire treatments are only partially effective within this PNVT to 

achieving the DCs. See Appendix I tables 4 and 6 for more information regarding changes in canopy 

cover for the proposed high and low acre treatment objectives by the end of the 15-year planning period 

and the 50-year modeling period for Madrean pine-oak. 

 

 
Figure 27. Percent of Madrean pine-oak woodland PNVT acres with woody canopy cover greater than 30 
percent over a 50-year timeframe, based on the proposed average acre treatment objectives for alternatives 
B, C and D, and alternative A 

 

As a result of canopy cover reductions through thinning with periodic fire on a regular basis, within this 

PNVT there should be some increase in understory plant cover, richness, diversity, and heterogeneity. 

With expected increases in herbaceous plant vigor through decreased competition for sunlight and 

moisture, and more rapid nutrient cycling by fire there could be greater herbage growth. Current average 

herbaceous cover ranging from 6-35 percent and average estimated production ranging from 100-155 

pounds per acre have the potential to increase by as much as 43 and 79 percent for cover and production, 

respectively (table 48). Given the opportunity to respond to overstory canopy reduction, the existing 

understory state of affairs where low and moderately-low ecological conditions or very-poor and poor 

range conditions occur on more than 100,000 acres, should enable some movement to higher ecological 

levels and closer to DCs. 
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Table 77. Comparisons, based on the proposed average acre treatment objectives for alternatives B, C and D, and alternative A, by the end of the 15-
year planning period and the 50-year modeling period, of the percentage and acreage changes in closed woody canopy cover

1
 within the historically 

open woodland (Madrean pine-oak woodland [MPOW] and piñon-juniper woodland [PJW]) PNVTs, and very open grassland (Great Basin grassland 
[GBG] and semi-desert grassland [SDG]) PNVTs on the A-SNFs 

Years 

Percent and Acreage Display the Amount of Change within Each PNVT that has Closed Woody Canopy Cover Greater than 30 Percent in Woodland and Greater than 10 Percent in 
Grassland 

(arrows indicate direction of change in woody canopy cover; ↑ increase, ↓ decrease, or ↔ no change) 

alternative A 
proposed average treatment objectives 

alternative B average alternative C average alternative D average 

Madrean pine-oak woodland PNVT current conditions: 394,927 acres of which 78% or 308,043 acres with woody canopy cover > 30% 

15 3%↓ (300,145 acres) 15%↓ (260,652 acres) 8%↓ (282,373 acres) 25%↓ (231,032 acres) 

50 6%↓ (288,297 acres) 33%↓ (207,337 acres) 24%↓ (233,007 acres) 42%↓ (177,717 acres) 

Piñon-juniper woodland PNVT current conditions: 222,166 acres of which 22% or 48,877 acres with woody canopy cover > 30% 

15 82%↑ (88,866 acres) 52%↑ (74,426 acres) 61%↑ (78,869 acres) 32%↑ (64,428 acres) 

50 191%↑ (142,186 acres) 116%↑ (105,529 acres) 145%↑ (119,970 acres) 70%↑ (83,312 acres) 

Woodland total current conditions (MPOW+PJW): 617,093 acres of which 58% or 356,920 acres with woody canopy cover > 30% 

15 9%↑ (389,011 acres) 6%↓ (335,077 acres) 1%↑ (361,242 acres) 17%↓ (295,460 acres) 

50 21%↑ (430,483 acres) 12%↓ (312,866 acres) 1%↓ (352,977 acres) 27%↓ (261,029 acres) 

Great Basin grassland current conditions: 185,523 acres of which 89% or 165,190 acres with woody canopy cover > 10% 

15 5%↓ (157,757 acres) 63%↓ (61,223 acres) 7%↓ (153,984 acres) 57%↓ (70,499 acres) 

50 2%↓ (162,647 acres) 56%↓ (73,282 acres) 8%↓ (152,129 acres) 58%↓ (69,571 acres) 

Semi-desert grassland current conditions: 106,952 acres of which 79% or 84,492 acres with woody canopy cover > 10% 

15 6%↑ (89,840 acres) 16%↓ (70,588 acres) 4%↑ (87,701 acres) 16%↓ (70,588 acres) 

50 19%↑ (100,535 acres) 30%↓ (59,358 acres) 16%↑ (98,398 acres) 30%↓ (59,358 acres) 

Grassland total current conditions (GBG+SDG): 292,475 acres of which 85% or 249,682 acres with woody canopy cover > 10% 

15 1%↓ (246,597 acres) 47%↓ (131,811 acres) 3%↓ (241,685 acres) 43%↓ (141,087 acres) 

50 5%↑ (263,182 acres) 47%↓ (132,640 acres) 0%↔ (250,525 acres) 48%↓ (128,929 acres) 

1 Woody canopy closure classes are: 0 to < 10% is defined as very open canopy; 10 to ≤ 30% is defined as open canopy; and >  30% is defined as closed canopy. Under HRV and for DC Madrean pine-oak and piñon-juniper 
woodlands should exhibit open canopies (10 to ≤ 30% woody canopy cover). Under HRV and for DC Great Basin and semi-desert grasslands should exhibit very open canopies (0 to ≤ 10% woody canopy cover); grasslands, by 
definition, should not be dominated by woody species canopy cover. Therefore, the lower the amounts of closed woody canopy cover, the closer these four PNVTs are to their HRV and forest plan DCs 
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Piñon-juniper woodland: The majority of the piñon-juniper on the A-SNFs is naturally open canopy 

woodland and DCs are to have less than 28 percent (62,204 acres) of this PNVT with closed woody 

canopy cover. Unfortunately, within the planning period all alternative proposed average acre treatment 

objectives produce an increase in closed canopy acres (figure 28). However, alternative D yields the 

smallest increase in closed canopy acres, from 48,877 to 64,428 acres, a 32 percent increase (table 77), 

and alternatives B, C and A follow with 52, 61, and 82 percent increases in closed canopy acres, 

respectively. By the end of the 50 year modeling period all alternatives have augmented closed canopy 

acres by as much as 70, 116, 145, and 191 percent for alternatives D, B, C, and A, respectively, from 

current conditions. It would appear that under all alternatives, insufficient acres would be treated within 

this PNVT to achieve the DCs over time. At the proposed treatment rates it would take roughly 377, 79, 

74, and 53 years for alternative A, B, C, and D, respectively, to treat the entire PNVT; natural regeneration 

and growth maybe occurring at a greater rate than treatment removal. See Appendix I tables 4 and 6 for 

more information regarding changes in canopy cover for the proposed high and low acre treatment 

objectives by the end of the 15-year planning period and the 50-year modeling period for piñon-juniper. 

 

As a result of canopy cover increases within this PNVT there should be a decrease in understory plant 

cover, richness, diversity, and heterogeneity. With expected decreases in herbaceous plant vigor through 

increased competition for sunlight and moisture, and slower nutrient cycling by fire there should be less 

herbage growth. Current average herbaceous cover ranging from 17-37 percent and average estimated 

production ranging from 100-225 pounds per acre have the potential to increase by as much as 60 and 73 

percent for cover and production, respectively (table 48). Overstory canopy increase will not facilitate 

movement of the existing understory situation where low and moderately-low ecological conditions occur 

on more than 192,000 acres, to higher ecological levels and closer to DCs. 

 

 
Figure 28. Percent of piñon-juniper woodland PNVT acres with woody canopy cover greater than 30 percent 
over a 50-year timeframe, based on the proposed average acre treatment objectives for alternatives B, C and 
D, and alternative A 
 

When combining Madrean pine-oak and piñon-juniper woodlands’ canopy changes, alternative D results 

in the greatest overall reduction (17%) by the end of the15-year planning period, and the 50-year 

modeling period (27%). Alternative B also results in a woody canopy cover reduction by 6% and 12% by 

the end of the15-year planning period, and the 50-year modeling period, respectively. Alternative A would 

result in the greatest overall increases in woody canopy cover by the end of the15-year planning period, 

and the 50-year modeling period; 9% and 21%, respectively. Alternative C also results in woody canopy 

cover increase (1%) by the end of the 15-year planning period, and a decrease (1%) by the end of the 50-

year modeling period. 
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Grassland PNVTs Woody Overstory/Herbaceous Understory Relationship 
 

Grasslands by definition are those areas on which the vegetation is dominated by grasses, grass-like plants 

and/or forbs (Anderson, 2012) and are maintained in this condition by natural successional processes, 

primarily driven by drought and fire. Grasslands should not have a woody species component that 

contributes greater than 10 percent of the overall canopy cover. Herbaceous vegetation provides critical 

soil cover as well as hiding cover and shelter for small wildlife. In addition, open grasslands have the 

potential to produce from 6 to 110 times the herbaceous biomass per acre as adjacent forested areas 

(Laing et al., 1989). 

 

Great Basin grassland: Great Basin grassland is naturally an open herbaceous vegetation dominated 

PNVT and DCs are to have less than 22 percent (40,815 acres) of this PNVT with closed woody canopy 

cover. Within the planning period all alternative proposed average acre treatment objectives produce 

reductions in woody canopy acres (figure 28); however, alternative B reduces the woody canopy cover on 

the greatest number of acres, from 165,190 to 61,223 acres, a 63 percent reduction (table 77); alternative 

D follows with a 57 percent reduction in closed canopy cover. During the same period, under alternatives 

A and C closed woody canopy acres are reduced by five and seven percent, respectively. By the end of 

the 50-year modeling period all alternative proposed average acre treatment objectives produce reductions 

in woody canopy acres (figure 29); however, alternative D reduces the woody canopy cover on the 

greatest number of acres, from 165,190 to 69,571 acres, a 58 percent reduction (table 67); alternative B 

follows with a 56 percent reduction in closed canopy cover. During the same period, under alternatives A 

and C closed woody canopy acres are reduced by two and eight percent, respectively. It appears that 

under alternatives A and C insufficient acres would be treated within this PNVT to achieve the DCs over 

time. It also appear that around 40 years management actions under alternatives B and D would need to 

change in order to continue to reduce closed woody canopy acres. See Appendix I tables 4 and 6 for more 

information regarding changes in canopy cover for the proposed high and low acre treatment objectives 

by the end of the 15-year planning period and the 50-year modeling period for Great Basin. 

 

 
Figure 29. Percent of Great Basin grassland PNVT acres with woody canopy cover greater than 30 percent 
over a 50-year timeframe, based on the proposed average acre treatment objectives for alternatives B, C and 
D, and alternative A 
 

As a result of woody canopy cover elimination through mechanical thinning and introduction of periodic 

fire on a regular basis, within this PNVT there should be an increase in understory plant cover, richness, 

diversity, and heterogeneity. With expected increases in herbaceous plant vigor through decreased 

competition for sunlight and moisture, and more rapid nutrient cycling by fire there could be greater 

herbage growth. Current average herbaceous cover ranging from 23-45 percent and average estimated 
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production ranging from 260-440 pounds per acre have the potential to increase by as much as 46 and 66 

percent for cover and production, respectively (table 48). Overall, woody overstory canopy elimination 

should facilitate movement of the existing understory situation where low and moderately-low ecological 

conditions occur on more than 160,000 acres, to higher ecological levels and closer to DCs. 

 

Semi-desert grassland: Semi-desert grassland is naturally an open herbaceous vegetation dominated 

PNVT and DCs are to have less than 10 percent (10,695 acres) of this PNVT with closed woody canopy 

cover. By the end of the 15-year planning period both alternatives B and D proposed average acre 

treatment objectives produce reductions in closed woody canopy acres (figure 30) from 84,492 to 70,588 

acres, a 16 percent reduction (table 77), however, during the same period, under both alternatives A and C 

closed woody canopy acres increase by six and four percent, respectively. By the end of 50-year modeling 

period both alternatives B and D have reduced closed woody canopy acres by 30 percent, while during the 

same period, under alternative A and C closed woody canopy acres increased by an additional 19 and 16 

percent, respectively, from current conditions. It appears that under all alternatives insufficient acres 

would be treated within this PNVT to achieve the DCs over time. See Appendix I tables 4 and 6 for more 

information regarding changes in canopy cover for the proposed high and low acre treatment objectives 

by the end of the 15-year planning period and the 50-year modeling period for semi-desert. 

 

 

Figure 30. Percent of semi-desert grassland PNVT acres with woody canopy cover greater than 30 percent 
over a 50-year timeframe, based on the proposed average acre treatment objectives for alternatives B, C and 
D, and alternative A 
 

As a result of woody canopy cover elimination through the introduction of periodic fire on a regular basis 

within this PNVT, under alternatives B and D there should be an increase in understory plant cover, 

richness, diversity, and heterogeneity. With expected increases in herbaceous plant vigor through 

decreased competition for sunlight and moisture, and more rapid nutrient cycling by fire there could be 

greater herbage growth. Current average herbaceous cover ranging from 7-16 percent and average 

estimated production ranging from 50-105 pounds per acre have the potential to increase by as much as 

56 and 89 percent for cover and production, respectively (table 48). Overall, woody overstory canopy 

elimination should facilitate movement of the existing understory situation where low and moderately-

low ecological conditions occur on more than 44,800 acres, to higher ecological levels and closer to DCs. 

 

When combining Great Basin and semi-desert grasslands’ closed woody canopy acre changes (table 77), 

alternative B results in the greatest overall reduction (47%) by the end of the 15-year planning period, 

however, by the end of the 50-year modeling period alternative D results in the greatest overall reduction 

(48%). Both alternatives A and C result in a slight (1% and 3%, respectively) decrease in closed woody 

canopy cover acres by the end of the 15-year planning period, however by the end of the 50-year 
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modeling period the number of acres of closed woody canopy cover have increased for alternative A by 

five percent, while under alternative C they are the same as current conditions. 

 

In summary, for a complete display of the tabular summations of the 15-year planning period and the 50-

year modeling period comparisons of the environmental consequences to the vegetation indicators 

between the proposed high, average, and low acre treatment objectives for alternatives B, C, and D, and 

alternative A see Appendix G tables 1 through 6, for the alternative with the greatest overall contribution 

to the movement toward DC and HRV and all other indicator variables by the end of the 15-year planning 

period and the 50-year modeling period under the proposed high acre treatment objectives is alternative 

D, followed by alternative B, then alternative C, and lastly by alternative A.  

 

For the proposed average acreage treatment objectives the alternative with the greatest overall 

contribution to the movement toward DC and HRV and all other indicator variables by the end of the 15-

year planning period under is alternative B, followed by alternative D, then alternative C, and lastly by 

alternative A. However, for the proposed average acreage treatment objectives the alternative with the 

greatest overall contribution to the movement toward DC and HRV and all other indicator variables by the 

end of the 50-year modeling period under is alternative D, followed by alternative B, then alternative C, 

and lastly by Alternative A. 

 

For the proposed low acreage treatment objectives the alternative with the greatest overall contribution to 

the movement toward DC and HRV and all other indicator variables by the end of the 15-year planning 

period and the 50-year modeling period under the proposed low acre treatment objectives is alternative is 

alternative B, followed by alternative D, then alternative C, and lastly by Alternative A. 

 

 

Climate Change 
 

Refer to appendix A in the Apache-Sitgreaves National Forests Proposed Land Management Plan for a 

more in-depth discussion of this topic. 

 

Plant biogeography is principally governed by climate, exhibiting strong responses with both temperature 

and precipitation (Richardson et al., 2012). Native plants and animals of the Southwest have adapted to 

cope with and survive the harsh and variable climate conditions that are characteristic of this region 

(Robles and Enquist, 2010). However, eighty percent of the habitats in the Southwest have warmed over 

the last 55 years; some have warmed twice as fast as others (Karl et al., 2009; Robles and Enquist, 2010; 

Beschta et al., 2013). In addition, plants and animals in this arid region already live near their 

physiological limits for water and temperature stress (Archer and Predick, 2008). Therefore, even slight 

changes in temperature and moisture or a change in the scale and frequency of extreme climatic events 

could significantly alter the composition, abundance and distribution of species. According to Archer and 

Predick (2008), there is broad consensus among climate models that the arid regions of the southwestern 

U.S. will become drier in the 21
st
 century and that the transition to a more arid climate is already 

underway. The effects of climate change could be particularly profound for native fishes and aquatic 

ecosystems of the Rocky Mountains and Arizona-New Mexico Mountains because those systems often 

lack resilience and are strongly dependent on temperature and stream flow regimes that are already 

documented to be changing (Riemann and Isaak 2010). Thus, the responsiveness of species to recent and 

past climate change raises the possibility that anthropogenic climate change could act as a major cause of 

extinctions in the near future (Thomas et al., 2004). The importance of climate change on and its potential 

effects to natural systems is extremely important for the proper management of the A-SNFs; ecosystems, 

and biological diversity and the services they support, are intrinsically dependent on climate (Staudinger 

et al., 2012a). And forests influence atmospheric composition and climate significantly because they act 

as important sources and sinks of trace gases and energy, both locally and regionally (Misson et al., 
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2007). According to Staudinger et al. (2012a), climate change will have significant bearing on the 

following: 

 

 Biological diversity (Staudinger et al., 2012b) 

 Ecosystem structure and functioning (Grimm et al., 2012) 

 Ecosystem services (Kareiva et al., 2012) 

 Already stressed biological diversity, ecosystems, and ecosystem services (Staudt et al., 2012) 

 

According to Springer (2014), stability is the natural ability of a system to return to equilibrium after a 

temporary disturbance; the more rapidly it returns and the less it fluctuates, the more stable
25

 it is. 

Promoting resilience
26

 is the strategy most often recommended for adaptation (Hansen et al 2003; Folke 

et al., 2004; Peterson et al., 2011; Beschta et al., 2013). According to the USFS (2010), restoring and 

maintaining PNVT resilience will likely improve the potential for ecosystems to retain or return to DCs 

after being influenced by climate change related influences and variability. Managing for resistance
27

 

(e.g., maintenance thinning to prevent uncharacteristic fire, forest insect or disease epidemics) or 

resilience (e.g., invasive plant control), both traditional sustainability subjects, offer common ground and 

present opportunities for meaningful response to climate change. Of the themes of resistance or resilience 

identified by Millar et al. (2007), the following may be useful for planning: 

 

 Manage for asynchrony
28

, promoting diversity. Asynchrony can be achieved by promoting 

diverse age classes, species mixes, within-stand and across-landscape structural diversities, and 

genetic diversity 

 Promote connected landscapes. Connectivity is also critical for preserving the ecological 

processes for evolutionary adaptations to climate change (Cowling and Pressey, 2001). The 

capacity to move (migrate) in response to changing climates has been key to adaptation and long-

term survival of plants and animals in historical ecosystems 

 Reset significantly disrupted animal and plant communities. For forests that have been 

significantly disturbed and are far outside historical ranges of variation, restoration treatments are 

often prescribed. 

 

According to Benson and Garmestani (2011), emphasis is increasingly being placed on the resilience of 

ecological systems as the primary basis for sustainability (Walker et al., 2002; Chapin et al., 2009b). 

Particularly within the context of environmental change, natural resource managers are now raising the 

concept of resilience as a management goal (Federal Register, 2013). Modifying or resetting forest 

structure, towards desired (DC) and reference conditions (HRV), and restoring historic fire regime, should 

make these communities more resistant, and resilience, function more as they did historically, and provide 

the capability of and capacity for these systems to absorb disturbance and reorganize while undergoing 

change so as to retain essentially the same function, structure, identity, and feedbacks (Walker et al., 

2004; Springer, 2014). This is very important in the uncertainty of climate prediction. The alternative that 

                                                           
25 Stability is a measure of persistence in .the face of disturbance. Two components of stability are resistance and resilience. 
26 Resilience is the capability and speed (Gunderson, 2000; Carpenter et al., 2001; Suding et al., 2004) of an ecosystem to endure disturbances 

and retain its structure and functions; the capacity of an ecosystem, which is subject to disturbance or change, to reorganize and renew itself 
(Federal Register, 2013) while retaining or exhibiting essentially the same function, structure, feedbacks and identity (Hollings, 1973; 

Heitschmidt and Stuth, 1991; Springer, 2014). 
27

 Resistance is the ability of the community to avoid displacement when a given type, frequency or magnitude of disturbance occurs (Begon et 

al., 1996), and the amount of change or disruption (or management perturbation) that can be absorbed before processes change that control the 

structure and behavior of a system (Gunderson, 2000; Carpenter et al., 2001; Suding et al., 2004). 
28

 Asynchrony in the general meaning, is the state of not being synchronized. In this usage, asynchrony refers to the promotion of diversity by 

managing for a range of conditions, occurring at different times, within a given ecosystem.  
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makes the most progress towards these two DCs will provide the best resiliency and adaptation for all 14 

of the PNVTs in the face of climate change. According to the CEICC (2008), a resilient ecosystem is one 

that can withstand a stress like pollution or rebuild after a major disturbance like a serious storm or fire. A 

resilient ecosystem can also cope with a drought or an unusually hot summer in ways that alter some 

aspects of ecosystem function but do not lead to a major shift in the type of ecosystem or the services it 

provides. 

 
Climate change and ecosystems are intricately connected and impacts on one will often feedback to affect 

the other (Staudinger et al., 2012a). According to Spriggs et al. (2000), natural ecosystems are regulated 

by climate. Long-term or short-term climate variability may cause shifts in the structure, composition, 

functioning and process of ecosystems, particularly in the fragile boundaries of the semiarid regions. 

These areas already contain plants, insects, and animals highly specialized and adapted to the landscape. 

A changing climate of wetter, warmer winters and overall temperature increases would alter their range, 

type, and number throughout the Southwest and on the A-SNFs. Responding differently to shifts in 

climate, the somewhat tenuous balance among ecosystem components will also change because 

ecosystems are complex and their constituent species do not necessarily react to climate change at the 

same pace or in the same ways. As the health of the ecosystem is a function of water availability, 

temperature, carbon dioxide (CO2), and many other factors, it is difficult to determine accurately the 

extent, type, and magnitude of ecosystem change under future climate scenarios. Yet, should vegetation 

cover and moisture exchanging properties of the land change, important local and regional climate 

characteristics such as light reflectivity, humidity, wind, and temperature will also change. 

 

Climate scientists agree that human activities have led to elevated atmospheric concentrations of CO2 and 

other greenhouse gases that cause global warming, and observed concentrations are projected to increase 

(NRC, 2012). Climate change can intensify the risk of ecosystem change for terrestrial and aquatic 

systems, affecting ecosystem composition, structure, function, and productivity (Collins and Larry, 2007; 

Vose et al., 2012). Climate change is not the only stress affecting ecosystems, and other stresses, like 

habitat loss, and pollution, complicate species’ and ecosystems’ ability to adapt to climate change. If 

effective adaptations to the adverse effects of climate change are to be accomplished on the A-SNFs, 

large-scale reductions or cessation of ecosystem stressors are crucial (Beschta et al., 2012). 

 

Currently there appears to be broad agreement among most climate modelers that the southwestern United 

States is experiencing a warming and drying trend that will continue well into the later part of the 21
st
 

century (Sprigg et al., 2000). Climate models depict temperatures rising approximately 4° to 5° F by 2030 

and between 7° to 12° F by 2090 (Seager et al., 2007). Many researchers have identified the types of 

ecological change that could be attributed as an effect of climate change. These include species 

population declines (e.g. drought induced mortality), changes in phenology, shifts in distribution in either 

elevation or latitude, and increases in invasive species (native and non-native) (Parmesan and Yohe, 2003; 

Root et al., 2003; Allen, 2009; Vose et al., 2012). 

 

The potential ecological implications of climate change trends in the Southwest and on the A-SNFs also 

include: 

 

 Increasing large-wildfire frequency, longer wildfire durations, and longer wildfire seasons 

(Westerling et al., 2006), 

 More extreme disturbance events, intense rain and floods, wind events, drought, epidemic insect 

and disease outbreaks, etc. (Swetnam et al., 1999; GAO, 2007; Lenart, 2007; Deal et al., 2010; 

Williams et al., 2010; Vose et al., 2012; among others) 

 Long-term shifts in vegetation patterns (Perry and Borchers, 1990; Parton et al., 1994; Westerling 

et al., 2006; GAO, 2007; Millar et al., 2007; Backlund et al., 2008; Deal et al., 2010; Vose et al., 
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2012; Zhu and Reed, 2012; Richardson et al., 2012; among others), and shifts in species 

distributions (Root et al., 2003; Thomas et al., 2004; GAO, 2007; Jetz et al., 2007; La Sorte and 

Thompson, 2007; McCain, 2007; Backlund et al., 2008; Vose et al., 2012; Brantley and Ford, 

2012; among others) 

 Increased desertification (Emanuel et al., 1985a and 1985b; Schlesinger et al., 1990; Le Houérou, 

1996; Lavee et al., 1998; Lal, 2001; Scheffer et al., 2001; UNCCD, 2007 and 2014; among 

others), with accompanying altered patterns of aboveground net primary production and plant 

biomass (Huenneke et al., 2002; House et al., 2003), and biogeochemistry (Hibbard et al., 2003) 

 Changes in the timing and synchronization of seasonal plant, animal and insects life history 

events (Brown et al., 1999; Root et al., 2005; Parmesan, 2006 and 2007; Svoma, 2011; among 

others) 

 Alterations in animal plant interactions (Martin and Maron, 2012; Forcada and Hoffman, 2014), 

and insect plant interactions (Brantley and Ford, 2012) 

 Declines in species populations (Pounds et al., 2006; Martin, 2007; Hunter et al., 2010; Forcada 

and Hoffman, 2014; among others)  

 Reduced precipitation (water-limited) will act as a limiting factor to overall forest health (USFS, 

2005; Vose et al., 2012), and changes in forest structures and compositions, with transition of 

forests in the southwestern U.S. (Williams et al., 2012) 

 Effects of forest diseases on forest ecosystems will change and potentially decrease the ability of 

forests to provide goods and services (Sturrock et al., 2011) 

 Declines in forest productivity and tree survival as a result of amplified water limitations due to 

drought (Deal et al., 2010; Vose et al., 2012; Williams et al., 2012) and heat induced mortality 

(Allen et al., 2010) 

 Declines in stream system discharge (Serrat-Capdevila et al., 2007; Miller et al., 2010), and 

reduced streamflows in the Southwest (Barnett et al., 2008), this is particularly profound for 

native fish and aquatic ecosystems (Rieman and Isaak, 2010) 

 Shifts in the timing of snowmelt (Westerling et al., 2006; GAO, 2007; Barnett and Pierce, 2009), 

along with increases in summer temperatures, have serious implications for the survival of fish 

species and may challenge efforts to reintroduce species into their historic range (Joyce et al., 

2006; Millar et al., 2007; Rieman and Isaak, 2010) 

 Increasing temperatures, water shortages, and changing ecological conditions will likely affect 

biological diversity, and put pressure on wildlife populations, distribution, viability, habitat and 

migration patterns (Finch et al., 2012). There may also be more vulnerability from invasive plant 

and animal species (Deal et al., 2010; Runyon et al., 2012) 

 The importance of snow, uncertain climate change impacts on snow, and mediation of snow by 

interacting with environment dependent factors in complex mountain terrain may pose substantial 

difficulties for understanding how these diverse vegetation communities may respond to future 

climate conditions (GAO, 2007; Vose et al., 2012; Zald et al., 2012) 

 Shorter winters, and less snowpack, also affect the timing of natural cycles such as plant 

dormancy and blooming, and peak river-flows (Svoma 2011) 

 Increased atmospheric CO2 and N deposition will potentially alter physiological function and 

productivity of ecosystems, with considerable variation in response among species, vegetation 

types, ecosystem, and regions (Perry and Borcher, 1990; Parton et al., 1994; Vose et al., 2012; 

Zhu and Reed, 2012; among others) 

 Decreased species’ adaptation ability (Brantley and Ford, 2012; Richardson et al., 2012; Finch et 

al., 2012; Hunter et al., 2010; Forcada and Hoffman, 2014; among others), and potential for 

species extinction (Thomas et al., 2004; Hunter et al., 2010) 
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The extent to which shifts in vegetation structure lag behind climatic changes which drive them and the 

extent to which vegetation can ever be said to be in equilibrium with climate are largely unknown 

(Heitschmidt and Stuth, 1991). There is no perfect way to examine these complex ecological implications 

with the limited resources currently available. The risks are especially profound when coupled with the 

synergistic effects of land use change (Sala et al., 2000; Hansen et al., 2001; Root et al., 2003; Deal et al., 

2010; Zhu and Reed, 2012; among others). Climate change is likely to exacerbate the effects of natural 

and altered disturbance regimes, including wildfire, insect outbreaks, flooding and erosion, across all A-

SNFs’ PNVTs and may prompt abrupt ecological changes. Resilience has limits. When a change exceeds 

those limits, or is coupled with other simultaneous changes that cause stress, the ecosystem undergoes a 

major change, often shifting to a fundamentally different ecosystem type occur (Gunderson and Pritchard, 

2002), or an alternate state (Scheffer et al., 2001). This is particularly true in ecosystems such as 

grasslands (Scheffer et al., 2001), riparian areas (Rieman and Isaak, 2010), and woodlands and forests 

where the effects of past management and land use change have been substantial on the A-SNFs. 

 

Ecological redundancy (the presence of multiple occurrences of ecological conditions such that not all 

occurrences may be eliminated by a catastrophic event (Proposed FSH 1909.12, Version—02/14/2013)) is 

practical because it enhances ecosystem resilience (Walker, 1995). According to Scheffer et al. (2001), 

recent studies show that a loss of resilience usually precedes a transition to an alternative state, possibly 

irreversible without extensive expenditures of time and money (Scheffer et al., 2001). This suggests that 

strategies for sustainable management of such ecosystems should focus on maintaining resilience. 

Resilient and redundant resource conditions provide reasonable assurances of the ability of these PNVTs 

to adapt to the uncertainties of potentially changing climate. Modifying current forest, woodland, and 

grassland vegetation composition and structure towards their DC and/or HRV and restoring historic 

ecological process regimes should make these PNVTs more functional, enabling them to be more resistant 

and resilient in the face of uncertain future climate shifts and disturbance events. The closer ecological 

composition, structure, and process are to their historic conditions, the more properly each vegetation type 

is functioning and the more secure dependent species (plants and animals) are within the associated 

habitats. This is especially important with potential changes in the climate. The alternative that best 

provides for the greatest moment towards DC and HRV and therefore, the greatest reduction in risk, 

within the planning period is Alternative B. 

 

According to Deal et al. (2010), about 20 percent of human induced CO2 emissions are due to land-use 

changes and deforestation, sustainable forest management can play an important role in climate 

mitigation. Re-establishing the ecological processes and patterns necessary to make these terrestrial 

ecosystems sustainable, resilient, and healthy under proposed restoration alterations and future climatic 

conditions is of primary importance to their continued existence or evolutionary ability to adapt. One 

obvious means of slowing the release of sequestered C is to increase forest resistance to fire, drought, and 

disease, usually by reducing the density of small trees (Millar et al., 2007). Based on this analysis, when 

assessing each alternatives combined contribution toward achieving DCs (i.e., modeled movement toward 

DC/reference conditions, acres old/large trees, snags/acre, coarse woody debris, aspen retention, 

overstory/understory) the alternative that best provides for the greatest moment towards DC and HRV is 

Alternative B. Alternative B results in the greatest reduction in risk, and the greatest increases in 

resistance and resilience, and adaptive capacity of these PNVTs to absorb disturbances and reorganize 

while undergoing change so as to still retain essentially the same function, structure, identity, and 

feedback, within the planning period. The other alternatives rank in order of most contribution after 

Alternative B as follows: Alternatives D, C and A, respectively. 

 

 

Cumulative Environmental Consequences 
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Numerous national forests within Arizona and New Mexico are revising, or preparing to revise their forest 

plans. These plans may emphasis vegetation treatments that change the PNVTs vegetation composition 

and structure. Neighboring national forests, tribal, state, and BLM lands are also conducting vegetation 

treatments within vegetative communities very similar to those found on the A-SNFs (map 17). These 

efforts would contribute to landscape restoration, overall change in movement toward HRV and DC, and a 

reduction in uncharacteristic wildfire across the broader landscape and contributing to the resiliency of 

these PNVTs. 

 

 

Map 17. A-SNFs in context to the land areas of the White Mountains-San Francisco Peaks-Mogollon Rim 
ecoregion section in context within Arizona and New Mexico 

 

Some of the reasonably foreseeable projects occurring within the White Mountains-San Francisco Peaks-

Mogollon Rim M313A ecoregion section (map 16) include the following: 

 

1. Mechanical Vegetation Treatments (restoration/biomass/wildland urban interface (WUI) treatments)  

 Reasonably foreseeable mechanical treatments that may impact the composition, structure, and 

function of vegetation. Various activities including commercial harvesting, pre-commercial 

thinning, site preparation, wood cutting, and natural and artificial regeneration occurring on the 

State lands, Fort Apache and San Carlos Indian Reservations, Bureau of Land Management, 

Coconino, Gila, and Tonto NFs. The amounts and timing of these treatments are unknown 

 The Four-Forest Restoration Initiative (4FRI) is a planning effort designed to restore forest 

resiliency and function across four National Forests in Arizona including the Coconino, Kaibab, 

A-SNFs, and Tonto NFs. Due to the size of the landscape involved, at least two environmental 

analyses will be conducted. The first environmental analysis focuses on the Coconino NF and 

Kaibab NF with a project area totaling approximately 988,764 acres. Within the 988,764 acre 

project area, the Forest Service is preparing an environmental impact statement (EIS) that 

proposes to conduct restoration activities on approximately 600,000 acres on the Coconino NF 

and Kaibab NF. Of this total, approximately 361,379 acres would be treated on the Coconino NF 

and 233,991 acres would be treated on the Kaibab NF. The objective of the project is to re-

establish forest structure, pattern, and composition, which will lead to increased forest resiliency 

and function. Resiliency increases the ability of the ponderosa pine forest to survive natural 

disturbances such as insect and disease, fire, and climate change. Treatments include a range of 

both mechanical and fire treatments. There are also road (opening of temporary and closed roads, 

reconstruction, decommissioning) and aquatic restoration treatments. (Source: final refined 

Proposed Action for Four-Forest Restoration Initiative, August 2011). If successful, this effort 
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could decrease susceptibility to large and uncharacteristic disturbances, increase water yields 

from winter snowfall through the creation of interspaces, and provide long-term carbon 

sequestration in large old trees at a scale meaningful to improving the resiliency and ability to 

adapt to climate change in the ponderosa pine type of the Southwest. The Gila NF is also 

managing for improved ecosystem health, movement toward reference conditions, and the 

reduction of fire risk. 

 The White Mountain and San Carlos Apache Tribes also continue to manage their lands for 

multiple resource purposes. Management within these lands has been directed at reducing fire 

risks. 

2. Planned and Unplanned Ignitions 

 Both planned (prescribed) and unplanned (wildfire) ignitions are expected to continue as 

management strategies on adjacent lands including Fort Apache Indian Reservation, Bureau of 

Land Management, Coconino, Gila, and Tonto NFs. The amounts and timing of these fires are 

unknown. 

3. Fire Suppression Activities 

 Fire suppression actions are expected to continue on adjoining lands: local municipalities, Fort 

Apache Indian Reservation, Bureau of Land Management, Coconino, Gila, and Tonto NFs. The 

amounts and timing of these activities are variable and based on occurrence and behavior of 

wildfire. 

4. Treatments of Invasive Species 

 Arizona Game and Fish Department’s plan emphasizes programs to eliminate or limit the spread 

of invasive plants and animals. 

 Coconino NF management strategy is to prevent any new noxious weeds from being established. 

Tonto NF identifies noxious weed treatment on their SOPA. 

 Agreement in place with ADOT to minimize spread of noxious weeds. NEPA in place for ADOT 

treatment of invasive and hazardous vegetation along highways within Arizona national forests. 

 

In summary, the sum of past management actions over time has resulted in the departure of most PNVTs 

from their characteristic vegetation states on and around the A-SNFs. These departures are largely due to 

fire suppression, in conjunction with past, unsustainable timber and livestock grazing practices, and other 

anthropogenic disturbances of natural processes. It has resulted in a dramatic increase in stand-replacing 

fires, particularly since the mid-1990s, decreases in water yields, degradation of aspen stands, and woody 

species encroachment of grasslands with resultant loss of species diversity, and resulted in the priority 

needs for change identified for forest plan revision. Departures from reference conditions exist in all 

vegetation types on the forest, and most continue to trend further from reference conditions. 

 

The cumulative environmental consequences of proposed management under all alternatives in the 

context of the larger ecoregion would contribute to the movement of vegetation towards DCs. These 

efforts would contribute to landscape restoration, control of invasive species, a reduction in 

uncharacteristic wildfire across the broader landscape, and the resiliency of these PNVTs to adapt to 

climate change.  

 

 

Unavoidable Adverse Impacts 
 

The land management plan provides a programmatic framework that guides site-specific actions but does 

not authorize, fund, or carryout any project or activity. Before any ground-disturbing actions take place, 

they must be authorized in a subsequent environmental analysis. Therefore none of the alternatives cause 



 

144 

unavoidable adverse impacts. Mechanisms are in place to monitor and use adaptive management 

principles in order to help alleviate any unanticipated impacts that need to be addressed singularly or 

cumulatively.  

 

 

Adaptive Management 
 

All alternatives assume the use of adaptive management principles. Forest Service decisions are made as 

part of an on-going process. The land management plan identifies a monitoring program. Monitoring the 

results of actions will provide a flow of information that may indicate the need to change a course of 

action or the land management plan. Scientific findings and the needs of society may also indicate the 

need to adapt resource management to new information 

 

The changes in departure from DC and HRV resulting from A-SNFs’ proposed plan restoration efforts 

that primarily affect forest structure (distribution of size classes, canopy cover, and storiedness) will be 

observed. With monitoring and future updates to plan direction, the actual treatments applied over the 

course of the planning period (15 years) may be adjusted to reflect the consequences of prior treatments. 

Any changes in management should be made to adjust the trajectory of trend towards PNVT DC and/or 

HRV. The A-SNFs has provided the adaptive framework to deal with impacts from climate change – 

“resilient and redundant resource conditions provide reasonable assurance of the ability to adapt to a 

changing climate.” 

 

 

Consistency with Law, Regulation, and Policy 
 

All alternatives are designed to guide A-SNFs’ management activities in meeting federal law, regulations, 

and policy.  

 

 

Irreversible and Irretrievable Commitment of Resources  
 

As mentioned above, the land management plan provides a programmatic framework and does not 

authorize, fund, or carryout any project or activity. Because of this the land management plan does not 

authorize or mandate any ground-disturbing actions, none of the alternatives cause an irreversible or 

irretrievable commitment of resources.  

 

 

Other Planning Efforts 
 

There are no are potential conflicts between the proposed action and the objectives of Federal, regional, 

State, local, or Tribal land use plans, policies, and controls for the area concerned? 

 

 

List of References 
 

Abella, S.R. 2004. Tree thinning and prescribed burning effects on ground flora in Arizona ponderosa 

pine forests: a review. Journal of the Arizona-Nevada Academy of Science 36(2): 68-76.  

 



 

145 

Abella, S.R.; Denton, C.W.; Steinke, R.W.; and Brewer, D.G. 2013. Soil development in vegetation 

patches of Pinus ponderosa forests: Interface with restoration thinning and carbon storage. Forest 

Ecology and Management 310: 632-642. 

 

Aber, J.D.; and Melillo, J.M. 1991. Terrestrial Ecosystems. Sounders College Publishing. Philadelphia, 

PA. 430 p. 

 

Abouguendia, Z.; Colberg, T.; Redmann, R.E; and Harrison, T. 2001. Livestock grazing and riparian 

areas: a literature review. Grazing and Pasture Technology Program. Regina, Saskatchewan, 

Canada. 64 p. 

 

Adamoli, J.; Sennhauser, E.; Acero, J.M.; and Rescia, A. 1990. Stress and disturbance: vegetation 

dynamics in the dry Chaco region of Argentina. Journal of Biogeography 11(4/5): 491-500. 

 

Ahlstrand, GM. 1980. Fire history of a mixed conifer forest in Guadalupe Mountains National Park. Pp. 

4-7. In: Stokes, M.A.; and Dieterich, J.H. (tcoords.), Proceedings of the fire history workshop. 

October 20-24, 1980; Tucson, AZ. General Technical Report RMRS-GTR-81. USDA Forest 

Service, Rocky Mountain Research Station. Fort Collins, CO. 142 p. 

 

Alexander, R. 1987. Ecology, silviculture, and management of the Engelmann spruce-subalpine fir type in 

the central and southern Rocky Mountains. USDA Forest Service, Agriculture Handbook No. 

659. 144 p. 

 

Allen, C.D. 1984. Montane grasslands in the landscape of the Jemez Mountains, New Mexico. University 

of Wisconsin-Madison, Unpublished Master’s Thesis. Madison, WI. 195 p. 

 

Allen, C.D. 1989. Changes in the landscape of the Jemez Mountains, New Mexico. University of 

California, Berkeley. Unpublished Ph.D. Dissertation. Berkeley, CA. 346 p. 

 

Allen, C.D. 1998. Where have all the grasslands gone? Quivera Coalition Newsletter, Spring/Summer, 

Vol. 1. The Quivera Coalition, Santa Fe, NM. 20 p. 

 

Allen, C.D. 2001. Runoff, erosion, and restoration studies in pinyon-juniper woodlands of the Pajarito 

Plateau. Pp. 24-26. In: Johnson, P.S. (ed.), Water, watersheds, and land use in New Mexico: 

impacts of population growth on natural resources. Santa Fe Region 1. New Mexico Bureau of 

Mines and Mineral Resources, Decision-Makers Field Guide. No. 1. Santa Fe, NM. 150 p. 

 

Allen, C.D. 2002. Runoff, erosion, and restoration studies in piñon-juniper woodlands of the southeastern 

Jemez Mountains. USDI U.S. Geological Survey. Los Alamos, NM. 8 p. 

 

Allen, C.D. 2009. Climate-induced forest dieback: an escalating global phenomenon? Unasylva 231/232 

60(1-2): 43-49. 

 

Allen, C.D.; and Breshears, D.D. 1998. Drought-induced shift of a forest-woodland ecotone: rapid 

landscape response to climate variation. Proceedings of the National Academy of Sciences 95: 

14,839-14,842. 

 

Allen, C.D.; Macalady, A.K.; Chenchouni, H.; Bachelet, D.; McDowell, N.; Vennetier, M.; Kitzberger, T.; 

Rigling, A.; Breshears, D.D.; Hog, E.H.; Gonzales P.; Fensham, R.; Zhang, Z.; Castro, J.; 

Demidova, N.; Lim, J-H.; Allard, G.; Running, S.W.; Semerci, A.; and Cobb, N. 2010. A global 



 

146 

overview of drought and heat-induced tree mortality reveals emerging climate change risks for 

forests. Forest Ecology and Management 259: 660-684. 

 

Allen, C.D.; Savage, M.; Falk, D.A.; Suckling, K.F.; Swetnam, T.W.; Schulke, T.; Stacey, P.B.; Morgan, 

P.; Hoffman, M.; and Klingel, J.T. 2002. Ecological restoration of southwestern ponderosa pine 

ecosystems: a broad perspective. Ecological Applications 12(5): 1,418-1,433. 

 

Allen, M.F.; Swenson, W.; Querejeta, J.I.; Egerton-Warburton, L.M.; and Treseder, K.K. 2003. Ecology 

of mycorrhizae: a conceptual framework for complex interactions among plants and fungi. 

Annual Review of Phytopathology 41: 271-303. 

 

Anable, M.E.; McClaran, M.P.; and Ruyle, G.B. 1992. Spread of introduced Lehmann lovegrass 

Eragrostis lehmanniana Nees. in southern Arizona, USA. Biological Conservation 61: 181-188. 

 

Anderson, R.C. 2012. Ecology and management of the prairie division. Chapter 9, pp. 175-201. In: 

Lafayette, R.; Brooks, M.T.; Potyondy, J.P.; Audin, L.; Krieger, S.L.; Trettin, C.C. (eds.), 

Cumulative watershed effects of fuel management in the Eastern United States. General Technical 

Report SRS-GTR-161. USDA Forest Service, Southern Research Station. Asheville, NC. 327 p. 

 

Angell, D.L.; and McClaran, M.P. 2001. Long-term influence of livestock management and a non-native 

grass on grass dynamics in the desert grassland. Journal of Arid Environments 49: 507-520. 

 

ARC (Arizona Riparian Council). 2004. Riparian, Fact Sheet No. 1. Arizona Riparian Council, Center for 

Environmental Studies, Arizona State University. Tempe, AZ. 4 p. 

 

Archer, S.R. 1989. Have southern Texas savannas been converted to woodlands in recent history? 

American Naturalist 134(4): 545-561. 

 

Archer, S.R. 1994. Woody plant encroachment into southwestern grasslands and savannas: rates, patterns 

and proximate causes. Pp. 13-68. In: Vavra, M.; Laycock, W.A.; and Pieper, R.D. (eds.), 

Ecological Implications of Livestock Herbivory in the West. Society for Range Management. 

Denver, CO. 297 p. 

 

Archer, S.R. 1995. Tree-grass dynamics in a Prosopis-thornscrub savanna parkland: reconstructing the 

past and predicting the future. Ecoscience 2: 83-99. 

 

Archer, S.R.; Boutton, T.W.; and Hibbard, K.A. 2001. Trees in grasslands: biogeochemical consequences 

of woody plant expansion. Pp. 115-137. In: Schulze, E.-D.; Harrison, S.P.; Heimann, M.; 

Holland, E.A.; Lloyd, J.; Prentice, I.C.; and Schimel, D. (eds.), Global Biogeochemical Cycles in 

the Climate System. Academic Press. San Diego, CA. 350 p. 

 

Archer, S.R.; and Predick, K.I. 2008. Climate change and ecosystems of the southwestern United States. 

Rangelands 30(3):23-28. 

 

Archer, S.R.; Scifres, C.; Bassham, C.R.; and Maggio, P. 1988. Autogenic succession in a subtropical 

savanna: conversion of grassland to thorn woodland. Ecological Monographs 58(2): 111-127. 

 

Archer, S.R.; and Smeins, F.E. 1991. Ecosystem - level processes. Chapter 5, pp. 113-147. In: 

Heitschmidt, R.K.; and Stuth, J.W. (eds.), Grazing Management: An Ecological Perspective. 

Timber Press. Portland, OR. 294 p. 

 



 

147 

Armentrout, S.M.; and Pieper R.D. 1988. Plant distribution surrounding Rocky Mountain pinyon pine and 

oneseed juniper in south-central New Mexico. Journal of Range Management 41(2): 139-143. 

 

Armour, C.L.; Duff, D.A.; and Elmore, W. 1991. The effects of livestock grazing on riparian and stream 

ecosystems. Fisheries 16(1): 7-11. 

 

Arnold, J.F. 1955. Plant life-form classification and its use in evaluating range conditions and trend. 

Journal of Range Management 8(4): 176-181. 

 

Arnold, J.F.; Jameson, D.A.; and Reid, E.H. 1964. The pinyon-juniper type of Arizona: effects of grazing, 

fire, and tree control. Production Research Report No. 84. USDA Forest Service. Washington, 

DC. 28 p. 

 

Asner, G.P.; Elmore, A.J.; Olander, L.P.; Martin, R.E., and Harris, A.T. 2004. Grazing systems, ecosystem 

responses and global change. Annual Review of Environment and Resources 29: 261-299. 

 

A-SNFs (Apache-Sitgreaves National Forests). 2008a. Assessment of vegetation diversity and risks to 

ecological sustainability. Vegetation Specialist’s Report. Apache-Sitgreaves National Forests, 

USDA Forest Service, Southwestern Region. Springerville, AZ. 201 p. 

 

A-SNFs (Apache-Sitgreaves National Forests). 2008b. Comprehensive evaluation report. Apache-

Sitgreaves National Forests, USDA Forest Service, Southwestern Region. Springerville, AZ. 48 p. 

 

A-SNFs (Apache-Sitgreaves National Forests). 2008c. Ecological sustainability report. Apache-Sitgreaves 

National Forests, USDA Forest Service, Southwestern Region. Springerville, AZ. 134 p. 

 

A-SNFs (Apache-Sitgreaves National Forests). 2009. Economic and social sustainability assessment. 

Apache-Sitgreaves National Forests, USDA Forest Service, Southwestern Region. Springerville, 

AZ. 122 p. 

 

Backlund, P.; Schimel, D.; Janetos, A.; Hatfield, J.; Ryan, M.; Archer, S.; and Lettenmaier, D. 2008. 

Introduction. Chapter 1, pp. 11-20. In: Backlund, P.; Janetos, A.; Schimel, D.; Hatfield, J.; Boote, 

K.; Fay, P.; Hahn, L.; Izaurralde, C.; Kimball, B.A.; Mader, T.; Morgan, J.; Ort, D.; Polley, W.; 

Thomson, A.; Wolfe, D.; Ryan, M.; Archer, S.; Birdsey, R.; Dahm, C.; Heath, L.; Hicke, J.; 

Hollinger, D.; Huxman, T.; Okin, G.; Oren, R.; Randerson, J.; Schlesinger, W.; Lettenmaier, D.; 

Major, D.; Poff, L.; Running, S.; Hansen, L.; Inouye, D.; Kelly, B.P.; Meyerson, L.; Peterson, B.; 

and Shaw, R. (auths.), The effects of climate change on agriculture, land resources, water 

resources, and biodiversity. A Report by the U.S. Climate Change Science Program and the 

Subcommittee on Global Change Research. U.S. Environmental Protection Agency, Washington, 

DC., USA. 362 p. 

 

Bahre, C.J. 1985. Wildfire in southeastern Arizona between 1859 and 1890. Desert Plants 7(4): 190-194. 

 

Bahre, C.J. 1991. A Legacy of Change: Historic Human Impact on Vegetation of the Arizona Borderlands. 

The University of Arizona Press. Tucson, AZ. 231 p. 

 

Bahre, C.J. 1998. Late 19
th
 century human impacts on the woodlands and forests of southeastern 

Arizona's Sky Islands. Desert Plants 20: 8-21. 

 

Bahre, C.J.; and Hutchinson, C.F. 1985. The impact of historic fuelwood cutting on the semidesert 

woodlands of southeastern Arizona. Journal of Forest History 29(4): 175-186. 



 

148 

 

Bahre, C.J.; and Shelton, M.L. 1993. Historic vegetation change, mesquite increases, and climate in 

southeastern Arizona. Journal of Biogeography 20(5): 489-504. 

 

Bailey, D.W.; and Copeland, O.L. 1961. Low flow discharges and plant cover relations on two mountain 

watersheds in Utah. International Association of Hydrological Sciences Publication 51: 267-278. 

 

Bailey, J.K.; and Whitham, T.G. 2002. Interactions among fire, aspen, and elk affect insect diversity: 

reversal of a community response. Ecology 83(6): 1,701-1,712. 

 

Bailey, R.G. (comp.). 1980. Description of the ecoregions of the United States. Miscellaneous Publication 

No. 1391. USDA Forest Service. Fort Collins, CO. 77 p. 

 

Bailey, R.G. 1983. Delineation of ecosystem regions. Environmental Management 7(4): 365-373. 

 

Bailey, R.G. 1985. Description of the ecoregions of the United States. C:\Documents and 

Settings\mwhite04\My Documents\EReferences\ECOMAP1993.htm. Date last modified: August 

22, 2008. Available at: http://www.fs.fed.us/land/ecosysmgmt/ 

 

Bailey, R.G. 1998. Ecoregions maps of North America: explanatory notes. Miscellaneous Publication No. 

1548. USDA Forest Service. Fort Collins, CO. 22 p. 

 

Baisan, C.H.; and Swetnam, T.W. 1997. Interactions of fire regimes and land use in the central Rio 

Grande Valley. Research Paper RMRS-RP-330. USDA Forest Service, Rocky Mountain Research 

Station. Fort Collins, CO. 20 p. 

 

Baker, F.S. 1918. Aspen as a temporary forest type. Journal of Forestry 16: 294-300. 

 

Baker, F.S. 1925. Aspen in the central Rocky Mountain region. USDA Forest Service, Bulletin No.1291. 

U.S. Gov’t Printing Office, Washington, DC. 46 p. 

 

Baker, M.B (comp.). 1999. History of watershed research in the central Arizona highlands. General 

Technical Report RMRS-GTR-29. USDA Forest Service, Rocky Mountain Research Station. Fort 

Collins, CO. 56 p. 

 

Baker, M.B.; DeBano, L.F.; and Ffolliott, P.F. 1995. Soil loss in pinyon-juniper ecosystems and its 

influence on site productivity and desired future condition. Pp. 9-15. In: Shaw, D.W.; Aldon, E.F.; 

and LoSapio, C. (tcoords.), Proceedings of a symposium: desired future conditions for piñon-

juniper ecosystems. August 8-12, 1994; Flagstaff, AZ. General Technical Report RMRS-GTR-

258. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 226 p. 

 

Baker, W.L.; and Ehle, D. 2001. Uncertainty in surface-fire history: the case of ponderosa pine forests in 

the western United States. Canadian Journal of Forest Research 31: 1,205-1,226. 

 

Baker, W.L.; and Shinneman, D.J. 2004. Fire and restoration of pinyon-juniper woodlands in the western 

United States: a review. Forest Ecology and Management 189: 1-21. 

 

Baker, W.L.; and Veblen, T.T. 1990. Spruce beetles and fire in the nineteenth-century subalpine forests of 

western Colorado, USA. Arctic and Alpine Research 22(1): 65-80. 

 



 

149 

Bandeff, J.M.; Pregitzer, K.S.; Loya, W.M.; Holmes, W.E.; and Zak, D.R. 2006. Overstory community 

composition and elevated atmospheric CO2 and O3 modify understory biomass production and 

nitrogen acquisition. Plant and Soil 282: 251-259. 

 

Barger, N.N.; Adams, H. D.; Woodhouse, C.; Neff, J.C.; and Asner, J.P. 2009. Influence of livestock 

grazing and climate on pinyon pine (Pinus edulis) dynamics. Rangeland Ecology and 

Management 62: 531-539. 

 

Barkworth, M.E.; Capels, K.M.; Long, S.; and Piep, M.B. (eds.). 2003. Flora of North America: North of 

Mexico, Vol. 25, Magnoliophyta: Commelinidae (in part): Poaceae, part 2. Oxford University 

Press, Inc. New York, NY. 911 p. 

 

Barkworth, M.E.; Capels, K.M.; Long, S.; Anderton, L.K.; and Piep, M.B. (eds.). 2007. Flora of North 

America: North of Mexico, Vol. 24, Magnoliophyta: Commelinidae (in part): Poaceae, part 1. 

Oxford University Press, Inc. New York, NY. 783 p. 

 

Barnes, F.J.; and Cunningham, G.L. 1987. Water relations and productivity in pinyon-juniper habitat 

types. Pp. 406-417. In: Everett, R.L. (comp.), Proceedings of the pinyon-juniper conference. 

Ogden, UT. General Technical Report INT-GTR-215. USDA Forest Service, Intermountain 

Research Station. Ogden, UT. 596 p. 

 

Barnett, T.P.; and Pierce, D.W. 2009. Sustainable water deliveries from the Colorado River in a changing 

climate. Proceedings of the National Academy of Sciences 106(18): 7,334-7,338. 

 

Barnett, T.P.; Pierce, D.W.; Hidalgo, H.G.; Bonfils, C.; Santer, B.D.; Das, T.; Bala, G.; Wood, A.W.; 

Nozawa, T.; Mirin, A.A.; Cayan, D.R.; and Dettinger, M.D. 2008. Human-induced changes in the 

hydrology of the western United States. Science 319(22): 1,080-1,083. 

 

Barney, M.A.; and Frischknecht, N.C. 1974. Vegetation changes following fire in the pinyon-juniper type 

of west-central Utah. Journal of Range Management 27(2): 91-96. 

 

Barnosky, A.D.; Hadly, E.A.; Bascompte, J.; Berlow, E.L.; Brown, J.H.; Fortelius, M.; Getz, W.M.; 

Harte, J.; Hastings, A.; Marquet, P.A.; Martinez, N.D.; Mooers, A.; Roopnarine, P.; Vermeij, G.; 

Williams, J.W.; Gillespie, R.; Kitzes, J.; Marshall, C.; Matzke, N.; Mindell, D.P.; Revilla, E.; and 

Smith, A.B. 2012. Approaching a state shift in Earth’s biosphere. Nature 486: 52-58. 

 

Barrett, S.; Havlina, D.; Jones, J.; Hann, W.; Frame, C.; Hamilton, D.; Schon, K.; DeMeo, T.; Hutter, L.; 

and Menakis, J. 2010. Interagency fire regime condition class (FRCC) guidebook. Ver. 3.0. 

National Interagency Fuels, Fire, & Vegetation Technology Transfer (NIFTT). USDA Forest 

Service, U.S. Department of the Interior, and The Nature Conservancy. 126 p. 

 

Barton, A.M. 1999. Pines versus oaks: effects of fire on the composition of Madrean forests in Arizona. 

Forest Ecology and Management 120: 143-156. 

 

Barton, A.M. 2002. Intense wildfire in southeastern Arizona: transformation of a Madrean oak-pine forest 

to oak woodland. Forest Ecology and Management 165: 203-208. 

 

Barton, A.M.; Swetnam, T.W.; and Baisan, C.H. 2001. Arizona pine (Pinus arizonica) stand dynamics: 

local and regional factors in a fire-prone Madrean gallery forest of southeast Arizona, USA. 

Landscape Ecology 16: 351-369. 

 



 

150 

Bartos, D.L. 2001. Landscape dynamics of aspen and conifer forests. Pp. 5-14. In: Shepperd, W.D.; 

Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; and Eskew, L.G. (comps.), Proceedings of a 

symposium: sustaining aspen in western landscapes. June 13-15, 2000; Grand Junction, CO. 

Proceedings RMRS-P-18. USDA Forest Service, Rocky Mountain Research Station, Fort Collins, 

CO. 460 p.  

 

Bartos, D.L.; and Mueggler, W.F. 1981. Early succession in aspen communities following fire in western 

Wyoming. Journal of Range Management 34(4): 315-318. 

 

Bartos, D.L.; Ward, F.; and Innis, G. 1983. Aspen succession in the Intermountain West: a deterministic 

model. General Technical Report INT-GTR-153. USDA Forest Service, Intermountain Research 

Station. Ogden, UT. 60 p. 

 

Battin, T. J.; Kaplan, L.A.; Findlay, S.; Hopkinson, C.S.; Marti, E.; Packman, A.I.; Newbold, J.D.; and 

Sabater, F. 2008. Biophysical controls on organic carbon fluxes in fluvial networks. Nature 

Geoscience 1: 95-100. 

 

Baxter, C. 1977. A comparison between grazed and ungrazed pinyon-juniper woodlands. Pp. 25-27. In: 

Aldon, E.; and Loring, T. (tcoords.), Proceedings of a workshop: ecology, uses, and management 

of pinyon-juniper woodlands. March 24-25, 1977; Albuquerque, NM. General Technical Report 

RMRS-GTR-39. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 48 

p. 

 

Beckman, N.D.; and Wohl, E. 2014. Carbon storage in mountainous headwater streams: the role of old-

growth forest and logjams. Water Resources Research 50(3): 2,376-2,393. 

 

Begon, M.; Harper, J.L.; and Townsend, C.R. 1996. Ecology: Individuals, Populations and Communities, 

3
rd

 ed. Blackwell Science, Inc. Cambridge, MA. 1,068 p. 

 

Belsky, A.J. 1986. Does herbivory benefit plants? A review of the evidence. The American Naturalist 

127(6): 870- 892. 

 

Belsky, A.J.; Matzke, A.; and Uselman, S. 1999. Survey of livestock influences on stream and riparian 

ecosystems in the western United States. Journal of Soil and Water Conservation 54: 419-431. 

 

Benson, L.; and Darrow, R.A. 1981. Trees and Shrubs of the Southwestern Deserts, 3
rd

 ed. The University 

of Arizona Press. Tucson, AZ. 416 p. 

 

Benson, M.H.; and Garmestani, A.S. 2011. Can we manage for resilience? the integration of resilience 

thinking into natural resource management in the United States. Environmental Management 48: 

392-399. 

 

Berger, A.L.; and Puettmann, K.J. 2000. Overstory composition and stand structure influence herbaceous 

plant diversity in the mixed aspen forest of northern Minnesota. American Midland Naturalist 

143(1): 111-125. 

 

Beschta, R.L.; Donahue, D.L.; DellaSala, D.A.; Rhodes, J.J.; Karr, J.R.; O’Brien, M.H.; Fleischner, T.L.; 

and Williams, C.D. 2012. Adapting to climate change on western public lands: addressing the 

ecological effects of domestic, wild, and feral ungulates. Environmental Management: DOI: 

10.1007/s00267-012-9964-9. 18 p. 

 



 

151 

Beschta, R.L.; and Ripple, W.J. 2010. Mexican wolves, elk, and aspen in Arizona: is there a trophic 

cascade? Forest Ecology and Management 260: 915-922. 

 

Betancourt, J.L.; Peirson, E.A.; Rylander, K.A.; Fairchild-Parks, J.A.; and Dean, J.S. 1993. Influence of 

history and climate on New Mexico pinyon-juniper woodlands. Pp. 42-62. In: Aldon, E.F.; and 

Shaw, D.W. (eds.), Proceedings of the symposium: managing piñon-juniper ecosystems for 

sustainability and social needs. April 26-30, 1993; Santa Fe, NM. General Technical Report 

RMRS-GTR-236. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 

169 p. 

 

Betters, D.R. 1983. Overstory-understory relationships: aspen forests. Pp. 5-8. In: Bartlett, E.T.; and 

Betters, D.R. (eds.), Overstory-understory relationships in western forests. Western Region 

Research Publication No. 1. Colorado State University, Agricultural Experiment Station. Fort 

Collins, CO. 37 p. 

 

Betters, D.R.; and Wood, R.F. 1981. Uneven-aged stand structure and growth of Rocky Mountain aspen. 

Journal of Forestry 79: 673-676. 

 

Bidwell, T.G.; Engle, D.M.; Moseley, M.E.; and Masters, R.E. no-date. Invasion of Oklahoma rangelands 

and forests by eastern redcedar and Ashe juniper. Circular E-947. Oklahoma Cooperative 

Extension Service, Oklahoma State University. Stillwater, OK. 12 p. 

 

Binkley, D.; Singer, F.J.; Kaye, M.; and Rochelle, R. 2003. Influence of elk grazing on soil and nutrients 

in Rocky Mountain National Park. Forest Ecology and Management 185: 239-247. 

 

Binkley, D.; Sisk, T.; Chambers, C.; Springer, J.; and Block, W. 2007. The role of old-growth forests in 
frequent-fire landscapes. Ecology and Society 12(2): 18-34. 

 

Blackburn, W.H.; Thurow, T.L.; and Taylor, C.A. 1986. Soil erosion on rangeland, Pp. 31-39. In: Smith, 

E.L.; Coleman, S.S.; Lewis, C.E.; and Tanner, G.W. (comps.), Proceedings of a symposium on use 

of cover, soils and weather data in rangeland monitoring. Society for Range Management 39
th
 

Annual Meeting, February 12, 1986, Kissimmee, FL. Denver, CO. 46 p. 

 

Blackburn, W.H.; and Tueller, P.T. 1970. Pinyon and juniper invasion in black sagebrush communities in 

east-central Nevada. Ecology 51(5): 841-848. 

 

Blaisdell, J.P.; Murray, R.B.; and McArthur, E.D. 1982. Managing Intermountain rangelands-sagebrush-

grass ranges. General Technical Report INT-GTR-134. USDA Forest Service, Intermountain 

Research Station. Ogden, UT. 41 p. 

 

Bock, C.E.; and Bock, J.H. 1993. Cover of perennial grasses in southeastern Arizona in relation to 

livestock grazing. Society for Conservation Biology 7(2): 371-377. 

 

Bock, C.E.; and Bock, J.H. 1997. Shrub densities in relation to fire, livestock grazing, and precipitation in 

an Arizona desert grassland. The Southwestern Naturalist 42(2): 188-193. 

 

Bodner, G.; and Simms, K. 2008. State of the Las Cienegas National Conservation Area. Part 3. Condition 

and trend of riparian target species, vegetation and channel geomorphology. Prepared for the 

USDI Bureau of Land Management by The Nature Conservancy, Arizona Chapter. Tucson, AZ. 

69 p. 

 



 

152 

Bogan, M.A.; Allen, C.D.; Muldavin, E.H.; Platania, S.P.; Stuart, J.N.; Farley, G.H.; Mehlhop, P.; and 

Belnap, J. 1998. Southwest. Pp. 543-592. In: Mac, M.J.; Opler, P.A.; Heaker, C.E.P.; and Dora, 

P.D. (eds.), Status and trends of the nation’s biological resource. Vol. 1, 2
nd

 ed. USDI Biological 

Division, USDI U.S. Geological Survey, Reston, VA. 964 p.  

 

Boykin, K.G. 2000. The ecology of fire on White Sands Missile Range, New Mexico: implications for 

fire management. Special Research Report. USDI U.S. Geologic Survey Biological Resources 

Division Cooperative Agreement 14-34-HQ97-RU-01572 Research Work Order No. 18. Reston, 

VA. 116 p. 

 

Branson, F.A. 1985. Vegetation changes on western rangelands. Society for Range Management, Range 

Monographs No. 2. Denver, CO. 76 p. 

 

Branson, F.A.; and Weaver, J.E. 1953. Quantitative study of degeneration of mixed prairie. Botanical 

Gazette 114(4): 397-416. 

 

Brantley, S.L.; and Ford, P.L. 2012. Climate change and arthropods: pollinators, herbivores, and others. 

Chapter 3, pp. 35-47. In: Finch, D.M. (ed.), Climate change in grasslands, shrublands, and 

deserts of the interior American west: a review and needs assessment. General Technical Report 

RMRS-GTR-236. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 

139 p. 

 

Breckage, B.; Platt, W.J.; and Panko, B. 2005. A climate-based approach to the restoration of fire-

dependent ecosystems. Restoration Ecology 13(3): 429-431. 

 

Breshears, D.D.; and Allen, C.D. 2002. The importance of rapid disturbance-induced losses in carbon 

management and sequestration. Global Ecology and Biogeography 11(1): 1-5. 

 

Breshears, D.D.; and Barnes, F.J. 1999. Interrelationships between plant functional types and soil 

moisture heterogeneity for semiarid landscapes within the grassland/forest continuum: a unified 

conceptual model. Landscape Ecology 14: 465-478. 

 

Breshears, D.D.; Rich, P.M.; Barnes, F.J.; and Campbell, K. 1997. Overstory-imposed heterogeneity in 

solar radiation and soil moisture in a semiarid woodland. Ecological Applications 7(4): 1,201-

1,215. 

 

Breshears, D.D.; Cobb, N.S.; Rich, P.M.; Price, K.P.; Allen, C.D.; Balice, R.G.; Romme, W.H.; Kastens, 

J.H.; Floyd, M.L.; Belnap, J.; Anderson, J.J.; Myers, O.B.; and Meyer, C.W. 2005. Regional 

vegetation die-off in response to global-change-type drought. Proceedings of the National 

Academy of Sciences 102(42): 15,144-15,148. 

 

Briggs, J.M.; Hoch, G.H.; and Johnson, L.C. 2002a. Assessing the rate, mechanism and consequences of 

conversion of tallgrass prairie to Juniperus virginiana forest. Ecosystems 5: 578-586. 

 

Briggs, J.M.; Knapp, A.K.; Blair, J.M.; Heisler, J.L.; Hoch, G.A.; Lett, M.S.; and McCarron, J.K. 2005. 

An ecosystem in transition: causes and consequences of the conversion of mesic grassland to 

shrubland. BioScience 55: 243-254. 

 

Briggs, J.M.; Knapp, A.K.; and Brock, B.L. 2002b. Expansion of woody plants in tallgrass prairie: a 

fifteen-year study of fire and fire-grazing interactions. The American Midland Naturalist 147(2): 

287-294. 



 

153 

 

Brockway, D.G.; Gatewood, R.G.; and Paris, R.B. 2002. Restoring grassland savannas from degraded 

pinyon-juniper woodlands: effects of mechanical overstory reduction and slash treatment 

alternatives. Journal of Environmental Management 64: 179-197. 

 

Brohman, R.J.; and Bryant, L.J. (eds.). 2005. Existing vegetation classification and mapping technical 

guide. General Technical Report WO-67. USDA Forest Service, Ecosystem Management 

Coordination Staff. Washington, DC. 305 p. 

 

Brooks, M.L. 2008. Plant invasions and fire regimes. Chapter 3, pp. 33-46. In: Zouhar, K.; Smith, J.K.; 

Sutherland, S.; and Brooks, M.L. (eds.), Wildland fire in ecosystems: fire and nonnative invasive 

plants. General Technical Report RMRS-GTR-42-Vol. 6. USDA Forest Service, Rocky Mountain 

Research Station. Ogden, UT. 355 p. 

 

Brooks, M.L.; D’Antonio, C.M.; Richardson, D.M.; Grace, J.B.; Kelly, J.E.; DiTomaso, J.M.; Hobbs, 

R.J.; Pellent, M.; and Pyke, D. 2004. Effects of invasive alien plants on fire regimes. BioScience 

54(7): 677-688. 

 

Brown, A.L. 1950. Shrub invasion of southern Arizona desert grasslands. Journal of Range Management 

3(3): 172-177. 

 

Brown, J.H.; Valone, T.J.; and Curtin, C.G. 1997. Reorganization of an arid ecosystem in response to 

recent climate change. Proceedings of the National Academy of Sciences of the United States of 

America 94: 9,729-9,733. 

 

Brown, J.H.; Whitham, T.G.; Ernest, S.K.M.; and Gehring, C.A. 2001a. Complex species interactions and 

the dynamics of ecological systems: long-term experiments. Science 293(27): 643-650. 

 

Brown, J.L.; Li, S.H.; and Bhagabati, N. 1999. Long-term trend toward earlier breeding in an American 

bird: a response to global warming? Proceedings of the National Academy of Sciences. Ecology 

96: 5,565-5,569. 

 

Brown, J.R.; and Archer, S.R. 1987. Woody plant seed dispersal and gap formation in a North American 

subtropical savanna woodland: the role of domestic herbivores. Vegetatio 73: 73-80. 

 

Brown, J.R.; and Archer, S.R. 1989. Woody plant invasion of grasslands: establishment of honey 

mesquite (Prosopis glandulosa var. glandulosa) on sites differing in herbaceous biomass and 

grazing history. Oecologia 80: 19-26. 

 

Brown, J.R.; and Archer, S. 1999. Shrub invasion of grassland: recruitment is continuous and not 

regulated by herbaceous biomass or density. Ecology 80(7): 2,385-2,396. 

 

Brown, P.M.; Kaye, M.W.; Huckaby, L.; and Baisan, C. 2001b. Fire history along environmental gradients 

in the Sacramento Mountains, New Mexico: influences of local patterns and regional processes. 

Ecoscience 8(1): 115-126. 

 

Browning, D.M.; Archer, S.R.; Asner, G.P.; McClaran, M.P.; and Wessman, C.A. 2008. Woody plants in 

grasslands: post-encroachment stand dynamics. Ecological Applications 18(4): 928-944. 

 

Buffington, L.C.; and Herbel, C.H. 1965. Vegetational changes on a semidesert grassland range from 

1858 to 1963. Ecological Monographs 35(2): 139-164. 



 

154 

 

Burkhardt, J.W.; and Tisdale, E.W. 1976. Causes of juniper invasion in southwestern Idaho. Ecology 

57(3): 472-484. 

 

Burton, T.A.; Smith, S.J.; and Cowley, E.R. 2011. Riparian area management: multiple indicator 

monitoring (MIM) of stream channels and streamside vegetation. Technical Reference 1737-23. 

BLM/OC/ST-10/003+1737+REV. USDI, Bureau of Land Management, National Operations 

Center, Denver, CO. 155 p. 

 

Bush M.B.; Hanselman, J.A.; and Gosling, W.D. 2010. Nonlinear climate change and Andean feedbacks: 

an imminent turning point? Blackwell Publishing Ltd. Global Change Biology DOI: 

10.1111/j.1365-2486.2010.02203.x. 10 p. 

 

Butler, B.W.; Bartlette, R.A.; Bradshaw, L.S.; Cohen, J.D.; Andrews, P.L.; Putnam, T.; and Mangan, R.J. 

1998. Fire behavior associated with the 1994 South Canyon Fire on Storm King Mountain, 

Colorado. Research Paper RMRS-RP-9. USDA Forest Service, Rocky Mountain Research 

Station. Ogden, UT. 82 p. 

 

Cable, D.R. 1971. Lehmann lovegrass on the Santa Rita Experimental Range, 1937-1968. Journal of 

Range Management 24(1): 17-21. 

 

Cable, D.R. 1972. Fire effects in southwestern semidesert grass-shrub communities. Proceedings of the 

Annual Tall Timbers Fire Ecology Conference 1973(12): 109-127. 

 

Cable, D.R. 1975. Range management in the chaparral type and its ecological basis: the status of our 

knowledge. Research Paper RMRS-RP-155. USDA Forest Service, Rocky Mountain Research 

Station. Fort Collins, CO. 30 p. 

 

Campbell, R.S.; and Bomberger, E.H. 1934. The occurrence of Gutierrezia sarothrae on Bouteloua 

eriopoda ranges in southern New Mexico. Ecology 15(1): 49-61. 

 

Canfield, R.H. 1957. Reproduction and life span of some perennial grasses of southern Arizona. Journal 

of Range Management 10(5): 199-203. 

 

Carlson, A.W. 1969. New Mexico's Sheep Industry, 1850-1900: Its Role in the History of the Territory. 

University of New Mexico Press. Albuquerque, NM. New Mexico Historical Review 44: 25-49. 

 

Carmichael, R.S.; Knipe, O.D.; Pase, C.P.; and Brady, W.W. 1978. Arizona chaparral: plant associations 

and ecology. July 1978. Research Paper RMRS-RP-202. USDA Forest Service, Rocky Mountain 

Research Station. Fort Collins, CO. 16 p. 

 

Carpenter, S.; Walker, B.; Anderies, J.M.; and Abel, N. 2001. From metaphor to measurement: resilience 

of what to what? Ecosystems 4(8): 765-781. 

 

Carrara, P.E.; and Carroll, T.R. 1979. The determination of erosion rates from exposed tree roots in the 

Piceacae Basin, Colorado. Earth Surface Proceedings 4: 307-317. 

 

Caudle, D.; DiBenedetto, J.; Karl, M.; Sánchez, H.; and Talbot, C. 2013. Interagency ecological site 

handbook for rangelands. USDI Bureau of Land Management, USDA Forest Service and USDA 

Natural Resources Conservation Service. Washington, DC. 109 p. 

 



 

155 

CCSP (Climate Change Science Program). 2009. Thresholds of climate change in ecosystems. A report 

by the U.S. Climate Change Science Program and the Subcommittee on Global Change Research 

[Fagre, D.B.; Charles C.W.; Allen, C.D.; Birkeland, C.; Chapin, F.S.; Groffman, P.M.; 

Guntenspergen, G.R.; Knapp, A.K.; McGuire, A.D.; Mulholland, P.J.; Peters, D.P.C.; Roby, 

D.D.; and Sugihara, G. (auths.)]. USDI U.S. Geological Survey. Reston, VA. 156 p. 

 

CEICC (Committee on Ecological Impacts of Climate Change, National Research Council). 2008. 

Ecological Impacts of Climate Change. National Academy of Sciences, National Academies 

Press. Washington, DC. 70 p.  

 

CEQ (Council on Environmental Quality) 2010. Progress report of the Interagency Climate Change 

Adaptation Task Force: recommended actions in support of a national climate change adaptation 

strategy. The White House Council on Environmental Quality, Washington, DC. 72 p. 

 

Chaney, E.; Elmore, W.; and Platts, W.S. 1990. Livestock grazing on western riparian areas. Produced for 

the U.S. Environmental Protection Agency by Northwest Resource Information Center, Inc. 

Eagle, ID. 45 p. 

 

Chapin, F.S. 1991. Effects of multiple environmental stresses on nutrient availability and use. Pp. 67-88. 

In: Mooney, H.A.; Winner, W.E.; and Pell, E.J. (eds.), Responses of Plants to Multiple Stresses. 

Academic Press. San Diego, CA. 422 p. 

 

Chapin, F.S.; Carpenter, S.R.; Kofinas, G.P.; Folke, C.; Abel, N.; Clark, W.C.; Olsson, P.; Stafford Smith, 

D.M.; Walker, B.; Young, O.R.; Berkes, F.; Biggs, R.; Grove, J.M.; Naylor, R.L.; Pinkerton, E.; 

Steffen, W.; and Swanson, F.J. 2009a. Ecosystem stewardship: sustainability strategies for a 

rapidly changing planet. Trends in Ecology and Evolution 25(4): 242-249. 

 

Chapin, F.S.; Kofinas, G.P.; and Folke, C. (eds.). 2009b. Principles of Ecosystem Stewardship: Resilience-

Based Natural Resource Management in a Changing World. Springer Science+Business Media, 

LLC. New York, NY. 402 p. 

 

Chew, R.M.; and Chew, A.E. 1965. The primary productivity of a desert-shrub (Larrea tridentata) 

community. Ecological Monographs 35(4): 355-375. 

 

Chong, G.; Simonson, S.; Stohlgren, T.; and Kalkhan, M. 2001. Biodiversity: aspen stands have the lead, 

but will nonnative species take over? Pp. 261-266. In: Shepperd, W.D.; Binkley, D.; Bartos, D.L.; 

Stohlgren, T.J.; and Eskew, L.G. (comps.), Proceedings of a symposium: sustaining aspen in 

western landscapes. June 13-15, 2000; Grand Junction, CO. Proceedings RMRS-P-18. USDA 

Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 460 p. 

 

Christensen, K.M.; and Whitham, T.G. 1991. Indirect herbivore mediation of avian seed dispersal in 

pinyon pine. Ecology 72(2): 534-542. 

 

Cissel, J.H.; Swanson, F.J.; and Weisberg, P.J. 1999. Landscape management using historical fire 

regimes: Blue River, Oregon. Ecological Applications 9(4): 1,217-1,231. 

 

Clary, W.P. 1971. Effects of Utah juniper removal on herbage yields from Springerville soils. Journal of 

Range Management 24(5): 373-378. 

 

Clary, W.P. 1983. Overstory-understory relationships: aspen forests. Pp. 9-12. In: Bartlett, E.T.; and 

Betters, D.R. (eds.), Overstory-understory relationships in western forests. Western Region 



 

156 

Research Publication No. 1. Colorado State University, Agricultural Experiment Station. Fort 

Collins, CO. 37 p. 

 

Cleland, D.T.; Avers, P.E.; McNab, W.H.; Jensen, M.E.; Bailey R.G.; King T.; and Russell, W.E. 1997. 

National hierarchical framework of ecological units. Pp.181-200. In: Boyce, M.S.; and Haney, A. 

(eds.), Ecosystem Management Applications for Sustainable Forest and Wildlife Resources. Yale 

University Press. New Haven, CT. 361 p. 

 

Clifford, M.J.; Cobb, N.S.; and Buenemann, M. 2011. Long-term tree cover dynamics in a pinyon-juniper 

woodland: climate-change-type drought resets successional clock. Ecosystems 14: 949-962. 

 

Collins, S.; and Larry, E. 2007. Caring for our natural assets: an ecosystem services approach. Excerpt 

from General Technical Report PNW-GTR-733. USDA Forest Service, Pacific Northwest 

Research Station. Portland, OR. 14 p. 

 

Coop, J.D.; Barker, K.J.; Knight, A.D.; and Pecharich, J.S. 2014. Aspen (Populus tremuloides) stand 

dynamics and understory plant community changes over 46 years near Crested Butte, Colorado, 

USA. Forest Ecology and Management 318: 1-12 

 

Coop, J.D.; and Givnish, T.J. 2007. Spatial and temporal patterns of recent forest encroachment in 

montane grasslands of the Valles Caldera, New Mexico, USA. Journal of Biogeography 34(5): 

914-927. 

Cooper, C.F. 1960. Changes in vegetation, structure, and growth of southwestern pine forests since white 

settlement. Ecological Monographs 30(2): 129-164. 

 

Corbin, J.D.; and D’Antonio, C.M. 2004. Effects of exotic species on soil nitrogen cycling: implications 

for restoration. Weed Technology 18: 1,464-1,467. 

 

Correll, D.S.; and Correll, H.B. 1975. Aquatic and Wetland Plants of the Southwestern United States, Vol. 

1 and 2. Stanford University Press. Stanford, CA. 1,777 p. 

 

Cotner, M.L. 1963. Optimum timing of long-term resource improvements. Journal of Farm Economics 

45(4): 732-748. 

 

Cottam, W.P.; and Stewart, G. 1940. Plant succession as a result of grazing and of meadow desiccation by 

erosion since settlement in 1862. Journal of Forestry 38(8): 613-626. 

 

Covington, W.W.; and Moore, M.M. 1994. Southwestern ponderosa pine forest structure: changes since 

Euro-American settlement. Journal of Forestry 92(1): 39-47. 

 

Covington, W.W.; Fulé, P.Z.; Moore, M.M.; Hart, S.C.; Kolb, T.E.; Mast, J.N.; Sackett, S.S.; and 

Wagner, M.R. 1997. Restoring ecosystem health in ponderosa pine forests of the Southwest. 

Journal of Forestry 95(4): 23-29. 

 

Cox, J.R.; and Ruyle, G.B. 1986. Influence of climatic and edaphic factors on the distribution of 

Eragrostis lehmanniana Nees, in Arizona, USA. Journal of the Grassland Society of South Africa 

3(1): 25-29. 

 

Cowling, R.M.; and Pressey, R.L. 2001. Rapid plant diversification: planning for an evolutionary future. 

Proceedings of the National Academy of Sciences 98(10): 5,452-5,457. 

 



 

157 

Crawford, R. 2011. Ecological integrity assessment: Rocky Mountain aspen forest and woodland. 

Washington Natural Heritage Program, Washington State Department of Natural Resources, 

Olympia, WA. 11 p. Ver.: 2.23.2011. Available at: 

http://www1.dnr.wa.gov/nhp/refdesk/communities/pdf/eia/rm_aspen.pdf. 

 

CRC (Committee on Rangeland Classification). 1994. Rangeland Health: New Methods to Classify, 

Inventory, and Monitor Rangelands. National Academy Press. Washington, DC. 180 p. 

 

Crimmins, M.A.; and Comrie, A.C. 2004. Interactions between antecedent climate and wildfire variability 

across southeastern Arizona. International Journal of Wildland Fire 13: 455-466. 

 

Cronquist, A.; Holmgren, A.H.; Holmgren, N.H.; Reveal, J.L.; and Holmgren, P.K. 1997. Intermountain 

Flora: Vascular Plants of the Intermountain West, U.S.A., Vol. 6, the Monocotyledons. The New 

York Botanical Gardens, Columbia University Press. New York, NY. 584 p. 

 

Cuddington, K.; and Hastings, A. 2004. Invasive engineers. Ecological Modelling 178: 335-347. 

 

Czekanowski, J. 1913. (as cited in Kent and Cocker 1992). Zarys metod statystycznyck. [An outline of 

statistical methods applied in anthropology].Warsaw Scientific Society. Warsaw, Poland.  

 

Dahms, C.W.; and Geils, B.W. (teds.). 1997. An assessment of forest ecosystem health in the Southwest. 

General Technical Report RMRS-GTR-295. USDA Forest Service, Rocky Mountain Research 

Station. Fort Collins, CO. 97 p. 

 

Daubenmire, R. 1968. Plant Communities: A textbook of Plant Synecology. Harper and Row Publishing 

Company. New York, NY. 300 p. 

 

Davenport, D.W.; Breshears, D.D.; Wilcox, B.P.; and Allen, C.D. 1998. Viewpoint: sustainability of 

piñon-juniper ecosystems - a unifying perspective of soil erosion thresholds. Journal of Range 

Management 51(2): 231-240. 

 

Davis, O.K.; Minckleyz, T.; Moutoux, T.; Jullz, T.; and Kalin, B. 2002. The transformation of Sonoran 

desert wetlands following the historic decrease of burning. Journal of Arid Environments 50(3): 

393-412. 

 

Davis, O.K.; and Turner R.M. 1986. Palynological evidence for the historic expansion of juniper and 

desert shrubs in Arizona, USA. Review of Palaeobotany and Palynology 49(3-4): 177-193. 

 

Deal, R.L.; Raymond, C.; Peterson, D.L.; and Glick, C. 2010. Ecosystem services and climate change: 

understanding the differences and identifying opportunities for forest carbon. Pp. 9-25. In: Jain, 

T.B.; Graham, R.T.; and Sandquist, J. (teds.), Proceedings of the 2009 national silviculture 

workshop: integrated management of carbon sequestration and biomass utilization opportunities 

in a changing climate. June 15-18; 2009; Boise, ID. Proceedings RMRS-P-61. USDA Forest 

Service, Rocky Mountain Research Station. Fort Collins, CO. 351 p. 

 

De Deyn, G.B.; Cornelissen, J.H.C.; and Bardgett, R.D. 2008. Plant functional traits and soil carbon 

sequestration in contrasting biomes. Ecology Letters 11: 516-531. 

 

Despain, D.W.; and Mosley, J.C. 1990. Fire history and stand structure of a pinyon-juniper woodland at 

Walnut Canyon National Monument, Arizona. General Technical Report No. 34. Cooperative 



 

158 

National Park Resources Studies Unit, The University of Arizona. USDI National Park Service, 

Tucson, AZ. 27 p. 

 

Dick-Peddie, W.A. 1993. Grassland vegetation: subalpine-montane grassland. Chapter 7, pp. 101-104. In: 

Dick-Peddie, W.A. (ed.), New Mexico Vegetation: Past, Present, and Future. University of New 

Mexico Press. Albuquerque, NM. 280 p. 

 

Dieterich, J.H. 1980. Chimney Springs forest fire history. Research Paper RMRS-RP-220. USDA Forest 

Service, Rocky Mountain Research Station. Fort Collins, CO. 8 p. 

 

Dieterich, J.H. 1983. Fire history of southwestern mixed conifer: a case study. Forest Ecology and 

Management 6(1): 13-31. 

 

Dillon, G.K.; Knight, D.H.; and Meyer, C.B. 2005. Historic range of variability for upland vegetation in 

the Medicine Bow National Forest, Wyoming. General Technical Report RMRS-GTR-139. 

USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 85 p. 

 

Dodson, E.K.; and Peterson, D.W. 2010. Dry coniferous forest restoration and understory plant diversity: 

the importance of community heterogeneity and the scale of observation. Forest Ecology and 

Management 260: 1,702-1,707. 

 

Dodson, E.K.; Peterson, D.W.; and Harrod, R.J. 2008. Understory vegetation response to thinning and 

burning restoration treatments in dry conifer forests of the eastern Cascades, USA. Forest 

Ecology and Management 255: 3,130-3,140. 

 

Donahue, D.L. 1999. The Western Range Revisited: Removing Livestock From Public Lands to Conserve 

Native Biodiversity. The University of Oklahoma Press, Norman, OK. 388 p. 

 

Doran, J.W.; and Parken, T.B. 1994. Defining and assessing soil quality. Chapter 1, pp. 3-22. In: Doran, 

J.W.; Coleman, D.C.; Bezdicek, D.F.; and Stewart, B.A. (eds.), Proceedings of a symposium: 

defining soil quality for a sustainable environment. Sponsored by Divisions S-3, S-6, and S-2 of 

the Soil Science Society of America, Division A-5 of the American Society of Agronomy, and the 

North Central Region Committee on Soil Organic Matter (NCR-59) in Minneapolis, MN, 4-5 

November 1992. SSSA Special Publication No. 35, Soil Science Society of America, Inc. and 

American Society of Agronomy, Inc. Madison, WI. 244 p. 

 

Drewa, P.B.; and Havstad, K.M. 2001. Effects of fire, grazing, and the presence of shrubs on Chihuahuan 

Desert grasslands. Journal of Arid Environments 48: 429-443. 

 

Duda, J.J.; Freeman, D.C.; Emlen, J.M.; Belnap, J.; Kitchen, S.G.; Zak, J.C.; Sobek, E.; Tracy, M.; and 

Montante, J. 2003. Differences in native soil ecology associated with invasion of the exotic 

annual chenopod, Halogeton glomeratus. Biology and Fertility of Soils 38: 72-77. 

 

Dwyer, D.D.; and Pieper, R.D. 1967. Fire effects on blue grama-pinyon-juniper rangeland in New 

Mexico. Journal of Range Management 20(6): 359-362. 

 

Dyer, J.M.; and Moffett, K.E. 1999. Meadow invasion from high-elevation spruce-fir forest in south-

central New Mexico. The Southwestern Naturalist 44(4): 444-456. 

 

Dyksterhuis, E.J. 1949. Condition and management of rangeland based on quantitative ecology. Journal 

of Range Management 2(3): 104-115. 



 

159 

 

Dyksterhuis, E.J. 1958. Ecological principles in range evaluation. Botanical Review 24: 253-272. 

 

ECOMAP. 1993. Available at: http://www.fs.fed.us/land/ecosysmgmt/ecoreg1_home.html 

 

Ehrenfeld, J.G. 2003. Effects of exotic plant invasions on soil nutrient cycling processes. Ecosystems 6: 

503-523. 

 

Ehrenfeld, J.G. 2004. Implications of invasive species for belowground community and nutrient. Weed 

Technology 18: 1,232-1,235. 

 

Eisenhart, K.S. 2004. Historic range of variability and stand development in piñon-juniper woodlands of 

western Colorado. University of Colorado, Unpublished Master’s Thesis. Boulder, CO. 55 p. 

 

Ellison, L. 1960. Influence of grazing on plant succession of rangelands. Botanical Review 26(1): 3-78. 

 

Emanuel W.R.; Shugart, H.H.; and Stevenson, M. 1985a. Climatic change and the broad-scale 

distribution of terrestrial ecosystem complexes. Climate Change 7(1): 29-43. 

 

Emanuel W.R.; Shugart, H.H.; and Stevenson, M. 1985b. Response to comment: climatic change and the 

broad-scale distribution of terrestrial ecosystem complexes. Climate Change 7: 457-460. 

 

Enquist, C.A.F.; and Gori, D.F. 2005. An assessment of the spatial extent and condition of grasslands in 

the Apache Highlands Ecoregion. Pp. 259-263. In: Gottfried, G.J.; Gebow, B.S.; Eskew, L.G.; 

and Edminster, C.B. (comps), Proceedings of a symposium: connecting mountain islands and 

desert seas: biodiversity and management of the Madrean Archipelago II. May 11-15, 2004; 

Tucson, AZ. Proceedings RMRS-P-36. USDA Forest Service, Rocky Mountain Research Station. 

Fort Collins, CO 631 p. 

 

Eppstein, M.J.; and Molofsky, J. 2007. Invasiveness in plant communities with feedbacks. Ecology 

Letters 10: 253-263. 

 

Erdman, J.A. 1970. Pinyon-juniper succession after natural fires on residual soils of Mesa Verde, 

Colorado. Brigham Young University Science Bulletin, Biological Series No. 11. Provo, UT. 26 

p. 

 

Ernest, K.A.; Aldon, E.F.; and Muldavin, E. 1993. Woody debris in undisturbed pinyon-juniper 

woodlands of New Mexico. Pp. 117-123. In: Aldon, E.F.; and Shaw, D.W. (eds.), Proceedings of 

a symposium: managing piñon-juniper ecosystems for sustainability and social needs: April 26-

30, 1993; Santa Fe, NM. General Technical Report RMRS-GTR-236. USDA Forest Service, 

Rocky Mountain Research Station. Fort Collins, CO. 169 p. 

 

Ernst, R.; and Pieper, R.D. 1996. Changes in piñon-juniper vegetation: a brief history. Rangelands 18(1): 

14-16. 

 

Hamito, D. 2009. Rangeland resource monitoring and vegetation condition scoring. Ethiopia Sheep and 

Goat Productivity Improvement Program (ESGPIP), Technical Bulletin No. 26. U.S. Agency for 

International Development (USAID) Project. Washington, DC. 7 p. 

 

ESSA Technologies Ltd. 2006. Available at: http://www.essa.com/downloads/vddt/index.htm 

 



 

160 

ESSA Technologies Ltd. 2007. Vegetation Dynamics Development Tool user guide, Ver. 6.0. ESSA 

Technologies Ltd. Vancouver, British Columbia, Canada. 196 p. 

 

Fairweather, M.L. 2008. Insect and disease activity in Hall Ranch WUI, Springerville RD. File Code 

3420, Project Report by Forest Pathologist, Arizona Zone Office. USDA Forest Service, 

Southwestern Region Forest Health. Flagstaff, AZ. 9 p. 

 

Fairweather, M.L.; Geils, B.W.; and Manthei, M., 2008. Aspen decline on the Coconino National Forest. 

In: McWilliams, M.G. (ed.), Proceedings of the 55
th
 Western International Forest Disease Work 

Conference. Sedona, AZ, October 15-19, 2007. Oregon Department of Forestry. Salem, OR. pp. 

53-62.  

 

Fairweather, M.L.; Rokala, E.A.; and Mock, K.E. 2014. Aspen seedling establishment and growth after 

wildfire in central Arizona: an instructive case history. Forest Science 60(4): 703-712. 

 

Fanelli, R.M.; and Lautz, L.K. 2008. Patterns of water, heat, and solute flux through streambeds around 

small dams. Ground Water 46(5): 671-687. 

 

Falk, D.A. 1990. Discovering the future, creating the past: some reflections on restoration. Restoration & 

Management Notes 8(2): 71-72. 

 

Federal Register /Vol. 78, No. 177 /Thursday, September 12, 2013 /Rules and Regulations: 56,202-

56,209. U.S. Gov’t Printing Office, Washington, DC. 

 

Fernandez-Gimenez, M.E.; and Allen-Diaz, B. 1999. Testing a non-equilibrium model of rangeland 

vegetation dynamics in Mongolia. Journal of Applied Ecology 6: 871-885. 

 

Ffolliott, P.F. 1983. Overstory-understory relationships: aspen forests. Pp. 13-18. In: Bartlett, E.T.; and 

Betters, D.R. (eds.), Overstory-understory relationships in western forests. Western Region 

Research Publication No. 1. Colorado State University, Agricultural Experiment Station. Fort 

Collins, CO. 37 p. 

 

Finch, D.M. (ed.). 2004. Assessment of grassland ecosystem conditions in the southwestern United States. 

General Technical Report RMRS-GTR-135. Vol. 1. USDA Forest Service, Rocky Mountain 

Research Station. Fort Collins, CO. 168 p. 

 

Finch, D.M.; and Dahms, C.W. 2004. Purpose and need for a grassland assessment. Chapter 1, pp. 1-10. 

In: Finch, D.M. (ed.), Assessment of grassland ecosystem conditions in the southwestern United 

States. General Technical Report RMRS-GTR-135. Vol. 1. USDA Forest Service, Rocky 

Mountain Research Station. Fort Collins, CO. 168 p. 

 

Finch, D.M.; Ganey, J.L.; Yong, W.; Kimball, R.T.; and Sallabanks, R. 1997. Effects and interactions of 

fire, logging, and grazing. Chapter 6, pp. 103-136. In: Block, W.M.; and Finch, D.M. (teds.), 

Songbird ecology in southwestern ponderosa pine forests: a literature review. General Technical 

Report RMRS-GTR-292. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, 

CO. 152 p. 

 

Finch, D.M.; Smith, D.M.; LeDee, O.L.; Carlton, J.L.E.; and Rumble, M.A. 2012. Climate change, 

animal species, and habitats: adaptation and issues. Chapter 5, pp. 60-79. In: Finch, D.M. (ed.), 

Climate change in grasslands, shrublands, and deserts of the interior American west: a review 



 

161 

and needs assessment. General Technical Report RMRS-GTR-236. USDA Forest Service, Rocky 

Mountain Research Station. Fort Collins, CO. 139 p. 

 

Fleischner, T.L. 1994. Ecological costs of livestock grazing in western North America. Conservation 

Biology 8(3): 629-644. 

 

Fleischner, T.L.; Brown, D.E.; Cooperrider, A.Y.; Kessler, W.B.; and Painter, E.L. 1994. Society for 

Conservation Biology position statement. Society for Conservation Biology Newsletter 1(4): 2-3. 

 

Fletcher, R.; and Robbie, W.A. 2004. Historic and current conditions of southwestern grasslands. Chapter 

6, pp. 120-129. In: Finch, D.M. (ed.), Assessment of grassland ecosystem conditions in the 

southwestern United States. General Technical Report RMRS-GTR-135. Vol. 1. USDA Forest 

Service, Rocky Mountain Research Station. Fort Collins, CO. 168 p. 

 

Flora of North America. 2008. Available at: http://floranorthamerica.org/ 

 

Floyd, M.L.; Hanna D.D.; and Romme W.H. 2004. Historical and recent fire regimes in piñon-juniper 

woodlands on Mesa Verde, Colorado, USA. Forest Ecology and Management 198: 269-289. 

 

Floyd, M.L.; Hanna D.D.; and Romme W.H.; and Crews, T.E. 2006. Predicting and mitigating weed 

invasions to restore natural post-fire succession in Mesa Verde National Park, Colorado, USA. 

International Journal of Wildland Fire 15: 247-259. 

 

Floyd, M.L.; Romme, W.H.; and Hanna, D.D. 2000. Fire history and vegetation patterns in Mesa Verde, 

Colorado, USA. Ecological Applications 10(6): 1,666-1,680. 

 

Folke, C.; Carpenter, S.; Walker, B.; Scheffer, M.; Elmqvist, T.; Gunderson, L.; and Holling, C.S. 2004. 

Regime shifts, resilience, and biodiversity in ecosystem management. Annual Review of Ecology, 

Evolution, and Systematics 35: 557-581. 

 

Follett, R.F.; Kimble, J.M.; and Lal, R. (eds.). 2001. The Potential of U.S. Grazing Lands to Sequester 

Carbon and Mitigate the Greenhouse Effect. Lewis Publishers/CRC Press, LLC. Boca Raton, FL. 

457 p. 

 

Forcada, J.; and Hoffman, J.I. 2014. Climate change selects for heterozygosity in a declining fur seal 

population. Nature 511: 462-474. 

 

Franklin, J.F.; Hall, F.; Laudenslayer, W.; Maser, C.; Nunan, J.; Poppino, J.; Ralph, C.J.; and Spies, T. 

1986. Interim definitions for old growth Douglas-fir and mixed-conifer forests in the Pacific 

Northwest and California. Research Note PNW-RN-447. USDA Forest Service, Pacific 

Northwest Research Station. Portland, OR. 15 p. 

 

Franklin, J.F.; Perry, D.A.; Schowalter, T.D.; Harmon, M.E.; McKee, A.; and Spies, T.A. 1989. 

Importance of ecological diversity in maintaining long-term site productivity. Chapter 6, pp. 82-

87. In: Franklin, J.F.; Perry, D.A.; and Schowalter, T.D. (eds.), Maintaining the Long-Term 

Productivity of Pacific Northwest Forest Ecosystems. Timber Press. Portland, OR. 256 p. 

 

Frey, B.R.; Lieffers, V.J.; Hogg, E.H.; Landhäusser, S.M. 2004. Predicting landscape patterns of aspen 

dieback: mechanisms and knowledge gaps. Canadian Journal of Forest Research 34: 1,379-

1,390. 

 



 

162 

Friedel, M.H. 1991. Range condition assessment and the concept of thresholds: a viewpoint. Journal of 

Range Management 44(5): 422-426. 

 

Friederici, P. 2004. Establishing reference conditions for southwestern ponderosa pine forests. Ecological 

Restoration Institute Working Paper No. 7, Northern Arizona University, Flagstaff, AZ. 12 p. 

 

Fulé, P.Z.; and Covington, W.W. 1997. Fire regimes and forest structure in the Sierra Madre Occidental, 

Durango, Mexico. Acta Botánica Mexicana 41(1): 43-79. 

 

Fulé, P.Z.; and Covington, W.W. 1998. Spatial patterns of Mexican pine-oak forests under different recent 

fire regimes. Plant Ecology 134(2): 197-209. 

 

Fulé, P.Z.; Crouse, J.E.; Heinlein, T.A.; Moore, M.M.; Covington, W.W.; and Verkamp, G. 2003. Mixed-

severity fire regime in a high-elevation forest: Grand Canyon, Arizona. Landscape Ecology 18: 

465-486. 

 

Fulé, P.Z.; Villanueva-Diaz, J.; and Ramos-Gomez, M. 2005. Fire regime in a conservation reserve in 

Chihuahua, Mexico. Canadian Journal of Forest Research 35: 320-330. 

 

Gallina, S.; and Ffolliott, P.F. 1983. Overstory-understory relationships: aspen forests. Pp. 19-20. In: 

Bartlett, E.T.; and Betters, D.R. (eds.), Overstory-understory relationships in western forests. 

Western Region Research Publication No. 1. Colorado State University, Agricultural Experiment 

Station. Fort Collins, CO. 37 p. 

 

GAO (Government Accountability Office). 2007. Climate change: agencies should develop guidance for 

addressing the effects on federal land and water resources. U.S. Government Accountability 

Office GAO-07-863, Washington, DC.179 p. 

 

Ghil, M.; and Vautgard, R. 1991. Interdecadal oscillations and the warming trend in global temperature 

time series. Nature 350(28): 324-327. 

 

Gibbens, R.P.; McNeely, R.P.; Havstad, K.M.; Beck, R.F.; and Nolen, B. 2005. Vegetation changes in the 

Jornada Basin from 1858 to 1998. Journal of Arid Environments 61: 651-668. 

 

Gitlin, A.R.; Stchultz, C.M.; Bowker, M.A.; Stumpf, S.; Paxton, K.L.; Kennedy, K.; Munoz, A.; Bailey, 

J.K.; and Whitham, T.G. 2006. Mortality gradients within and among dominant plant populations 

as barometers of ecosystem change during extreme drought. Conservation Biology 20(5): 1,477-

1,486. 

 

Glitzenstein, J.S.; Platt, W.J.; and Streng, D.R. 1995. Effects of fire regime and habitat on tree dynamics 

in north Florida longleaf pine savannas. Ecological Monographs 65(4): 441-476. 

 

Goebel, C.J.; and Cook. C.W. 1960. Effect of range condition on plant vigor, production and nutritive 

value of forage. Journal of Range Management 13: 307-313. 

 

Gori, D.F.; and Backer, D. 2005. Watershed improvement using prescribed burns as a way to restore 

aquatic habitat for native fish. Pp. 403-406. In: Gottfried, G.J.; Gebow, B.S.; Eskew, L.G.; and 

Edminster, C.B. (comps.), Proceedings of a symposium: connecting mountain islands and desert 

seas: biodiversity and management of the Madrean Archipelago II. May 11-15, 2004; Tucson, 

AZ. Proceedings RMRS-P-36. USDA Forest Service, Rocky Mountain Research Station. Fort 

Collins, CO 631 p. 



 

163 

 

Gori, D.F.; and Bate, J. 2007. Historical range of variation and state and transition modeling of historical 

and current landscape conditions for pinyon-juniper of the southwestern U.S. Chapter 12 - 

Pinyon-juniper woodland. Prepared for the USDA Forest Service, Southwestern Region by The 

Nature Conservancy, Arizona Chapter. Tucson, AZ. 141 p. 

 

Gori, D.F.; and Enquist, C.A.F. 2003. An assessment of the spatial extent and condition of grasslands in 

central and southern Arizona, southwestern New Mexico and northern Mexico. The Nature 

Conservancy, Arizona Chapter. Tucson, AZ. 37 p. 

 

Gottfried, G.J. 1987. Regeneration of pinyon. Pp. 249-254. In: Everett, R. L. (comp.), Proceedings of the 

pinyon-juniper conference. January 13-16, 1986; Reno, NV. General Technical Report INT-GTR-

215. USDA Forest Service, Intermountain Research Station. Ogden, UT. 581 p. 

 

Gottfried, G.J.; and Severson, K.E. 1993. Distribution and multiresource management of piñon-juniper 

woodlands in the southwestern United States. Pp. 108-116. In: Aldon, E.F.; and Shaw, D.W. 

(tcoords.), Proceedings of a symposium: managing piñon-juniper ecosystems for sustainability 

and social needs. April 26-30, 1993; Santa Fe, NM. General Technical Report RMRS-GTR-236. 

USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 169 p. 

 

Gottfried, G.J.; Swetnam, T.W.; Allen, C.D.; Betancourt, J.L.; and Chung-MacCoubrey, A.L. 1995. 

Pinyon-juniper woodlands. Pp. 95-132. In: Finch, D.M.; and Tainter, J.A. (eds.), Ecology, 

diversity, and sustainability of the middle Rio Grande Basin. General Technical Report RMRS- 

GTR-268. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 186 p. 

 

Gould, F.W. 1977. Grasses of the Southwestern United States. The University of Arizona Press. Tucson, 

AZ. 352 p. 

 

Grier, C.C.; Elliott, K.J.; and McCullough, D.G. 1992. Biomass distribution and productivity of Pinus 

edulis-Juniperus monosperma woodlands of north-central Arizona. Forest Ecology and 

Management 50: 331-350. 

 

Griffis, K.L.; Crawford, J.A.; Wagner, M.R.; and Moir, W.H. 2001. Understory response to management 

treatments in northern Arizona ponderosa pine forests. Forest Ecology and Management 146: 

239-245. 

 

Grimm, N.B.; Chapin F.S.; Bierwagen, B.; Gonzalez, P.; Groffman, P.M.; Luo, Y.; Melton, F.; 

Nadelhoffer, K.; Pairis, A.; Raymond; P.; Schimel, J.; Williamson, C.E.; and Bernstein, M.J. 

2012. Impacts of climate change on ecosystem structure and functioning. Chapter 3, pp. 3-1-3-58. 

In: Staudinger, M.D.; Grimm, N.B.; Staudt, A.; Carter, S.L.; Chapin, F.S.; Kareiva, P.; 

Ruckelshaus, M.; and Stein, B.A. (eds.), Impacts of climate change on biodiversity, ecosystems, 

and ecosystem services: technical input to the 2013 National Climate Assessment. Cooperative 

Report to the 2013 National Climate Assessment. 296 p. 

 

Grissino-Mayer, H.D.; Baisan, C.H.; and Swetnam, T.W. 1995. Fire history in the Pinaleno Mountains of 

southeastern Arizona: effects of human-related disturbances. Pp. 399-407 In: DeBano, L.F.; 

Ffolliott, P.F.; Ortega-Rubio, A.; Gottfried, G.J.; Hamre, R.H.; and Edminster, C.B. (tcoords.), 

Biodiversity and management of the Madrean archipelago: the sky islands of southwestern 

United States and northwestern Mexico. General Technical Report RMRS-GTR-264. USDA 

Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 669 p. 

 



 

164 

Grover, H.B.; and Musick, H.B. 1990. Shrubland encroachment in southern New Mexico, U.S.A.: an 

analysis of desertification processes in the American southwest. Climate Change 17: 305-330. 

 

Grumbine, R.E. 1994. What is ecosystem management? Conservation Biology 8(1): 27-38. 

 

Gunderson, L.H. 2000. Ecological resilience - in theory and application. Annual Review of Ecology and 

Systematics 31: 425-439. 

 

Gunderson, L.A.; and Pritchard, L. 2002. Resilience and the Behaviour of Large-Scale Systems. Island 

Press. Washington, DC. 240 p. 

 

Hall, F.C.; Bryant, L.; Clausnitzer, R.; Geier-Hayes, K.; Keane, R.; Kertis, J.; Shlisky, A.; and Steele, R. 

1995. Definitions and codes for seral status and structure of vegetation. General Technical Report 

PNW-GTR-363. USDA Forest Service, Pacific Northwest Research Station. Portland, OR. 39 p. 

 

Hanna, P.; and Kulakowski, D. 2012. The influence of climate on aspen dieback. Forest Ecology and 

Management 274: 91-98.  

 

Hansen, A.J.; Neilson, R.P.; Dale, V.H.; Flather, C.H.; Iverson, L.R.; Currie, D.J.; Shafer, S.; Cook, R.; 

and Bartlein, P.J. 2001. Global change in forests: responses of species, communities, and biomes. 

BioScience 51(9): 765-779. 

 

Hansen, L.J.; Bringer, J.L.; and Hoffman, J.R. (eds.). 2003. Buying time: a user’s manual for building 

resistance and resilience to climate change in natural systems. Berlin, Germany: World Wildlife 

Fund. 244 p. 

 

Harris, A.T.; Asner, G.P.; and Miller, M.E. 2003. Changes in vegetation structure after long-term grazing 

in pinyon-juniper ecosystems: integrating imaging spectroscopy and field studies. Ecosystems 6: 

368-383. 

 

Harris, L.D. 1984. The Fragmented Forest. The University of Chicago Press. Chicago, IL. 211 p. 

 

Harvey, J.W.; and Fuller C.C. 1998. Effect of enhanced manganese oxidation in the hyporheic zone on 

basin-scale geochemical mass balance. Water Recourses Research 34(4): 623-636. 

 

Haskins, K.E.; and Gehring, C.A. 2005. Evidence for mutualist limitation: the impacts of conspecific 

density on the mycorrhizal inoculum potential of woodland soils. Oecologia 145(1): 123-131. 

 

Haubensak, K.A.; D’Antonio, C.M.; and Alexander, J. 2004. Effects of nitrogen-fixing shrubs in 

Washington and coastal California. Weed Technology 18: 1,475-1,479. 

 

Havstad, K.M.; Peters, D.P.C.; Skaggs, R.; Brown, J.; Bestelmeyer, B.; Fredrickson, E.; Herrick, J.; and 

Wright, J. 2007. Ecological services to and from rangelands of the United States. Ecological 

Economics 64: 261-268. 

 

Hawkes, C.V.; Belnap, J.; D’Antonio, C.; and Firestone, M.K. 2006. Arbuscular mycorrhizal assemblages 

in native plant roots change in the presence of invasive exotic grasses. Plant and Soil 281: 369-

380. 

 

Hawkes, C.V.; Wren, I.F.; Herman, D.J.; and Firestone, M.K. 2005. Plant invasion alters nitrogen cycling 

by modifying the soil nitrifying community. Ecology Letters 8: 976-985. 



 

165 

 

Heady, H.F. 1975. Rangeland Management. McGraw-Hill Book Company. New York, NY. 500 p. 

 

Heath, L.S.; Kimble, J.M.; Birdsey, R.A.; and Lal, R. 2003. The potential of U.S. forest soils to sequester 

carbon. Chapter 23, pp. 385-394. In: Kimble, J.M.; Heath, L.S.; Birdsey, R.A; and Lal, R. (eds.), 

The Potential of US Forest Soils to Sequester Carbon and Mitigate the Greenhouse Effect. Lewis 

Publishers/CRC Press, LLC. Boca Raton, FL. 429 p. 

 

Heisler, J.L.; Briggs, J.M.; and Knapp, A.N. 2003. Long-term patterns of shrub expansion in a C4-

dominated grassland: fire frequency and the dynamics of shrub cover and abundance. American 

Journal of Botany 90(3): 423-428. 

 

Heitschmidt, R.; Sanders, K.D.; Smith, E.L.; Laycock, W.A.; Rasmussen, G.A.; Skinner, Q.D.; Hall, F.C.; 

Lindenmuth, R.; Van Tassell, L.W.; Richardson, J.W.; Fletcher, R.R.; Borden, G.W.; Harris, T.R.; 

Taylor, D.T.; Moline, B.R.; and Krueger, W.C. 1998. Stubble height and utilization 

measurements: uses and misuses. Extension Service Publication SB682-E. Oregon State 

University, Corvallis, OR. 97 p. 

 

Heitschmidt, R.K.; and Stuth, J.W. (eds.). 1991. Grazing Management: An Ecological Perspective. 

Timber Press. Portland, OR. 294 p.  

 

Hennessy, J.T.; Gibbens, R.P.; Tromble, J.M.; and Cardenas, M. 1983. Vegetation changes from 1935 to 

1980 in mesquite dunelands and former grasslands of southern New Mexico. Journal of Range 

Management 36(3): 370-374. 

 

Herbel, C.H.; Ares, F.N.; and Wright, R.A. 1972. Drought effects on a semidesert grassland range. 

Ecology 53(6): 1,084-1,093. 

 

Hermann, F.J. (ed.). 1970. Manual of the Carices of the Rocky Mountains and Colorado Basin, 

Agriculture Handbook No. 374. USDA Forest Service, U.S. Gov’t Printing Office, Washington, 

DC. 397 p. 

 

Hermann, F.J. (ed.). 1975. Manual of the rushes (Juncus spp.) of the Rocky Mountains and Colorado 

Basin. General Technical Report RMRS-GTR-18. USDA Forest Service, Rocky Mountain 

Research Station. Fort Collins, CO. 107 p. 

 

Hessl, A. 2002. Aspen, elk, and fire: the effects of human institutions on ecosystem processes. BioScience 

52: 1,011-1,022. 

 

Hester, E.T.; and Doyle, M.W. 2008. In-stream geomorphic structures as drivers of hyporheic exchange. 

Water Resources Research 44: W03417, DOI: 10.1029/2006WR005810. 17 p. 

 

Hester, E.T.; Doyle, M.W.; and Poole, G.C. 2009. The influence of in-stream structures on summer water 

temperatures via induced hyporheic exchange. Limnology and Oceanography 54(1): 355-367. 

 

Hibbard, K.A.; Schimel, D.S.; Archer, S.; Ojima, D.S.; and Parton, W. 2003. Grassland to woodland 

transitions: integrating changes in landscape structure and biogeochemistry. Ecological 

Applications 13(4): 911-926. 

 



 

166 

Hibbert, A.R.; Davis, E.A.; and Scholl, D.G. 1974. Chaparral conversion potential in Arizona part I: water 

yield response and effects on other resources. Research Paper RMRS-RP-126. USDA Forest 

Service, Rocky Mountain Research Station. Fort Collins, CO. 36 p. 

 

Hickman, J.C. (ed.). 1993. The Jepson Manual: Higher Plants of California. University of California 

Press. Berkeley, CA. 1,400 p. 

 

Hitchcock, A.S.; and A. Chase. 1971. Manual of the Grasses of the United States, Vol. 1 and 2, 2
nd

 ed. 

Dover Publications, Inc. New York, NY. 1,051 p. 

 

Hobbs, R.J.; and Mooney, H.A. 1986. Community Changes following Shrub Invasion of Grassland. 

Oecologia 70(4): 508-513. 

 

Hoch, G.A.; and Briggs, J.M. 1999. Expansion of eastern red cedar in the northern Flint Hills, Kansas. 

Proceedings of the North American Prairie Conference 16: 9–15. 

 

Hogg, E.H. 2001. Modeling aspen responses to climatic warming and insect defoliation in western 

Canada. Pp. 325-338. In: Shepperd, W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; and Eskew, 

L.G. (comps.), Proceedings of a symposium: sustaining aspen in western landscapes. June 13-15, 

2000; Grand Junction, CO. Proceedings RMRS-P-18. USDA Forest Service, Rocky Mountain 

Research Station, Fort Collins, CO. 460 p. 

 

Hogg, E.H.; Brandt, J.P.; and Michaelian, M. 2008. Impacts of a regional drought on the productivity, 

dieback, and biomass of western Canadian aspen forests. Canadian Journal of Forest Research 

38: 1,373-1,384. 

 

Holechek, J.L. 1988. An approach for setting the stocking rate. Rangelands 10(1): 10-14. 

 

Holechek, J.L.; Pieper, R.D.; and Herbel, C.H. 1989. Range Management: Principles and Practices. 

Prentise-Hall, Inc. Englewood Cliffs, NJ. 501 p. 

 

Holechek, J.L.; Pieper, R.D.; and Herbel, C.H. 1998. Range Management: Principles and Practices, 3
rd

 

ed. Prentise-Hall, Inc. Upper Saddle River, NJ. 542 p. 

 

Holling, C.S. 1973. Resilience and stability of ecological systems. Annual Review of Ecology and 

Systematics 4: 1-23. 

 

Hoorman, J.J.; and McCutcheon, J. 2005a. Livestock and streams: negative effects of livestock grazing 

riparian areas. Ohio State University Extension Fact Sheet LS-2-05. School of Environment and 

Natural Resources, Ohio State University, Columbus, OH. 11 p. 

 

Hoorman, J.J.; and McCutcheon, J. 2005b. Livestock and streams: the effects of grazing management on 

riparian areas. Ohio State University Extension Fact Sheet LS-3-05. School of Environment and 

Natural Resources, Ohio State University, Columbus, OH. 6 p. 

 

House, J.I.; Archer, S.; Breshears, D.D.; and Scholes, R.J. 2003. Conundrums in mixed woody-

herbaceous plant systems. Journal of Biogeography 30: 1,763-1,777. 

 

Howell, J. 1941. Piñon and juniper woodlands of the Southwest. Journal of Forestry 39(6): 542-545. 

 



 

167 

Huang, C.-H.; and Anderegg, W.R.L. Large drought-induced aboveground live biomass losses in 

southern Rocky Mountain aspen forests. Global Change Biology DOI: 10.1111/j.1365-

2486.2011.02592.x. 12 p. 

 

Huebner, C.D.; and Vankat, J.L. 2003. The importance of environment vs. disturbance in the vegetation 

mosaic of central Arizona. Journal of Vegetation Science 14: 25-34. 

 

Huebner, C.D.; Vankat, J.L.; and Renwick, W.H. 1999. Change in the vegetation mosaic of central 

Arizona, USA between 1940 and 1989. Plant Ecology 144: 83-91. 

 

Huffman, D.W.; Fulé, P.Z.; Pearson, K.M.; Crouse, J.E.; and Covington, W.W. 2006a. Pinyon-juniper fire 

regime: natural range of variability. Final report to Rocky Mountain Research Station for 04-JV-

11221615-271, August 30, 2006. Ecological Restoration Institute, Northern Arizona University. 

Flagstaff, AZ. 47 p. 

 

Huffman, D.W.; Stoddard, M.T.; McGlone, C.M.; Fulé, P.Z.; and Covington, W.W. 2006b. Ecosystem 

restoration. Assistance Agreement No. PAA 017002, Task Order No. AAW040001, Final Report, 

February 5, 2006. Ecological Restoration Institute, Northern Arizona University, Flagstaff, AZ. 

145 p. 

 

Humphreys, L.R. 1997. The Evolving Science of Grassland Improvement. Cambridge University Press. 

Cambridge, England. 261 p. 

 

Humphrey, R.R. 1949. Field comments on the range condition method of forage survey. Journal of Range 

Management 2(1): 1-10. 

 

Humphrey, R.R. 1953. The desert grassland, past and present. Journal of Range Management 6(3): 159-

164. 

 

Humphrey, R.R. 1958. The desert grassland: a history of vegetational change and an analysis of causes. 

Botanical Review 24(4): 193-252. 

 

Humphrey, R.R.; and Mehrhoff, L.A. 1958. Vegetation changes on a southern Arizona grassland range. 

Ecology 39(4): 720-726. 

 

Huenneke, L.F.; Anderson, J.P.; Remmenga, M.; and Schlesinger, W.H. 2002. Desertification alters 

patterns of aboveground net primary production in Chihuahuan ecosystems. Global Change 

Biology 8: 247-264. 

 

Hunter, C.M.; Caswell, H.; Runge, M.C.; Regher, E.V.; Amstrup, S.C.; and Stirling, I. 2010. Climate 

change threatens polar bear populations: a stochastic demographic analysis. Ecology 91(10): 

2,883-2,897. 

 

Hurd, E.G.; Shaw, N.L.; Mastrogiuseppe, J.; Smithman, L.C.; and Goodrich, S. 1998. Field guide to 

Intermountain sedges. General Technical Report RMRS-GTR-10. USDA Forest Service, Rocky 

Mountain Research Station. Ogden, UT. 282 p. 

 

Illius, A.W.; and O'Connor, T.G. 1999. On the relevance of nonequilibrium concepts to arid and semiarid 

grazing systems. Ecological Applications 9(3): 798-813. 

 



 

168 

Ireland, K.B.; Moore, M.M.; Fulé, P.Z.; Ziegler, T.J.; and Keane, R.E. 2014. Slow lifelong growth 

predisposes Populus tremuloides trees to mortality. Oecologia DOI: 10.1007/s00442-014-2951-5. 

13 p. 

 

Iverson, L.R.; Schwartz, M.W.; and Prasad, A.M. 2004. How fast and far might tree species migrate in the 

Eastern United States due to climate change? Global Ecology and Biogeography 13: 209-219. 

 

Jackson, S.T.; Betancourt, J.L.; Booth, R.K.; and Gray, S.T. 2009. Ecology and the ratchet of events: 

climate variability, niche dimensions, and species distributions. Proceedings of the National 

Academy of Sciences 106(supplement 2): 19,685-19,692. 

 

Jacobs, B.F.; and Gatewood, R.G. 1999. Restoration studies in degraded pinyon-juniper-woodlands of 

north-central New Mexico. Pp. 294-298. In: Monsen, S.B.; and Stevens, R. (comps.), 

Proceedings: ecology and management of pinyon-juniper communities within the interior West; 

September 15-18, 1997; Provo, UT. Proceedings RMRS-P-9. USDA Forest Service, Rocky 

Mountain Research Station. Ogden, UT. 411 p. 

 

Jacobs, B.F.; Gatewood, R.G.; and Allen, C.D. 2002. Watershed restoration in degraded piñon-juniper 

woodlands: a paired watershed study 1996-1998(9). USGS Biological Resources Division 

Research/ NPS-Natural Resource Preservation Program; Final Report, Project 9706. Los Alamos, 

NM. 67 p. 

 

Jacobs, B.F.; Romme, W.H.; and Allen, C.D. 2008. Mapping "old" vs. "young" piñon-juniper stands with 

a predictive topo-climatic model. Ecological Applications 18(7): 1,627-1,641. 

 

Jacoby, P.W. (ed.). 1989. A glossary of terms used in range management. Society for Range Management, 

Denver, CO. 20 p. 

 

Jameson, D.A. 1967. The relationship of tree overstory and herbaceous understory vegetation. Journal of 

Range Management 20(4): 247-249. 

 

Jameson, D.A. 1971. Optimum stand selection for juniper control on southwestern woodland ranges. 

Journal of Range Management 24(2): 94-99. 

 

Jameson, D.A.; Williams, J.A.; and Wilton, E.W. 1962. Vegetation and soils of Fishtail Mesa, Arizona. 

Ecology 43(3): 403-410. 

 

Jamison, R.; and Raish, C. (eds.). 2000. Livestock Management in the American Southwest: Ecology, 

Society and Economics. Developments in animal and veterinary sciences, 30. Elsevier Science 

B.V. Amsterdam, Netherlands. 597 p. 

 

Jardine, J.T.; and Anderson, M. 1919. Range management on the national forests. USDA Forest Service 

Bulletin No. 790. U.S. Gov’t Printing Office, Washington, DC. 98 p. 

 

Jetz, W.; Wilcove, D.S.; and Dobson, A.P. 2007. Projected impacts of climate and land use change on the 

global diversity of birds. PLoS 5(6): 1,211-1,219. 

 

Johnsen, T.N. 1962. One-seed juniper invasion of northern Arizona grasslands. Ecological Monographs 

32(3): 187-207. 

 



 

169 

Johnson, D.E.; Mukhtar, H.A.M.; Mapston, R.; and Humphrey, R.R. 1962. The mortality of oak-juniper 

woodland species following a wild fire. Journal of Range Management 15(4): 201-205. 

 

Johnson, W.M. 1956.The effect of grazing intensity on plant composition, vigor, and growth of pine-

bunchgrass ranges in central Colorado. Ecology 37(4): 790-798. 

 

Jones, A. 2000. Effects of cattle grazing on North American arid ecosystems: a quantitative review. 

Western North American Naturalist 60(2): 155-164. 

 

Jones, J.R.; and DeByle, N.V. 1985a. Fire. Pp. 77-81. In: DeByle, N.V.; and Winokur, R.P. (eds.), Aspen: 

ecology and management in the western United States. General Technical Report RMRS-GTR-

119. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 283 p. 

 

Jones, J.R.; and DeByle, N.V. 1985b. Other physical factors. Pp. 83-86. In: DeByle, N.V.; and Winokur, 

R.P. (eds.), Aspen: ecology and management in the western United States. General Technical 

Report RMRS-GTR-119. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, 

CO. 283 p. 

 

Jones, J.R.; DeByle, N.V.; and Bowers, D.M. 1985. Insects and other invertebrates. Pp.107-114. In: 

DeByle, N.V.; and Winokur, R.P. (eds.), Aspen: ecology and management in the western United 

States. General Technical Report RMRS-GTR-119. USDA Forest Service, Rocky Mountain 

Research Station. Fort Collins, CO. 283 p. 

 

Jones, J.R.; and Schier, G.A. 1985. Growth. Pp. 19-24. In: DeByle, N.V.; and Winokur, R.P. (eds.), Aspen: 

ecology and management in the western United States. General Technical Report RMRS-GTR-

119. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 283 p. 
 

Jordan, N.R.; Larson, D.L.; and Huerd, S.C. 2008. Soil modification by invasive plants: effects on native 

and invasive species of mixed-grass prairies. Biological Invasions 10: 177-190. 

 

Joyce, L.; Haynes, R.; White, R.; and Barbour, R.J. (tcoords.). 2006. Proceedings of a workshop: bringing 

climate change into natural resource management. June 28-30, 2005; Portland, OR. General 

Technical Report PNW-GTR-706. USDA Forest Service, Pacific Northwest Research Station. 

Portland, OR. 156 p. 

 

Kaib, M.; Baisan, C.; Grissino-Mayer, H.D.; and Swetnam, T.W. 1996. Fire history of the gallery pine-

oak forests and adjacent grasslands of the Chiricahua Mountains of Arizona. Pp. 253-264. In: 

Ffolliott, P.F.; DeBano, L.F.; Baker, M.B.; Gottfried, G.J.; Solis-Garza, G.; Edminster C.B.; 

Neary, D.G.; Allen, L.S.; and Hamre, R.H. (eds.), Proceedings of a symposium: effects of fire on 

Madrean Province ecosystems. March 11-15, 1996; Tucson AZ. December, 1996. General 

Technical Report RMRS-GTR-289. USDA Forest Service, Rocky Mountain Research Station. 

Fort Collins, CO. 277 p. 

 

Kareiva, P.; Ruckelshaus, M.; Arkema, K.; Geller, G.; Goodrich, D.; Nelson, E.; Matzek, V.; Pinsky, M.; 

Reid, W.; Saunders, M.; Semmens, D.; and Tallis, H. 2012. Impacts of climate change on 

ecosystem services. Chapter 4, pp. 4-1-4-41. In: Staudinger, M.D.; Grimm, N.B.; Staudt, A.; 

Carter, S.L.; Chapin, F.S.; Kareiva, P.; Ruckelshaus, M.; and Stein, B.A. (eds.), Impacts of 

climate change on biodiversity, ecosystems, and ecosystem services: technical input to the 2013 

National Climate Assessment. Cooperative Report to the 2013 National Climate Assessment. 296 

p. 

 



 

170 

Karl, T.R.; Melillo, J.M.; and Peterson, T.C. (eds.). 2009. Global Climate Change Impacts in the United 

States. Cambridge University Press. New York, NY. 188 p. 

 

Karr, J.R. 2004. Beyond definitions: maintaining biological integrity, diversity, and environmental health 

in national wildlife refuges. Natural Resources Journal 44: 1,067-1,092. 

 

Karr, J.R.; and Rossano, E.M. 2001. Applying public health lessons to protect river health. Ecology and 

Civil Engineering 4(1): 3-18. 

 

Kay, C.E. 1997. Is aspen doomed? Journal of Forestry 95(5): 4-11. 

 

Kay, C.E. 2001. Long-term aspen exclosures in the Yellowstone ecosystem. Pp. 225-241. In: Shepperd, 

W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; and Eskew, L.G. (comps.), Proceedings  of a 

symposium: sustaining aspen in western landscapes. June 13-15, 2000; Grand Junction, CO. 

Proceedings RMRS-P-18. USDA Forest Service, Rocky Mountain Research Station, Fort Collins, 

CO. 460 p. 

 

Kay, C.E.; and Bartos, D.L. 2000. Ungulate herbivory on Utah aspen: assessment of longterm exclosures. 

Journal of Range Management 53: 145-153. 

 

Kaye, J.P.; and Hart, S.C. 1998. Ecological restoration alters nitrogen transformations in a ponderosa 

pine-bunchgrass ecosystem. Ecological Applications 8(4): 1,052-1,060. 

 

Kaye, M.W.; Stohlgren, T. J.; and Binkley, D. 2004. Aspen structure and variability in Rocky Mountain 

National Park, Colorado, USA. Landscape Ecology 18: 591–603. 

 

Kent, M.; and Coker, P. 1992. Vegetation Description and Analysis: A Practical Approach. CPC Press, 

Inc. Boca Raton, FL. 363 p. 

 

Kerns, B.K.; Buonopane, M.; Thies, W.G.; and Niwa, C. 2011. Reintroducing fire into a ponderosa pine 

forest with and without cattle grazing: understory vegetation response. Ecosphere 2(5): Article 

59. 23 p. 

 

Klemmedson, J.D. 1956. The interrelationships of vegetation, soils, and range conditions induced by 

grazing. Journal of Range Management 9(3): 134-138. 

 

Klopatek, J.M. 1987. Nutrient patterns and succession in pinyon-juniper ecosystems of northern Arizona. 

Pp. 391-396. In: Everett, R.L. (comp.), Proceedings of the pinyon-juniper conference. January 13-

16, 1986; Reno, NV. General Technical Report INT-GTR-215. USDA Forest Service, 

Intermountain Research Station. Ogden, UT. 581 p. 

 

Klopatek, C.C.; and Klopatek, J.M. 1987. Mycorrhizae, microbes and nutrient cycling processes in 

pinyon-juniper systems. Pp. 360-364. In: Everett, R.L. (comp.), Proceedings of the pinyon-

juniper conference. January 13-16, 1986; Reno, NV. General Technical Report INT-GTR-215. 

USDA Forest Service, Intermountain Research Station. Ogden, UT. 581 p. 

 

Klopatek, C.C.; DeBano, L.F.; and Klopatek, J.M. 1990. Impact of fire on the microbial processes in 

pinyon-juniper woodlands: management implications. Pp. 197-205. In: Krammes, J.S. (ed.), 

Proceedings of the symposium: effects of fire management to southwestern natural resources. 

November 15-17, 1988; Tucson, AZ. General Technical Report RMRS-GTR-191. USDA Forest 

Service, Rocky Mountain Research Station. Fort Collins, CO. 293 p. 



 

171 

 

Knight, C.L.; Briggs, J.M.; and Nellis, M.D. 1994. Expansion of gallery forest on Konza Prairie Research 

Natural Area, Kansas, USA. Landscape Ecology 9(2): 117-125. 

 

Knight, R.W. 1993. Managing stocking rates to prevent adverse environmental impacts. Pp. 97-107. In: 

Cox, J.R.; and Cadenhead, J.F. (eds.), Managing livestock stocking rates on rangeland: Project 

Range Care. Texas Agricultural Extension Service, Texas A&M University, College Station. TX. 

153 p. 

 

Knutson, K.L.; and Naef, V.L. 1997. Management recommendations for Washington’s priority habitats: 

riparian. Washington Department of Fish and Wildlife. Olympia, WA. 181 p. 

 

Kondolf, G.M. 1994. Livestock grazing and habitat for a threatened species: land-use decisions under 

scientific uncertainty in the White Mountains, California, USA. Environmental Management 

18(4): 501-509. 

 

Koniak, S. 1985. Succession in pinyon-juniper woodlands following wildfire in the Great Basin. Great 

Basin Naturalist 45(3): 556-566. 

 

Koniak, S.; and Everett, R.L. 1982. Seed reserves in soils of successional stages of pinyon woodlands. 

The American Midland Naturalist 108(2): 295-303. 

 

Koprowski, J.L.; Alanen, M.I.; and Lynch, A.M. 2005. Nowhere to run and nowhere to hide: response of 

endemic Mt Graham red squirrels to catastrophic forest damage. Biological Conservation 126: 

491-498. 

 

Korb, J.E. 2012. Predisposing and contributing factors associated with aspen mortality and the effects of 

sudden aspen decline on ecological attributes, southwestern Colorado, USA. Fort Lewis College, 

Biology Department. Durango, CO. 47 p. 

 

Korb, J.E.; and Springer, J.D. 2003. Understory vegetation. Chapter 14, pp. 126-143. In: Friederici, P. 

(ed.), Ecological Restoration of Southwestern Ponderosa Pine Forests. Island Press. Washington, 

DC. 584 p. 

 

Korb, J.E.; Bombaci, S.; and Siegel, R. 2014. The effect of sudden aspen decline on understory 

microclimate and vegetation in southwestern CO. Canadian Journal of Forest Research 44: 914-

921.  

 

Kourtev, P.S.; Ehrenfeld, J.G.; and Häggblom, M. 2002a. Exotic plant species alter the microbial 

community structure and function in the soil. Ecology 83(11): 3,152-3,166. 

 

Kourtev, P.S.; Ehrenfeld, J.G.; and Häggblom, M. 2003. Experimental analysis of the effect of exotic and 

native plant species on the structure and function of soil microbial communities. Soil Biology & 

Biochemistry 35: 895-905. 

 

Kourtev, P.S.; Ehrenfeld, J.G.; and Huang, W.Z. 2002b. Enzyme activities during litter decomposition of 

two exotic and two native plant species in hardwood forests of New Jersey. Soil Biology & 

Biochemistry 34: 1,207-1,218. 

 

Krueper, D.J. 1996. Effects of livestock management on southwestern riparian ecosystems. Pp. 281-301. 

In: Shaw, D.W.; and Finch, D.M. (tcoords.), Desired future conditions for southwestern riparian 



 

172 

ecosystems: bringing interests and concerns together. 1995 September 18-22, 1995; 

Albuquerque, NM. General Technical Report RMRS-GTR-272. USDA Forest Service, Rocky 

Mountain Research Station. Fort Collins, CO. 359 p. 

 

Küchler, A.W. 1964. Potential natural vegetation of the conterminous United States (map and manual). 

American Geographic Society, Special Publication No. 36. 116 p.; map scale 1:3,168,000.  

 

La Sorte, F.A.; and Thompson, F.R. 2007. Poleward shifts in winter ranges of North American birds. 

Ecology 88(7): 1,803-1,812. 

 

Laing, L.; Ambos, N.; Subrige, T.; McDonald, C.; Nelson, C.; and Robbie, W. 1987. Terrestrial ecosystem 

survey of the Apache-Sitgreaves National Forests. USDA Forest Service, Southwestern Region, 

Albuquerque, NM. 453 p. 

 

Lal, R. 2001. Potential of desertification control to sequester carbon and mitigate the greenhouse effect. 

Climatic Change 51: 35-72. 

 

LANDFIRE. 2003. Wet grassland. Draft LANDFIRE Rapid Assessment Model: WGRA. LANDFIRE 

Project, USDA Forest Service and USDI Geologic Survey. 5 p. 

 

LANDFIRE. 2005. Juniper-pinyon (frequent fire type). Draft LANDFIRE Rapid Assessment Model: 

JUPI1 4/6/055. LANDFIRE Project, USDA Forest Service and USDI Geologic Survey. 8 p. 

 

LANDFIRE. 2007. Madrean lower montane pine-oak forest and woodland. Pp: 23-29. LANDFIRE 

Biophysical Setting Model 2410240. USDA Forest Service and USDI Geologic Survey. 7 p. 

 

LANDFIRE. 2007a. Southern Rocky Mountain dry-mesic montane mixed coniferous forest and 

woodland. Pp: 42-47. LANDFIRE Biophysical Setting Model, Biophysical Setting: 1510510. 

LANDFIRE Project, UDSA Forest Service and USDI Geologic Survey. 6 p. 

 

LANDFIRE. 2007b. Inter-Mountain Basin semi-desert grassland. Pp: 221-226. LANDFIRE Biophysical 

Setting Model, Biophysical Setting: 2411350. LANDFIRE Project, USDA Forest Service and 

USDI Geologic Survey. 6 p. 

 

LANDFIRE. 2007c. Southern Rocky Mountain montane subalpine grassland. Pp: 119-224. LANDFIRE 

Biophysical Setting Model, Biophysical Setting: 1511460. LANDFIRE Project, USDA Forest 

Service and USDI Geologic Survey. 4 p. 

 

LANDFIRE. 2007d. North American warm desert riparian system. Pp: 203-208. LANDFIRE Biophysical 

Setting Model, Biophysical Setting: 1511551. LANDFIRE Project, USDA Forest Service and 

USDI Geologic Survey. 6 p. 

 

LANDFIRE. 2007e. Rocky Mountain montane riparian system. Pp: 245-248. LANDFIRE Biophysical 

Setting Model, Biophysical Setting: 2411590. LANDFIRE Project, USDA Forest Service and 

USDI Geologic Survey. 4 p. 

 

LANDFIRE. 2008. Mesquite bosques. Pp: 1-4. LANDFIRE Biophysical Setting Model, Biophysical 

Setting: R3MEBO. LANDFIRE Project, USDA Forest Service and USDI Geologic Survey. 4 p. 

 



 

173 

Landis, A.G.; and Bailey, J.D. 2005. Reconstruction of age structure and spatial arrangement of pinyon-

juniper woodlands and savannas of Anderson Mesa, Arizona. Forest Ecology and Management 

204: 221-236. 

 

Landres, P.B.; Morgan, P.; and Swanson, F.J. 1999. Overview of the use of natural variability concepts in 

managing ecological systems. Ecological Applications 9: 1,179-1,188. 

 

Langenheim, J.H. 1962. Vegetation and environmental patterns in the Crested Butte area, Gunnison 

County, Colorado. Ecological Monograph 32: 249-285. 

 

LaPaix, R.; Freedman, B.; and Patriquin, D. 2009. Ground vegetation as an indicator of ecological 

integrity. Environmental Review 17: 249-265. 

 

Lapedes, D.N. (ed.). 1974. Dictionary of Scientific and Technical Terms. McGraw-Hill Book Company. 

New York, NY. 1,634 p. 

 

LaRade, S.E.; and Bork, E.W. 2011. Short communication: aspen forest overstory relations to understory 

production. Canadian Journal of Plant Science 91: 847-851. 

 

Larson, A.J.; Belote, R.T.; Cansler, C.A.; Parks, S.A.; and Dietz, M.S. 2013. Latent resilience in 

ponderosa pine forest: effects of resumed frequent fire. Ecological Applications 23(6): 1,243-

1,249. 

 

Larson, F.R.; and Wolters, G.L. 1983. Overstory-understory relationships: aspen forests. Pp. 21-26. In: 

Bartlett, E.T.; and Betters, D.R. (eds.), Overstory-understory relationships in western forests. 

Western Region Research Publication No. 1. Colorado State University, Agricultural Experiment 

Station. Fort Collins, CO. 37 p. 

 

Lauenroth, W.K.; and Laycock, W.A. 1989. Secondary Succession and the Evaluation of Rangeland 

Condition. Westview Press, Inc. Boulder, CO. 163 p. 

 

Laughlin, D.C.; Bakker, J.D.; and Fulé, P.Z. 2005. Understory plant community structure in lower 

montane and subalpine forests, Grand Canyon National Park, USA. Journal of Biogeography 32: 

2,083-2,102. 

 

Laughlin, D.C.; and Grace, J.B. 2006. A multivariate model of plant species richness in forested systems: 

old-growth montane forests with a long history of fire. Oikos 114: 60-70. 

 

Laughlin, D.C.; Moore, M.M.; Bakker, J.D.; Casey, C.A.; Springer, J.D.; Fulé, P.Z.; and Covington, W.W. 

2006. Assessing targets for the restoration of herbaceous vegetation in ponderosa pine forests. 

Restoration Ecology 14(4): 548-560. 

 

Lautz, L.K.; Fanelli, R.; Gordon, R.; and Daniluk, T. 2010. Spatial patterns of water, heat and solute 

fluxes through the hyporheic zone at stream restoration sites. Geophysical Research Abstracts 12: 

EGU2010-1730. 

 

Lautz, L.K.; Siegel, D.I.; and Bauer, R.L. 2006, Impact of debris dams on hyporheic interaction along a 

semi-arid stream. Hydrological Processes 20(1): 183-196. 

 



 

174 

Lavee, H.; Imeson, A.C.; and Sarah, P. 1998. The impacts of climate change on geomorphology and 

desertification along a Mediterranean-arid transect. Land Degradation & Development 9: 407-

422. 
 

Lawrence, J.E.; Skold, ME.; Hussain, F.A.; Silverman, D.R.; Resh, V.H.; Sedlak, D.L.; Luthy, R.G.; 

McCray, J.E. 2013. Hyporheic zone in urban streams: a review and opportunities for enhancing 

water quality and improving aquatic habitat by active management. Environmental Engineering 

Science 30(8): 480-501. 

 

Laycock, W.A. 1991. Stable states and thresholds of range conditions on North American rangelands: a 

viewpoint. Journal of Range Management 44(5): 427-433. 

 

Le Houérou, H.N. 1996. Climate change, drought and desertification. Journal of Arid Environments 34: 

133-185. 

 

Lenart, M. 2007. Global warming in the Southwest: an overview. Pp. 2-5. In: Lenart, M. (ed.), Global 

warming in the Southwest: projections, observations and impacts. CLIMAS Climate Assessment 

for the Southwest, Institute for the Study of Planet Earth, The University of Arizona, Tucson, AZ. 

88 p. 

 

Lentile, L.B.; Holden, Z.A.; Smith, A.M.S.; Falkowski, M.J.; Hudak, A.T.; Morgan, P.; Lewis, S.A.; 

Gessler, P.E.; and Benson, N.C. 2006. Remote sensing techniques to assess active fire 

characteristics and post-fire effects. International Journal of Wildland Fire 15: 319-345. 

 

Leopold, A. 1924. Grass, brush, timber, and fire in southern Arizona. Journal of Forestry 22: 1-10. 

 

Leopold, A.; Sowls, L.K.; and Spencer, D.L. 1947. A survey of over-populated deer ranges in the United 

States. The Journal of Wildlife Management 11(2): 162-177. 

 

Levine, J.M.; Vila, M.; D’Antonio, C.M.; Dukes, J.S.; Grigulis, K.; and Lavorel, S. 2003. Mechanisms 

underlying the impacts of exotic plant invasions. Proceedings of the Royal Society of London B 

270: 775-781. 

 

Lieffers, V.J.; Landhäusser, S.M.; and Hogg, E.H. 2001. Is the wide distribution of aspen a result of its 

stress tolerance? Pp. 311-324. In: Shepperd, W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; and 

Eskew, L.G. (comps.), Proceedings of a symposium: sustaining aspen in western landscapes. 

June 13-15, 2000; Grand Junction, CO. Proceedings RMRS-P-18. USDA Forest Service, Rocky 

Mountain Research Station, Fort Collins, CO. 460 p. 

 

Lillie, D.T.; Glendening, G.E.; and Pase, C.P. 1964. Sprout growth of shrub live oak as influenced by 

season of burning and chemical treatments. Journal of Range Management 17(2): 69-72. 

 

Lindh, B.C. 2005. Effects of conifer basal area on understory herb presence, abundance, and flowering in 

a second-growth Douglas-fir forest. Canadian Journal of Forest Research 35: 938-948. 

 

Little, E.L. 1976. Southwestern trees: a guide to the native species of New Mexico and Arizona. 

Agriculture Handbook No. 9. USDA Forest Service. U.S. Gov’t Printing Office, Washington, DC. 

109 p. 

 

Livingston, M.; Roundy, B.A.; and Smith, S.E. 1997. Association of overstory plant canopies and native 

grasses in southern Arizona. Journal of Arid Environments 35: 441-449. 



 

175 

 

Loeser, M.R.; Sisk, T.D.; and Crews, T.E. 2007. Impact of grazing intensity during drought in an Arizona 

grassland. Conservation Biology 21(1): 87-97. 

 

Long, S.P. 1999. Environmental responses. Pp. 215-249. In: Sage, R.F.; and Monson, R.K. (eds.), C4 

Plant Biology. Academic Press. San Diego, CA. 596 p.  

 

Lowry, J.H.; Ramsey, R.D.; Boykin, K.; Bradford, D.; Comer, P.; Falzarano, S.; Kepner, W.; Kirby, J.; 

Langs, L.; Prior-Magee, J.; Manis, G.; O’Brien, L.; Sajwaj, T.; Thomas, K.A.; Rieth, W.; 

Schrader, S.; Schrupp, D.; Schulz, K.; Thompson, B.; Velasquez, C.; Wallace, C.; Waller, E.; and 

Wolk, B. 2005. Southwest regional gap analysis project: final report on land cover mapping 

methods. RS/GIS Laboratory, Utah State University, Logan, UT. 50 p. Available at: 

http://earth.gis.usu.edu/swgap 

 

Lymbery, G.A.; and Pieper, R.D. 1983. Ecology of pinyon-juniper vegetation in the northern Sacramento 

Mountains. Bulletin 698. New Mexico State University, Agricultural Experiment Station. Las 

Cruces, NM. 48 p. 

 

Lynch, A.M.; Anhold, J.A.; McMillin, J.D.; Dudley, S.M.; Fitzgibbon, R.A.; and Fairweather, M.L. 2010. 

Forest insect and disease activity on the Apache-Sitgreaves N.F. and Fort Apache Indian 

Reservation, 1918-2009. U.S. Forest Service, Report for the Apache-Sitgreaves NFs/Regional 

Analysis Team. Arizona Zone Office Forest Health Protection, USDA Forest Service, Flagstaff 

AZ. 40 p. 

 

Lynch, A.M.; and Swetnam, T.W. 1992. Old-growth mixed conifer and western spruce budworm in the 

southern Rocky Mountains. Pp. 66-80. In: Kaufmann, M.R.; Moir, W.H.; and Bassett R.L. 

(tcoords.), Proceedings of a workshop: old-growth forests in the Southwest and Rocky Mountain 

regions. March 9-13, 1992; Portal, AZ. General Technical Report RMRS-GTR-213. USDA Forest 

Service, Rocky Mountain Research Station. Fort Collins, CO. 201 p. 

 

Mack, K.M.L.; and Rudgers, J.A. 2007. Balancing multiple mutualists: asymmetric interactions among 

plants, arbuscular mycorrhizal fungi, and fungal endophytes. Oikos 117: 310-320. 

 

Marchetti, S.B.; Worrall, J.J.; and Eager, T. 2011.Secondary insects and diseases contribute to sudden 

aspen decline in southwestern Colorado, USA. Canadian Journal of Forest Research 41: 2,315-

2,325. 

 

Marcot, B.G. 2002. An ecological functional basis for managing decaying wood for wildlife. Pp. 895-910. 

In: Laudenslayer, Jr.; W.F.; Shea, P.J.; Valentine, B.E.; Weatherspoon, C.P.; and Lisle, T.E. 

(tcoords.), Proceedings of a symposium: ecology and management of dead wood in western 

forests, November 2-4, 1999; Reno, NV. General Technical Report PSW-GTR-181. USDA Forest 

Service, Pacific Southwest Research Station. Albany, CA. 949 p. 

 

Margolis, E.Q.; Huffman, D.W.; and Iñiquez, J.M. 2013. Southwestern mixed-conifer forests: evaluating 

reference conditions to guide ecological restoration treatments. Ecological Restoration Institute 

Working Paper No. 28, Northern Arizona University, Flagstaff, AZ. 8 p. 

 

Margolis, E.Q.; Swetnam, T.W.; and Allen, C.D. 2011. Historical stand-replacing fire in upper montane 

forests of the Madrean Sky Islands and Mogollon Plateau, southwestern USA. Fire Ecology 7(3): 

88-107. 

 



 

176 

Martens, S.N.; Breshears, D.D.; and Meyer, C.W. 2000. Spatial distributions of understory light along the 

grassland/forest continuum: effects of cover, height, and spatial pattern of tree canopies. 

Ecological Modeling 126: 79-93. 

 

Martin, S.C. 1983. Responses of semidesert grasses and shrubs to fall burning. Journal of Range 

Management 36(5): 604-610. 

 

Martin, T.E. 2007. Climate correlates of 20-years of trophic changes in a high-elevation riparian system. 

Ecology 88(2): 367-380. 

 

Martin, T.E.; and Maron, J.L. 2012. Climate impacts on bird and plant communities from altered animal-

plant interactions. Nature Climate Change. 6 p. Advanced Online Publication, available at: 

http://klamathconservation.org/docs/martinmaron2012.pdf 
 

Martin, W.C.; and Hutchins, C.R. 1980. A Flora of New Mexico, Vols. 1 and 2. A.R. Gantner Verlag K.G., 

FL-9490 Valduz, Strauss & Cramer GmbH, 6945 Hirschberg, Germany. 2,591 p. 

 

Mason, L.R.; Andrews, H.M.; Carley, J.A.; and Haacke, E.D. 1967. Vegetation and soils of No Man's 

Land Mesa relict area, Utah. Journal of Range Management 20(1): 45-49. 

 

Mast, J.N.; Veblem, T.T.; and Hodgson, M.E. 1997. Tree invasion within a pine/grassland ecotone: an 

approach with historic aerial photography and GIS modeling. Forest Ecology and Management 

93: 181-194. 

 

McAuliffe, J.R.; Scuderi, L.A.; and McFadden, L.D. 2006. Tree-ring record of hillslope erosion and 

valley floor dynamics: landscape responses to climate variation during the last 400 yrs. in the 

Colorado Plateau, northeastern Arizona. Global and Planetary Change 50: 184-201. 

 

McCain, C.M. 2007. Could temperature and water availability drive elevational species richness patterns? 

a global case study for bats. Global Ecology and Biogeography 16: 1-13. 

 

McClaran, M.P. 2003. A century of change on the Santa Rita Experimental Range. Pp. 16-33. In: 

McClaran, M.P.; Ffolliott, P.F.; and Edminster, C.B. (tcoords.), Proceedings of a conference: 

Santa Rita Experimental Range: 100 years (1903 to 2003) of accomplishments and contributions. 

October 30-November 1; 2003; Tucson, AZ. Proceedings RMRS-P-30. USDA Forest Service, 

Rocky Mountain Research Station. Ogden, UT. 197 p. 

 

McClaran, M.P.; and McPherson, G.R. 1999. Oak savanna in the American southwest. Pp. 275-287 In: 

Anderson, R.C.; Fralish, J.S.; and Baskin, J.M. (eds.), Savannas, Barrens, and Rock Outcrop 

Plant Communities of North America. Cambridge University Press. New York, NY. 470 p. 

 

McConnell, B.R.; and Smith, J.G. 1970. Response of understory vegetation to ponderosa pine thinning in 

eastern Washington. Journal of Range Management 23(3): 208-212. 

 

McDaniel, K.C.; Torell, L.A.; and Bain, J.W. 1993. Overstory-understory relationships for broom 

snakeweed-blue grama grasslands. Journal of Range Management 46(6): 506-511. 

 

McDougall, W.B. 1973. Seed Plants of Northern Arizona. The Museum of Northern Arizona. Flagstaff, 

AZ. 594 p. 

 



 

177 

McGinty, A.; Thurow, T.L.; and Taylor, C.A. 1995. Improving rainfall effectiveness on rangelands. Texas 

Agricultural Extension Service Publication E-155. Texas A&M University, College Station, TX. 6 

p. 

 

McGinty, A.; and White, L.D. 2000. Range condition: key to sustained ranch productivity. Texas 

Agricultural Extension Service Publication L-5024. Texas A&M University, College Station, TX. 

6 p. 

 

McLaren, J.R. 2006. Effects of plant functional groups on vegetation dynamics and ecosystem properties. 

Arctic InfoNorth 59(4): 449-452. 

 

McNab, W.H.; and Avers, P.E. (comps.). 1994. Arizona-New Mexico mountains semi-desert-open 

woodland-coniferous forest-alpine meadow. Chapter 38, Ecological subregions of the United 

States: section descriptions. Administration Publication WO WSA-5. USDA Forest Service, 

Washington, DC. 72 p.  

 

McNab, W.H.; Cleland, D.T.; Freeouf, J.A.; Keys, J.E.; Nowacki, G.J.; and Carpenter, C.A. (comps.). 

2005. Description of ecological subregions: sections of the conterminous USDA Forest Service, 

Washington, DC. 80 p. 
 

McNab, W.H.; Cleland, D.T.; Freeouf, J.A.; Keys, J.E.; Nowacki, G.J.; and Carpenter, C.A. (comps.). 

2007. Description of “ecological subregions: sections of the conterminous United States”: first 

approximation. General Technical Report WO-76B. USDA Forest Service, Washington, DC. 80 

p. 

 

McPherson, G.R. 1995. The role of fire in the desert grasslands. Pp. 130-151. In: McClaren, M.P.; and 

Van Devender, T.R. (eds.), The Desert Grassland. The University of Arizona Press. Tucson, AZ. 

346 p. 

 

McPherson, G.R. 1997. Ecology and Management of North American Savannas. The University of 

Arizona Press. Tucson, AZ. 208 p. 

 

McPherson, G.R.; and Weltzin, J.F. 1998. Herbaceous response to canopy removal in southwestern oak 

woodlands. Journal of Range Management 51(6): 674-678. 

 

McPherson, G.R.; and Weltzin, J.F. 2000. Disturbance and climate change in United States/Mexico 

borderland plant communities: a state-of-the-knowledge review. General Technical Report 

RMRS-GTR-50. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 24 

p. 

 

McPherson, G.R.; and Wright, H.A. 1990. Effects of cattle grazing and Juniperus pinchotii canopy cover 

on herb cover and production in western Texas. American Midland Naturalist 123(1): 144-151. 

 

Mehringer, P.J.; and Wigand, P.E. 1990. Comparison of late Holocene environments from woodrat 

middens and pollen: Diamond Craters, Oregon. Chapter 13, pp. 13-16. In: Betancourt, J.L.; Van 

Devender, T.R.; and Martin, P.S. (eds.), Packrat Middens: The Last 40,000 Years of Biotic 

Change. The University of Arizona Press. Tucson, AZ. 469 p. 

 

Merola-Zwartjes, M. 2004. Biodiversity, functional processes, and the ecological consequences of 

fragmentation in southwestern grasslands. Chapter 4, pp. 49-85. In: Finch, D.M. (ed.), Assessment 

of grassland ecosystem conditions in the southwestern United States. General Technical Report 



 

178 

RMRS-GTR-135. Vol. 1. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, 

CO. 168 p. 

 

Millar, C.I.; Stephenson, N.L.; and Stephens, S.L. 2007. Climate change and forests of the future: 

managing in the face of uncertainty. Ecological Applications 17(8): 2,145-2,151. 

 

Miller, M.E. 1999. Use of historic aerial photography to study vegetation change in the Negrito Creek 

watershed, southwestern New Mexico. The Southwestern Naturalist 44(2): 121-137. 

 

Miller, R.F.; Rose, J.; Svejcar, T.; Bates, J.; and Paintner, K. 1995. Western juniper woodlands: 100 years 

of plant succession. Pp. 5-8. In: Shaw, D.W.; Aldon, E.F.; and LoSapio, C. (tcoords.), Proceedings 

of a symposium: desired future conditions for piñon-juniper ecosystems. August 8-12, 1994; 

Flagstaff, AZ. General Technical Report RMRS-GTR-258. USDA Forest Service, Rocky 

Mountain Research Station. Fort Collins, CO. 226 p. 

 

Miller, R.F.; and Tausch, R.J. 2001. The role of fire in pinyon and juniper woodlands: a descriptive 

analysis. Pp. 15-30. In: Galley, K.E.M.; and Wilson, T.P. (eds.), Proceedings of the invasive 

species workshop: the role of fire in the control and spread of invasive species. Fire Conference 

2000: the First National Congress on Fire Ecology, Prevention, and Management. Miscellaneous 

Publication No. 11. Tall Timbers Research Station. Tallahassee, FL. 146 p. 

 

Miller, R.F.; and Wigand, P.E. 1994. Holocene changes in semiarid pinyon-juniper woodlands. Bioscience 

44(7): 465-474. 

 

Miller, W.P.; Piechota, T.C.; Gangopadhyay, S.; and Pruitt, T. 2010. Development of streamflow 

projections under changing climate conditions over Colorado River Basin headwaters. Hydrology 

and Earth System Sciences 7: 5,577-5,619. 

 

Mitchell, J.E. 1983. Overstory-understory relationships: aspen forests. Pp. 27-34. In: Bartlett, E.T.; and 

Betters, D.R. (eds.), Overstory-understory relationships in western forests. Western Region 

Research Publication No. 1. Colorado State University, Agricultural Experiment Station. Fort 

Collins, CO. 37 p. 

 

Misson, L.; Baldocchi, D.D.; Black, T.A.; Blanken, P.D.; Brunet, Y.; Curiel Yuste, J.; Dorsey, J.R.; Falk, 

M.; Granier, A.; Irvine, M.R.; Jarosz, N.; Lamaud, E.; Launiainen, S.; Law, B.E.; Longdoz, B.; 

Loustau, D.; McKay, M.; Paw U, K.T.; Vesala, T.; Vickers, D.; Wilson, K.B.; and Goldstein, 

A.H. 2007. Partitioning forest carbon fluxes with overstory and understory eddy-covariance 

measurements: a synthesis based on FLUXNET data. Agricultural and Forest Meteorology 144: 

14-31. 

 

Mittanck, C.M.; Rogers, P.C.; Ramsey, R.D.; Bartos, D.L.; and Ryel, R.J. Exploring succession within 

aspen communities using a habitat-based modeling approach. Ecological Modelling 288: 203-

212. 

 

Mitton, J.B.; and Duran, K.I. 2004. Genetic variation in piñon pine, Pinus edulis, associated with summer 

precipitation. Molecular Ecology 13: 1,259-1,264. 

 

Moir, W.H. 1966. Influence of ponderosa pine on herbaceous vegetation. Ecology 47(6): 1,045-1,048. 

 



 

179 

Moir, W.H. 1993. Alpine tundra and coniferous forest. Pp. 47-84. In: Dick-Peddie, W.A. (ed.), New 

Mexico Vegetation: Past, Present, and Future. University of New Mexico Press. Albuquerque, 

NM. 280 p. 

 

Monger, H.C.; and Martinez-Rios, J.J. 2001. Inorganic carbon sequestration in grazing lands. Chapter 4, 

pp. 87-118. In: Follett, R.F.; Kimble, J.M.; and Lal, R. (eds.), The Potential of U.S. Grazing 

Lands to Sequester Carbon and Mitigate the Greenhouse Effect. Lewis Publishers/CRC Press, 

LLC. Boca Raton, FL. 457 p. 

 

Moore, M.M.; and Deiter, D.A. 1992. Stand density index as a predictor of forage production in northern 

Arizona pine forests. Journal of Range Management 45(3): 267-271. 

 

Moore, M.M.; and Huffman, D.W. 2004. Tree encroachment on meadows of the North Rim, Grand 

Canyon National Park, Arizona, USA. Arctic, Antarctic, and Alpine Research 36(4): 474-483. 

 

Morelli, T.L.; and Carr, S.C. 2011. A review of the potential effects of climate change on quaking aspen 

(Populus tremuloides) in the western United States and a new tool for surveying sudden aspen 

decline. General Technical Report PSW-GTR-235. USDA Forest Service, Pacific Southwest 

Research Station. Albany, CA. 31 p. 

 

Morgan, P.; Hardy, C.C.; Swetnam, T.; Rollins, M.G.; and Long, L.G. 2001. Mapping fire regimes across 

time and space: understanding coarse and fine-scale patterns. International Journal of Wildland 

Fire 10(4): 329-342. 

 

Mueggler, W.F. 1985. Vegetation associations. Pp. 45-55 In: DeByle, N.; and Winokur, R. (eds.), Aspen: 

ecology and management. General Technical Report RMRS-GTR-119. USDA Forest Service, 

Rocky Mountain Research Station. Fort Collins, CO. 1,663 p. 

 

Mueggler, W.F. 1988. Aspen community types of the Intermountain Region. General Technical Report 

INT-GTR-250. USDA Forest Service, Intermountain Research Station. Ogden, UT. 283 p. 
 

Mueller, R.C.; Scudder, C.M.; Porter, M.E.; Trotter, R.T.; Gehring, C.A.; and Whitham, T.G. 2005a. 

Differential tree mortality in response to severe drought: evidence for long-term vegetation shifts. 

Journal of Ecology 93: 1,085-1,093. 

 

Mueller, R.C.; Wade, B.; Gehring, C.A.; and Whitham, T.G. 2005b. Chronic herbivory negatively impacts 

cone and seed production, seed quality and seedling growth of susceptible pinyon pines. 

Oecologia 143(4): 558-565. 

 

Muldavin, E.; Baisan, C.; Swetnam, T.; DeLay, L.; and Morino, K. 2003. Woodland fire history studies in 

the Oscura and northern San Andres Mountains, White Sands Missile Range, New Mexico. 

Natural Heritage New Mexico. Albuquerque, NM. 35 p. 

 

Mummey, D.L.; and Rillig, M.C. 2006. The invasive plant species Centaurea maculosa alters arbuscular 

mycorrhizal fungal communities in the field. Plant Soil 288: 81-90. 

 

Naeem, S.; Chapin, F.S.; Costanza, R.; Ehrlich, P.R.; Golley, F.B.; Hooper, D.U.; Lawton, J.H.; O’Neill, 

R.V.; Mooney, H.A.; Sala, O.E.; Symstad, A.J.; and Tilman, D. 1999. Biodiversity and ecosystem 

functioning: maintaining natural life support processes. Issues in Ecology No. 4, Ecological 

Society of America. Washington, DC. 12 p.  

 



 

180 

Naumberg, E.; and DeWald, L. 1999. Relationships between Pinus ponderosa forest structure, light 

characteristics, and understory graminoid species presence and abundance. Forest Ecology and 

Management 124: 205-215 

 

Negrón, J.F. 1995. Cone and seed insects associated with piñon pine. Pp. 97-106. In: Shaw, D.W.; Aldon 

E.F.; and LoSapio, C. (tcoords.), Proceedings of a symposium: desired future conditions for 

piñon-juniper ecosystems. August 8-12, 1994; Flagstaff, AZ. General Technical Report RMRS-

GTR-258. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 226 p. 

 

Negrón, J.F.; and Wilson, J.L. 2003. Attributes associated with probability of infestation by the piñon ips, 

Ips confusus (Coleoptera: Scolytidae), in piñon pine, Pinus edulis. Western North American 

Naturalist 63(4): 440-451. 

 

Negrón, J.F.; Wilson, J.L.; and Anhold, J.A. 2000. Stand conditions associated with roundheaded pine 

beetle (Coleoptera: Scolytidae) infestations in Arizona and Utah. Environmental Entomology 

29(1): 20-27. 

 

Ni, F.; Cavazos, T.; Hughes, M.K.; Comrie, A.C.; and Funkhouser, G. 2002. Cool-season precipitation in 

the southwestern USA since AD 1000: comparison of linear and nonlinear techniques for 

reconstruction. International Journal of Climatology 22: 1,645-1,662 

 

Nilsson, M.C.; and Wardle, D.A. 2005. Herbaceous understory vegetation as a forest ecosystem driver: 

evidence from the northern Swedish boreal forest. Frontiers in Ecology and the Environment 

3(8): 421-428. 

 

Nitschke, C.R.; and Innes, J.L. 2008. A tree and climate assessment tool for modelling ecosystem 

response to climate change. Ecological Modelling 210: 263-277. 

 

Norton, J.B.; Monaco, T.A.; and Norton, A. 2007. Mediterranean annual grasses in western North 

America: kids in a candy store. Plant Soil 298: 1-5. 

 

Noss, R.F.; LaRoe, E.T.; and Scott, J.M. 1995. Endangered ecosystems of the United States: a 

preliminary assessment of loss and degradation. USDI National Biological Service, Biological 

Report No. 28. Washington, DC. 58 p. 
 

Noy-Meir, I.; Gutman, M.; and Kaplan, Y. 1989. Responses of Mediterranean grassland plants to grazing 

and protection. Journal of Ecology 77(1): 290-310. 

 

NRC (National Research Council). 2012. Climate Change: Evidence, Impacts, and Choices: PDF 

Booklet. The National Academies Press. Washington, DC. 40 p. 

 

Ogle, K.; Whitham, T.G.; and Cobb, N.S. 2000. Tree-ring variation in pinyon predicts likelihood of death 

following severe drought. Ecology 81(11): 3,237-3,243. 

 

Osborn, B. 1952. Storing rainfall at the grass roots. Journal of Range Management 5(6): 408-414. 

 

Osborn, B. 1956. Cover requirements for the protection of range site and. Journal of Range Management 

9(2): 75-80. 

 

Parker, K.W. 1954. Application of ecology in the determination of range condition and trend. Journal of 

Range Management 7(1): 14-23. 



 

181 

 

Parmesan, C. 2006. Ecological and evolutionary responses to recent climate change. Annual Review 

Ecology and Evolutionary Systematic 37: 637-369. 

 

Parmesan, C. 2007. Influences of species, latitudes and methodologies on estimates of phonological 

response to global warming. Global Change Biology 13: 1,860-1,872. 

 

Parmesan, C.; and Yohe, G. 2003. A globally coherent fingerprint of climate change impacts across 

natural systems. Nature 421(2): 37-42. 

 

Parson, A.; Robichaud, P.R.; Lewis, S.A.; Napper, C.; and Clark, J.T. 2010. Field guide for mapping post-

fire soil burn severity. General Technical Report RMRS-GTR-243. USDA Forest Service, Rocky 

Mountain Research Station. Fort Collins, CO. 49 p. 

 

Parton, W.J.; Ojima, D.S.; and Schimel, D.S. 1994. Environmental changes in grasslands: assessment 

using models. Climate Change 28: 111-141. 

 

Pase, C.P.; and Brown, D.E. 1994. Interior chaparral. Pp. 95-99. In: Brown, D.E. (ed.), Biotic 

Communities of the Southwest United States and Northwestern Mexico. University of Utah Press. 

Salt Lake City, UT. 342 p. 

 

Pase, C.P.; and Ingebo, P.A. 1965. Burned chaparral to grass: early effects on water and sediment yields 

from two granitic soil watersheds in Arizona. Pp. 8-11. In: Proceedings of the 9
th
 annual Arizona 

watershed symposium. September 22, 1965; Tempe, AZ. Arizona Water Resources Committee 

and Watershed Management Division. Tempe, AZ. 

 

Pechanec, J.F. 1949. Grazing spring-fall sheep ranges of southern Idaho. U.S. Department of Agriculture 

Circular No. 808, May 1949, U.S. Gov’t Printing Office. Washington, DC. 34 p. 

 

Peek, J.M.; Korol, J.J.; Gay, D.; and Hershey, T. 2001. Overstory-understory biomass changes over a 35-

year period in southcentral Oregon. Forest Ecology and Management 150: 267-277 

 

Pellant, M.; Shaver, P.; Pyke, D.A.; and Herrick, J.E. 2005. Interpreting indicators of rangeland health, 

Ver. 4. USDI Bureau of Land Management, BLM National Applied Research Science Center 

Technical Reference 1734-6, BLM/WO/ST-00/001+1734/REV05. Denver, CO. 111 p. 

 

Perry, D.A.; and Borchers, J.G. 1990. Climate change and ecosystem responses. The Northwest 

Environmental Journal 6: 293-313. 

 

Peters, D.P.C.; Yao, J.; Sala, O.E.; and Anderson, J.P. 2012. Directional climate change and potential 

reversal of desertification in arid and semiarid ecosystems. Global Change Biology 18: 151-163. 

 

Peterson, D.L.; Millar, C.I.; Joyce, L.A.; Furniss, M.J.; Halofsky, J.E.; Neilson, R.P.; and Morelli, T.L. 

2011. Responding to climate change in national forests: a guidebook for developing adaptation 

options. General Technical Report PNW-GTR-855. USDA Forest Service, Pacific Northwest 

Research Station. Portland, OR. 109 p. 

 

Pieper, R.D. 1983. Overstory-understory relationships: aspen forests. Pp. 35-37. In: Bartlett, E.T.; and 

Betters, D.R. (eds.), Overstory-understory relationships in western forests. Western Region 



 

182 

Research Publication No. 1. Colorado State University, Agricultural Experiment Station. Fort 

Collins, CO. 37 p. 

 

Pieper, R.D. 1990. Overstory-understory relations in pinyon-juniper woodlands in New Mexico. Journal 

of Range Management 43(5): 413-415. 

 

Pieper, R.D. 1995. Understory production and composition in piñon-juniper woodlands in New Mexico. 

Pp. 120-124. In: Shaw, D.W.; Aldon, E.F.; and LoSapio, C. (tcoords.), Proceedings of a 

symposium: desired future conditions for piñon-juniper ecosystems. August 8-12, 1994; Flagstaff, 

AZ. General Technical Report RMRS-GTR-258. USDA Forest Service, Rocky Mountain 

Research Station. Fort Collins, CO. 226 p. 

 

Pieper, R.D.; and Beck, R.F. 1990. Range condition from an ecological perspective: modifications to 

recognize multiple use objectives. Journal of Range Management 43(6): 550-552. 

 

Pieper, R.D.; and Wittie, R.D. 1990. Fire effects in southwestern chaparral and pinyon-juniper vegetation. 

Pp. 87-93. In: Krammes, J.S. (tcoord.), Effects of fire management of southwestern natural 

resources. General Technical Report RMRS-GTR-191. USDA Forest Service, Rocky Mountain 

Research Station. Fort Collins, CO. 293 p. 

 

Platt, W.J. 1979. Livestock grazing and riparian/stream ecosystems: an overview. Trout Unlimited. 7 p. 

 

Platt, W.J. 1999. Southeastern pine savannas. Pp. 23-51. In: Anderson, R.C.; Fralish, J.S.; and Baskin, 

J.M. (eds.), Savannas, Barrens, and Rock Outcrop Plant Communities of North America. 

Cambridge University Press. New York, NY. 470 p. 

 

Platt, W.J.; Beckage, B.; Doren, R.F.; and Slater, H.H. 2002. Interactions of large-scale disturbances: 

prior fire regimes and hurricane mortality of savanna pines. Ecology 83(6): 1,566-1,572. 

 

Platt, W.J.; Evans, G.W.; and Davis, M.M. 1988. Effects of fire season on flowering of forbs and shrubs 

in longleaf pine forests. Oecologia 76(3): 353-363. 

 

Pond, F.W.; and Cable, D.R. 1960. Effect of heat treatment on sprout production of some shrubs of the 

chaparral in central Arizona. Journal of Range Management 13(6): 313-317. 

 

Potter, D.A. 1998. Forested communities of the upper montane in the central and southern Sierra Nevada. 

General Technical Report PSW-GTR-169. USDA Forest Service, Pacific Southwest Research 

Station. Albany, CA. 319 p. 

 

Pounds, J.A.; Bustamante, M.R.; Coloma, L.A.; Consuegra, J.A.; Fogden, M.L.; Foster, P.N.; Enrique, 

L.M.; Masters, K.L.; Merino-Viteri, A.; Puschendorf, R.; Ron, S.R.; Sánchez-Azofeifa, G.A.; 

Still, C.J.; and Young, B.E. 2006. Widespread amphibian extinctions from epidemic disease 

driven by global warming. Nature 439(12): 161-167. 

 

Printz, J.L.; Toledo, D.; and Boltz, S.C. 2014. Rangeland health assessment: the key to understanding and 

assessing rangeland soil health in the northern Great Plains. Journal of Soil and Water 

Conservation 69(3): 73a-77a. 

 

Pyke, D.A.; Herrick, J.E.; Shaver, P.; and Pellant, M. 2002. Rangeland health attributes and indicators for 

qualitative assessment. Journal of Range Management 55(6): 584-597. 

 



 

183 

Quinn, R.D.; and Wu, L. 2001. Quaking aspen reproduce from seed after wildfire in the mountains of 

southeastern Arizona. Pp. 369-376. In: Shepperd, W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; 

and Eskew, L.G. (comps.), Proceedings of a symposium: sustaining aspen in western landscapes. 

June 13-15, 2000; Grand Junction, CO. Proceedings RMRS-P-18. USDA Forest Service, Rocky 

Mountain Research Station. Fort Collins, CO. 460 p. 

 

Ramakrishnan, P.S.; and Vitousek, P.M. 1989. Ecosystem-level processes and the consequences of 

biological invasions. Chapter 11, pp. 281-300. In: Drake, J.A.; Mooney, H.A.; di Casti, F.; 

Groves, R.H.; Kruger, F.J.; Rejmánek, M.; and Williamson, M. (eds.), Biological Invasions: a 

Global Perspective. Published for the Scientific Committee on Problems of the Environment 

(SCOPE), International Council of Scientific Unions (ICSU), John C. Wiley & Sons, Ltd. New 

York, NY. 525 p. 

 

Ratajczak, Z.; Nippert, J.B.; and Collins, S.L. 2012. Woody encroachment decreases diversity across 

North American grasslands and savannas. Ecology 93(4): 697-703. 

 

Rehfeldt, G.E.; Ferguson, D.E.; and Crookston, N.L. 2009. Aspen, climate, and sudden decline in western 

USA. Forest Ecology and Management. 258: 2,353-2,364. 

 

Reece, P.E.; Alexander, J.D.; and Johnson, J.R. 1991. Drought management on range and pastureland: a 

handbook for Nebraska and South Dakota. EC91-123. Historical Materials from University of 

Nebraska-Lincoln Extension, Paper 1815. Lincoln, NE. 29 p. Available at: 

http://digitalcommons.unl.edu/extensionhist/1815 

 

Reich, P.B.; Bakken, P.; Carlson, D.; Frelich, L.E.; Friedman, S.K.; and Grigal, D.F. 2001. Influence of 

logging, fire, and forest type on biodiversity and productivity in southern boreal forests. Ecology 

82(10): 2,731-2,748. 

 

Reid, R.; and Fernandez-Gimenez, M.E. no-date. Rangeland ecology: key global research issues & 

questions. 4 p. Available at: 

http://warnercnr.colostate.edu/docs/hdnr/mor2/Reid_Ecology_sum.pdf 

 

Reinhart, K.O.; and Callaway, R.M. 2006. Soil biota and invasive plants. New Phytologist 170: 445-457. 

 

Reynolds, R.T.; Graham, R.T.; Reiser, M.H.; Bassett, R.L.; Kennedy, P.L.; Boyce, D.A.; Goodwin, G.; 

Smith, R.; and Fisher, E.L. 1992. Management recommendations for the northern goshawk in the 

southwestern United States. General Technical Report RMRS-GTR-217. USDA Forest Service, 

Rocky Mountain Research Station. Fort Collins, CO. 90 p. 

 

Reynolds, R.T.; Sánchez Meador, A.J.; Youtz, J.A.; Nicolet, T.; Matonis, M.S.; Jackson, P.L.; 

DeLorenzo, D.G.; and Graves, A.D. 2013. Restoring composition and structure in Southwest 

frequent-fire forests: a science-based framework for improving ecosystem resiliency. General 

Technical Report RMRS-GTR-310. USDA Forest Service, Rocky Mountain Research Station. 

Fort Collins, CO. 78 p. 

 

Rhodes, J.J.; McCullough, D.A.; and Espinosa, F.A. 1994. A coarse screening process for evaluation of 

the effects of land management activities on salmon spawning and rearing habitat in ESA 

consultations. Technical Report No. 94-4, prepared for National Marine Fisheries Service, 

Columbia River Inter-Tribal Fish Commission, Portland, OR. 245 p. 

 



 

184 

Richardson, B.A.; Shaw, N.L.; and Pendleton, R.L. 2012. Plant vulnerabilities and genetic adaptation. 

Chapter 4, pp. 48-59. In: Finch, D.M. (ed.), Climate change in grasslands, shrublands, and 

deserts of the interior American west: a review and needs assessment. General Technical Report 

RMRS-GTR-236. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 

139 p. 

 

Riegel, G.M.; Miller, R.F.; and Krueger, W.C. 1992. Competition for resources between understory and 

overstory Pinus ponderosa in northeastern Oregon. Ecological Applications 2(1): 71-85. 

 

Rieman, B.E.; and Isaak, D.J. 2010. Climate change, aquatic ecosystems, and fishes in the Rocky 

Mountain West: implications and alternatives for management. General Technical Report RMRS-

GTR-250. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 46 p. 

 

Ripple, W.J.; Larsen, E.J.; Rankin, R.A.; and Smith, D.W. 2001. Trophic cascades among wolves, elk and 

aspen on Yellowstone’s northern range. Biological Conservation 102: 227-234. 

 

Robles, M.D.; and Enquist, C. 2010. Managing changing landscapes in the southwestern United States. 

The Nature Conservancy. Tucson, AZ. 26 p. 

 

Rogers, P.C. 2009. Letter, dated August 25, 2009, to Apache-Sitgreaves National Forests’ Forest 

Supervisor, Jim Zornes, regarding aspen decline condition in Northern Arizona, by Director of 

Western Aspen Alliance and professor, Wildland Resources Department, Utah State University. 

Logan UT. 3p. 

 

Rogers, P.C. 2011. Letter, dated October 24, 2011, to USFS Southwestern Regional Forester, Corbin 

Newman, summarizing post-Wallow Fire aspen conditions and regeneration monitoring field visit 

(under USFS Region 3 Forest Health Cooperative Agreement No. 11-PA-11031600-080), by 

Director of Western Aspen Alliance and professor, Wildland Resources Department, Utah State 

University. Logan UT. 3 p. 

 

Rogers, P.C.; Eisenberg, C.; and St. Clair, S.B. 2013. Resilience in quaking aspen: recent advances and 

future needs. Forest Ecology and Management 299: 1-5. 

 

Rogers, P.C.; Landhäusser, S.M.; Pinno, B.D.; and Ryel, R.J. 2014. A functional frame-work for 

improved management of western North American aspen (Populus tremuloides Michx.). Forest 

Science 60(2): 345-359. 

 

Rogers, P.C.; and Mittanck C.M. 2013. Herbivory strains resilience in drought-prone aspen landscapes of 

the western United States. Journal of Vegetation Science 25: 457-46. 

 

Rogers, T.J. 1995. Insect and disease associates of the piñon-juniper woodlands. Pp. 107-108. In: Shaw, 

D.W.; Aldon, E.F.; and LoSapio, C. (tcoords.), Proceedings of a symposium: desired future 

conditions for piñon-juniper ecosystems. August 8-12, 1994; Flagstaff, AZ. General Technical 

Report RMRS-GTR-258. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, 

CO. 226 p. 

 

Rolf, J.M. 2001. Aspen fencing in northern Arizona: a 15-year perspective. Pp. 193-96. In: Shepperd, 

W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; and Eskew, L.G. (comps.), Proceedings of a 

symposium: sustaining aspen in western landscapes. June 13-15, 2000; Grand Junction, CO. 

Proceedings RMRS-P-18. USDA Forest Service, Rocky Mountain Research Station, Fort Collins, 

CO. 460 p.  



 

185 

 

Romme, W.H.; Allen, C.D.; Bailey, J.D.; Baker, W.L.; Bestelmeyer, B.T.; Brown, P.M.; Eisenhart, K.S.; 

Floyd, M.L.; Huffman, D.W.; Jacobs, B.F.; Miller, R.F.; Muldavin, E.H.; Swetnam, T.W.; 

Tausch, R.J.; and Weisberg, P.J. 2009b. Historical and modern disturbance regimes, stand 

structures, and landscape dynamics in piñon-juniper vegetation of the western United States. 

Rangeland Ecology and Management 62: 203-222. 

 

Romme, W.H.; Boyce, M.S.; Gresswell, R.; Merrill, E.H.; Minshall, G.W.; Whitlock, C.; and Turner, 

M.G. 2011. Twenty years after the 1988 Yellowstone fires: lessons about disturbance and 

Ecosystems. Ecosystems 14: 1,196-1,215. 

 

Romme, W.H.; Floyd, M.L.; and Hanna, D.D. 2009a. Historical range of variability and current landscape 

condition analysis: South Central Highlands section, southwestern Colorado and northwestern 

New Mexico. Colorado Forest Restoration Institute at Colorado State University and USDA 

Forest Service, Fort Collins, CO. 186 p. 

Romme, W.H.; Floyd-Hanna, M.L.; and Hanna, D.D. 2003. Ancient piñon-juniper forests of Mesa Verde 

and the west: a cautionary note for forest restoration programs. Pp. 335-350. In: Omi, P.N.; and 

Joyce, L.A. (teds.), Proceedings of a conference: fire, fuel treatments, and ecological restoration. 

April 16-18, 2002; Fort Collins, CO. Proceedings RMRS-P-29 USDA Forest Service, Rocky 

Mountain Research Station. Fort Collins, CO. 475 p. 

 

Romme, W.H.; Floyd-Hanna, M.L.; Hanna, D.D.; and Bartlett, E. 2001. Aspen’s ecological role in the 

west. Pp. 243-260. In: Shepperd, W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; and Eskew, 

L.G. (comps.), Proceedings of a symposium: sustaining aspen in western landscapes. June 13-15, 

2000; Grand Junction, CO. Proceedings RMRS-P-18. USDA Forest Service, Rocky Mountain 

Research Station, Fort Collins, CO. 460 p. 

 

Romme, W.H.; Turner, M.G.; Gardner, R.H.; Hargrove, W.W.; Tuskan, G.A.; Despain, D.G.; and Renkin, 

R.A. 1997. A rare episode of sexual reproduction in aspen (Populus tremuloides Michx.) 

following the 1988 Yellowstone fires. Natural Areas Journal 17(1): 17-25. 

 

Romme, W.H.; Turner, M.G.; Wallace, L.L.; and Walker, J.S. 1995. Aspen, elk, and fire on the northern 

range of Yellowstone National Park. Ecology 76(7): 2,097-2,106. 

 

Romme, W.H.; Wiens, J.A.; and Safford, H.D. 2012. Setting the stage: theoretical and conceptual 

background of historical range of variation. Pp. 3-18. In: Wiens, J.A.; Hayward, G.D.; Safford, 

H.D.; and Giffen, C.M. (eds.), Historical Environmental Variation in Conservation and Natural 

Resource Management. John C. Wiley & Sons, Ltd. West Sussex, United Kingdom. 337 p. 

 

Ronco, F.P. 1990. Pinus edulis. Pp. 327-337. In: Burns, R.M.; and Honkala, B.H. (tcoords.), Silvics of 

North America, Vol. 1: Conifers. USDA Forest Service Agriculture, Handbook No. 654. U.S. 

Gov’t Printing Office, Washington, DC. 675 p. 

 

Root, T.L.; MacMynowski, D.P.; Mastrandrea, M.D.; and Schneider, S.H. 2005. Human-modified 

temperatures induce species changes: joint attribution. Proceedings of the National Academy of 

Sciences 102(21): 7,465-7,469. 

 

Root, T.L.; Price, J.T.; Hall, K.R.; Schneider, S.H.; Rosenzweig, C.; and Pounds, J.A. 2003. Fingerprints 

of global warming on wild animals and plants. Nature 421(2): 57-60. 

 



 

186 

Roques, K.G.; O'Connor, T.G.; and Watkinson, A.R. 2001. Dynamics of shrub encroachment in an 

African savanna: relative influences of fire, herbivory, rainfall and density dependence. Journal 

of Applied Ecology 38(2): 268-280. 

 

Rowlands, P.G.; and Brian, N.J. 2001. Fishtail Mesa: a vegetation resurvey of a relict area in Grand 

Canyon National Park, Arizona. Western North American Naturalist 61(2): 159-181. 

 

Ruel, J.; and Whitham, T.G. 2002. Fast-growing juvenile pinyons suffer greater herbivory when mature. 

Ecology 83(10): 2,691-2,699. 

 

Runyon, J.B.; Butler, J.L.; Friggens, M.M.; Meyer, S.E.; and Sing, S.E. 2012. Invasive species and 

climate change. Chapter 7, pp. 97-115. In: Finch, D.M. (ed.), Climate change in grasslands, 

shrublands, and deserts of the interior American west: a review and needs assessment. General 

Technical Report RMRS-GTR-236. USDA Forest Service, Rocky Mountain Research Station. 

Fort Collins, CO. 139 p. 

 

Ruyle, G.B.; Roundy, B.A.; and Cox, J.R. 1988. Effects of burning on germinbility of Lehmann 

lovegrass. Journal of Range Management 41(5): 404-406. 

 

Ruyle, G.B.; and Young, D.J. (eds.). 1997. Arizona range grasses: their description, forage value, and 

grazing management. Cooperative Extension, College of Agriculture, The University of Arizona, 

Tucson, AZ. 152 p.  

 

Sabo, K.E.; Hart, S.C.; Hull Sieg, C.; and Bailey, J.D. 2008. Tradeoffs in overstory and understory 

aboveground net primary productivity in southwestern ponderosa pine stands. Forest Science 

54(4): 408-416. 

 

Saggar, S.; McIntosh, P.; Hedley, C.; and Knicker, H. 1999. Changes in soil microbial biomass, metabolic 

quotient and organic matter turnover under Hieracium pilosella L. Biology and Fertility of Soils 

30: 232-238. 

 

Sala, O.E.; Chapin, F.S.; Armesto, J.J.; Berlow, R.; Bloomfield, J.; Dirzo, R.; Huber-Sanwald, E.; 

Huenneke, L.F.; Jackson, R.B.; Kinzig, A.; Leemans, R.; Lodge, D.; Mooney, H.A.; Oesterheld, 

M.; Poff, N.L.; Sykes, M.T.; Walker, B.H.; Walker, M.; and Wall, D.H. 2000. Global biodiversity 

scenarios for the year 2100. Science 287(10): 1,770-1,774. 

 

Sampson, A.W. 1923. Range and Pasture Management. John C. Wiley & Sons Ltd. New York, NY. 421 

p. 

 

Savage, M.; and Mast, J.N. 2005. How resilient are southwestern ponderosa pine forests after crown 

fires? Canadian Journal of Forest Research 35: 967-977. 

 

Savage, M.; and Swetnam, T. 1990. Early 19
th
 century fire decline following sheep pasturing in a Navajo 

ponderosa pine forest. Ecology 71(6): 2,374-2,378. 

 

Scheffer, M.; Carpenter, S.; Foley, J.A.; Folke, C.; and Walkerk, B. 2001. Catastrophic shifts in 

ecosystems. Nature 413: 591-596. 

 

Schott, M.R. 1984. Pinyon-juniper ecology with emphasis on secondary succession. New Mexico State 

University, Unpublished Ph.D. Dissertation. Las Cruces, NM. 94 p. 

 



 

187 

Schott, M.R.; and Pieper, R.D. 1985. Influence of canopy characteristics of one-seed juniper on 

understory grasses. Journal of Range Management 38(4): 328-331. 

 

Schlesinger, W.H.; Reynolds, J.F.; Cunningham, G.L.; Huenneke, L.F.; Jarrell, W.M.; Virginia, R.A.; and 

Whitford, W.G. 1990. Biological feedbacks in global desertification. Science 247(4,946): 1,043-

1,048. 

 

Schuman, G.E.; Janzen, H.H.; and Herrick, J.E. 2002. Soil carbon dynamics and potential carbon 

sequestration by rangelands. Environmental Pollution 116: 391-396. 

 

Schussman, H. 2006a. Historical range of variation and state and transition modeling of historical and 

current landscape conditions for semi-desert grassland of the southwestern U.S. Chapter 2 - Semi-

desert grassland. Prepared for the USDA Forest Service, Southwestern Region by The Nature 

Conservancy, Arizona Chapter. Tucson, AZ. 53 p. 

 

Schussman, H. 2006b. Historical range of variation and state and transition modeling of historical and 

current landscape conditions for interior chaparral of the southwestern U.S. Chapter 4 - Interior 

chaparral. Prepared for the USDA Forest Service, Southwestern Region by The Nature 

Conservancy, Arizona Chapter. Tucson, AZ. 24 p. 

 

Schussman, H.; Geiger, E.; Mau-Crimmins, T.; and Ward, J. 2006. Spread and current potential 

distribution of an alien grass, Eragrostis lehmanniana Nees, in the southwestern USA: comparing 

historical data and ecological niche models. Diversity and Distributions 12: 582-592. 

 

Schussman, H.; and Gori, D.F. 2004. An ecological assessment of the Bureau of Land Management’s 

current fire management plans: materials and recommendations for future fire planning. The 

Nature Conservancy, Tucson, AZ. 113 p. 

 

Schussman, H.; and Gori, D.F. 2006. Historical range of variation and state and transition modeling of 

historical and current landscape conditions for Madrean pine-oak of the southwestern U.S. 

Chapter 5 - Madrean pine-oak woodlands. Prepared for the USDA Forest Service, Southwestern 

Region by The Nature Conservancy, Arizona Chapter. Tucson, AZ. 35 p. 

 

Schussman, H.; and Smith, E. 2006a. Historical range of variation for potential natural vegetation types of 

the Southwest. Chapter 1. Prepared for the USDA Forest Service, Southwestern Region by The 

Nature Conservancy, Arizona Chapter. Tucson, AZ. 22 p. 

 

Schussman, H.; and Smith, E. 2006b. Vegetation models for Southwest vegetation. Chapter 13. Prepared 

for the USDA Forest Service, Southwestern Region by The Nature Conservancy, Arizona 

Chapter. Tucson, AZ. 11 p. 

 

Scott, N.; Saggar, S.; and McIntosh, P. 2001. Biogeochemical impact of Hieracium invasion in New 

Zealand’s grazed tussock grasslands: sustainability implications. Ecological Applications 11(5): 

1,311-1,322. 

 

Seager, R.; Ting, M.; Held, I.; Kushnir, Y.; Lu, J.; Vecchi, G.; Huang, H.-P.; Harnik, N.; Leetmaa, A.; Lau, 

N.-C.; Li, C.; Velez, J.; and Naik, N. 2007. Model projections of an imminent transition to a more 

arid climate in southwestern North America. Science 316(25): 1,181-1,184. 

 

Seager, S.T.; Eisenberg, C.; St. Clair, S.B. 2013. Patterns and consequences of ungulate herbivory on 

aspen in western North America. Forest Ecology and Management 299: 81-90.  



 

188 

 

Seavy, N.E.; Gardali, T.; Golet, G.H.; Griggs, F.T.; Howell, C.A.; Kelsey, R.; Small, S.L.; Viers, J.H.; 

and Weigand, J.F. 2009. Why climate change makes riparian restoration more important than 

ever: recommendations for practice and research. Ecological Restoration 27(3): 330-338. 

 

SEC (Silva Ecosystem Consultants). 1992. Old growth literature review. Silva Forest Foundation. Slocan 

Park, British Columbia, Canada. V0G 2E0. 60 p.  

 

SEINet (Southwest Environmental Information Network). Available at: 

http://swbiodiversity.org/seinet/index.php 

 

Serrat-Capdevila, A.; Valdés, J.B.; González Péreze, J.; Baird, K.; Mata, L.J.; and Maddock, T. 2007. 

Modeling climate change impacts - and uncertainty - on the hydrology of a riparian system: the 

San Pedro Basin (Arizona/Sonora). Journal of Hydrology 347: 48-66. 

 

Shaw, J.D. 2004. Analysis of aspen stand structure and composition in the western US: implications for 

management. 9 pp. In: Proceedings: Canadian Institute of Forestry and Society of American 

Foresters joint 2004 annual general meeting and convention. October 26; 2004; Edmonton, 

Alberta, Canada. Society of American Foresters. Bethesda, MD. CD-ROM. 

 

Shaw, J.D.; Steed, B.E.; and DeBlander, L.T. 2005. Forest inventory and analysis (FIA) annual inventory 

answers the question: what is happening to pinyon-juniper woodlands? Journal of Forestry 103: 

280-285. 

 

Shepperd, W.D.; Bartos, D.L.; and Mata, S.A. 2001. Above- and below-ground effects of aspen clonal 

regeneration and succession to conifers. Canadian Journal of Forest Research 31: 739-745. 

 

Shepperd, W.D.; and Fairweather, M.L. 1994. Impact of large ungulates in restoration of aspen 

communities in a southwestern ponderosa pine ecosystem. Pp. 344-347. In: Covington, W.W.; 

and DeBano, L.F. (tcoords.), Sustainable ecological systems: implementing an ecological 

approach to land management. 1993 July 12-15; Flagstaff, AZ. General Technical Report RMRS-

GTR-247. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 363 p. 

 

Sheppard, W.D.; and Jones, J.R. 1985. Nurse crop. Pp 181-184. In: DeByle, N.V.; and Winokur, R.P. 

(eds.), Aspen: ecology and management in the western United States. General Technical Report 

RMRS-GTR-119. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 

283 p. 

 

Shepperd, W.D.; Rogers, P.C.; Burton, D.; and Bartos, D.L. 2006. Ecology, biodiversity, management, and 

restoration of aspen in the Sierra Nevada. General Technical Report RMRS-GTR-178. USDA 

Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 122 p. 

 

Shinneman, D.J.; Baker, W.L.; Rogers, P.C.; and Kulakowski, D. 2013. Fire regimes of quaking aspen in 

the mountain West. Forest Ecology and Management 299: 22-34. 

 

Shlisky, A.; Waugh, J.; Gonzalez, P.; Gonzalez, M.; Manta, M.; Santoso, H.; Alvarado, E.; Nuruddin, 

A.A.; Rodríguez-Trejo, D.A.; Swaty, R.; Schmidt, D.; Kaufmann, M.; Myers, R.; Alencar, A.; 

Kearns, F.; Johnson, D.; Smith, J.; and Zollner, D. 2007. Fire, ecosystems and people: threats and 

strategies for global biodiversity conservation. The Nature Conservancy Global Fire Initiative 

Technical Report 2007-2. Boulder, CO. 17 p. 

 

http://www.sciencedirect.com/science/journal/03781127
http://www.sciencedirect.com/science/journal/03781127/299/supp/C


 

189 

Short, L.R.; and Woolfolk, E.J. 1956. Plant vigor as a criterion of range condition. Journal of Range 

Management 9(2): 66-69. 

 

Simard, S.W.; Heineman, J.L.; Mather, W.J.; Sachs, D.L.; and Vyse, A. 2001. Effects of operational 

brushing on conifers and plant communities in the southern interior of British Columbia: results 

from PROBE 1991-2000 protocol for operational brushing evaluations. Ministry of Forests 

Research Program Land Management Handbook No. 48. Victoria, British Columbia, Canada. 398 

p. Available at http://www.for.gov.bc.ca/hfd/pubs/docs/lmh/lmh48.htm 

 

Smith, D.A.; and Schmutz, E.M. 1975. Vegetation changes on protected versus grazed desert grassland 

ranges in Arizona. Journal of Range Management 28(6): 453-458. 

 

Smith, D.D.; and Wischmeier, W.H. 1962. Rainfall erosion. Advances in Agronomy 14: 109-148. 

 

Smith, E. 2006a. Historical range of variation for aspen of the southwestern U.S. Chapter 9 - Aspen forest 

and woodland. Prepared for the USDA Forest Service, Southwestern Region by The Nature 

Conservancy, Arizona Chapter. Tucson, AZ. 21 p. 

 

Smith, E. 2006b. Historical range of variation and state and transition modeling of historical and current 

landscape conditions for ponderosa pine of the southwestern U.S. Chapter 7 - Ponderosa pine 

forest & woodland. Prepared for the USDA Forest Service, Southwestern Region by The Nature 

Conservancy, Arizona Chapter. Tucson, AZ. 43 p. 

 

Smith, E. 2006c. Historical range of variation and state and transition modeling of historical and current 

landscape conditions for mixed conifer of the southwestern U.S. Chapter 6 - Mixed conifer forest. 

Prepared for the USDA Forest Service, Southwestern Region by The Nature Conservancy, 

Arizona Chapter. Tucson, AZ. 31 p. 

 

Smith, E. 2006d. Historical range of variation and state and transition modeling of historical and current 

landscape conditions for spruce-fir of the southwestern U.S. Chapter 8 - Spruce-fir forest. 

Prepared for the USDA Forest Service, Southwestern Region by The Nature Conservancy, 

Arizona Chapter. Tucson, AZ. 37 p. 

 

Smith, E. 2007. Historical range of variation and state and transition modeling of historical and current 

landscape conditions for montane grassland of the southwestern U.S. Chapter 11 - Montane and 

subalpine grasslands. Prepared for the USDA Forest Service, Southwestern Region by The Nature 

Conservancy, Arizona Chapter. Tucson, AZ. 43 p. 

 

Smith, E. 2011. Ecological relationships between overstory and understory vegetation in ponderosa pine 

forests of the Southwest. Report Prepared for the Kaibab National Forest. The Nature 

Conservancy, Arizona Chapter. Flagstaff, AZ. 16 p. 

 

Smith, E.; and Schussman, H. 2007. Historical range of variation and state and transition modeling of 

historic and current landscape conditions for potential natural vegetation types of the Southwest. 

Chapter 1 - Historical range of variation for potential natural vegetation types of the Southwest. 

Prepared for the USDA Forest Service, Southwestern Region by The Nature Conservancy, 

Arizona Chapter. Tucson, AZ. 73 p. 

 

Smith, E.A.; O’Loughlin, D.; Buck, J.R.; and St. Clair, S. B. 2011. The influences of conifer succession, 

physiographic conditions and herbivory on quaking aspen regeneration after fire. Forest Ecology 

and Management 262: 325-330. 



 

190 

 

Sneed, P.; Floyd-Hanna, L.; and Hanna, D. 2002. Prescott Basin fire history project. Final Report, for the 

Prescott National Forest, March 28, 2002. Prescott College. Prescott, AZ. 30 p. 

 

Sokal, R.R.; and Rohlf, F.J. 1995. Biometry: The Principles and Practice of Statistics in Biological 

Research, 3
rd

 ed. W.H. Freeman and Company. New York, NY. 887 p. 

 

Sperry, L.J.; Belnap, J.; and Evans, R.D. 2006. Bromus tectorum invasion alters nitrogen dynamics in an 

undisturbed arid grassland ecosystem. Ecology 87(3): 603-615. 

 

Sprigg, W.A.; Hinkley, T.; Bales, R.C.; Bernal, J.; Brookshire, D.; Brown, S.P.; Chermak, J.; Dayal, P.; 

Enote, J.; Goodrich, D.C.; Hanson, H.P.; Huenneke, L.F.; Karsell, W.; Matusak, J.; Mearns, L.; 

Merideth, R.; Miller, K.; Minke, D.R.; Morain, S.A.; Orr, W.; Redmond, K.T.; and Young, J.J. 

2000. Preparing for a changing climate: the potential consequences of climate variability and 

change: the Southwest. A Report of the Southwest Regional Assessment Group for the U.S. 

Global Change Research Program, The Institute for the Study of Earth, The University of 

Arizona, Tucson, AZ. 60 p. 

 

Springer, J.D. 1999. Soil seed bank in southwestern ponderosa pine: implications for ecological 

restoration. Unpublished Master’s Thesis, School of Forestry, Northern Arizona University, 

Flagstaff, AZ. 103 p. 

 

Springer, J.D. 2014. Fact sheet: post-wildfire restoration of structure, composition, and function in 

southwestern ponderosa pine and warm/dry mixed-conifer forests. Ecological Restoration 

Institute, Northern Arizona University. Flagstaff, AZ. 3 p. 

 

Springer, J.D.; Daniels, M.L.; and Nazaire, M. 2009. Field guide to forest & mountain plants of northern 

Arizona. Ecological Restoration Institute, Northern Arizona University, Flagstaff, AZ. 649 p. 

 

Stacey, P.B. 1995. Diversity of rangeland bird populations. Pp. 33-41. In: West, N.E. (ed.), Biodiversity 

on rangelands. College of Natural Resources, Utah State University, Logan, UT. 125 p. 

 

Stade, M.S.; and Salvo, J.D. 2009. Ponderosa pine in peril: assessing public lands livestock grazing in 

ponderosa pine forests. A Report from WildEarth Guardians. Chandler, AZ. 17 p. 

 

Staudinger, M.D.; Carter, S.L.; Cross, M.S.; Dubois, N.S.; Duffy, J.E.; Enquist, C.; Griffis, R.; Hellmann, 

J.; Lawler, J.; O’Leary, J.; Morrison, S.A.; Sneddon, L.; Stein, B.A.; Thompson, L.; Turner, W.; 

Varela-Acevedo, E.; and Reid, W. 2012b. Impacts of climate change on biodiversity. Chapter 2, 

pp. 2-1-2-62. In: Staudinger, M.D.; Grimm, N.B.; Staudt, A.; Carter, S.L.; Chapin, F.S.; Kareiva, 

P.; Ruckelshaus, M.; and Stein, B.A. (eds.), Impacts of climate change on biodiversity, 

ecosystems, and ecosystem services: technical input to the 2013 National Climate Assessment. 

Cooperative Report to the 2013 National Climate Assessment. 296 p. 

 

Staudinger, M.D.; Grimm, N.B.; Staudt, A.; Carter, S.L.; Chapin, F.S.; Kareiva, P.; Ruckelshaus, M.; and 

Stein, B.A. 2012a. Impacts of climate change on biodiversity, ecosystems, and ecosystem 

services: technical input to the 2013 National Climate Assessment. Cooperative Report to the 

2013 National Climate Assessment. 296 p. 

 

Staudt, A.; Leidner, A.K.; Howard, J.; Brauman, K.A.; Dukes, J.; Hansen, L.; Paukert, C.; Sabo, J.; 

Solórzano, L.A.; and Johnson, K. 2012. Impacts of climate change on already stressed 

biodiversity, ecosystems, and ecosystem services. Chapter 5, pp. 5-1-5-36. In: Staudinger, M.D.; 



 

191 

Grimm, N.B.; Staudt, A.; Carter, S.L.; Chapin, F.S.; Kareiva, P.; Ruckelshaus, M.; and Stein, B.A. 

(eds.), Impacts of climate change on biodiversity, ecosystems, and ecosystem services: technical 

input to the 2013 National Climate Assessment. Cooperative Report to the 2013 National Climate 

Assessment. 296 p. 

 

Stevens, V. 1997. The ecological role of coarse woody debris: an overview of the ecological importance 

of CWD in B.C. forests. Working Paper No. 30. Research Branch, British Columbia Ministry of 

Forestry, Victoria, British Columbia, Canada. 26 p. 

 

Stoddart, L.A.; and Smith, A.D. 1955. Range Management, 2
nd

 ed. McGraw-Hill Book Company. New 

York, NY. 433 p. 

 

Stoddart, L.A.; Smith, A.D.; and Box, T.W. 1975. Range Management, 3
rd

 ed. McGraw-Hill Series in 

Forest Resources, McGraw-Hill Book Company. New York, NY. 532 p. 

 

Stone, K.R.; Pilliod, D.S.; Dwire, K.A.; Rhoades, C.C.; Wollrab, S.P.; and Young, M.K. 2010. Fuel 

reduction management practices in riparian areas of the western USA. Environmental 

Management 46: 91-100. 

 

Sturrock, R.N.; Frankel, S.J.; Brown, A.V.; Hennon, P.E.; Kliejunas, J.T.; Lewis, K.J.; Worrall, J.J.; and 

Woods, A.J. 2011. Climate change and forest diseases. Plant Pathology 60: 133-149. 

 

Svoma, B.M. 2011. Trends in snow level elevation in the mountains of central Arizona. International 

Journal of Climatology 31(1): 87-94. 

 

Swaty, R.L.; Deckert, R.J.; Whitham, T.G.; and Gehring, C.A. 2004. Ectomycorrhizal abundance and 

community composition shifts with drought: predictions from tree rings. Ecology 85(4): 1,072-

1,084. 

 

Swetnam, T.W.; Allen, C.D.; and Betancourt, J.L. 1999. Applied historical ecology: using the past to 

manage for the future. Ecological Applications 9(4): 1,189-1,206. 

 

Swetnam, T.W.; and Baisan, C.H. 1996. Historical fire regime patterns in the southwestern United States 

since AD 1700. Pp. 11-32. In: Allen, C.D. (ted.), Proceedings of the second La Mesa Fire 

symposium: fire effects in southwestern forests. March 29-31, 1994; Los Alamos, NM. General 

Technical Report RMRS-GTR-286. USDA Forest Service, Rocky Mountain Research Station. 

Fort Collins, CO. 216 p. 

 

Swetnam, T.W.; Baisan, C.H.; Caprio, A.C.; and Brown, P.M. 1992. Fire history in a Mexican oak-pine 

woodland and adjacent montane conifer gallery forest in southeastern Arizona. Pp. 165-173. In: 

Ffolliott, P.F.; Gottfried, G.J.; Bennett, D.A.; Hernande C.; V.M.; Ortega-Rubio, A.; and Hamre, 

R.H. (tcoords.), Proceedings: ecology and management of oak and associated woodlands: 

perspectives in the southwestern United States and northern Mexico. April 27-30, 1992; Sierra 

Vista, AZ. General Technical Report RMRS-GTR-218. USDA Forest Service, Rocky Mountain 

Research Station. Fort Collins, CO. 224 p. 

 

Swetnam, T.W.; Baisan, C.H.; and Kaib, J.M. 2001. Forest fire histories of the Sky Islands of La Frontera. 

Chapter 7, pp. 95-119. In: Webster, G.L.; and Bahre, C.J. (eds.), Changing Plant Life of La 

Frontera: Observations on Vegetation in the U.S./Mexico Borderlands. University of New 

Mexico Press. Albuquerque, NM. 272 p. 

 



 

192 

Swetnam, T.W.; and Betancourt, J.L. 1998. Mesoscale disturbance and ecological response to decadal 

climatic variability in the American southwest. Journal of Climate 11: 3,128-3,147. 

 

Swetnam, T.W.; and Lynch, A.M. 1989. A tree ring reconstruction of western spruce budworm history in 

the southern Rocky Mountains. Forest Science 35(4): 962-986. 

 

Tausch, R.J. 2008. Invasive plants and climate change. (May 20, 2008). USDA Forest Service, Climate 

Change Resource Center. 5 p.  

 

Tausch, R.J.; and West, N.E. 1988. Differential establishment of pinyon and juniper following fire. 

American Midland Naturalist 119(1): 174-184. 

 

Tausch, R.J.; West, N.E.; and Nabi, A.A. 1981. Tree age and dominance patterns in Great Basin pinyon-

juniper woodlands. Journal of Range Management 34(4): 259-264. 

 

Thill, R.E.; Ffolliott, P.F.; and Patton, D.R. 1983. Deer and elk forage production in Arizona mixed 

conifer forests. Research Paper RMRS-RP-248. USDA Forest Service, Rocky Mountain Research 

Station. Fort Collins, CO. 13 p. 

 

Thomas, C.D.; Cameron, A.; Green, R.E.; Bakkenes, M.; Beaumont, L.J.; Collingham, Y.C.; Erasmus, 

B.F.; Ferreira de Siqueira, M.; Grainger, A.; Hannah, L.; Hughes, L.; Huntley, B.; van Jaarsveld, 

A.S.; Midgley, G.F.; Miles, L.; Ortega-Huerta, M.A.; Peterson, A.T.; Phillips, O.L.; and 

Williams, S.E. 2004. Extinction risk from climate change. Nature 427(8): 145-148. 

 

Thompson, D.M. 2008. The influence of lee sediment behind large bed elements on bedload transport 

rates in supply-limited channels. Geomorphology 99(1-4): 420-432. 
 

Thurow, T.L. 1991. Hydrology and erosion. Chapter 6, pp. 141-159. In: Heitschmidt, R.K.; and Stuth, 

J.W. (eds.), Grazing Management: An Ecological Perspective. Timber Press. Portland OR. 259 p. 

 

Thurow, T.L.; Blackburn, W.H.; and Taylor, C.A. 1986. Hydrological characteristics of vegetation types 

as affected by livestock grazing systems, Edwards Plateau, Texas. Journal of Range Management 

39(6): 505-509. 

 

Thurow, T.L.; and Hester, J.W. 2011. How an increase or reduction in juniper cover alters rangeland 

hydrology. Texas A&M AgriLife Research and Extension Center, Texas Natural Resources 

Server. San Angelo, TX. 166 p.  

 

Tilman, D.; Knopps, J.; Wedin, D.; Reich, P.; Richie, M.; and Siemann, E. 1997. The influence of 

functional diversity and composition on ecosystem processes. Science 277(29): 1,300-1,302. 

 

TNC (The Nature Conservancy; USDA Forest Service; and U.S. Department of the Interior). 2006. 

LANDFIRE vegetation dynamics modeling manual, Ver. 4.1. March 2006. Boulder, CO. 71 p. 

 

Todd, S.W.; and Hoffman, M.T. 1999. A fence-line contrast reveals effects of heavy grazing on plant 

diversity and community composition in Namaqualand, South Africa. Plant Ecology 142: 169-

178. 

 

Touchan, R.A.; Allen, C.D.; and Swetnam, T.W. 1996. Fire history and climatic patterns in ponderosa pine 

and mixed-conifer forests of the Jemez Mountains, northern New Mexico. Pp. 33-49. In: Allen, 

C.D. (ed.), Proceedings of the second La Mesa fire symposium: fire effects in southwestern 



 

193 

forests. March 29-31, 1994; Los Alamos, NM. General Technical Report RMRS-GTR-286. 

USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 216 p. 

 

Tress, J.A.; and Klopatek, J.M. 1987. Successional changes in community structure of pinyon-juniper 

woodlands on north-central Arizona. Pp. 80-85. In: Everett, R.L. (comp.), Proceedings of the 

pinyon-juniper conference. January 13-16, 1986; Reno, NV. General Technical Report INT-GTR-

215. USDA Forest Service, Intermountain Research Station. Ogden, UT. 581 p. 

 

Triepke, F.J.; Wahlberg, M.M.; Cress, D.C.; and Benton, R. 2013. RMAP: regional riparian mapping 

project. USDA Forest Service project report (revised 2014), Southwestern Region, Albuquerque, 

NM. 53 p.  

 

Tunnell, T.R. 2004. Guide to native grassland management in Nebraska. The Nature Conservancy/Platte 

River Habitat Partnership. Wood River, NE. 95 p. 

 

Turner, R.M.; Webb, R.H.; Bowers, J.E.; and Hastings, J.R. 2003. The Changing Mile Revisited: An 

Ecological Study of Vegetation Change with Time in the Lower Mile of an Arid and Semi-arid 

Region. The University of Arizona Press. Tucson, AZ. 334 p. 

 

UFRWG (Utah Forest Restoration Working Group) - Ecology Committee [O’Brien, M.; Rogers, P.; 

Mueller, K.; MacWhorter, R.; Rowley, A.; Hopkin, B.; Christensen, B.; and Dremann, P.]. 2010. 

Guidelines for aspen restoration on the national forests in Utah, Western Aspen Alliance, Utah 

State University, Logan, UT. 48 p. 

 

UNCCD (United Nations Convention to Combat Desertification). 2007. Climate change and 

desertification. UNCCD Thematic Fact Sheet Series No.1. UN Campus, Platz der Vereinten 

Nationen 1,53113 Bonn, Germany. 2 p. 

 

UNCCD (United Nations Convention to Combat Desertification). 2014. Desertification the invisible 

frontline. UN Campus, Platz der Vereinten Nationen 1,53113 Bonn, Germany. 20 p. 

 

USDA NRCS (Natural Resources Conservation Service). 2003. National range and pasture handbook, 1
st
 

revision. Grazing Lands Technology Institute, USDA NRCS, Washington, DC. 521 p.  

 

USDA NRCS (Natural Resources Conservation Service). 2013. Soil health key points. February 2013. 

Available at: http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1082147.pdf 

 

USDA NRCS (Natural Resources Conservation Service). 2013. The PLANTS Database. Available at: 

(http://plants.usda.gov, 10 June 2013). National Plant Data Team, Greensboro, NC, 27401-4901 

USA. 

 

USFS (USDA Forest Service). 1937. Range plant handbook. Issued March 1937, USDA Forest Service, 

U.S. Gov’t Printing Office, Washington, DC. 537 p. 

 

USFS (USDA Forest Service). 1988. FSH 2209.21 R-3. Allotment analysis handbook, as amended. 

(designated range analysis guide in 2001 and removed from the Forest Service Directive System. 

However, the range vegetation scorecards are still available for use at 

http://fsweb.r3.fs.fed.us/range/Inventory_Monitoring/documents/rge-vegetation-scorecard-

handbook.pdf). USDA Forest Service, Region 3. Albuquerque, NM. 379 p. 

 



 

194 

USFS (USDA Forest Service). 1996, revised 1997. Plant associations of Arizona and New Mexico, Vol. 2: 

woodlands. An update of the USDA Forest Service Southwestern Region Habitat Typing Guides. 

USDA Forest Service Southwestern Region. Albuquerque, NM. 202 p. 

 

USFS (USDA Forest Service). 2005. Monitoring for sustainability. USDA Forest Service, Inventory and 

Monitoring Institute, Fort Collins, CO. 2 p. 

 

USFS (USDA Forest Service). 2008a. Ecological sustainability: developing a framework for ecological 

sustainability on national forest lands and national grasslands in the Southwestern Region. Ver. 

6.0. Ecological Sustainability Work Group, USDA Forest Service Southwestern Region 

Albuquerque, NM. 85 p. 

 

USFS (USDA Forest Service). 2008b. Apache-Sitgreaves National Forests geographic information system 

(GIS) data, range condition feature class. USDA Forest Service Southwestern Region, 

Springerville, AZ. Available at: T:\FS\Ref\GIS\r03_aps\Data\DatabaseConnection\IDB-

G_R03_APS.DEFAULT (Apache-Sitgreaves) as 

myself.sde\S_R03_APS.rmu\S_R03_APS.Range_Condition 

 

USFS (USDA Forest Service). 2008c. Apache-Sitgreaves National Forests resource safeguards: 

watershed and hydrologic recovery through soil stabilization and vegetation regeneration: 

recommended guidelines for watershed stability and vegetation recovery pertaining to restocking 

burn areas with domestic livestock; wildfire and managed ignitions. USDA Forest Service 

Apache-Sitgreaves National Forests. Springerville, AZ. 14 p. 

 

USFS (USDA Forest Service). 2009. Chitty Fire salvage sale silviculture specialist report. Analysis report 

prepared for the Alpine Ranger District by the Apache-Sitgreaves National Forests zoned 

silviculturist, M. Boehning, dated February 24, 2009. Springerville, AZ. 49 p. 

 

USFS (USDA Forest Service). 2010. Southwestern Region climate change trends and forest planning: A 

guide for addressing climate change in forest plan revisions for southwestern national forests and 

national grasslands. Southwestern Region Climate Change and Forest Planning Work Group, 

USDA Forest Service Southwestern Region. Albuquerque, NM. 46 p. 

 

USFS (USDA Forest Service). 2012a. A-SNFs map created 03/28/2012, 4:59 p.m. by N. Loving, at 

O:NFS\ApacheSitgreaves\Projects\SO\PlanRevision\maps\DEIS2012\fpr_deis_pnvt_sit320k11x1

7_120329.jpg). 

 

USFS (USDA Forest Service). 2012b. A-SNFs map created 03/28/2012, 5:03 p.m. by N. Loving, at 

O:NFS\ApacheSitgreaves\Projects\SO\PlanRevision\maps\DEIS2012\fpr_deis_pnvt_apa340k11x

17_120329.jpg) 

 

USFS (USDA Forest Service). 2013. Rangeland inventory. Chapter 2, pp. 2-1 through 2-12A-G. In: 

Region 3 Rangeland Analysis and Management Training Guide. Multiple revisions throughout 

the original 1997 document. USDA Forest Service, Southwestern Region. Albuquerque, NM. 224 

p. 

 

USFS (USDA Forest Service). 2014. Aspen decline. Available at: 

http://www.fs.fed.us/wildflowers/beauty/aspen/decline.shtml 

 

USDI BLM (Bureau of Land Management). 1993, revised 1995, 1998. Riparian area management: 

process for assessing proper functioning condition. In: Prichard, D.; Barrett, H.; Cagney, J.; 



 

195 

Clark, R.; Fogg, J.; Gebhardt, K.; Hansen, P.L.; Mitchell, B.; and Tippy, D. (wkgroup.), Technical 

Reference 1737-9, USDI Bureau of Land Management, Service Center, Denver, CO. 58 p. 

 

USDI BLM (Bureau of Land Management). 1994, revised 1998. Riparian area management: process for 

assessing proper functioning condition for lentic riparian-wetland areas, Prichard, D.; Bridges, C.; 

Krapf, R.; Leonard, S.; and Hagenbuck, W. (wkgroup.), Technical Reference 1737-11, USDI 

Bureau of Land Management, Service Center. Denver, CO. 45 p. 

 

USDI BLM (Bureau of Land Management). 1998. Riparian area management: a user guide to assessing 

proper functioning condition and the supporting science for lotic areas. In: Prichard, D.; 

Anderson, J.; Correll, C.; Fogg, J.; Gebhardt, K.; Krapf, R.; Leonard, S.; Mitchell, B.; and Staats, 

J. (wkgroup.), Technical Reference 1737-15, USDI Bureau of Land Management, Service Center. 

Denver, CO. BLM/RS/ST-98/001+1737. 134 p. 

 

USDI BLM (Bureau of Land Management). 1999, revised 2003. Riparian area management: a user guide 

to assessing proper functioning condition and the supporting science for lentic areas. In: Prichard, 

D.; Berg, F.; Hagenbuck, W.; Krapf, R.; Leinard, R.; Leonard, S.; Manning, M.; Noble, C.; and 

Staats, J. (wkgroup.), Technical Reference 1737-16, USDI Bureau of Land Management, Service 

Center. Denver, CO. BLM/RS/ST-99/001+1737+REV03. 118 p. 

 

USDI BLM (Bureau of Land Management). 2003. Riparian area management: riparian-wetland soils. In: 

Lewis, L.; Krapf, R.; Manning, M.; Staats, J.; Subirge, T.; Townsend, L.; and Ypsilantis, B. 

(wkgroup.), Technical Reference 1737-19, USDI Bureau of Land Management, Service Center. 

Denver, CO. BLM/ST/ST-03/001+1737. 107 p. 

 

Valone, T.J.; and Kelt, D.A. 1999. Fire and grazing in a shrub-invaded arid grassland community: 

independent of interactive ecological effects? Journal of Arid Environments 42: 15-28. 

 

Valone, T.J.; Meyer, M.; Brown, J.H.; and Chew, R.M. 2002. Timescale of perennial grass recovery in 

desertified arid grasslands following livestock removal. Conservation Biology 16(4): 995-1,002. 

 

Van Auken, O.W. 2000. Shrub invasion of North American semiarid grasslands. Annual Reviews of 

Ecological Systems 31: 197-215. 

 

Van Auken, O.W. 2009. Causes and consequences of woody plant encroachment into western North 

American grasslands. Journal of Environmental Management 90(10): 2,931-2,942. 

 

Van Devender, T.R.; Betancourt, J.L.; and Wimberly, M. 1984. Biogeographic implications of a packrat 

midden sequence from the Sacramento Mountains, south-central New Mexico. Quaternary 

Research 22(3): 344-360. 

 

Vance, L.K.; Luna, T.; and Hart, M.M. 2010a. Aspen forest and woodland - Rocky Mountain aspen forest 

and woodland. Montana Field Guide. Retrieved on April 17, 2012.  

 

Vance, L.K.; Luna, T.; and Hart, M.M. 2010b. Aspen and mixed conifer forest - Inter-Mountain Basins 

aspen mixed conifer forest-woodland. Montana Field Guide. Retrieved on April 17, 2012. 

 

Vander Lee, B.; Smith, R.; and Bate, J. 2006. Ecological and biological diversity of national forests in 

Region 3. Southwest Forest Assessment Project. The Nature Conservancy, Arizona Chapter. 

Tucson, AZ. 145 p. 

 



 

196 

Vankat, J.L. 2006. Montane and subalpine terrestrial ecosystems of the southern Colorado Plateau - 

literature review and conceptual models. (revised ver.) Pp. 1-100 (of Supplement II) In: Thomas, 

L.; Lauver, C.; Hendrie, M.; Tancreto, N.; Whittier, J.; Atkins, J.; Miller, M.; and Cully, A. (eds.), 

Vital signs monitoring plan for the Southern Colorado Plateau Network: phase II report, USDI 

National Park Service, Southern Colorado Plateau Network, Flagstaff, AZ. 100 p. 

 

Veblen, T.T. 2000. Disturbance patterns in southern Rocky Mountain forests. Pp. 31-54. In: Knight, R.L.; 

Smith, F.W.; Buskirk, S.W.; Romme, W.H.; and Baker, W.L. (eds.), Forest Fragmentation in the 

Southern Rocky Mountains. Colorado University Press. Boulder, CO. 474 p. 

 

Veblen, T.T.; Hadley, K.S.; Nel, E.M.; Kitzberger, T.; Reid, M.S.; and Villalba, R. 1994. Disturbance 

regime and disturbance interaction in a Rocky Mountain subalpine forest. Journal of Ecology 

82(1): 125-135. 

 

Veblen, T.T.; Hadley, K.S.; Reid, M.S.; and Rebertus, A.J. 1991. The response of subalpine forests to 

spruce beetle outbreak in Colorado, USA. Ecology 72(1): 213-231. 

 

Vine, R.A. 1960. Trees, Shrubs, and Woody Vines of the Southwest. University of Texas Press. Austin, TX. 

1,104 p. 

 

Vivrette, N.; and Muller, C.H. 1977. Mechanism of invasion and dominance of coastal grassland by 

Mesembryanthemum crystallinum. Ecological Monographs 47(3): 301-318. 

 

Vose, J.M.; Peterson, D.L.; and Patel-Weynand, T. (eds.). 2012. Effects of climatic variability and change 

on forest ecosystems: a comprehensive science synthesis for the U.S. forest sector. General 

Technical Report PNW-GTR-870. USDA Forest Service, Pacific Northwest Research Station. 

Portland, OR. 265 p. 

 

Voigt, J.W.; and Weaver, J.E. 1951. Range condition classes of native midwestern pasture: an ecological 

analysis. Ecological Monographs 21(1): 39-60. 

 

Wahlberg, M.M.; Triepke, F.J.; Robbie, W.A.; Strenger, S.H.; Vandendriesche, D.; Muldavin, E.H.; and 

Malusa, J.R. 2014. Ecological response units of the southwestern United States. USDA Forest 

Service Draft Technical Report. Southwestern Region, Regional Office, Albuquerque, NM. 198 p.  

 

Walker, B.S. Conserving biological diversity through ecosystem resilience. Conservation Biology 9(4): 

747-752. 

 

Walker, B.S.; Carpenter, S.; Anderies, J.; Abel, N.; Cumming, G.S.; Janssen, M.; Lebel, L.; Norberg, J.; 

Peterson, G.D.; and Pritchard, R. 2002. Resilience management in social-ecological systems: a 

working hypothesis for a participatory approach. Conservation Ecology 6(1): 14. 17 p.  

 

Walker, B.S.; Holling, C.S.; Carpenter, S.R.; and Kinzig, A. 2004. Resilience, adaptability and 

transformability in social-ecological systems. Ecology and Society 9(2): 5. 9 p.  

 

Weaver, H. 1951. Fire as an ecological factor in the southwestern ponderosa pine forests. Journal of 

Forestry 49(2): 93-98. 

 

Weaver, H. 1952. A preliminary report on prescribed burning in virgin ponderosa pine. Journal of 

Forestry 50(8): 662-667. 

 



 

197 

Weaver, J.E.; and Darland, R.W. 1947. A method of measuring vigor of range grasses. Ecology 28(2): 

146-162. 

 

Weber, D.J.; Bunderson, E.D.; Davis, J.N.; Nelson, D.L.; and Hreha, A. 1999. Diseases and 

environmental factors of the pinyon-juniper communities. Pp. 118-120. In: Monsen, S.B.; and 

Stevens, R. (comps.), Proceedings: ecology and management of pinyon-juniper communities 

within the Interior West. September 15-18, 1997; Provo, UT. Proceedings RMRS-P-9. USDA 

Forest Service, Rocky Mountain Research Station. Ogden, UT. 411 p. 

 

Weisberg P.J.; and Coughenour, M.B. 2003. Model-based assessment of aspen responses to elk herbivory 

in Rocky Mountain National Park, USA. Environmental Management 32(1): 152-169.  

 

Weisz, R.; Triepke, J.; Vandendriesche, D.; Manthei, M.; Youtz, J.; Simon, J.; and Robbie, W. 2010. 

Evaluating the ecological sustainability of a pinyon-juniper grassland ecosystem in northern 

Arizona. Pp. 321-336. In: Jain, T.B.; Graham, R.T.; and Sandquist, J. (teds.), Proceedings of the 

integrated management of carbon sequestration and biomass utilization opportunities in a 

changing climate. National Silviculture Workshop, June 15-18, 2009; Boise, Idaho. Proceedings 

RMRS-P-61. USDA Forest Service, Rocky Mountain Research Station. Fort Collins, CO 351 p. 

 

Weisz, R.; and Vandendriesche, D. 2012. Use of the forest vegetation simulator to quantify disturbance 

activities in state and transition models. Pp. 143-160. In: Kerns, B.K.; Shlisky, A.J.; and Daniel, 

C.J. (teds.), Proceedings of the first landscape state-and-transition simulation modeling 

conference. June 14-16, 2011; Portland, OR. General Technical Report PNW-GTR-869. USDA 

Forest Service Pacific Northwest Research Station. Portland, OR. 215 p. 

 

Weisz, R.; and Vandendriesche, D. 2014. White Paper A: Introduction to the R3 FVS process for 

evaluating the effects of vegetation management activities in the forest plan revision process. 

May 24, 2013. USDA Forest Service, Southwestern Region. Albuquerque, NM. 12 p. 

 

Weisz, R.; Vandendriesche, D.; and Moeur, M. 2011. Calibrating natural and anthropogenic events in state 

and transition models with FVS: a case study for ponderosa pine forest ecosystems. Unpublished 

draft. USDA Forest Service, Southwestern Region, Albuquerque, NM. 29 p. 

 

Weisz, R.; Vandendriesche, D.; and Moeur, M. 2012. White Paper O - Overview of how we created 

VDDT models with FVS - calibrating natural and anthropogenic events in state and transition 

models with FVS: a case study for ponderosa pine forest ecosystems. February 23, 2012. (one of 

16 papers in the regional white paper series titled The R3 FVS process for evaluating the effects of 

vegetation management activities in the forest plan revision process). USDA Forest Service, 

Southwestern Region, Regional Office, Albuquerque, NM. Interoffice publication. 30 p. 

 

Welsh, S.L.; Atwood, N.D.; Higgins, L.C.; and Goodrich, S. 1997. A Utah flora. Great Basin Naturalist 

Memoirs, No. 9. Bringham Young University, Provo, UT. 894 p. 

 

Wessman, C.A.; Archer, S.R.; Asner, G.P.; and Bateson, C.A. 2004. Quantifying grassland-to-woodland 

transitions and the implications for carbon and nitrogen dynamics in the Southwest United States: 

8/01/97 - 1/31/04. Final Report for NASA Grant NAG5-6134. 20 p. 

 

West, N.E.; Rea, K.H.; and Tausch, R.J. 1975. Basic synecological relationships in pinyon-juniper 

woodlands. Pp. 41-52. In: Gifford, G.F.; and Busby, F.E. (eds.), The pinyon-juniper ecosystem: a 

symposium. Utah State University, College of Natural Resources and Utah Agricultural 

Experiment Station. Logan, UT. 194 p. 



 

198 

 

Westerling, A.L.; Hildalgo, H.G.; Cayan, D.R.; and Swetnam, T.W. 2006. Warming and earlier spring 

increase western U.S. forest wildfire activity. Science 313(18): 940-943. 

 

Westoby, M.; Walker, B.; and Noy-Meir, I. 1989. Opportunistic management for rangelands not at 

equilibrium. Journal of Range Management 42(4): 266-274. 

 

White, C.A.; Feller, M.C.; and Bayley, S. 2003. Predation risk and the functional response of elk-aspen 

herbivory. Forest Ecology and Management 181: 77-97. 

 

White, C.A.; Olmsted, C.E.; and Kay C.E. 1998. Aspen, elk, and fire in the Rocky Mountain national 

parks of North America. Wildlife Society Bulletin 26(3): 449-462. 

 

White, M.A.; and Vankat, J.L. 1993. Middle and high elevation coniferous forest communities of the 

north rim region of Grand Canyon National Park, Arizona, USA. Vegetatio 109: 161-174. 

 

White, M.R. 2002. Characterization of, and changes in the subalpine and montane grasslands, Apache-

Sitgreaves National Forests, Arizona. School of Forestry, Northern Arizona University, 

Unpublished Ph.D. dissertation. Flagstaff, AZ. 206 p. 

 

White, M.R. 2008. Field guide to noxious and invasive weeds known to occur or are potentially occurring 

on the Apache-Sitgreaves National Forests. USDA Forest Service, Southwestern Region, MR-

R3-01-2. Albuquerque, NM. 233 p. 

 

White, M.R. 2011. Invasive plants and weeds of the national forests and grasslands in the Southwestern 

Region. USDA Forest Service, Southwestern Region, MR-R3-16-6. Albuquerque, NM. 164 p. 

 

White, M.R. 2013. Invasive plants and weeds of the national forests and grasslands in the Southwestern 

Region, 2
nd

 ed. USDA Forest Service, Southwestern Region, MR-R3-16-6. Albuquerque, NM. 

214 p. 

 

White, M.R. 2014. Preliminary working list of the vascular plants of the Apache-Sitgreaves National 

Forests, Arizona. USDA Forest Service Apache-Sitgreaves National Forests. Springerville, AZ. 

136 p. 

 

Whitham, T.G.; Young, M.P.; Martinsen, G.D.; Gehring, C.A.; Schweitzer, J.A.; Wimp, G.M.; Fischer, 

D.G.; Bailey, J.K.; and Lindroth, R.L. 2003. Community and ecosystem genetics: a consequence 

of the extended phenotype. Ecology 84: 1,171-1,178. 

 

Wiens, J.A.; Hayward, G.D.; Safford, H.D.; and Giffen, C.M. (eds.). 2012. Historical Environmental 

Variation in Conservation and Natural Resource Management. John C. Wiley & Sons, Ltd. West 

Sussex, United Kingdom. 337 p. 

 

Wilcox, B.P.; and Davenport, D.W. 1995. Juniper encroachment: potential impacts to soil erosion and 

morphology. Interior Columbia Basin Ecosystem Management Project (U.S.). USDA Forest 

Service and USDI Bureau of Land Management. Portland, OR. 15 p. 

 

Wilcox, B.P.; Pitlick, J.; Allen, C.D.; and Davenport, D.W. 1996. Runoff and erosion from a rapidly 

eroding pinyon-juniper hillslope. Pp. 60-77. In: Anderson, M.G.; and Brooks, S.M. (eds.), 

Advances in Hillslope Processes, Vol. 1. John C. Wiley and Sons, Ltd. New York, NY. 1,306 p. 

 



 

199 

Wilkinson, M.C. 1997. Reconstruction of historical fire regimes along an elevation and vegetation 

gradient in the Sacramento Mountains, New Mexico. The University of Arizona, Unpublished 

Master’s Thesis. Tucson, AZ. 128 p. 

 

Williams, A.P.; Allen, C.D.; Macalady, A.K.; Griffin, D.; Woodhouse, C.A.; Meko, D.M.; Swetnam, 

T.W.; Rauscher, S.A.; Seager, R.; Grissino-Mayer, H.D.; Dean, J.S.; Cook, E.R.; 

Gangodagamage, C.; Cai, M.; and McDowell, N.G. 2012. Temperature as a potent driver of 

regional forest drought stress and tree mortality. Nature Climate Change 3: 292-297.  

 

Williams, A.P.; Allen, C.D.; Millar, C.I.; Swetnam, T.W.; Michaelsen, J.; Still, C.J.; and Leavitt, S.W. 

2010. Forest responses to increasing aridity and warmth in the southwestern United States. 

Proceedings of the National Academy of Sciences of the United States of America 107(50): 

21,289-21,294. 

 

Williams, O.B. 1969. Studies in the ecology of the riverine plain. V. plant density response of species in a 

Danthonia caespitosa grassland to 16 years of grazing by merino sheep. Australian Journal of 

Botany 17: 255-268. 

 

Wilson, J.L.; and Tkacz, B.M. 1992. Pinyon ips outbreak in pinyon juniper woodlands in northern 

Arizona: a case study. Pp. 187-190. In: Ffolliott, P.F.; Gottfried, G.J.; Bennett, D.A.; Hernande 

C.; V.M.; Ortega-Rubio, A.; and Hamre, R.H. (tcoords.), Proceedings: ecology and management 

of oak and associated woodlands: perspectives in the southwestern United States and northern 

Mexico. April 27-30, 1992; Sierra Vista, AZ. General Technical Report RMRS-GTR-218. USDA 

Forest Service, Rocky Mountain Research Station. Fort Collins, CO. 224 p. 

 

Wolfe B.E.; and Klironomos, J.N. 2005. Breaking new ground: soil communities and exotic plant 

invasion. Bioscience 55(6): 477-487. 

 

Wondzell, S.; Haggerty, R.; and Gooseff, M.N. no-date. Hyporheic zones and mountain streams. USDA 

Forest Service, Aquatic Ecology and Management Team. Pacific Northwest Research Station. 

Corvallis, OR. 5 p. Available at: http://www.fs.fed.us/pnw/lwm/aem/projects/hyporheic.html 

 

Wood, M.K. 1980. Impacts of grazing systems on watershed values. Pp. 163-170. In: McDaniel, K.C.; 

and Allison, C.D. (eds.), Proceedings: symposium on grazing management systems for Southwest 

rangelands. April 1-2, 1980; Albuquerque, NM. New Mexico State University, Las Cruces, NM. 

184 p. 

 

Wood, M.K.; and Javed, N. 2001. Hydrologic and vegetal responses to fuelwood harvest and slash 

disposal in a pinyon pine and juniper dominated grassland. Miscellaneous Report No. M27, 

October 2001. New Mexico Water Resources Research Institute, New Mexico State University, 

Las Cruces, NM. 29 p. 

 

Woods, R.F.; Betters, D.R.; and Mogren, E.W. 1982. Understory herbage production as a function of 

Rocky Mountain aspen stand density. Journal of Range Management 35(3): 380-381. 

 

Worrall, J.J.; Egeland, L.; Eager, T.; Mask, R.A.; Johnson, E.W.; Kemp, P.A.; and Shepperd, W.D. 2008. 

Rapid mortality of Populus tremuloides in southwestern Colorado, USA. Forest Ecology and 

Management 255: 686-696. 

 



 

200 

Worrall, J.J.; Marchetti, S.B.; Egeland, L.; Mask, R.A.; Eager, T.; and Howell, B. 2010. Effects and 

etiology of sudden aspen decline in southwestern Colorado, USA. Forest Ecology and 

Management 260: 638-648. 

 

Worrall, J.J.; Rehfeldt, G.E.; Hamann, A.; Hogg, E.H.; Marchetti, S.B.; Michaelian, M.; and Gray, L.K. 

2013. Recent declines of Populus tremuloides in North America linked to climate. Forest 

Ecology and Management 299: 35-51. 

 
Wright, R.A. 1960. Increase of mesquite on a southern New Mexico desert grassland range. New Mexico 

State University, Department of Animal and Range Science, Unpublished Master’s Thesis. Las 

Cruces, NM. 55 p. 

 

WDNR (Washington State Department of Natural Resources). 2011. Rocky Mountain aspen forest and 

woodland. Ecological Integrity Assessments, 1 of 11. Natural Heritage Program, Washington 

State Department of Natural Resources. Olympia, WA. Ver.: 2.23.2011. 11 p. 

 

Wyant, J.G.; Omi, P.N.; and Laven, R.D. 1986. Fire induced tree mortality in a Colorado ponderosa 

pine/Douglas-fir stand. Forest Science 32(1): 49-59. 

 

Young, J.A.; and Evans, R.A. 1978. Population dynamics after wildfires in sagebrush grasslands. Journal 

of Range Management 31(4): 283-289. 

 

Young, J.A.; and Evans, R.A. 1981. Demography and fire history of a western juniper stand. Journal of 

Range Management 34(6): 501-505. 

 

Zald, H.S.J.; Spies, T.A.; Huso, M.; and Gatziolis, D. 2012. Climatic, landform, microtopographic, and 

overstory canopy controls of tree invasion in a subalpine meadow landscape, Oregon Cascades, 

USA. Landscape Ecology 27: 1,197-1,212. 

 

Zhu, Z.; and Reed, B.C. (eds.). 2012, Baseline and projected future carbon storage and greenhouse-gas 

fluxes in ecosystems of the western United States: U.S. Geological Survey Professional Paper No. 

1797. USDI, U.S. Geological Survey. Reston, VA. 192 p. 

 

Zoltai, S.C.; Singh, T.; and Apps, M.J. 1991. Aspen in a changing climate. Pp. 143-152. In: Navratil, S.; 

and Chapman, P.B. (eds.), Proceedings of a symposium: aspen management for the 21
st
 century. 

November 20-21, 1990; Edmonton, Alberta, Canada in Conjunction with the 12
th
 Annual Meeting 

of the Poplar Council of Canada. Edmonton, Alberta, Canada. 174 p. 

  



 

201 

Appendices 
 

 



 

202 

Appendix A - Terrestrial Ecosystem Survey Map Unit Make-up of Each PNVT 

with Maps Displaying the Spatial Arrangement of the PNVTs on the Apache-
Sitgreaves National Forests 
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Terrestrial Ecosystem Survey (TES) map units (Laing et al., 1987) were used as the foundational bases for the delineation of the potential natural 

vegetation types on the A-SNFs. Mapping was done at a scale of 1:24000 (roughly a 10 acre minimum polygon size); the bases of map unit 

delineations were differences in topography, geology, vegetation, and climate class. Because of the complexity of the A-SNFs, map units contain 

various combinations of soils, miscellaneous land types and vegetation communities (for more information, see the Soils Specialist Report). 

Appendix A tables 1 and 2 display the map unit contribution to each PNVT. Appendix A maps 1 and 2 display the spatial arrangement of the 

PNVTs on the A-SNFs. 

 
Appendix A table 1. Terrestrial Ecosystem Survey map unit make-up of each PNVT on the A-SNFs for ponderosa pine, wet mixed conifer, dry mixed 
conifer and spruce-fir forests, Madrean pine-oak and piñon-juniper woodlands, and interior chaparral PNVTs. Map units are arrange from greatest 
contributor to the least (acres and percent [if greater than or equal to 0.5%]) 

Apache-Sitgreaves National Forests’ Potential Natural Vegetation Types (PNVTs) 

forested PNVTs woodland PNVTs chaparral PNVT 

ponderosa pine wet mixed conifer dry mixed conifer spruce-fir Madrean pine-oak piñon-juniper interior 

TES MU acres percent TES MU acres percent TES MU acres percent TES MU acres percent TES MU acres percent TES MU acres percent TES MU acres percent 

537 71,315 11.8 565 38,990 21.9 189 21,194 14.3 585 12,692 71.8 130 97,297 24.6 051 82,029 36.9 732 45,509 81.3 

192 48,843 8.1 574 35,795 20.1 572 20,589 13.9 586 4,930 27.9 514 43,331 11.0 052 29,489 13.3 714 5,346 9.6 

532 40,937 6.8 583 24,356 13.7 565 17,817 12.0    612 36,952 9.4 503 24,623 11.1 720 3,566 6.4 

182 37,421 6.2 577 22,512 12.6 206 14,436 9.8    412 36,443 9.2 523 22,484 10.1 618 1,560 2.8 

538 35,095 5.8 576 12,335 6.9 673 13,663 9.2    632 32,401 8.2 504 17,905 8.1    

183 33,531 5.6 690 11,939 6.7 574 13,530 9.1    131 28,215 7.1 516 15,873 7.1    

196 33,178 5.5 667 10,163 5.7 561 13,295 9.0    573 15,249 3.9 178 15,335 6.9    

197 31,466 5.2 201 7,919 4.4 202 12,573 8.5    691 12,408 3.1 061 6,623 3.0    

193 30,241 5.0 203 6,916 3.9 672 12,311 8.3    620 11,788 3.0 055 6,042 2.7    

191 29,790 4.9 584 4,841 2.7 567 8,478 5.7    634 10,920 2.8 540 1,756 0.8    

179 28,934 4.8 207 2,228 1.3       512 10,043 2.5       

181 27,511 4.6          624 9,989 2.5       

199 18,261 3.0          236 9,415 2.4       

187 17,421 2.9          575 8,904 2.3       

543 16,989 2.8          630 8,008 2.0       

186 16,598 2.8          560 6,836 1.7       

650 15,633 2.6          432 6,706 1.7       

535 12,904 2.1          638 6,240 1.6       

140 10,859 1.8          601 2,662 0.7       

628 9,425 1.6                   

592 8,616 1.4                   

591 8,315 1.4                   

536 5,646 0.9                   

141 5,296 0.9                   

570 4,607 0.8                   

271 598,832 99.4 11 177,995 100 10 147,885 100 42 17,622 99.7 203 393,808 99.7 114 222,159 100 4 55,981 100 
1 Only 25 TEU MUs are listed; 2 TEU MUs (505 and 534) are not displayed because they each contribute < 0.5% to the total acreage of the 602,206 acre PPF PNVT (for a combined total of 0.6%, or 3,374 acres) 
2 Only 2 TES MUs are listed; 2 TEU MUs (565 and 574) are not displayed because they each contribute < 0.5% to the total acreage of the 17,667 acre SFF PNVT (for a combined total of 0.3%, or 48 acres) 
3
 Only 19 TEU MUs are listed; 1 TEU MU (224) is not displayed because it contributes < 0.5% to the total acreage of the 394,297 acre MPOW PNVT (for a total of 0.3%, or 1,119 acres) 

4 Only 10 TES MUs are listed; 1 TEU MU (181) is not displayed because it contributes < 0.5% to the total acreage of the 222,166 acre PJW PNVT (for a total of 0.003%, or 7 acres) 
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Appendix A table 2. Terrestrial Ecosystem Survey map unit make-up of each PNVT on the A-SNFs for Great Basin, semi-desert and montane/subalpine 
grasslands, wetland/cienega riparian areas, and cottonwood-willow, mixed broadleaf deciduous and montane willow riparian forests PNVTs. Map units 
are arrange from greatest contributor to the least (acres and percent [if greater than or equal to 0.5%]) 

Apache-Sitgreaves National Forests’ Potential Natural Vegetation Types (PNVTs) 

grassland PNVTs riparian areas PNVT riparian forested PNVT 

Great Basin semi-desert montane/subalpine wetland/cienega cottonwood-willow mixed broadleaf deciduous montane willow 

TES MU acres percent TES MU acres percent TES MU acres percent TES MU acres percent TES MU acres percent TES MU acres percent TES MU acres percent 

053 70,910 38.2 220 27,656 25.9 551 38,258 68.3 010 8,436 47.1 198 5,223 32.9 102 4,765 49.3 208 2,236 46.5 

054 24,476 13.2 589 14,866 13.9 550 11,073 19.8 016 4,469 25.0 100 3,092 19.5 060 1,987 20.6 673 627 13.0 

043 16,162 8.7 312 13,621 12.7 557 4,521 8.1 004 3,398 19.0 058 2,876 18.1 130 944 9.8 565 423 8.8 

502 15,780 8.5 587 10,389 9.7 556 2,129 3.8 565 234 1.3 189 1,290 8.1 220 391 4.1 591 215 4.5 

041 12,212 6.6 480 6,935 6.5    551 213 1.2 055 867 5.5 514 345 3.6 518 160 3.3 

515 12,162 6.6 479 6,494 6.1    550 197 1.1 206 567 3.6 412 235 2.4 016 148 3.1 

518 9,140 4.9 469 5,995 5.6    585 102 0.6 052 253 1.6 612 219 2.3 650 146 3.0 

580 8,420 4.5 470 4,493 4.2    672 100 0.6 592 239 1.5 512 120 1.2 516 133 2.8 

506 6,982 3.8 582 4,248 4.0    557 83 0.5 191 154 1.0 131 114 1.2 537 95 2.0 

531 2,683 1.4 379 3,770 3.5       131 135 0.8 691 79 0.8 672 91 1.9 

501 2,441 1.3 482 3,060 2.9       130 125 0.8 634 49 0.5 535 54 1.1 

058 2,351 1.3 481 2,876 2.7       591 121 0.8 312 44 0.5 206 53 1.1 

044 1,802 1.0 483 1,622 1.5       192 97 0.6    191 48 1.0 

   484 925 0.9             574 47 1.0 

                  585 40 0.8 

                  638 40 0.8 

                  690 36 0.8 

                  537 30 0.6 

                  557 27 0.6 

                  197 24 0.5 

13 185,523 100 14 106,952 100 4 55,981 100 341 17,231 96.3 512 15,040 94.7 373 9,292 96.2 394 4,671 97.1 
1 Only 9 TEU MUs are listed; 25 TEU MUs (140, 197, 502, 515, 518, 523, 532, 535, 536, 537, 538, 502, 515, 523, 536, 538, 543, 556, 561, 572, 574, 576, 577, 583, 591, 592, 650, 667, 673 and 690) are not displayed because they 

each contribute < 0.5% to the total acreage of the 17,900 acre WCRA PNVT (for a combined total of 3.7%, or 669 acres) 
2
 Only 13 TEU MUs are listed; 39

 
TEU MUs (041, 043, 044, 051, 053, 054, 140, 141, 179, 181, 182, 187, 193, 196, 199, 202, 203, 501, 502, 503, 504, 515, 516, 518, 523, 532, 535, 537, 538, 543, 550, 560, 565, 570, 624, 667, 732 

and 999) are not displayed because they each contribute < 0.5% to the total acreage of the 15,876 acre CWRF PNVT (for a combined total of 5.3%, or 836 acres) 
3 Only 12 TEU MUs are listed; 25 TEU MUs (206, 236, 379, 432, 469, 470. 479, 480, 482, 484, 560, 565, 574, 575, 582, 587, 620, 624, 628, 630, 632, 638, 650, 714 and 732) are not displayed because they each contribute < 0.5% to 

the total acreage of the 9,657 acre MBDRF PNVT (for a combined total of 3.8%, or 365 acres) 
4 Only 20 TEU MUs are listed; 19 TEU MUs (140, 141, 182, 189, 192,199, 202, 503,523, 532, 543, 550, 551, 572, 576, 577, 583, 592 and 667) are not displayed because they each contribute < 0.5% to the total acreage of the 4,808 

acre MWRF PNVT (for a combined total of 2.9%, or 137 acres) 

 

Because of mapping scale issues and mapping errors, particularly within the long, linear riparian area polygons; several map units considered 

upland or non-riparian are represented within riparian PNVTs (Triepke et al., 2013). As indicated by Appendix A table 2, these map units 

contribute a small percentage to each riparian PNVT, and are probably hydric soils with plant species that are hydrophilic (riparian obligate 

species) or dependent on the water table or its capillary fringe zone (facultative wetland species) and these inclusions should be reclassified as 

riparian communities when TES is updated. 
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Appendix A map 1. Potential natural vegetation types (PNVTs) found on the Sitgreaves National Forest portion of the A-SNFs (USFS, 2012a) 
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Appendix A map 2. Potential natural vegetation types (PNVTs) found on the Apache National Forest portion of the A-SNFs (USFS, 2012b) 
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Appendix B - State and Transition Modeling and Apache-Sitgreaves NFs’ PNVT 

Vegetation Models 
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Vegetation State and Transition Models 
 

 

In response to the USDA Forest Service Southwestern Region’s need for landscape scale planning tools, 

the Nature Conservancy (TNC) (Smith and Schussman, 2007) developed broad-scale state and transition 

models for several Potential Natural Vegetation Types (PNVTs) in the Southwest based on a 

comprehensive literature review. TNC utilized this information to describe vegetation model states, 

identify parameter values for these models and to run quantitative scenario analysis, using Vegetation 

Dynamics Development Tool (VDDT) software (ESSA Technologies Ltd., 2006), to determine the 

relative proportion of model states on the landscape. Vegetation Dynamics Development Tool software is 

a non-spatial model that allows the user to model vegetation change over time as a series of vegetation 

states that differ in structure, composition, and cover and to specify the amount of time it takes to move 

from one vegetation state to another in the absence of disturbance (ESSA Technologies Ltd., 2006). 

Various disturbance agents affecting the movement of vegetation between states (or transitions) are 

incorporated (e.g., surface fires, stand-replacing fires, grazing, insect outbreaks, and drought events). By 

varying the types and rates of disturbance across the landscape, the effects of different disturbance 

regimes, such as historic and current fire regimes, or different management treatments, such as wildland 

fire use, fire suppression, prescribed burning, grazing practices, and mechanical fuel treatments, on 

vegetation can be investigated. These models will summarize and synthesize the current state of scientific 

knowledge of vegetation dynamics. Additionally, they will provide forest planners and managers with 

powerful tools for understanding, investigating, and demonstrating the effects of alternative scenarios for 

the management of vegetation on national forests at scales ranging from the Ranger District to the 

Southwestern Region.  

 
According to Smith and Schussman (2007), the region-wide scale at which TNC constructed the models, 

as well as the sole reliance on published scientific information to build and parameterize the models, 

necessarily limits the level of detail in a model as well as the applicability of the model to a given site. 

Given these constraint, it is important to utilize information from these models to understand general 

trends in vegetation change and dynamics at large scales while utilizing finer scale models (such as those 

found in Ecological Site Descriptions
29

 developed by the Natural Resources Conservation Service) and/or 

expert information to model and evaluate land management at site specific levels. 

 

Historic (pre-1880) and current (1880 to present) state and transition models for piñon-juniper savanna 

are shown in appendix B figures 1 and 2. Additionally, TNC used information in the HRV (Schussman 

and Smith, 2006a; Gori and Bate, 2007) to estimate parameter values for transitions between model states 

(succession) and disturbance frequencies, allowing them to develop quantitative VDDT models. TNC’s 

model parameters, output, and analysis for pinyon-juniper savanna are presented below (appendix B 

figures 1 and 2, and appendix B tables 1 and 2). 

 

                                                           
29

 Ecological sites are the basic component of a land-type classification system that describes ecological potential and ecosystem dynamics of 

land areas. All land/land use types are identified within the ecological site system, including rangeland, pasture, and forest land. An ecological 
site is defined as a distinctive kind of land with specific soil and physical characteristics that differ from other kinds of land in its ability to 

produce a distinctive kind and amount of vegetation and its ability to respond similarly to management actions and natural disturbances. Lands 
are classified considering discrete physical and biotic factors. Physical factors include soils, climate, hydrology, geology, and physiographic 

features. Biotic factors include plant species occurrence, plant community compositions, annual biomass production, wildlife-vegetation 

interactions, and other factors. Ecological dynamics, primarily disturbance regimes, such as grazing; fire; drought; management actions; and 
all resulting interactions are also a primary factor of ecological sites. Information and data pertaining to a particular ecological site is organized 

into a reference document known as an Ecological Site Description (ESD). ESDs function as a primary repository of ecological knowledge 

regarding an ecological site. ESDs are maintained on the USDA NRCS Ecological Site Information System (ESIS), which is the repository for 
information associated with ESDs and the collection of all site data. (Caudle et al., 2013) 
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Appendix B figure 1. Conceptual historic state (box) and transition (arrow) model for piñon-juniper savanna 
vegetation type. Frequency of transitions are noted when this information is supported by published 
sources, where no or conflicting information exists on the frequency of transitions, unknown is the notation 
(adapted from Schussman and Smith, 2006; Gori and Bate, 2007) 
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Appendix B table 1. Identification of the historic transition types, transition frequency or length, sources of information and assumptions made in 
developing the piñon-juniper savanna VDDT model, (adapted from Gori and Bate, 2007) displayed in appendix B figure 1, above 

Transition Type 
Transition Frequency 

or Length 
Information Sources Assumptions 

Plant growth (20 years, 64 

years) 

After 20 years, 64 years 

without a stand replacing 
fire (or disturbance event) 

 

Allen, 1990; Arnold et al., 

1964; Baisan and 
Swetnam, 1997; Barnes 

and Cunningham, 1987; 

Barney and Frischknecht, 
1974; Blackburn and 

Tueller, 1970; Brown et 

al., 2001b; Erdman, 1970; 

Floyd et al., 2000; 

Gottfried and Severson, 

1993; Huffman et al., 
2006a; Koniak, 1985; 

Muldavin et al., 2003; 

Boykin, 2000; Schott, 
1984; Wilkinson, 1997; 

Young and Evans, 1978 

Plant growth refers to the growth and ageing process of a stand in the absence of a stand-replacing fire. There are no 

fire history reconstructions that document historic stand-replacing fire (SRF) or succession after SRF in pinyon-
juniper savanna. We assume that 1) SRF’s (or some other stand-replacing disturbance) occurred but were rare events 

as they were not recorded in savanna woodland fire histories that date back as early as 1400; and 2) succession in 

savannas is similar to that described for shrub woodlands, but that with surface fire the savanna understory stays 
primarily grassy. We base the latter assumption on the fact that 1) piñon-juniper savannas and shrub woodlands share 

many of the same perennial grass and shrub species, the latter increasing at the expense of the former in the absence 

of surface fire (USDA, 1997); 2) historic savannas have increased in tree and shrub densities post-settlement due in 

large part to human alteration of the fire regime (Allen, 2001; Brockway et al., 2002; Humphrey, 1953, 1958; Jacobs 

and Gatewood, 1999; Jacobs et al., 2002; Leopold, 1924; Miller, 1999; McPherson, 1997); and 3) present day tree 

densities in historical savannas and shrub woodlands are similar (table 12-7). Studies of post-fire vegetation 
succession in shrub- or persistent woodland indicate that annual grasses and forbs dominate for the first 3 years. 

Perennial grasses become dominant on sites 5 to 6 years post fire while shrubs become dominant (in terms of cover) 

12 to 30 years post-fire; shrub dominance persists until trees become dominant 70-100 years after SRF (see sources). 
We took the mean value of the latter two time ranges to estimate the amount of time vegetation was in the perennial 

grass/forb/shrub and shrub/grass/tree seedling-sapling states, 20 years and 64 years, respectively. We have not 

included an annual stage in the savanna model because perennial grasses will re-sprout after fire and preclude annuals 
from becoming an important component of the herbaceous community. With a regime of frequent surface fires, 

shrubs will be continually knocked back and young trees will be thinned, resulting in a perennial grass/tree 

seedling/sapling state following the perennial grass/forb/shrub state along the main successional pathway (Arnold et 
al., 1964; Leopold, 1924; McPherson, 1995). 

In-growth 83 years Arnold et al., 1964; 

Howell, 1941; Pieper and 
Wittie, 1990 

In growth refers to the infill of trees that would not have survived with recurrent surface or mixed severity fire and 

occurs after an estimated period of 83 years without fire. We arrived at this time value based on the following 
information. Howell (1941) estimated that it takes up to 75 years for a juniper trees to grow > 1.2 m tall, a size where 

post-fire survivorship is high (Pieper and Wittie, 1990). Similarly, Miller and Tausch (2001) found that it takes piñons 

and junipers up to 90 years to reach > 3 m tall, a height at which they found post-fire survivorship to be high; 83 years 
is the mean of these two estimates. If there is no surface fire during this period, tree recruitment and growth will likely 

increase tree density and canopy cover to levels characteristic of historic piñon-juniper shrub woodland [see table 12.7 

for tree density increases in the absence of fire; tree density vs. canopy cover regression (cover = 0.031 (tree density) 
+ 10.3) derived from the following studies: Grier et al., 1992; Landis and Bailey, 2005; Lymbery and Pieper, 1983; 

Rowlands and Brian, 2001; Mason et al., 1967]. At this point, we assume a mixed-severity fire is needed to reduce 

tree density and canopy cover, restoring a savanna structure. 

Shrub accumulation + in-

growth (130 years) 

After 83 years, then 47 

years without fire 

Tress and Klopatek, 1987 Tress and Klopatek (1987) estimated that it took approximately 215 years for a shrub-woodland to fully recover in 

tree density, canopy cover and species composition following a SRF. This indicates an additional 47-year time period 

to move from an open canopy piñon-juniper/shrub/perennial grass state to a mature, open canopy piñon-juniper/shrub 
state after 83 years without fire. 
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Appendix B table 1. Continued 

Transition Type 
Transition Frequency 

or Length 
Information Sources Assumptions 

Surface fire Every 10 to 43 years Allen, 1990; Baisan and 
Swetnam, 1997; Brown et 

al., 2001b; Huffman et al., 

2006a; Leopold, 1924; 
Wilkinson, 1997; 

Muldavin et al., 2003; 

Boykin, 2000 

Mean fire return intervals (MFRI) for piñon-juniper savanna based on analyses of fire-scarred trees range from 10 to 
43 years; most estimates are point mean fire intervals (PMFI) based on analyses of individual trees which likely 

underestimate the stand-level MFRI. Restricted composite estimates all fall within the above range (Allen, 1990; 

Huffman et al., 2006a); however, Baisan and Swetnam (1997) report composite estimates of the MFRI of between 6 
and 11.2 years for a northern New Mexico site. We did not consider these latter estimates because they likely 

overestimate the stand-level fire occurrence (Baker and Ehle, 2001; Baker and Shinneman, 2004). In general, surface 

fires kill or top kill shrubs and remove young trees < 1.2 m but mortality of young trees is not always 100% (Arnold 
et al., 1964; Dwyer and Pieper, 1967; Johnson et al., 1962). For example, if fire occurs in the shrub/perennial 

grass/tree seedling-sapling state, shrub mortality will create an opportunity for grass to rebound in the understory after 

fire, shifting the stand into the perennial grass/tree seedling/sapling/shrub state (Arnold et al., 1964). 

Mixed severity fire Every 62 years Huffman et al., 2006a Historic PMFIs for mixed severity fire in shrub-woodland at the upper ecotone ranged from 42 to 81 years (mean 
value = 62 years). The effect of mixed severity fire in low and open cover shrub woodland stands will be a reduction 

in cover and mortality in younger trees, more similar to a surface fire than to a replacement fire, and in stands with 

shrub and grass understory, a fire will result in a shift to grass-dominated understory. In mature stands with greater 
than 30% canopy cover, we assume that a mixed severity fire will have both a stand replacing component (50%) and 

surface fire component (50%), in the latter case thinning trees and reducing canopy cover and in the former, sending 

the vegetation back to the perennial grass/forb/shrub state. In support of this, several studies found trees surviving 
successive fires that were > 100 years apart (Despain and Mosley, 1990; Huffman et al., 2006a; Tausch et al., 1981, 

Tausch and West, 1988) while other authors report stand-replacing fires in pre-settlement closed woodlands (table 12-

3, HRV1). We chose the 50-50 split because in the absence of better information, this break minimizes estimation 
error (Sokal and Rohlf, 1994). 

Surface fire, mixed 

severity fire  

Every 460 years Allen, 1990; Baisan and 

Swetnam, 1997; Brown et 

al., 2001b; Huffman et al., 

2006a; Leopold, 1924; 

Wilkinson, 1997; 
Muldavin et al., 2003; 

Boykin, 2000 

Fire history reconstructions using fire-scarred trees provide a continuous record dating from 1400 to 1684, a period of 

roughly 320 to 600 years before present (mean = 460 years). Assuming that these stands initiated after a stand-

replacing fire, this gives a conservative estimate of its frequency of (0.002). 

Drought/insect-caused 
tree die-off 

Every 200 to 500 years Allen and Breshears, 
1998; Betancourt et al., 

1993; Breshears et al., 

2005 

Betancourt et al. (1993) estimated that the 1950’s drought was a 200- to 500-year return interval event; the 1996-2003 
droughts were wetter but warmer than the 1950’s drought (Breshears et al., 2005). The relationship between drought, 

insect outbreaks, and tree die-off in piñon-juniper woodlands is well established (Allen and Breshears 1998; Gottfried 

et al., 1995; Breshears et al., 2005; Wilson and Tkacz, 1992), however, there is only one estimate of the amount 
(hectares) of piñon-juniper woodland affected regionally and this is for the recent 1996-2003 drought (Breshears et 

al., 2005). Since not all stands were affected during this drought (Mueller et al., 2005a; Negrón and Wilson, 2003), we 

adjusted the drought frequency by the estimated proportion of woodland in Arizona and New Mexico with discernible 
tree die-off (0.07) based on aerial surveys (Breshears et al., 2005) to derive a patch level probability of tree die-off 

during drought. Piñon mortality was greater than juniper mortality, older individuals had higher mortality than 

younger ones, and denser stands were more susceptible to insect infestation and tree die-off was more severe than in 
less dense stands (Breshears et al., 2005; Mueller et al., 2005a; Negrón and Wilson, 2003). Based on this information, 

drought/insect effects in tree-dominated states were modeled to move stands from higher canopy cover states to lower 

cover ones and to reset stand-age to the youngest age value for that state. 
1 See Gori and Bate, 2007 
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Appendix B figure 2. Conceptual current state (box) and transition (arrow) model for piñon-juniper savanna 
vegetation type. Frequency of transitions are noted when this information is supported by published 
sources, where no or conflicting information exists on the frequency of transitions, unknown is the notation 
(adapted from Schussman and Smith, 2006; Gori and Bate, 2007)



 

213 

Appendix B table 2. Identification of the current transition types, transition frequency or length, sources of information and assumptions made in 
developing the piñon-juniper savanna VDDT model, (adapted from Gori and Bate, 2007

1
) displayed in appendix B figure 2, above 

Transition Type 
Transition Frequency or 

Length 
Information Sources Assumptions 

Surface fire, mixed 

severity fire 

Not used in current model Allen, 1990, 2001; Baisan 

and Swetnam, 1997; 
Brown et al., 2001b; 

Huffman et al., 2006a; 

Leopold, 1924; Wilkinson, 
1971; Muldavin et al., 

2003; Boykin, 2000 

Based on fire-history reconstructions and direct observation, Gori and Bate (2007) reported that surface fire and 

mixed severity fire have essentially ceased at the scale of piñon-juniper occurrence in Arizona and New Mexico 
(7.5 million ha). Occasional surface fires and mixed severity fires do occur, but not at the same scale, either 

because fine fuels are too sparse for fire spread or enough fuels have accumulated in many areas to quickly shift 

surface fires to stand replacing ones (Allen, 2001; Butler et al., 1998). Prescribed fires and fire use are occurring in 
some areas at some times, but there is no published information on the amount of piñon-juniper savanna (and 

former savanna) affected and it is likely that this treatment level is not within the historic range of variability for 

this system. 

Stand replacing fire Every 460 years Brown et al., 2001b; 

Huffman et al., 2006a; 

Leopold, 1924; Wilkinson, 
1971; Muldavin et al., 

2003; Boykin, 2000 

Cessation of surface fires and accumulation of fuels and development of fuel ladders has led to an increase in the 

frequency of stand replacing fires, especially during the last decade or two (Crimmins and Comrie, 2004; Floyd et 

al., 2004 and 2006; Romme et al., 2003). There is only a single study that provides information that would permit 
calculation of this increased SRF frequency for historic savanna or open-canopy persistent woodland at the upper 

ecotone (Crimmins and Comrie, 2004), but there are technical problems with VDDT using this increased SRF 

frequency for the last 10-20 years in a relatively short (120-year) run. The increased SRF frequency is better 
applied to prospective scenario analyses (looking into the future) where the modeling time frame is 50 to 100 years. 

For this reason, we used the historic frequency for SRF. The effects of stand replacing fire on vegetation have been 

documented by Savage and Mast (2005). 

Drought/insect outbreak Once every 50 years Allen and Breshears, 1998; 
Breshears et al., 2005 

Two major droughts and regional outbreaks of piñon Ips have occurred over the last century (e.g., 50-year return 
interval) and their combined mortality effects on piñons and junipers have been quite variable on a population basis 

(Breshears et al., 2005; Mueller et al., 2005a; Negrón and Wilson, 2003). See above historical drought/insect 

outbreak section for further detail. 

Silvicultural activities, 

mechanical treatments 

Highly variable through 

time and across space, thus 

not included in the model 

Bahre, 1991; Bahre and 

Hutchinson, 1985; 

Gottfried et al., 1995 

Fuelwood cutting from piñon-juniper systems was a major source of fuel for mining until the end of the 19th 

century and for domestic heating and cooking as late as the 1940s; piñon-juniper fuelwood continues to be an 

important source for domestic heating and income generation in rural communities. However, there are no regional 
estimates of amount (hectares) of fuelwood cutting that has occurred over the last 120 years, nor are there 

equivalent estimates for areas treated mechanically or chemically to reduce tree density in piñon-juniper systems. 
1 See Gori and Bate, 2007 
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The actual Alternative A state and transition model developed and used for the piñon-juniper woodland 

on the A-SNFs is presented in appendix B figures 3 through 10. Current and reference condition (historic 

range of variability) vegetation state descriptions and existing vegetation crosswalk for piñon-juniper 

woodland PNVT on the A-SNFs (USFS, 2010) is displayed in appendix B table 3. 

 

 
Appendix B figure 3. Alternative A VDDT model state (box) and transition (arrow) pathway model for piñon-
juniper woodland PNVT used for analysis on the A-SNFs. Cover type is represented by PJG, state name is 
found in the lower left of each box, state class or code is found in the lower right of each box, state age is 
found in the center-left of each box 
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Appendix B figure 4. Appendix B figure 4. Alternative A piñon-juniper woodland PNVT naturally driven (6)

1
 

and potentially management driven (3)
2
 transitional pathways for STATE A (PJ Grassland-PJ Woodland 

submodel GFB/SHR): Recently burned, grass, forb and shrub types with less than 10% woody canopy cover; 
early successional development state used in Alternative A VDDT modeling on the A-SNFs 
 
1 Naturally driven transition types: 

 natural succession: 

1. 2_B, from state A to state B 

2. 2_C, from state A to state C 

3. 2_D, from state A to state D 

 wild fire: 

4. Mixed severity fire, moderate intensity, from state A to state A (circular transition) 

5. Nonlethal fire, low intensity, from state A to state A (circular transition) 

6. Stand replacement fire, high intensity, from state A to state A (circular transition) 
2 Management driven transition types:  

 prescribed fire: 

1. J Rx fire, low intensity, from state A to state A (circular transition) 

2. K Rx fire, moderate intensity, from state A to state A (circular transition) 

3. L Rx fire, high intensity, from state A to state A (circular transition) 
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Appendix B figure 5. Alternative A piñon-juniper woodland PNVT naturally driven (8)

1
 and potentially 

management driven (5)
2
 transitional pathways for STATE B (PJ Grassland-PJ Woodland submodel SSO): 

Seedling and sapling size, less than 5” diameter, trees with open, less than or equal to 30% canopy cover; all 
tree types; early successional development state used in Alternative A VDDT modeling on the A-SNFs 
 
1 Naturally driven transition types:  

 natural succession: 

1. 2_C, from state B to state C 

2. 2_E, from state B to state E 

3. 2_F, from state B to state F 

 insect/disease: 

4. Insect/Disease, from state B to state B (circular transition) 

 wild fire: 

5. Mixed severity fire, moderate intensity, from state B to state A 

6. Nonlethal fire, low intensity, from state B to state A 

7. Nonlethal fire, low intensity, from state B to state C 

8. Stand replacing fire, high intensity, from state B to state A 
2 Management driven transition types:  

 harvest treatments:  

1. G Clearcut with legacy trees, from state B to state A 

 prescribed burning: 

2. J Rx fire, low intensity, from state B to state A 

3. J Rx fire, low intensity, from state B to state C 

4. K Rx fire, moderate intensity, from state B to state A 

5. L Rx fire, high intensity, from state B to state A 
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Appendix B figure 6. Alternative A piñon-juniper woodland PNVT naturally driven (14)

1
 and potentially 

management driven (12)
2
 transitions for STATE C (PJ Grassland-PJ Woodland submodel SMO): Small size, 

5” to 9.9” diameter, trees, with open, less than or equal to 30% canopy cover; all tree types; mid 
successional development state used in Alternative A VDDT modeling on the A-SNFs. Alternative A piñon-
juniper woodland PNVT State C transitions continued in Appendix B figure 6a 
 
1 Naturally driven transition types: 

 natural succession: 

1. 2_B, from state C to state B 

2. 2_D, from state C to state D 

3. 2_E, from state C to state E 

4. 2_F, from state C to state F 

5. 2_G, from state C to state G 

 insect/disease: 

6. Insect/Disease, from state C to state C (circular transition) 

 wild fire:  

7. Mixed severity fire, moderate intensity, from state C to state A 

8. Mixed severity fire, moderate intensity, from state C to state B 

9. Mixed severity fire, moderate intensity, from state C to state D 

10. Nonlethal fire, low intensity, from state C to state A 

11. Nonlethal fire, low intensity, from state C to state B 

12. Nonlethal fire, low intensity, from state C to state D 

13. Stand replacing fire, high intensity, from state C to state A 

14. Stand replacing fire, high intensity, from state C to state A 
2 Management driven transition types: 

 harvest treatments: 

1. B Free thin all sizes to target BA, from state C to state A 

2. B Free thin all sizes to target BA, from state C to state D 

3. D Thin under 16 inch diameter to BA, from state C to state A 

4. G Clearcut with legacy trees, from state C to state A 

 prescribed burning:  

5. J Rx fire, low intensity, from state C to state A 

6. J Rx fire, low intensity, from state C to state B 

7. J Rx fire, low intensity, from state C to state D 

8. K Rx fire, moderate intensity, from state C to state A 

9. K Rx fire, moderate intensity, from state C to state B 

10. K Rx fire, moderate intensity, from state C to state D 

11. L Rx fire, high intensity, from state C to state A 

12. L Rx fire, high intensity, from state C to state D 
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Appendix B figure 6a. Alternative A piñon-juniper woodland PNVT State C transitions continued 
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Appendix B figure 7. Alternative A piñon-juniper woodland PNVT naturally driven (11)

1
 and potentially 

management driven (12)
2
 transitions for STATE D (PJ Grassland-PJ Woodland submodel MVO): Medium and 

large to very large size, greater than or equal to 10” diameter, trees, with open, less than or equal to 30% 
canopy cover; all tree types; late successional development, open piñon-juniper stand with “savannah-like” 
appearance; mixed shrub/herbaceous community state used in Alternative A VDDT modeling on the A-SNFs. 
Alternative A piñon-juniper woodland PNVT State D transitions continued in Appendix B figure 7a 
 
1 Naturally driven transition types: 

 natural succession: 

1. 2_B, from state D to state B 

2. 2_C, from state D to state C 

3. 2_E, from state D to state E 

4. 2_F, from state D to state F 

5. 2_G, from state D to state G 

 insect/disease: 

6. Insect/Disease, from state D to state D (circular transition) 

 wild fire: 

7. Mixed severity fire, moderate intensity, from state D to state A 

8. Mixed severity fire, moderate intensity, from state D to state C 

9. Nonlethal fire, low intensity, from state D to state A 

10. Nonlethal fire, low intensity, from state D to state B 

11. Stand replacing fire, high intensity, from state D to state A 
2 Management driven transition types: 

 harvest treatments: 

1. B Free thin all sizes to target BA, from state D to state A 

2. B Free thin all sizes to target BA, from state D to state C 

3. D Thin under 16 inch diameter to BA, from state D to state D (circular transition) 

4. D Thin under 16 inch diameter to BA, from state D to state G 

5. E GroupSelect with matrix thin, from state D to state A 

6. E GroupSelect with matrix thin, from state D to state C 

7. G Clearcut with legacy trees, from state D to state A 

 prescribed burning: 

8. J Rx fire, low intensity, from state D to state A 

9. J Rx fire, low intensity, from state D to state B 

10. K Rx fire, moderate intensity, from state D to state A 

11. K Rx fire, moderate intensity, from state D to state C 

12. L Rx fire, high intensity, from state D to state A 

 
 
 



 

220 

 
Appendix B figure 7a. Alternative A piñon-juniper woodland PNVT State D transitions continued 
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Appendix B figure 8. Alternative A piñon-juniper woodland PNVT naturally driven (13)

1
 and potentially 

management driven (15)
2
 transitions for State E (PJ Grassland-PJ Woodland submodel SSC): Seedling and 

sapling size, less than 5” diameter, trees with closed, greater than 30% canopy cover; all tree types; early 
successional development state used in Alternative A VDDT modeling on the A-SNFs. Alternative A piñon-
juniper woodland PNVT State E transitions continued in Appendix B figures 8a and 8b 
 
1 Naturally driven transition types: 

 natural succession: 

1. 2_F, from state E to state F 

2. 2_G, from state E to state G 

 insect/disease: 

3. Insect/Disease, from state E to state B 

 wild fire: 

4. Mixed severity fire, moderate intensity, from state E to state A 

5. Mixed severity fire, moderate intensity, from state E to state B 

6. Mixed severity fire, moderate intensity, from state E to state C 

7. Mixed severity fire, moderate intensity, from state E to state F 

8. Nonlethal fire, low intensity, from state E to state B 

9. Nonlethal fire, low intensity, from state E to state C 

10. Nonlethal fire, low intensity, from state E to state F 

11. Stand replacing fire, high intensity, from state E to state A 

12. Stand replacing fire, high intensity, from state E to state B 

13. Stand replacing fire, high intensity, from state E to state F 
2 Management driven transition types: 

 harvest treatments: 

1. B Free thin all sizes to target BA, from state E to state A 

2. B Free thin all sizes to target BA, from state E to state B 

3. B Free thin all sizes to target BA, from state E to state C 

4. D Thin under 16 inch diameter to BA, from state E to state A 

5. G Clearcut with legacy trees, from state E to state A 

 prescribed burning: 

6. J Rx fire, low intensity, from state E to state B 

7. J Rx fire, low intensity, from state E to state C 

8. J Rx fire, low intensity, from state E to state F 

9. K Rx fire, moderate intensity, from state E to state A 

10. K Rx fire, moderate intensity, from state E to state B 

11. K Rx fire, moderate intensity, from state E to state C 

12. K Rx fire, moderate intensity, from state E to state F 

13. L Rx fire, high intensity, from state E to state A 

14. L Rx fire, high intensity, from state E to state B 

15. L Rx fire, high intensity, from state E to state C 
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Appendix B figure 8a. Alternative A piñon-juniper woodland PNVT State E transitions continued 
 

 
Appendix B figure 8b. Alternative A piñon-juniper woodland PNVT State E transitions continued 
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Appendix B figure 9. Alternative A piñon-juniper woodland PNVT naturally driven (14)

1
 and potentially 

management driven (20)
2
 transitions for STATE F (PJ Grassland-PJ Woodland submodel SMC): Small size, 5” 

to 9.9” diameter, trees with closed, greater than 30% canopy cover; all tree types; understory beginning to 
disappear; mid successional development state used in Alternative A VDDT modeling on the A-SNFs. 
Alternative A piñon-juniper woodland PNVT State F transitions continued in Appendix B figures 9a and 9b 
 
1 Naturally driven transition types: 

 natural succession: 

1. 2_E, from state F to state E 

2. 2_G, from state F to state G 

 insect/disease: 

3. Insect/Disease, from state F to state C 

 wild fire: 

4. Mixed severity fire, moderate intensity, from state F to state B 

5. Mixed severity fire, moderate intensity, from state F to state C 

6. Mixed severity fire, moderate intensity, from state F to state D 

7. Mixed severity fire, moderate intensity, from state F to state G 

8. Nonlethal fire, low intensity, from state F to state B 

9. Nonlethal fire, low intensity, from state F to state C 

10. Nonlethal fire, low intensity, from state F to state D 

11. Nonlethal fire, low intensity, from state F to state G 

12. Stand replacing fire, high intensity, from state F to state A 

13. Stand replacing fire, high intensity, from state F to state C 

14. Stand replacing fire, high intensity, from state F to state D 
2 

Management driven transition types: 

 harvest treatments: 

1. B Free thin all sizes to target BA, from state F to state A 

2. B Free thin all sizes to target BA, from state F to state C 

3. B Free thin all sizes to target BA, from state F to state D 

4. D Thin under 16 inch diameter to BA, from state F to state D 

5. D Thin under 16 inch diameter to BA, from state F to state G 

6. E GroupSelect with matrix thin, from state F to state A 

7. E GroupSelect with matrix thin, from state F to state C 

8. E GroupSelect with matrix thin, from state F to state D 

9. G Clearcut with legacy trees, from state F to state A 

 prescribed burning: 

10. J Rx fire, low intensity, from state F to state B 

11. J Rx fire, low intensity, from state F to state C 

12. J Rx fire, low intensity, from state F to state D 

13. J Rx fire, low intensity, from state F to state G 
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14. K Rx fire, moderate intensity, from state F to state B 

15. K Rx fire, moderate intensity, from state F to state C 

16. K Rx fire, moderate intensity, from state F to state D 

17. K Rx fire, moderate intensity, from state F to state G 

18. L Rx fire, high intensity, from state F to state A 

19. L Rx fire, high intensity, from state F to state C 

20. L Rx fire, high intensity, from state F to state D 

 

 
Appendix B figure 9a. Alternative A piñon-juniper woodland PNVT State F transitions continued 
 

 
Appendix B figure 9b. Alternative A piñon-juniper woodland PNVT State F transitions continued 
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Appendix B figure 10. Alternative A piñon-juniper woodland PNVT naturally driven (13)

1
 and potentially 

management driven (15)
2
 transitions for STATE G (PJ Grassland-PJ Woodland submodel MVC): Medium and 

large to very large size, greater than or equal to 10” diameter trees, with closed, greater than 30% canopy 
cover; all tree types; closed piñon-juniper forest with depauperate understory, may be multi-storied; 
substantial mortality within stands; late successional development state used in Alternative A VDDT 
modeling on the A-SNFs. Alternative A piñon-juniper woodland PNVT State F transitions continued in 
Appendix B figures 10a and 10b 
 
1 Naturally driven transition types: 

 natural succession: 
1. 2_D, from state G to state D 

2. 2_E, from state G to state E 

3. 2_F, from state G to state F 

 insect/disease: 
4. Insect/Disease, from state G to state D 

 wild fire: 
5. Mixed severity fire, moderate intensity, from state G to state A 

6. Mixed severity fire, moderate intensity, from state G to state C 

7. Mixed severity fire, moderate intensity, from state G to state D 

8. Nonlethal fire, low intensity, from state G to state B 

9. Nonlethal fire, low intensity, from state G to state C 

10. Nonlethal fire, low intensity, from state G to state D 

11. Stand replacing fire, high intensity, from state G to state A 

12. Stand replacing fire, high intensity, from state G to state C 

13. Stand replacing fire, high intensity, from state G to state D 
2 Management driven transition types: 

 harvest treatments: 
1. B Free thin all sizes to target BA, from state G to state A 

2. B Free thin all sizes to target BA, from state G to state D 

3. D Thin under 16 inch diameter to BA, from state G to state G (circular transition) 

4. E GroupSelect with matrix thin, from state G to state A 

5. E GroupSelect with matrix thin, from state G to state C 

6. E GroupSelect with matrix thin, from state G to state D 

7. G Clearcut with legacy trees, from state G to state A 

 prescribed burning: 
8. J Rx fire, low intensity, from state G to state C 

9. J Rx fire, low intensity, from state G to state D 

10. K Rx fire, moderate intensity, from state G to state A 

11. K Rx fire, moderate intensity, from state G to state C 

12. K Rx fire, moderate intensity, from state G to state D 

13. L Rx fire, high intensity, from state G to state A 

14. L Rx fire, high intensity, from state G to state C 
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15. L Rx fire, high intensity, from state G to state D 
 

 
Appendix B figure 10a. Alternative A piñon-juniper woodland PNVT State G transitions continued 
 

 
Appendix B figure 10b. Alternative A piñon-juniper woodland PNVT State G transitions continued 
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Appendix B table 3. Current and reference condition (historic range of variability) vegetation state descriptions and existing vegetation crosswalks 
developed by Region 3 for piñon-juniper woodland PNVT on the A-SNFs (USFS, 2010) 

Current Trend Model1 
 

Reference Condition2 
 

Baseline Desired Condition 

source state description3 state (%) 
 

source state 
historic 

mean (%) 
description 

 
state (%) description 

U
S

F
S

 R
3

 m
o
d

el
 P

JG
 

A GFB/SHR 5 = 

L
A

N
D

F
IR

E
 R

A
 J

U
P

I1
 

A 5 
Post-fire community of forbs and perennial 

grasses 
= 5 Based on reference condition 

B SSO 8 = 

C 25 
Early-development, open (< 40% cover) 

juniper-piñon stand with mixed 

shrub/herbaceous community in understory 

= 25 Based on reference condition E SSC 8 = 

C SMO 8 = 

D MVO 50 = D 50 

Late-development, open juniper-piñon stand 

with “savannah-like” appearance; mixed 
shrub/herbaceous community 

= 50 Based on reference condition 

F SMC 10 = B 10 

Mid-development, dense (> 40% cover) 

juniper-piñon woodland; understory presence 

diminishing 

= 10 Based on reference condition 

G MVC 10 = E 10 

Late-development, closed juniper-piñon forest. 

May be multi-storied. Substantial mortality 

within stand; depauperate understory 

= 10 Based on reference condition 

1 Current trend model provided by the Southwestern Regional Office, Albuquerque, New Mexico 
2 Potential Natural Vegetation Group: Juniper-Pinyon (Frequent Fire Type), PNVT Code: JUPI1, April 6, 2005. Fire Regime Condition Class (FRCC) Interagency Handbook Reference Conditions (LANDFIRE, 2005) 

3 GFB/SHR = grass, forb, shrub; with less than 10 percent woody canopy cover 
SSO = Seedling, sapling size trees; with open woody canopy cover (< 5 inch diameter; and ≥ 10 percent and ≤ 30 percent)  
SSC = Seedling, sapling size trees; with closed woody canopy cover (< 5 inch diameter; and > 30 percent) 
SMO = Small size trees; with open woody canopy cover (5 to 9.9 inch diameter; and ≥ 10 percent and ≤ 30 percent)  
MVO = Medium to very large size trees; with open woody canopy cover (> 10 inch diameter; and ≥ 10 percent and ≤ 30 percent)  
SMC = Small size trees; with closed woody canopy cover (5 to 9.9 inch diameter; and > 30 percent) 
MVC = Medium to very large size trees; with closed woody canopy cover (> 10 inch diameter; and > 30 percent) 
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Appendix B table 4. Vegetative states, structure and respective compositions, cover and departure index to 
desired conditions (DC) and historic range of variability (HRV) for the piñon-juniper woodland PNVT 
(developed from LANDFIRE Rapid Assessment model description JUPI1) 

Historic 
State 

Successional Structure, Composition, and Cover Classes1 

Percent Composition Lesser Value 
Between 
Ai and Bi 

(c) 

Departure 
Index2 (%) current 

(Ai) 
DC/HRV 

(Bi) 

A Early-development, post-fire community of forbs and perennial grasses 7 5 5 

26 

B 
Mid-development, dense (> 40% cover) juniper-piñon woodland; 

understory presence diminishing 
6 10 6 

C 
Early-development, open (< 40% cover) juniper-piñon stand with mixed 

shrub/herbaceous community in understory 
3 25 3 

D 
Late-development, open juniper-piñon stand with “savannah-like” 

appearance; mixed shrub/herbaceous community 
69 50 50 

E 
Late-development, closed juniper-piñon forest. May be multi-storied. 

Substantial mortality within stand; depauperate understory 
15 10 10 

 100 100 74 
1 See appendix B table 3 for the vegetation state descriptions and appendix B table 3 for the vegetation map crosswalk for Piñon-Juniper Woodland PNVT on the A-

SNFs. See appendix B figures 1 and 2 for the conceptual historic and current piñon-juniper savanna vegetation type state and transition models (Gori and Bate 
2007) 

2 Percent departure index based on Czekanowski Coefficient (Czekanowski, 1913; as cited in Kent and Coker, 1992) 

 
In the example above, the piñon-juniper woodland PNVT has a departure index (DI) of 26 percent and as a result is 

26 percent departed from DCs and HRV. The following is Czekanowski’s Coefficient: 

 
  m   
 2  min (Ai, Bi) 

DIi = 
 i=1     

 m   m  
   Ai +  Bi 
  i=1   i=1  

 

    where: Ai and Bi        = abundance of percent composition i (column A and column B) 

 
= is sum of lesser values of percent composition i where it occurs in both Ai and Bi 

 

               m                    = total number of states 

 
 Double the sum of the lesser values between states for Current (Ai) and DC/HRV (Bi) composition, this equals Column 

C [in this case (2 x 74) = 148] 

 Divide that value by the sum of the Current (Ai) composition plus the sum of the DC/HRV (Bi) composition [in this 

case (148 / (100 + 100)) = 0.74] 

 Subtract that value from 1 [in this case (1 - 0.74) = 0.26] 

 Multiply that value by 100 [in this case (0.26 x 100) = 26] 

 Departure Index = 26 percent 

 

 

Additional PNVT Models and Modeling Information 
 

The following tables, appendix B tables 5 through 15 display, where available, the following information: 

the Region 3 crosswalks between the current trend model, R3 mid-scale existing vegetation mapping, 

reference conditions, and baseline DCs. 

m  
 min (Ai, Bi) 

i=1  
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Forested PNVTs 
 
 
Ponderosa Pine Forest PNVT 
 
 
Appendix B table 5. Ponderosa pine forest PNVT crosswalks developed by Region 3 (19 March 2010) used in the determination of departure from HRV and DCs. DCs were provided by the Regional Office, and HRV was derived from the Nature 
Conservancy (Smith, 2006a) 

         
INPUT PROPORTION OF PPO/PPG HERE 

 
68 

area or proportion of A-SNFs landscape in ponderosa 
pine/bunchgrass 

                 
32 

area or proportion of A-SNFs landscape in ponderosa 
pine/Gambel oak 

Current Trends Model 

 

R3 Mid-scale Existing Vegetation 
Mapping 

 
 

Reference Condition 
 

Baseline Desired Conditions for 
Ponderosa Pine/Gambel Oak  

Baseline Desired Conditions for 
Ponderosa Pine/Bunchgrass 

 
 

Baseline Desired Conditions for 
Ponderosa Pine Forest - All (PPO/PPG) 

source state description dominance unit - size/cover 
 

source 
TNC 
state 

historic 
mean1 (%) 

description 
 

structural 
stage (%) 

description 
 

structural 
stage (%) 

description 
 

structural 
stage (%) 

description 

U
S

F
S

 R
3

 m
o
d

el
 P

P
F

 

A, N GFB/SHR = 
Non-treed: Recently burned, grass, 

forb, and shrub types - N/A  

T
N

C
 P

o
n
d

er
o

sa
 P

in
e 

- 
B

u
n
ch

g
ra

ss
 

A, J 0 

Grass seedling/sapling < 

10% tree cover and 

uncharacteristic grassland 
 

0 Reference condition 
 

0 Reference condition 
 

0 Reference condition1 

B SSO = 
All tree types - Seedling/sapling - 

open canopy  
F 0 

Seedling/sapling > 10% tree 

cover 

 
2 

Conditions indicative of occasional even-aged 

stand dynamics and the development of Mexican 
spotted owl (MSO) habitat1 

 
1 

Conditions indicative of occasional even-aged 

stand dynamics and the development of 
northern goshawk nesting habitat1 

 

 
1 

Conditions indicative of occasional even-aged stand 

dynamics and the development of closed mature 
forest habitat1 F SSC = 

All tree types - Seedling/sapling - 

closed canopy   

C SMO = All tree types – Small - open canopy 
 

B 0 
Ponderosa pine young 

forest, < 30% cover  
2 

Conditions indicative of occasional even-aged 
stand dynamics and the development of MSO 

habitat1 
 

1 
Conditions indicative of occasional even-aged 

stand dynamics and the development of 

northern goshawk nesting habitat1 
 

1 
Conditions indicative of occasional even-aged stand 

dynamics and the development of closed mature 

forest habitat1 

D, J MOS, MOM = 
All tree types - Medium - open 

canopy  
C 0 

Ponderosa pine mid-age 

forest, < 30% cover  
79 

(primarily 
in J & K) 

Based on reference condition, and the 

predominance of uneven-aged dynamics and 
open forest. The plurality of stands on low-

productivity sites likely to occur as state J, 

versus high-productivity sites where state K is 
more likely2 

 

94 

(primarily 
in J & K) 

Based on reference condition, and the 

predominance of uneven-aged dynamics and 
open forest. The plurality of stands on low-

productivity sites likely to occur as state J, 

versus high-productivity sites where state K is 
more likely 

 

 

89 

(primarily 
in J & K) 

Based on reference condition, and the predominance 

of uneven-aged dynamics and open forest. The 

plurality of stands on low-productivity sites likely to 
occur as state J, versus high-productivity sites where 

state K is more likely 
E, K VOS, VOM = 

All tree types - Very large - open 

canopy  
D, E 100 

Ponderosa pine mature/old 
forest with regeneration, < 

30% cover 
 

Contemporary landscapes only… 
 

1 Based on 15.6-yr fire interval 
         

G SMC = All tree types - Small - closed canopy 

 

  

 

2 

Conditions indicative of occasional even-aged 

stand dynamics and the development of MSO 

habitat1 
 

1 

Conditions indicative of occasional even-aged 

stand dynamics and the development of 

northern goshawk nesting habitat1 
 

1 

Conditions indicative of occasional even-aged stand 

dynamics and the development of closed mature 

forest habitat1 H, L MCS, MCM = 
All tree types - Medium - closed 

canopy 
  

  

15 

Conditions indicative of MSO habitat, and 

occasional even-aged dynamics that occurred in 

the reference condition (Romme et al., 2009a), 
particularly on north facing slopes and canyons. 

The plurality of stands on low-productivity sites 

likely to occur as state H/L, versus high-
productivity sites where state I/M is more likely 

3 

Conditions indicative of northern goshawk 

nesting habitat, and occasional even-aged 
dynamics that occurred in the reference 

condition (Romme et al., 2009a), particularly on 

north facing slopes and canyons. The plurality 
of stands on low-productivity sites likely to 

occur as state H/L, versus high-productivity 

sites where state I/M is more likely 

 
7 

Conditions indicative of mature closed forest habitat 

and occasional even-aged dynamics that occurred in 

the reference condition (Romme et al., 2009a), 
particularly on north facing slopes and canyons. The 

plurality of stands on low-productivity sites likely to 

occur as state H/L, versus high-productivity sites 
where state I/M is more likely 

I, M VCS, VCM = 
All tree types - Very large - closed 

canopy 

 

        

 

 

          1 Reflects percentage of seral forests necessary to sustain at least 
15% MSO habitat in mature closed forest 

2 Based on residual proportion of the landscape not including mature 
closed forest (states H, L, I, M) and early-mid even-aged states (B, F, 
C, G) 

 1 Reflects percentage of early-mid seral forest necessary to sustain at 
least 3% mature closed forest condition as northern goshawk 
nesting habitat 

 1 Percentage may also be based on area weighting of PPO and PPG 
subclasses 
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Ponderosa Pine Forest PNVT State and Transition Models 

 

The following is Smith’s (2006b) discussion concerning the current modeling results for ponderosa pine 

forest.  

 

In response to the USDA Forest Service Southwestern Region’s need for landscape scale planning tools, 

Schussman and Smith (2006a and 2006b) developed broad-scale state and transition models for eight 

PNVTs in the Southwest based on a comprehensive literature review. They utilized this information to 

describe vegetation model states, identify parameter values for these models and to run quantitative 

scenario analysis, using VDDT software, to determine the relative proportion of model states on the 

landscape. VDDT software is a non-spatial model that allows the user to model vegetation change over 

time as a series of vegetation states that differ in structure, composition, and cover and to specify the 

amount of time it takes to move from one vegetation state to another in the absence of disturbance. 

Various disturbance agents affecting the movement of vegetation between states (or transitions) are 

incorporated (e.g., surface fires, stand-replacing fires, grazing, insect outbreaks, and drought events). By 

varying the types and rates of disturbance across the landscape, the effects of different disturbance 

regimes, such as historic and current fire regimes, or different management treatments, such as wildland 

fire use, fire suppression, prescribed burning, grazing practices, and mechanical fuel treatments, on 

vegetation can be investigated. These models will summarize and synthesize the current state of scientific 

knowledge of vegetation dynamics. Additionally, they will provide forest planners and managers with 

powerful tools for understanding, investigating, and demonstrating the effects of alternative scenarios for 

the management of vegetation on national forests at scales ranging from the RD to the Southwestern 

Region. 

 

The region-wide scale at which the models were constructed, as well as the sole reliance on published 

scientific information to build and parameterize the models, necessarily limits the level of detail in a 

model as well as the applicability of the model to a given site. Given these constraint, it is important to 

utilize information from these models to understand general trends in vegetation change and dynamics at 

large scales while utilizing finer scale models (such as those found in ecological site descriptions 

developed by the Natural Resources Conservation Service) and/or expert information to model and 

evaluate land management at the site level. 

 

Schussman and Smith (2006a and 2006b) defined all model states, transitions between states, and 

transition probabilities using information from published, peer-reviewed journal articles, as well as 

published conference proceedings, reports, theses and dissertations, and book chapters. They limited their 

search to relevant literature that came from studies of Southwest ecosystems, with a geographical 

emphasis on Arizona, New Mexico, and northern Mexico to ensure compatibility and relevance to 

Southwest ecosystems. This information is synthesized in narrative form for each PNVT in a companion 

document entitled Historic range of variation for potential natural vegetation types of the Southwest 

(Schussman and Smith, 2006a). 

 

Schussman and Smith (2006a and 2006b) described each model state by 1) its dominant vegetation and/or 

life form, 2) percent canopy cover or density of one vegetation component (i.e. grass, shrubs or trees), and 

3) the number of years that can be spent in that state (without a disturbance) before it transitions to 

another state. Dominant vegetation and life form definitions followed the Forest Service’s guidelines 

which break down or identify dominance types in terms of a single dominant species or genera when 

either accounts for greater than or equal to 60 percent canopy cover, or in terms of co-dominant species or 

genera when two or more species or genera account for greater than or equal to 80 percent canopy cover 

together with each individually having greater than or equal to 20 percent canopy cover. Life forms are 

classified as tree if tree canopy cover is greater than or equal to ten percent, shrub if shrub canopy cover is 

greater than or equal to ten percent, and herbaceous if herbaceous canopy cover is greater than or equal to 
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ten percent herbaceous canopy cover (Brohman and Bryant, 2005). The Nature Conservancy utilized 

Forest Service guidelines in the model building process in order to make the models directly comparable 

to Region 3’s mid-scale mapping of current vegetation. Parity of this nature will allow modeled estimates 

of historic vegetation to be compared with current vegetation in order to determine departure from 

historic and too help identify desired future conditions. 

 

Smith (2006a) identified 19 types of transitions that are likely under historical (pre-1880) (figure 4) 

and/or current (post-1880) (figure 5) conditions: stand replacing fire, mixed severity fire, surface fire, in-

growth, drought event, wet event, large droughts followed immediately by erosion events such as large 

wet events or wind events (drought/wet/wind), windthrow, avalanche, insect outbreak, disease outbreak, 

herbivory (native and non-native), use by native people, plant growth, prescribed fire or wildland fire use, 

spread of non-native species, and mechanical or chemical treatments. This is not an exhaustive list of 

possible transitions but rather represents a list for which there was information available to determine the 

effect and/or frequency of the transition. 

 

 

Appendix B figure 11. Conceptual historic state and transition model for the ponderosa pine-bunchgrass 
vegetation type. Frequency of transitions are noted when this information is supported by published 
sources; where no or conflicting information exists on the frequency of transitions, unknown is the notation 

 

The level of model complexity (number of model states and transitions) varies by PNVT based on the 

amount of available information. For example, there is a great deal of disturbance, cover, and post-

disturbance regeneration information available for the ponderosa pine forest PNVT; hence a ten state 

model with five transitions was created. In contrast, there is little to nothing known about these same 

factors for the Madrean encinal woodland PNVT (as an example), hence no model was created. Figure 5 

displays a conceptual current state and transition model for the Ponderosa Pine forest-bunchgrass 

vegetation type (Smith 2006a) used in VDDT modeling. In table 6, Smith (2006a) describes the 

parameters included or not included within the current VDDT models (Schussman and Smith 2006a and 

2006b), as well as the sources of information and any assumptions used to create the model parameters. 

Figures 6 through 16 display the actual state and transition model used in the VDDT program to 
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determine future departure conditions and assessment of trends for the ponderosa pine and dry mixed 

conifer forest PNVT (“AKA - mixed conifer with frequent fire forest”) on the A-SNFs. 

 

According to Smith (2006a and 2006b), results of the historic ponderosa pine-bunchgrass model indicate 

a small amount of variability in the 900-year average for each state based on the fire interval range. 

Historic models simulate the average (15.6 years), maximum (36.3 years), and minimum (5.4 years) of 

the estimated fire return interval range. All three fire return intervals predicted that a majority of the 

landscape (99 percent) would be in the open old forest (State E), with a very small proportion of the 

landscape in the mature open forests, (State D) (< 1 percent). The states represent uneven-aged stands or 

patches with the range of ages given representing the maximum age of the stand rather than the absolute 

range of ages within the patch. 

 

 

Appendix B figure 12. Conceptual current state and transition model for ponderosa pine-bunchgrass native 
vegetation type. Frequency of transitions are noted when this information is supported by published 
sources, where no or conflicting information exists on the frequency of transitions, unknown is the notation. 
Dashed outlines represent states which may have been uncharacteristic for the Nature Conservancy’s 
descriptions of the VDDT model transitions (Smith, 2006a; Schussman and Smith, 2006a and 2006b) 

 

The current ponderosa pine-bunchgrass model, which was run for 120 years, had very different results 

from the historic model. Old forest open (State E) has been reduced 70-90 percent, while mature/old 

forest closed (State I) increased from 0 percent in the historic model to a range of 53 to 57 percent in the 

current model. The percentage of open states is very low (0 to 1 percent) in the current model, while there 

is low abundance of the closed states other than state I (1 to 6 percent). Uncharacteristic grasslands (State 

J) accumulated up to 16 percent of the landscape under the current scenario, compared to 0 percent under 

the historic scenario. The minimum and average fire return intervals produced identical values for 

landscape proportion for all classes, indicating that the model is not sensitive to this variability in fire 

regime. 

 

According to Smith (2006a and 2006b), these modeled scenarios implicate the importance of frequent 

surface fire in maintaining open ponderosa pine-bunchgrass ecosystems. When comparing the historic 
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versus the current models, the increase in proportion of the landscape that is closed and susceptible to 

stand replacing fires that result in uncharacteristic grasslands that are not forested, and may have a low 

probability of becoming reforested without costly intervention, is readily apparent. When comparing the 

model outputs to existing conditions, it is likely that the model overestimates all classes of mature and old 

forest, which in reality have been reduced as a result of timber harvest (Bahre, 1985), and underestimate 

the seedling and sapling class abundance due to the lack of a regeneration transition that would increase 

these class abundances (States A and F). The abundance of these model states could be refined through a 

careful assessment of forthcoming datasets that will quantify their current abundance in the mid-scale 

vegetation analysis. 

 

These modeled scenarios implicate the importance of frequent surface fire in maintaining open ponderosa 

pine-bunchgrass ecosystems. When comparing the Historic versus the current models, the increase in 

proportion of the landscape that is closed and susceptible to stand replacing fires that result in 

uncharacteristic grasslands that are not forested, and may have a low probability of becoming reforested 

without costly intervention, is readily apparent. When comparing the model outputs to existing 

conditions, it is likely that the model overestimates all classes of mature and old forest, which in reality 

have been reduced as a result of timber harvest (Bahre, 1985), and underestimate the seedling and sapling 

class abundance due to the lack of a regeneration transition that would increase these class abundances 

(States A and F). The abundance of these model states could be refined through a careful assessment of 

forthcoming datasets that will quantify their current abundance in the mid-scale vegetation analysis. 

 

Appendix B figures 13 through 27 display the actual VDDT model for ponderosa pine forest, developed 

by the USDA FS Southwestern Region 3, and utilized during the planning effort on the A-SNFs to 

determine future departure conditions and assessment of trends. 

 



 

234 

Appendix B table 6. Identification of current transitions, frequency of transitions, sources of information used, and assumptions used to develop the 
frequency of transitions and its effect on vegetation for the ponderosa pine forest included in the VDDT models (adapted from Smith, 2006b

1
) 

Transition Type 
Transition Frequency 

or Length 
Information Sources Assumptions 

Fuel build-up  Once every year after 

25 years of growth 

Several authors have documented the cessation of surface fires around 

1880, which has led to the accumulation of fuels (Covington and Moore, 
1994; Swetnam and Baisan, 1996; Allen et al., 2002; Fulé et al., 2003) 

Smith assumed that it would take approximately 25 years of growth since 

the last surface fire to move from an open canopy state (< 30% canopy 
cover) to a higher canopy state (> 30%). 

Surface fire  Not used in current 

model  

Covington and Moore, 1994; Swetnam and Baisan, 1996; Sneed et al., 

2003; Allen et al., 2002; Fulé et al., 2003 

Based on direct observation, we assume that surface fire has ceased at the 

scale of this model (9 million acres). Occasional surface fires do occur, but 
not at the same scale, and typically enough fuels have accumulated in most 

areas to quickly transition surface fires to stand replacing fires. Prescribed 

fire and fire use fires are occurring in some areas at some times, but not 

within the range of variability for this system. 

Stand replacing fire  Once every 100 years  Cessation of surface fires and accumulation of fuels and development of 

fuel ladders has led to an increase in the frequency of stand replacing fires 

(Covington and Moore, 1994; Swetnam and Baisan, 1996; Covington et 
al., 1997; Allen et al., 2002). The effects of stand replacing fire on 

vegetation have been documented by Savage and Mast (2005) 

Smith based his estimate of fire on fire scar data. Specifically, regional fire 

scar data shows drastic declines in fires from 1900 to present. Given these 

data, we estimated a fire occurrence of 1 in the last 100 years. Fires studied 
by Savage and Mast (2005) give proportions of ponderosa pine forests 

resulting from stand replacing fires of the 1940s to 1970s. These values 

were used in modeling the relative proportion of states resulting from stand 
replacing fire in ponderosa pine forests of the Southwest.  

Insect outbreak  Once every 50 to 100 

years  

Bark beetle insect outbreaks have occurred 1 to 2 times over the last 

century (Dahms and Geils, 1997; Negrón et al., 2000) 

Insect-mediated mortality of ponderosa pines is highly variable spatially 

and temporally, but stands seldom experience 100% mortality, and it is 
assumed that beetle outbreaks take patches from a closed to an open state 

of the same age. 

Plant growth  40 years  Transitions among model states were taken from silvicultural data 

summarized by Reynolds et al. (1992) 

Smith assumed that transition from seedling/sapling to young forest takes 

approximately 40 years, and transitions from young to mid-age forest, mid-
age to mature forest, and mature forest to old forest also take 40 years. 

Silvicultural activities  Highly variable 

through time and 
across space, thus not 

included in the model  

Ponderosa pine forests have been logged and thinned since the 1850s to 

1880s, with silvicultural prescriptions ranging from clear-cutting to 
thinning of pole and smaller trees (Bahre, 1985) 

Smith assumed that the model overestimates the proportion of the current 

landscape in the mature to old forest open and closed classes due to the 
loss of many of the larger trees to timber harvest.  

1 See Smith, 2006b 
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Appendix B figure 13. Actual Alternative A VDDT state and transition model used for assessing trends in the 
ponderosa pine forest PNVT on the A-SNFs 

 

 
Appendix B figure 14. Alternative A ponderosa pine forest PNVTs’ potentially management driven (0) and 
naturally driven (5) transitions for State A 
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Appendix B figure 15. Alternative A ponderosa pine forest PNVTs’ potentially management driven (5) and 
naturally driven (9) transitions for State B. Alternative A ponderosa pine forest PNVT State B transitions 
continued in Appendix B figure 15a 

 

 
Appendix B figure 15a. Alternative A ponderosa pine forest PNVT State B transitions continued 
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Appendix B figure 16. Alternative A ponderosa pine forest PNVTs’ potentially management driven (9) and 
naturally driven (13) transitions for State C. Alternative A ponderosa pine forest PNVT State C transitions 
continued in Appendix B figure 16a 

 

 
Appendix B figure 16a. Alternative A ponderosa pine forest PNVT State C transitions continued 
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Appendix B figure 17. Alternative A ponderosa pine forest PNVTs’ potentially management driven (10) and 
naturally driven (10) transitions for State D. Alternative A ponderosa pine forest PNVT State D transitions 
continued in Appendix B figure 17a 

 

 
Appendix B figure 17a. Alternative A ponderosa pine forest PNVT State D transitions continued 
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Appendix B figure 18. Alternative A ponderosa pine forest PNVTs’ potentially management driven (8) and 
naturally driven (7) transitions for State E. Alternative A ponderosa pine forest PNVT State E transitions 
continued in Appendix B figure 18a 

 

 
Appendix B figure 18a. Alternative A ponderosa pine forest PNVT State E transitions continued 
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Appendix B figure 19. Alternative A ponderosa pine forest PNVTs’ potentially management driven (21) and 
naturally driven (17) transitions for State F. Alternative A ponderosa pine forest PNVT State F transitions 
continued in Appendix B figures 19a and 19b 

 

 
Appendix B figure 19a. Alternative A ponderosa pine forest PNVT State F transitions continued 
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Appendix B figure 19b. Alternative A ponderosa pine forest PNVT State F transitions continued 
 

 
Appendix B figure 20. Alternative A ponderosa pine forest PNVTs’ potentially management driven (35) and 
naturally driven (27) transitions for State G. Alternative A ponderosa pine forest PNVT State G transitions 
continued in Appendix B figures 20a through 20d 

 

  



 

242 

 
Appendix B figure 20a. Alternative A ponderosa pine forest PNVT State G transitions continued 
 

 
Appendix B figure 20b. Alternative A ponderosa pine forest PNVT State G transitions continued 
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Appendix B figure 20c. Alternative A ponderosa pine forest PNVT State G transitions continued 
 

 
Appendix B figure 20d. Alternative A ponderosa pine forest PNVT State G transitions continued 
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Appendix B figure 21. Alternative A ponderosa pine forest PNVTs’ potentially management driven (22) and 
naturally driven (15) transitions for State H. Alternative A ponderosa pine forest PNVT State H transitions 
continued in Appendix B figures 21a and 21b 

 

 
Appendix B figure 21a. Alternative A ponderosa pine forest PNVT State H transitions continued 
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Appendix B figure 21b. Alternative A ponderosa pine forest PNVT State H transitions continued 
 

 
Appendix B figure 22. Alternative A ponderosa pine forest PNVTs’ potentially management driven (10) and 
naturally driven (8) transitions for State I. Alternative A ponderosa pine forest PNVT State I transitions 
continued in Appendix B figure 22a 
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Appendix B figure 22a. Alternative A ponderosa pine forest PNVT State I transitions continued 
 

 
Appendix B figure 23. Alternative A ponderosa pine forest PNVTs’ potentially management driven (17) and 
naturally driven (14) transitions for State J. Alternative A ponderosa pine forest PNVT State J transitions 
continued in Appendix B figures 23a and 23b 

 



 

247 

 
Appendix B figure 23a. Alternative A ponderosa pine forest PNVT State J transitions continued 
 

 
Appendix B figure 23b. Alternative A ponderosa pine forest PNVT State J transitions continued 
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Appendix B figure 24. Alternative A ponderosa pine forest PNVTs’ potentially management driven (9) and 
naturally driven (11) transitions for State K. Alternative A ponderosa pine forest PNVT State K transitions 
continued in Appendix B figure 24a 

 

 
Appendix B figure 24a. Alternative A ponderosa pine forest PNVT State K transitions continued 
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Appendix B figure 25. Alternative A ponderosa pine forest PNVTs’ potentially management driven (26) and 
naturally driven (20) transitions for State L. Alternative A ponderosa pine forest PNVT State L transitions 
continued in Appendix B figures 25a through 25c 

 

 
Appendix B figure 25a. Alternative A ponderosa pine forest PNVT State L transitions continued 
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Appendix B figure 25b. Alternative A ponderosa pine forest PNVT State L transitions continued 
 

 
Appendix B figure 25c. Alternative A ponderosa pine forest PNVT State L transitions continued 
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Appendix B figure 26. Alternative A ponderosa pine forest PNVTs’ potentially management driven (15) and 
naturally driven (6) transitions for State M. Alternative A ponderosa pine forest PNVT State M transitions 
continued in Appendix B figures 26a and 26b 

 

 
Appendix B figure 26a. Alternative A ponderosa pine forest PNVT State M transitions continued 
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Appendix B figure 26b. Alternative A ponderosa pine forest PNVT State M transitions continued 
 

 
Appendix B figure 27. Alternative A ponderosa pine forest PNVTs’ potentially management driven (1) and 
naturally driven (2) transitions for State N 
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Wet Mixed Conifer Forest PNVT 
 
 
Appendix B table 7. Wet mixed conifer forest (AKA - Mixed conifer with aspen PNVT (MCW) - with and without aspen succession) PNVT crosswalks developed by Region 3 (9 December 2010) used in the determination of departure from HRV and DCs. 
DCs were provided by the Regional Office, and HRV was derived from the Nature Conservancy (Smith, 2006b) 

Current Trend Model 

 

R3 Mid-scale Existing Vegetation Mapping 
 

Reference Condition 
 

Baseline Desired Conditions 

source state1, 2 description dominance unit - size/cover 
 

source TNC state 
historic 

mean1 (%) 
description 

 
historic 

mean (%) 
description 
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S
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S
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 M

C
W

 

A, K GFB/SHR (all) = NON-TREED: Recently burned, grass, forb, and shrub types - N/A 
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N
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W
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h

 A
sp

en
 

A 1 
Grass/forb with quaking aspen or oak ramets, 

10 - 40% tree cover  
7 

Reference condition including systems with no quaking aspen 

succession
1
 

B Aspen/mixed deciduous (all size and cover classes) = 

All quaking aspen, deciduous tree mix, and evergreen-deciduous mix tree 

types (e.g., quaking aspen_Douglas-fir) - Seedling/sapling, small, medium, 

and very-large all cover classes 
 

B 21 

Quaking aspen/mixed-quaking aspen forest, > 

40% tree cover, dominated by quaking aspen or 

oak, conifer understory 
 

21 Reference condition 

C3 
SSC, SMC shade tolerant/mixed shade tolerant conifer 

(SSO, SMO shade tolerant also included here)4 
= 

Shade tolerant/mixed shade tolerant tree types (e.g., ponderosa 
pine_Douglas-fir) - Seedling/sapling, small, all cover classes  

C, F 29 
Mixed conifer forest with regeneration, 20 - 

60%+ tree cover 

 

18 
Reference condition including systems with no quaking aspen 

succession† 
G, P SSO, SMO shade intolerant conifer = 

Shade intolerant tree types - Seedling/sapling - open canopy, small - open 
canopy   

L SSC, SMC shade intolerant conifer = 
Shade intolerant tree types - Seedling/sapling - closed canopy, small - 

closed canopy   

D, M 
MC shade tolerant/mixed shade tolerant conifer (MO 

shade tolerant also included here)4 
= 

Shade tolerant/mixed shade tolerant tree types (e.g., ponderosa 

pine_Douglas-fir) - Medium, all cover classes   
14 

Reference condition including systems with no quaking aspen 

succession
1
 

H, Q 
MO shade intolerant conifer (MC shade intolerant also 

included here)4 
= All shade intolerant tree types - Medium, all cover classes 

  

E, N 
VCS shade tolerant conifer (VCS shade intolerant also 

included here)4 
= 

Shade tolerant/shade intolerant tree types - Very large - closed canopy 
 

D, G 49 
Mixed conifer old forest with regeneration, 20 - 

60%+ tree cover 

 
40 

Reference condition including systems with no quaking aspen 

succession. Higher proportions can be expected for 

associations with longer stand replacement intervals2 F, O 
VCM shade tolerant conifer (VCM shade intolerant 

also included here)4 
= 

  

I, R 
VOS shade tolerant conifer (include VOS shade 

intolerant conifers here)4 
= 

All shade tolerant/shade intolerant tree types - Very large - open canopy 
 

1 Based on 15-yr non-lethal fire interval 
 

1 Weibull age-class distribution model used to estimate values for systems with no 
quaking aspen succession, model parameters below (300 years - stand cycle age, 
quaking aspen succession system; 200 years - stand cycle age, no quaking aspen 
succession system; 63% - proportion of landscape occurring with quaking aspen 
succession; 0.8 - severity coefficient, Weibull model; 263 - resulting average stand 
cycle age) 

2 Adaptation strategies to thin stands (to states C, F) are limited where white fir and 
spruce dominate. 

 

 

  

 

J, S 
VOM shade tolerant conifer (include VOM shade 

intolerant conifers here)4 
= 

 

1 States with elk and no or limited quaking aspen regeneration are indicated in bold and italic, 
and are found on contemporary landscapes only and were not part of the historic conditions 

2 Initial conditions are proportioned for A-K, D-M, E-N, F-O, G-P, H-Q, I-R, and J-S according to 
the proportion of the landscape outside and inside elk summer range, respectively 

3 R3 model state C has only partial overlap in theme with TNC states C and F, but provides a 
better cross-reference than other options 

4 Atypical type without a model state, included with the next most similar state 
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Wet Mixed Conifer Forest (AKA - Mixed Conifer with Aspen) State and Transition Models 

 

The following is Smith’s (2006c) discussion concerning the current modeling results for wet mixed 

conifer forest. 

 

Based on this understanding of vegetation dynamics, we created state and transition models depicting 

historic (pre-1880) and current (1880 to present) vegetation dynamics within this forest. Additionally, we 

used information from the state and transition models to develop quantitative VDDT models. The VDDT 

17-3 software allows the user to model succession as a series of vegetation states that differ in structure, 

composition, and cover and to specify the amount of time it takes to move from one vegetation state to 

another in the absence of disturbance. Various disturbance agents affecting the movement of vegetation 

between states can then be incorporated (e.g., surface fires, stand-replacing fires, grazing and browsing, 

insect outbreaks). By varying the types and rates of disturbance across the landscape, the effects of 

different management treatments, such as wildland fire use, fire suppression, prescribed burning, grazing 

practices, and mechanical fuel treatments, on future vegetation can be investigated. While VDDT models 

can be used to “game play” with different management scenarios, the models we ran in this analysis only 

include states and transitions for which there is published information to support their inclusion within the 

model. Smith discusses model parameters, output, and analysis below. 

 

Appendix B figure 28 displays a conceptual current state and transition model for the wet mixed conifer 

forest vegetation type (Smith 2006d) used in VDDT modeling. In table 23, Smith (2006d) describes the 

parameters included or not included within the current VDDT models (Schussman and Smith, 2006a and 

2006b), as well as the sources of information and any assumptions used to create the model parameters.  

 

 
Appendix B figure 28. Conceptual current state and transition model for the wet mixed conifer forest 
vegetation type. Frequency of transitions are noted when this information is supported by published 
sources, where no or conflicting information exists on the frequency of transitions, unknown is the notation. 
Dashed outlines represent states which may have been uncharacteristic for the historic period (Smith, 2006c) 
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The current mixed conifer with aspen model, which was run for 120 years following the development of 

historic conditions, had very different results from the historic model (table 17-4
30

). Old forest open (state 

D) has been reduced by about half for all three fire interval models, and aspen regeneration (State A) has 

been reduced by about 75% for the two least frequently burned landscapes, and by about 90% for the 

most frequently burned landscape. With a fire return interval (FRI) of 33 years, slightly less than a third 

of the landscape is in the old forest closed state (state G), slightly more than a third is in the old forest 

open (state D), and around 10% is in states C, E, and F. Also, with an FRI = 33 years, the two youngest 

historic classes are not well represented (state A < 1%, state B < 3%), and over 50% of the landscape is in 

states that are not characteristic based on the historic model (states E, F, and G). With the average FRI (15 

years), 56% of the landscape is uncharacteristic, and for the minimum FRI (5 years), almost 70% of the 

landscape is uncharacteristic. 

 

These modeled scenarios implicate the importance of frequent surface fire in maintaining both ends 

of the age spectrum for mixed conifer with aspen forests. The reduction by half of the open, 

mature/old forest (state D) may have a large impact on wildlife species that depend on old trees and 

forests. Replacement of these older, more open-canopied forests with denser, closed-canopied forests 

may also affect the abundance and diversity of shrubs, understory grasses and forbs. Also, the loss of 

early aspen regeneration and subsequent young and mid-aged forest with a strong aspen component 

is important due to the potential decline of species of wildlife that utilize aspen. Typically, we think 

of aspen decline being caused by overtopping and succession by conifers (Shaw, 2004). In the 

absence of disturbance such as fire, few young aspen ramets are produced, and aspen regenerates in 

very small patches. However, under the scenario presented in the current model, lack of surface fire 

is compounded by the addition of heavy browsing by an introduced ungulate, Rocky Mountain elk, 

which hastens the decline of aspen by reducing young ramets across the landscape, and changes its 

trajectory along a hypothetically irreversible pathway.  

 

Under the current scenario, there is a large increase in the proportion of closed, mid- age to old age 

forests. In a forest system that has evolved with occasional, small scale stand replacing fire, the 

elimination of surface fire may lead to increased frequency, and probably more importantly, more 

widespread spatially stand replacing fire, of higher intensity, covering more area per decade than was 

experienced in the historic, or prehistoric periods. 

 
Appendix B figures 29 through 48 display the actual VDDT model for wet mixed conifer forest, 

developed by the USDA FS Southwestern Region 3, and utilized during the planning effort on the A-

SNFs to determine future departure conditions and assessment of trends. 

 

                                                           
30 See Smith, 2006c. 
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Appendix B table 8. Identification of current transitions, frequency of transitions, sources of information used, and assumptions used to develop the 
frequency of transitions and its effect on vegetation included in the VDDT models for wet mixed conifer forest vegetation type (adapted from Smith, 
2006c

1
) 

Transition Type 
Transition Frequency or 

Length 
Information Sources Assumptions 

Fuel build up  Once every year.  Several authors have documented the cessation of surface fires 

around 1880, which has led to the accumulation of fuels 

(Covington and Moore, 1994; Swetnam and Baisan, 1996; 
Allen et al., 2002; Fulé et al., 2003) 

Smith reported that it would take approximately 60 years of growth since the last 

surface fire to move from an open canopy state (< 30% canopy cover) to a higher 

canopy state (> 30%).  

Surface fire  Not used in current 

model  

Covington and Moore, 1994; Swetnam and Baisan, 1996; 

Sneed et al., 2003; Allen et al., 2002; Fulé et al., 2003. 

Based on direct observation, we assume that surface fire has ceased at the scale of this 

model (~2 million ac.). Occasional surface fires do occur, but not at the same scale, 
and typically enough fuels have accumulated in most areas to quickly transition 

surface fires to stand replacing fires. Prescribed fire and fire use fires are occurring in 

some areas at some times, but not within the range of variability for this system. 

Stand replacing fire  Once every 5 to 33 
years  

Cessation of surface fires and accumulation of fuels and 
development of fuel ladders has not yet led to an increase in 

the frequency of stand replacing fires, but the size of patches 
affected by these fire events may be increasing (Swetnam et 

al., 2005) 

Smith reported that stand replacing fires have not changed in frequency, but that they 
have changed in how much area they affect, and which states they move forests to. 

We assumed that stand replacing fires currently move 10-20% of the landscape area 
(double historic values) to equal proportions of less dense or younger forest classes 

(e.g. state G goes to states E, C and D; state F goes to states C and E, but state E does 

not go to state B because aspen has been removed by browsing, so state E stays at 
state E.). 

Insect outbreak  33 years between 

outbreaks  

Swetnam, 1987; Lynch and Swetnam, 1992 Western spruce budworm outbreaks occurred once every 33 years on average, 

preferentially during wet periods, and primarily on mid-age forests. We assumed that 

the area affected by defoliations was small (< 5% of landscape) but openings would 
be moved back to the regeneration state (A). 

Browsing  Once every year in 

presence of elk over 
95% of landscape  

If elk are present, they browse aspen until it does not produce 

ramets within 2-5 years (Bailey and Whitham, 2002; Rolf 
unpublished report2) 

Smith reported that elk have moved aspen recruitment dynamics into a new 

trajectory, where regeneration by conifers occurs not under the shade of aspens, but in 
full sun, preferentially selecting for shade intolerant species such as ponderosa pine. 

Since aspen are short-lived trees, this process may not be reversible unless mature 

aspen is still extant. 

Plant growth State E to 
State F  

95 years from young to 
mid-age forest  

Jones and DeByle, 1985a Smith reported that the transition from young forest to mid-age forest takes 
approximately 95 years, as conifer trees in the understory grow into the canopy. Tree 

composition may be different from historic based on above effects of browse pressure 

and lack of surface fires. 

Plant growth State F to 

State G  

100 years from mid-age 

forest to old/mature 

forest  

Old growth characteristics begin developing around 200 years 

(Mehl, 1992) 

Smith reported that transition from mid-age to mature/old forest takes approximately 

100 years, with multiple conifer regeneration events occurring, aspen decline is 

nearly complete, and stand structure has closed due to infill by regeneration and 

growth of mid-age trees. 

Silvicultural activities  Highly variable through 

time and across space, 

thus not included in the 
model 

Mixed conifer forests have been logged and thinned since the 

1850s to 1880s, with silvicultural prescriptions ranging from 

clear-cutting to thinning of pole and smaller trees (Bahre, 
1985) 

Smith reported that the model overestimates the proportion of the current landscape in 

the old forest open and closed classes (states D and G) due to the loss of many of the 

larger trees to timber harvest that is not accounted for in the model. 

1 See Smith, 2006c 
2
 Rolf, James, 2005. Unpublished report. USDA Forest Service, Coconino National Forest, Flagstaff, AZ 
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Appendix B figure 29. Actual Alternative A VDDT state and transition model used for assessing trends in the 
wet mixed conifer forest PNVT on the A-SNFs 

 

 
Appendix B figure 30. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (0) and 
naturally driven (6) transitions for State A 
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Appendix B figure 31. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (10) and 
naturally driven (11) transitions for State B. Alternative A wet mixed conifer forest PNVT State B transitions 
continued in Appendix B figure 31a 

 

 
Appendix B figure 31a. Alternative A wet mixed conifer forest PNVT State B transitions continued 
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Appendix B figure 32. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (26) and 
naturally driven (21) transitions for State C. Alternative A wet mixed conifer forest PNVT State C transitions 
continued in Appendix B figures 32a through 32c 
 

 
Appendix B figure 32a. Alternative A wet mixed conifer forest PNVT State C transitions continued 
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Appendix B figure 32b. Alternative A wet mixed conifer forest PNVT State C transitions continued 
 

 
Appendix B figure 32c. Alternative A wet mixed conifer forest PNVT State C transitions continued 
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Appendix B figure 33. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (27) and 
naturally driven (13) transitions for State D. Alternative A wet mixed conifer forest PNVT State D transitions 
continued in Appendix B figures 33a through 33c 
 

 

Appendix B figure 33a. Alternative A wet mixed conifer forest PNVT State D transitions continued 
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Appendix B figure 33b. Alternative A wet mixed conifer forest PNVT State D transitions continued 
 

 

Appendix B figure 33c. Alternative A wet mixed conifer forest PNVT State D transitions continued 
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Appendix B figure 34. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (13) and 
naturally driven (11) transitions for State E. Alternative A wet mixed conifer forest PNVT State E transitions 
continued in Appendix B figure 34a 
 

 

Appendix B figure 34a. Alternative A wet mixed conifer forest PNVT State E transitions continued 
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Appendix B figure 35. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (14) and 
naturally driven (10) transitions for State F. Alternative A wet mixed conifer forest PNVT State F transitions 
continued in Appendix B figure 35a 
 

 

Appendix B figure 35a. Alternative A wet mixed conifer forest PNVT State F transitions continued 
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Appendix B figure 36. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (6) and 
naturally driven (7) transitions for State G. Alternative A wet mixed conifer forest PNVT State G transitions 
continued in Appendix B figure 36a 
 

 
Appendix B figure 36a. Alternative A wet mixed conifer forest PNVT State G transitions continued 
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Appendix B figure 37. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (15) and 
naturally driven (8) transitions for State H. Alternative A wet mixed conifer forest PNVT State H transitions 
continued in Appendix B figure 37a 
 

 
Appendix B figure 37a. Alternative A wet mixed conifer forest PNVT State H transitions continued 
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Appendix B figure 38. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (7) and 
naturally driven (6) transitions for State I. Alternative A wet mixed conifer forest PNVT State I transitions 
continued in Appendix B figure 38a 
 

 
Appendix B figure 38a. Alternative A wet mixed conifer forest PNVT State I transitions continued 
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Appendix B figure 39. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (10) and 
naturally driven (9) transitions for State J. Alternative A wet mixed conifer forest PNVT State J transitions 
continued in Appendix B figure 39a 
 

 
Appendix B figure 39a. Alternative A wet mixed conifer forest PNVT State J transitions continued 
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Appendix B figure 40. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (2) and 
naturally driven (4) transitions for State K 
 

 
Appendix B figure 41. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (35) and 
naturally driven (24) transitions for State L. Alternative A wet mixed conifer forest PNVT State L transitions 
continued in Appendix B figures 41a through 41d 
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Appendix B figure 41a. Alternative A wet mixed conifer forest PNVT State L transitions continued 
 

 
Appendix B figure 41b. Alternative A wet mixed conifer forest PNVT State L transitions continued 
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Appendix B figure 41c. Alternative A wet mixed conifer forest PNVT State L transitions continued 
 

 
Appendix B figure 41d. Alternative A wet mixed conifer forest PNVT State L transitions continued 
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Appendix B figure 42. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (76) and 
naturally driven (31) transitions for State M. Alternative A wet mixed conifer forest PNVT State M transitions 
continued in Appendix B figures 42a through 42h 
 

 
Appendix B figure 42a. Alternative A wet mixed conifer forest PNVT State M transitions continued 
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Appendix B figure 42b. Alternative A wet mixed conifer forest PNVT State M transitions continued 
 

 
Appendix B figure 42c. Alternative A wet mixed conifer forest PNVT State M transitions continued 
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Appendix B figure 42d. Alternative A wet mixed conifer forest PNVT State M transitions continued 
 

 
Appendix B figure 42e. Alternative A wet mixed conifer forest PNVT State M transitions continued 
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Appendix B figure 42f. Alternative A wet mixed conifer forest PNVT State M transitions continued 
 

 
Appendix B figure 42g. Alternative A wet mixed conifer forest PNVT State M transitions continued 
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Appendix B figure 42h. Alternative A wet mixed conifer forest PNVT State M transitions continued 
 

 
Appendix B figure 43. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (34) and 
naturally driven (16) transitions for State N. Alternative A Wet mixed conifer forest PNVT State N transitions 
continued in Appendix B figures 43a through 43c 
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Appendix B figure 43a. Alternative A wet mixed conifer forest PNVT State N transitions continued 
 

 
Appendix B figure 43b. Alternative A wet mixed conifer forest PNVT State N transitions continued 
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Appendix B figure 43c. Alternative A wet mixed conifer forest PNVT State N transitions continued 
 

 
Appendix B figure 44. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (33) and 
naturally driven (15) transitions for State O. Alternative A wet mixed conifer forest PNVT State O transitions 
continued in Appendix B figures 44a through 44c 
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Appendix B figure 44a. Alternative A wet mixed conifer forest PNVT State O transitions continued 
 

 
Appendix B figure 44b. Alternative A wet mixed conifer forest PNVT State O transitions continued 
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Appendix B figure 44c. Alternative A wet mixed conifer forest PNVT State O transitions continued 
 

 
Appendix B figure 45. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (13) and 
naturally driven (11) transitions for State P. Alternative A wet mixed conifer forest PNVT State P transitions 
continued in Appendix B figures 45a 
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Appendix B figure 45a. Alternative A wet mixed conifer forest PNVT State P transitions continued 
 

 
Appendix B figure 46. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (50) and 
naturally driven (12) transitions for State Q. Alternative A wet mixed conifer forest PNVT State Q transitions 
continued in Appendix B figures 46a through 46d 
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Appendix B figure 46a. Alternative A wet mixed conifer forest PNVT State Q transitions continued 
 

 
Appendix B figure 46b. Alternative A wet mixed conifer forest PNVT State Q transitions continued 
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Appendix B figure 46c. Alternative A wet mixed conifer forest PNVT State Q transitions continued 
 

 
Appendix B figure 46d. Alternative A wet mixed conifer forest PNVT State Q transitions continued 
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Appendix B figure 47. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (22) and 
naturally driven (11) transitions for State R. Alternative A wet mixed conifer forest PNVT State R transitions 
continued in Appendix B figures 47a and 47b 
 

 
Appendix B figure 47a. Alternative A wet mixed conifer forest PNVT State R transitions continued 
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Appendix B figure 47b. Alternative A wet mixed conifer forest PNVT State R transitions continued 
 

 
Appendix B figure 48. Alternative A wet mixed conifer forest PNVTs’ potentially management driven (23) and 
naturally driven (14) transitions for State S. Alternative A wet mixed conifer forest PNVT State S transitions 
continued in Appendix B figures 48a and 48b 
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Appendix B figure 48a. Alternative A wet mixed conifer forest PNVT State S transitions continued 
 

 
Appendix B figure 48b. Alternative A wet mixed conifer forest PNVT State S transitions continued 
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Dry Mixed Conifer Forest PNVT 
 
 
Appendix B table 9. Dry mixed conifer forest (AKA - Mixed conifer with frequent fire PNVT (MCD)) PNVT crosswalks developed by Region 3 (19 March 2010) used in the determination of departure from HRV and DCs. DCs were provided by the Regional 
Office, and HRV was derived from LANDFIRE (2007a) 

Current Trends Model 

 

R3 Mid-scale Existing Vegetation Mapping 
 

Reference Condition 
 

Baseline Desired Conditions 

source state description dominance unit - size/cover 
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A 20 Early development, all structures 
 

9 
Reference condition, and conditions indicative of even-aged stand dynamics and the development of 

Mexican spotted owl (MSO) habitat1 
B, F SSC, SSO = 

All tree types - Seedling/sapling - open canopy, 

seedling/sapling - closed canopy   

C SMO - Shade intolerant = All shade intolerant tree types - Small - open canopy 
 

C 10 Mid development, open 
 

3 
Reference condition, and conditions indicative of even-aged stand dynamics and the development of MSO 

habitat2 

D, J MOS, MOM - Shade intolerant = 
All shade intolerant tree types - Medium - open 

canopy  
D 60 Late development, open 

 
60 

Based on reference condition, and the predominance of uneven-aged dynamics and open forest. The 

plurality of stands on low-productivity sites likely to occur as state J, versus high-productivity sites where 

state K is more likely2 E, K VOS, VOM - Shade intolerant = 
All shade intolerant tree types - Very large - open 

canopy   

G SMC - Mixed shade tolerant = 

All shade tolerant tree types and mixed-tolerant tree 

types (e.g., ponderosa pine_Douglas-fir) - Small - 
closed canopy 

 
B 5 Mid development, closed 

 
3 

Reference condition, and conditions indicative of even-aged stand dynamics and the development of MSO 

habitat2 

H, L 
MCS, MCM - Mixed shade 

tolerant 
= 

All shade tolerant tree types and mixed-tolerant tree 

types (e.g., ponderosa pine_Douglas-fir) - Medium -
closed canopy 

 

E 5 Late development, closed 

 

25 

Conditions indicative of MSO habitat, and occasional even-aged dynamics that occurred in the reference 

condition (Romme et al., 2010), particularly on north facing slopes and canyons. The plurality of stands on 
low-productivity sites likely to occur as state H/L, versus high-productivity sites where state I/M is more 

likely I, M 
VCS, VCM - Mixed shade 

tolerant 
= 

All shade tolerant tree types and mixed-tolerant tree 
types (e.g., ponderosa pine_Douglas-fir) - Very large - 

closed canopy 
  

        
1 Based on 15.6-year fire interval 

 
1 Based on necessary level of even-aged management (4% per decade) to maintain 25% mature closed forest condition (10"+ DBH), 

tempered by reference condition (20%). The remaining available percentage, after accounting for sustenance of MSO habitat and 60% 
late-open, was included here 

2 Reflects percentage of seral forests necessary to sustain at least 25% MSO habitat in mature closed forest 
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Dry Mixed Conifer Forest (AKA –“Mixed Conifer with Frequent Fire”) PNVT State and Transition 

Models: 

 

See discussion and VDDT modeling under ponderosa pine forest PNVT. Appendix B figures 49 through 

63 display the actual VDDT model for dry mixed conifer forest, developed by the USDA FS 

Southwestern Region 3, and utilized during the planning effort on the A-SNFs to determine future 

departure conditions and assessment of trends. 

 

 

Appendix B figure 49. Actual Alternative A VDDT state and transition model used for assessing trends in the 
dry mixed conifer forest PNVT on the A-SNFs 
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Appendix B figure 50. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (0) and 
naturally driven (2) transitions for State A 
 

 

Appendix B figure 51. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (7) and 
naturally driven (8) transitions for State B. Alternative A dry mixed conifer forest PNVT State B transitions 
continued in Appendix B figure 51a 
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Appendix B figure 51a. Alternative A dry mixed conifer forest PNVT State B transitions continued 
 

 

Appendix B figure 52. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (6) and 
naturally driven (5) transitions for State C. 
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Appendix B figure 53. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (8) and 
naturally driven (5) transitions for State D. Alternative A dry mixed conifer forest PNVT State D transitions 
continued in Appendix B figure 53a 
 

 
Appendix B figure 53a. Alternative A dry mixed conifer forest PNVT State D transitions continued 
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Appendix B figure 54. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (8) and 
naturally driven (6) transitions for State E. Alternative A dry mixed conifer forest PNVT State E transitions 
continued in Appendix B figure 54a 
 

 
Appendix B figure 54a. Alternative A dry mixed conifer forest PNVT State E transitions continued 
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Appendix B figure 55. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (29) and 
naturally driven (21) transitions for State F. Alternative A dry mixed conifer forest PNVT State F transitions 
continued in Appendix B figures 55a through 55c 
 

 
Appendix B figure 55a. Alternative A dry mixed conifer forest PNVT State F transitions continued 
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Appendix B figure 55b. Alternative A dry mixed conifer forest PNVT State F transitions continued 
 

 
Appendix B figure 55c. Alternative A dry mixed conifer forest PNVT State F transitions continued 
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Appendix B figure 56. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (36) and 
naturally driven (24) transitions for State G. Alternative A dry mixed conifer forest PNVT State G transitions 
continued in Appendix B figures 56a through 56d 
 

 
Appendix B figure 56a. Alternative A dry mixed conifer forest PNVT State G transitions continued 
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Appendix B figure 56b. Alternative A dry mixed conifer forest PNVT State G transitions continued 
 

 
Appendix B figure 56c. Alternative A dry mixed conifer forest PNVT State G transitions continued 
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Appendix B figure 56d. Alternative A dry mixed conifer forest PNVT State G transitions continued 
 

 

Appendix B figure 57. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (21) and 
naturally driven (12) transitions for State H. Alternative A dry mixed conifer forest PNVT State H transitions 
continued in Appendix B figures 57a and 57b 
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Appendix B figure 57a. Alternative A dry mixed conifer forest PNVT State H transitions continued 
 

 
Appendix B figure 57b. Alternative A dry mixed conifer forest PNVT State H transitions continued 
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Appendix B figure 58. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (20) and 
naturally driven (18) transitions for State I. Alternative A dry mixed conifer forest PNVT State I transitions 
continued in Appendix B figures 58a and 58b 
 

 
Appendix B figure 58a. Alternative A dry mixed conifer forest PNVT State I transitions continued 
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Appendix B figure 58b. Alternative A dry mixed conifer forest PNVT State I transitions continued 
 

 

Appendix B figure 59. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (15) and 
naturally driven (9) transitions for State J. Alternative A dry mixed conifer forest PNVT State J transitions 
continued in Appendix B figure 59a 
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Appendix B figure 59a. Alternative A dry mixed conifer forest PNVT State J transitions continued 
 

 

Appendix B figure 60. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (11) and 
naturally driven (5) transitions for State K. Alternative A dry mixed conifer forest PNVT State K transitions 
continued in Appendix B figure 60a 
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Appendix B figure 60a. Alternative A dry mixed conifer forest PNVT State K transitions continued 
 

 

Appendix B figure 61. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (45) and 
naturally driven (25) transitions for State L. Alternative A dry mixed conifer forest PNVT State L transitions 
continued in Appendix B figures 61a through 61e 
 



 

303 

 
Appendix B figure 61a. Alternative A dry mixed conifer forest PNVT State L transitions continued 
 

 
Appendix B figure 61b. Alternative A dry mixed conifer forest PNVT State L transitions continued 
 



 

304 

 
Appendix B figure 61c. Alternative A dry mixed conifer forest PNVT State L transitions continued 
 

 
Appendix B figure 61d. Alternative A dry mixed conifer forest PNVT State L transitions continued 
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Appendix B figure 61e. Alternative A dry mixed conifer forest PNVT State L transitions continued 
 

 

Appendix B figure 62. Alternative A dry mixed conifer forest PNVTs’ potentially management driven (26) and 
naturally driven (17) transitions for State M. Alternative A dry mixed conifer forest PNVT State M transitions 
continued in Appendix B figures 62a through 62c 
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Appendix B figure 62a. Alternative A dry mixed conifer forest PNVT State M transitions continued 
 

 
Appendix B figure 62b. Alternative A dry mixed conifer forest PNVT State M transitions continued 
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Appendix B figure 62c. Alternative A dry mixed conifer forest PNVT State M transitions continued 

 

 

Appendix B figure 63.Alternative A dry mixed conifer forest PNVTs’ potentially management driven (1) and 
naturally driven (2) transitions for State N 
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Spruce-Fir Forest PNVT 
 
 
Appendix B table 10. Spruce-fir forest (with and without aspen) PNVT crosswalks developed by Region 3 (10 December 2010) used in the determination of departure from HRV and DCs. DCs were provided by the Regional Office, and HRV was derived 
from the Nature Conservancy (Smith, 2006c) 

       
 

INPUT PROPORTION OF SFM/SFP HERE 
 

100 
Area or proportion of landscape in SFM 

(Lower) 

       
 
    

0 
Area or proportion of landscape in SFP 

(Upper) 

Current Trend Model 

 

R3 Mid-scale Existing Vegetation 
Mapping  

Reference Condition 
 

Desired Conditions - Spruce-Fir Forest Mix - Lower 
Elevation  

Desired Conditions - Spruce-Fir Forest Pure - Upper 
Elevation  

Desired Conditions - All -Spruce-Fir Forest Mix - Lower 
Elevation and Spruce-Fir Forest Pure - Upper Elevation 

source state1, 2 description dominance unit - size/cover 
 

source 
TNC 
state 

historic 
mean1 

(%) 
description 

 
structural 
stage (%) 

description 
 

structural 
stage (%) 

description 
 

structural 
stage (%) 

description 
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A, K GFB/SHR (all) = 
NON-TREED: Recently burned, grass, 

forb, and shrub types - N/A  
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(2
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5
) 

A 

 

21 

 

Grass/forb 
seedling/sapling 

with quaking 

aspen, Douglas-
fir, spruce, fir 

 

 
9 

Reference condition including systems with 

no quaking aspen succession1  
9 

Reference condition including systems with 

no quaking aspen succession1  
9 

Grass/forb with quaking aspen or oak 
ramets, 10 - 40% tree cover: based on 

reference condition for 'mixed conifer with 

quaking aspen 

B 
Aspen/mixed deciduous (all size 

and cover classes) 
= 

All quaking aspen, deciduous tree mix, 
and evergreen - deciduous mix tree types 

(e.g., quaking aspen_Douglas-fir) - 

Seedling/sapling, small, medium, and 
very large all cover classes 

  
13 

Quaking aspen/mixed - quaking aspen early 
forest, 10 - 20%: based on reference 

condition including systems with no 

quaking aspen succession1; corroborated by 
Forest Inventory Data 

 
5 

Quaking aspen/mixed - quaking aspen early 
forest, 0 - 10%: based on reference 

condition including systems with no 

quaking aspen succession1; corroborated by 
Forest Inventory Data 

 
13 

Quaking aspen/mixed - quaking aspen early 
forest, 0 - 10%: based on cover constancy of 

aspen in spruce-fir forest-upper 

associations; corroborated by Forest 
Inventory Data 

C3 
SSC, SMC shade tolerant/mixed 

shade tolerant conifer (SSO, SMO 

shade tolerant also included here)4 

= 

Shade tolerant and mixed shade tolerant 

tree types (e.g., ponderosa pine_Douglas-

fir) - Seedling/sapling, small, all cover 
classes 

  

20 

Reference condition including systems with 

no aspen succession1; corroborated by 
Forest Inventory Data 

 

23 

Reference condition including systems with 

no aspen succession1; corroborated by 
Forest Inventory Data 

 

20 

Conifer early forest, 10 - 20%: based on 
remaining proportion of early forest not 

including quaking aspen/mixed - quaking 

aspen cover types 

G, P SSO, SMO shade intolerant conifer = 

Shade intolerant tree types - 

Seedling/sapling - open, small - open 

canopy 
    

L SSC, SMC shade intolerant conifer = 
All shade intolerant tree types - 

Seedling/sapling - closed canopy, small - 

closed canopy 
    

D, M 
MC shade tolerant/mixed shade 

tolerant conifer (MO shade tolerant 

also included here)4 

= 
Shade tolerant and mixed shade tolerant 

tree types (e.g., ponderosa pine_Douglas-

fir) - Medium, all cover classes 
 

B 33 

Young forest 

with 
regeneration 

 

14 
Reference condition including systems with 

no aspen succession1 

 

15 
Reference condition including systems with 

no quaking aspen succession1 

 

14 Based on reference condition 

H, Q 

MO shade intolerant conifer (MC 

shade intolerant also included 
here)4 

= 
All shade intolerant tree types - Medium, 

all cover classes     

E, N 

VCS shade tolerant conifer (VCS 

shade intolerant also included 

here)4 

= 

Shade tolerant and shade intolerant tree 

types - Very large - closed canopy 

 

C 46 
Mature/old 
forest with 

regeneration 

 

44 
Reference condition including systems with 

no quaking aspen succession1 

 

48 
Reference condition including systems with 

no quaking aspen succession1 

 

44 Based on reference condition 

F, O 
VCM shade tolerant conifer (VCM 

shade intolerant also included 

here)4 

= 
    

I, R 
VOS shade tolerant conifer (VOS 

shade intolerant conifers include 

here) 4 
= 

All shade tolerant and shade intolerant 

tree types - Very large - open canopy 

 

1 Historic mean based on 300-year stand 
replacement fire interval  

1 Weibull age-class distribution model used to estimate values for 
systems with no quaking aspen succession, model parameters 
below (spruce-fir lower: 340 years - stand cycle age, quaking 
aspen succession system; 240 years - stand cycle age, no quaking 
aspen succession system; 40% - proportion of landscape 
occurring with quaking aspen succession; 0.7 - severity 
coefficient, Weibull model; 280 - resulting average stand cycle 
age) 

 
1 Weibull age-class distribution model used to estimate values 

for systems with no quaking aspen succession, model 
parameters below (spruce-fir upper: 360 years - stand cycle 
age, quaking aspen succession system; 270 years - stand cycle 
age, no quaking aspen succession system; 15% - proportion of 
landscape occurring with quaking aspen succession; 0.7 - 
severity coefficient, Weibull model; 284 - resulting average 
stand cycle age) 

  
 

      

J, S 

VOM shade tolerant conifer (VOM 

shade intolerant conifers include 

here) 4 
= 

       

1 States with elk and no or limited quaking aspen regeneration are 
indicated in bold and italic, and are found on contemporary 
landscapes only and were not part of the historic conditions 

2 Initial conditions are proportioned for A-K, D-M, E-N, F-O, G-P, H-Q, 
I-R, and J-S according to the proportion of the landscape outside 
and inside elk summer range, respectively 

3 
R3 model state C has only partial overlap in theme with TNC states 
C and F, but provides a better cross-reference than other options 

4 Atypical type without a model state, included with the next most 
similar state 
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Spruce-Fir Forest State and Transition Models 

 

The following is Smith’s (2006d) discussion concerning the current modeling results for spruce-fir 

forest. 

 

Appendix B figure 64 displays a conceptual current state and transition model for the spruce-fir with wet 

mixed conifer forest- vegetation type (Smith 2006d) used in VDDT modeling. In table 11
31

, Smith 

(2006d) describes the parameters included or not included within the current VDDT models (Schussman 

and Smith, 2006a and 2006b), as well as the sources of information and any assumptions used to create 

the model parameters.  

 

 

Appendix B figure 64. Conceptual current state and transition model for both low and high elevation spruce-
fir forest vegetation type. Frequency of transitions are noted when this information is supported by 
published sources, where no or conflicting information exists on the frequency of transitions, unknown is 
the notation (Schussman and Smith, 2006a and 2006b; Smith, 2006d) 

 

Based on Smith’s understanding of vegetation dynamics, they created state and transition models 

depicting historic (pre-1880) and current (1880 to present) vegetation dynamics within this forest 

type. Additionally, they used information from the state and transition models to develop 

quantitative VDDT models. The VDDT software allows the user to model succession as a series of 

vegetation states that differ in structure, composition, and cover and to specify the amount of time it 

takes to move from one vegetation state to another in the absence of disturbance. Various 

disturbance agents affecting the movement of vegetation between states can then be incorporated 

(e.g., surface fires, stand-replacing fires, grazing, insect outbreaks). By varying the types and rates 

of disturbance across the landscape, the effects of different management treatments, such as 

wildland fire use, fire suppression, prescribed burning, grazing practices, and mechanical fuel 

                                                           
31

 See Smith, 2006d 
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treatments, on future vegetation can be investigated. While VDDT models can be used to “game 

play” with different management scenarios, the models we ran in this analysis only include states 

and transitions for which there is published information to support their inclusion within the model. 

We discuss model parameters, output, and analysis below. 
 

Results for the current spruce-fir low and high elevation models, which were run for 120 years following 

development of the Historic conditions, were very similar to results from the Historic models. For 

example, under a stand replacing fire return interval of 300 years, average landscape proportion of the 

historic low elevation spruce-fir was 39.8%, for high elevation spruce-fir it was 40.5%, and for the 

current model for both high and low elevation spruce-fir it was 45.4%. 

 

These modeled scenarios indicate that although there may be large differences in canopy and understory 

composition due to differences in elevation and moisture regimes, the resulting difference in disturbance 

regime (surface plus canopy versus strictly canopy fire) has a minor effect on the relative proportion of 

the landscape in the three model states (regeneration, young, and old forest). Also, elimination of a 

relatively long-rotation surface fire regime (31 years) has had minimal effect on the relative proportion 

of model states over 120 years. This is in concurrence with other authors’ contention that spruce-fir 

forest conditions in many areas of the Southwest may be within its historic range of variation, and that 

insufficient time has elapsed since the last crown fire for us to have experienced crown fire in 

contemporary time (Koprowski et al., 2005; Swetnam et al., 2005; Vankat, 2006). 

 

Appendix B figures 65 through 84 display the actual VDDT model for spruce-fir forest, developed by 

the USDA FS Southwestern Region 3, and utilized during the planning effort on the A-SNFs to 

determine future departure conditions and assessment of trends. 



 

311 

Appendix B table 11. TNC’s identification of current transitions, frequency of transitions, sources of information and assumptions used to develop the 
frequency of transitions and their effects on vegetation states included in the VDDT model for spruce-fir high elevation with stand replacing fire. A 
major assumption here is that historic and current conditions are sufficiently similar for the spruce-fir high elevation vegetation type that current 
forests are within their HRV, because the time elapsed since the last crown fire is within the range of their historic fire frequency. Current conditions 
for the spruce-fir wet forest vegetation type were assumed to reflect the current conditions of the dry spruce-fir forest type because the surface fire 
regime, which is the only difference between the two (from a disturbance standpoint), has been extinguished (adapted from Smith, 2006d

1
) 

Transition Type 
Transition Frequency 

or Length 
Information Sources Assumptions 

Plant growth  70 to 80 years between 

states  

Transitions among model states were taken from data developed by Veblen 

et al. (1994) and Vankat, (2006) 

Smith assumed that transition from seedling/sapling to young forest takes 

approximately 70 years, and from young to old/mature forest takes 
approximately 80 years. 

Regeneration from 

seed  

Unknown, not used in 

model  

Seed production and seedling recruitment is highly variable in both space 

and time, and there is insufficient information to assign a probability for 
this transition across the entire region 

Due to the lack of data on seedling recruitment, this transition is not 

included in the model, and hence the proportion of this seedling/sapling 
class of vegetation is presumed to be underestimated in the model.  

Stand replacing fire  Once every 200 to 400 

years  

Stand replacing fire was reported to occur in small patches throughout 

spruce-fir’s range, but relatively infrequent (Dieterich, 1983; Moir, 1993; 

Fulé et al., 2003; Vankat, 2006) 

Stand replacing fire occurred in small patches across all spruce-fir forests, 

returning the forest to the seedling/sapling stage. 

Insect outbreak  Once every 33 years 

for young forests; once 

every 100 years for 
old/mature forests 

Spruce beetle outbreaks have been documented for the northern portion of 

the range (northern New Mexico and Kaibab Plateau, Arizona) and for the 

Pinaleno Mountains in southern Arizona (Baker and Veblen, 1990; 
Koprowski et al., 2005) 

Smith assumed that insect outbreaks occurred at a lower frequency for 

young forest than for old/mature forest, returning young forest to 

regeneration state “A”, and returning old/mature forest to equal proportions 
of regeneration and young forest. 

Silvicultural activities Not used in model  Spruce-fir forests were too high in elevation, too inaccessible, or of too low 

value to have been significantly affected by timber harvest. 

1 See Smith, 2006d 
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Appendix B figure 65. Actual Alternative A VDDT state and transition model used for assessing trends in the 
spruce-fir forest PNVT on the A-SNFs 
 

 
Appendix B figure 66. Alternative A spruce-fir forest PNVTs’ potentially management driven (0) and naturally 
driven (5) transitions for State A 
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Appendix B figure 67. Alternative A spruce-fir forest PNVTs’ potentially management driven (10) and naturally 
driven (10) transitions for State B. Alternative B spruce-fir forest PNVT State B transitions continued in 
Appendix A figure 67a 
 

 
Appendix B figure 67a. Alternative A spruce-fir forest PNVT State B transitions continued 
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Appendix B figure 68. Alternative A spruce-fir forest PNVTs’ potentially management driven (28) and naturally 
driven (19) transitions for State C. Alternative B spruce-fir forest PNVT State C transitions continued in 
Appendix A figures 68a through 68c 

 

 
Appendix B figure 68a. Alternative A spruce-fir forest PNVT State C transitions continued 
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Appendix B figure 68b. Alternative A spruce-fir forest PNVT State C transitions continued 

 

 
Appendix B figure 68c. Alternative A spruce-fir forest PNVT State C transitions continued 
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Appendix B figure 69. Alternative A spruce-fir forest PNVTs’ potentially management driven (19) and naturally 
driven (13) transitions for State D. Alternative A spruce-fir forest PNVT State D transitions continued in 
Appendix B figures 69a and 69b 
 

 
Appendix B figure 69a. Alternative A spruce-fir forest PNVT State D transitions continued 
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Appendix B figure 69b. Alternative A spruce-fir forest PNVT State D transitions continued 

 

 
Appendix B figure 70. Alternative A spruce-fir forest PNVTs’ potentially management driven (10) and naturally 
driven (9) transitions for State E. Alternative A spruce-fir forest PNVT State E transitions continued in 
Appendix B figure 70a 
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Appendix B figure 70a. Alternative A spruce-fir forest PNVT State E transitions continued 

 

 
Appendix B figure 71. Alternative A spruce-fir forest PNVTs’ potentially management driven (10) and naturally 
driven (10) transitions for State F. Alternative A spruce-fir forest PNVT State F transitions continued in 
Appendix B figure 71a 
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Appendix B figure 71a. Alternative A spruce-fir forest PNVT State F transitions continued 

 

 
Appendix B figure 72. Alternative A spruce-fir forest PNVTs’ potentially management driven (5) and naturally 
driven (8) transitions for State G 
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Appendix B figure 73. Alternative A spruce-fir forest PNVTs’ potentially management driven (8) and naturally 
driven (8) transitions for State H. Alternative A spruce-fir forest PNVT State H transitions continued in 
Appendix B figure 73a 

 

 
Appendix B figure 73a. Alternative A spruce-fir forest PNVT State H transitions continued 
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Appendix B figure 74. Alternative A spruce-fir forest PNVTs’ potentially management driven (7) and naturally 
driven (9) transitions for State I. Alternative A spruce-fir forest PNVT State I transitions continued in 
Appendix B figure 74a 

 

 
Appendix B figure 74a. Alternative A spruce-fir forest PNVT State I transitions continued 
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Appendix B figure 75. Alternative A spruce-fir forest PNVTs’ potentially management driven (9) and naturally 
driven (7) transitions for State J. Alternative A spruce-fir forest PNVT State J transitions continued in 
Appendix B figure 75a 
 

 
Appendix B figure 75a. Alternative A spruce-fir forest PNVT State J transitions continued 
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Appendix B figure 76. Alternative A spruce-fir forest PNVTs’ potentially management driven (2) and naturally 
driven (4) transitions for State K 

 

 
Appendix B figure 77. Alternative A spruce-fir forest PNVTs’ potentially management driven (2) and naturally 
driven (4) transitions for State L. Alternative A spruce-fir forest PNVT State L transitions continued in 
Appendix B figures 77a through 77d 
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Appendix B figure 77a. Alternative A spruce-fir forest PNVT State L transitions continued 

 

 
Appendix B figure 77b. Alternative A spruce-fir forest PNVT State L transitions continued 
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Appendix B figure 77c. Alternative A spruce-fir forest PNVT State L transitions continued 

 

 
Appendix B figure 77d. Alternative A spruce-fir forest PNVT State L transitions continued 
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Appendix B figure 78. Alternative A spruce-fir forest PNVTs’ potentially management driven (59) and naturally 
driven (31) transitions for State M. Alternative A spruce-fir forest PNVT State M transitions continued in 
Appendix B figures 78a through 78f 

 

 
Appendix B figure 78a. Alternative A spruce-fir forest PNVT State M transitions continued 
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Appendix B figure 78b. Alternative A spruce-fir forest PNVT State M transitions continued 

 

 
Appendix B figure 78c. Alternative A spruce-fir forest PNVT State M transitions continued 
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Appendix B figure 78d. Alternative A spruce-fir forest PNVT State M transitions continued 

 

 
Appendix B figure 78e. Alternative A spruce-fir forest PNVT State M transitions continued 
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Appendix B figure 78f. Alternative A spruce-fir forest PNVT State M transitions continued 

 

 
Appendix B figure 79. Alternative A spruce-fir forest PNVTs’ potentially management driven (24) and naturally 
driven (15) transitions for State N. Alternative A spruce-fir forest PNVT State N transitions continued in 
Appendix B figures 79a and 79b 
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Appendix B figure 79a. Alternative A spruce-fir forest PNVT State N transitions continued 

 

 
Appendix B figure 79b. Alternative A spruce-fir forest PNVT State N transitions continued 
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Appendix B figure 80. Alternative A spruce-fir forest PNVTs’ potentially management driven (23) and naturally 
driven (13) transitions for State O. Alternative A spruce-fir forest PNVT State O transitions continued in 
Appendix B figures 80a and 80b 
 

 
Appendix B figure 80a. Alternative A spruce-fir forest PNVT State O transitions continued 
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Appendix B figure 80b. Alternative A spruce-fir forest PNVT State O transitions continued 

 

 
Appendix B figure 81. Alternative A spruce-fir forest PNVTs’ potentially management driven (13) and naturally 
driven (11) transitions for State P. Alternative A spruce-fir forest PNVT State P transitions continued in 
Appendix B figure 81a 
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Appendix B figure 81a. Alternative A spruce-fir forest PNVT State P transitions continued 

 

 
Appendix B figure 82. Alternative A spruce-fir forest PNVTs’ potentially management driven (43) and naturally 
driven (9) transitions for State Q. Alternative A spruce-fir forest PNVT State Q transitions continued in 
Appendix B figures 82a through 82c 
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Appendix B figure 82a. Alternative A spruce-fir forest PNVT State Q transitions continued 

 

 
Appendix B figure 82b. Alternative A spruce-fir forest PNVT State Q transitions continued 
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Appendix B figure 82c. Alternative A spruce-fir forest PNVT State Q transitions continued 

 

 
Appendix B figure 83. Appendix B figure 83. Alternative A spruce-fir forest PNVTs’ potentially management 
driven (19) and naturally driven (12) transitions for State R. Alternative A spruce-fir forest PNVT State R 
transitions continued in Appendix B figures 83a and 83b 
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Appendix B figure 83a. Alternative A spruce-fir forest PNVT State R transitions continued 

 

 
Appendix B figure 83b. Alternative A spruce-fir forest PNVT State R transitions continued 
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Appendix B figure 84. Alternative A spruce-fir forest PNVTs’ potentially management driven (23) and naturally 
driven (10) transitions for State S. Alternative A spruce-fir forest PNVT State S transitions continued in 
Appendix B figures 84a and 84b 

 

 
Appendix B figure 84a. Alternative A spruce-fir forest PNVT State S transitions continued 
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Appendix B figure 84b. Alternative A spruce-fir forest PNVT State S transitions continued 
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Woodland PNVTs (other than piñon-juniper woodland PNVT) 
 
 
Madrean Pine-Oak Woodland PNVT 
 
 
Appendix B table 12. Madrean pine-oak woodland PNVT crosswalks developed by Region 3 (19 March 2010) used in the determination of departure 
from HRV and DCs. DCs were provided by the Regional Office, and HRV was derived from the Nature Conservancy (Schussman and Gori, 2006) 

Current Trends Model 
 

R3 Mid-scale Existing Vegetation 
Mapping  

Reference Condition 
 

Baseline Desired Conditions 

source state description 
 

dominance unit - size/cover 
 

source 
TNC 
state 

historic 
mean (%) 

description 
 

structural 
stage (%) 

description 

U
S

F
S

 R
3

 m
o
d

el
 M

P
O

 

A GFB/SHR = 
NON-TREED: Recently burned, 
grass, forb, and shrub types - N/A 

 

T
N

C
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 P
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e 

O
ak

 W
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d
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n
d

 

A 4 Grass, seedling/sapling 

 

4 Reference condition 

B SSO = 
All tree types - Seedling/sapling - 

open canopy 
F 5 Resprouter dominated 5 Reference condition 

E SSC = 
All tree types - Seedling/sapling - 

closed canopy   

C SMO = All tree types - Small - open canopy 
 

C 24 
Young with grass understory, 

moderate canopy cover  
13 

Reference condition, and conditions 

indicative of even-aged stand dynamics and 

the development of Mexican spotted owl 
(MSO) habitat1 

F SMC = 
All tree types - Small - closed 

canopy  
B 3 

Young with grass understory, 

closed canopy  
3 Reference condition 

D MVO = 
All tree types - Medium - open 

canopy, very large - open canopy  
D 60 

Old with grass understory, 
moderate canopy cover  

60 Reference condition 

G MVC = 
All tree types - Medium - closed 

canopy, very large - closed canopy  
E 4 

Old with grass understory, closed 

canopy  
15 

Conditions indicative of MSO habitat and 

mature closed-forest conditions2 

             
1 Reflects the reference condition of 24% minus the additional 9% 

allocated to state E for MSO habitat (mature-closed)  
2 

Reference condition for this state is 4% 
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Madrean Pine-Oak Woodland State and Transition Models 

 

The following is Schussman and Gori’s (2006) discussion concerning the current modeling results for 

Madrean pine-oak woodlands. 

 

Appendix B figure 85 displays a conceptual current state and transition model for the Madrean pine-oak 

woodland vegetation type (Schussman and Gori, 2006) used in VDDT modeling. In table 13
32

, 

Schussman and Gori (2006) describe the parameters included or not included within the current VDDT 

model (Schussman and Gori, 2006), as well as the sources of information and any assumptions used to 

create the model parameters.  

 

 

Appendix B figure 85. Conceptual current state and transition model for the Madrean pine-oak woodland 
vegetation type, frequency of transitions are noted (Schussman and Gori, 2006) 

                                                           
32

 See Schussman and Gori, 2006 
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Appendix B table 13. Identification of historic transitions, frequency of transitions, sources of information and assumptions used to develop the 
frequency of transitions and their effects on vegetation states included in the VDDT model for Madrean pine-oak woodland (adapted from Schussman 
and Gori, 2006) 

Transition Type 
Transition Frequency or 

Length 
Source Assumptions 

In-growth  After 25 years without 

fire  

Barton et al., 2001  Based on Barton et al. (2001) study that showed that pines need 20 to 30 years of fire free periods in order to establish, we 

determined that in growth would occur in areas that had been free of fire for 25 years. 

Plant growth (25 years)  After 25 years without 

fire  

Barton et al., 2001 Based on Barton et al. (2001) study that showed that pines need 20 to 30 years of fire free periods in order to establish, we 

determined that plant growth would occur in areas that had been free of fire for 25 years, resulting in a transition from a 

grass/seedling/sapling state to a young pine oak woodland.  

Plant growth (110 years)  110 years  Andrew Barton, personal 

communication1 

Based on unpublished data on the age of various size classes of pine in the Chiricahua Mountains of southeastern Arizona, 

we determined that it takes 110 years for a pine to grow from a young pine (5 cm DBH) to an old pine (8 inches DBH).  

Stand replacing fire  Every 500 years  Don Falk and Jose 

Iñiquez, personal 

communication1 and 
unpublished data  

In a study of large homogenous stands of ponderosa pine, Don Falk could find no tree-ring evidence of a stand-replacing 

fire that was 1,000 acres or larger in size over a period of 500 years. His sampling design, however, could not discern a 

stand-replacing fire of 100 acres in size over the same time period. In general, Don Falk’s theoretical and empirical work 
indicates that estimates of fire frequency are area sensitive. Based on a recently-completed study of Madrean pine-oak in 

the Catalina and Rincon Mountains, Arizona, Jose Iñiquez estimates the probability of a SRF 1,000 acres in size in large 

homogenous pine-oak stands as once every 600 years (0.0017) and in small heterogeneous stands as once every 300 years 
(0.0033). Considering pine-oak woodland regionally (1,416,765 acres in Region 3) and using 1,000 pixels in the 

simulation, pixel size would be 1,416 acres which is close to the event size (1,000 acres) of the above SRF estimates. For 

this reason and because there was no a priori way to distinguish large homogeneous vs. small heterogeneous areas of 
Madrean pine-oak based on existing data, we used a SRF probability of every 500 years (0.002). It is important to note 

that there is little difference in final output using a SRF probability of 0.001 and 0.002 which bracket the values for a 

1000-acre stand-replacing event discussed above. However, there is a significant change in the output if a SRF probability 

of 0.0033 is used. 

Surface fire  Every 6 to 11.5 years Fulé and Covington, 

1996, 1997, 1998 and 
1999; Fulé et al., 2005; 

Kaib et al., 1996; 

Swetnam and Baisan, 
1996; Swetnam et al., 

1992 and 2001 

Mean fire return intervals (MFRI) for fires that scarred 25% or more trees at 17 sites located in Arizona and northern 

Mexico ranged between 6 and 14.5 years. This is more than a two-fold difference between sites at the low vs. high end of 
the MFRI range. All but 1 site (Bear Canyon Catalina Mountains, Arizona) fell between 6 and 11.5 years with Bear 

Canyon appearing to be an outlier so we eliminated this site from the analysis. Running the model at an MFRI of 14.5 

years (0.069) significantly changes the output. Surface fire potentially affects all vegetation states including the resprouter 
dominated state which can move back into pine-oak woodland following a period of 100 years that allows for pine 

recruitment and frequent surface fires to reduce resprouting species (Drew Barton, personal communication2). 

Mixed severity fire  At the same frequency as 

surface fires but only 
affects states or stands 

that have not 

experienced a surface 
fire for > 50 years  

Barton 1999 and 2002; 

Fulé et al., 2000  

An increase in the density of pines, oaks and other resprouters as well as a compositional shift in favor of oaks following a 

fire-free period of more than 50 years leads to a mixed severity fire with some patches experiencing high-intensity, crown 
replacing fire that moves vegetation from a closed canopy stand (i.e., without a grass understory) to the resprouter 

dominated state with few to no pines. Other patches, however, experience lower intensity fire that thins vegetation and 

moves it from a closed canopy stand to an open canopy stand with a grass understory (after a post-burn recovery period). 
The probability of high vs. low intensity effects on patches for the mixed severity fire was assumed to be equal (= 0.5). 

The model was also run assuming the probability of high vs. low intensity effects was 0.67 vs. 0.33, respectively. The 

results were very similar to those in Table 6-3, except that more of the historic landscape ended up in the resprouter 
dominated state (1.3 to 5.2% more, on average, depending on the FRI); output for this second set of runs is available from 

D. Gori on request.  
1 Don Falk and Jose Iñiquez’s personal communications with Schussman and Gori (2006) 
2 Drew Barton’s personal communications with Schussman and Gori (2006) 
 



 

342 

Results of the Madrean pine oak woodland historic VDDT model show some variability in the 900-year 

average percent of the modeled landscape in each state based on the fire return interval range. Even with 

this variability, all models showed a consistent pattern of the majority of the historic vegetation occurring 

in the old pine-oak with understory state (48.6%, 60.2% and 71.2% for fire return intervals of 11.5, 9, and 

6 years respectively). A significant proportion of the vegetation also occurs in the young pine-oak with 

understory state. A comparison of simulated historic conditions and current conditions shows an increase 

in the amount of old pine-oak without understory (76.5%) from all historic model runs. Additionally, the 

current model has 14.8% of the landscape in the resprouter dominated state compared to less than 10% in 

the historic model.  

 

These results highlight the importance of maintaining a frequent surface fire regime within the Madrean 

pine oak woodland vegetation type. Without frequent fires the modeled landscape shifted from open 

canopied young and old pine oak woodland to denser canopied old pine oak woodland. The increase in 

canopy cover and oak abundance resulted in a larger proportion of the stand replacing fires transitioning 

to a resprouter dominated community. These modeled results are similar to the changes that have been 

documented within the vegetation type (Barton 1999 and 2002; Barton et al., 2001; Fulé and Covington, 

1997 and 1998; Fulé et al., 2000).  

 

Appendix B figures 86 through 93 display the actual VDDT model for Madrean pine-oak woodland, 

developed by the USDA FS Southwestern Region 3, and utilized during the planning effort on the A-

SNFs to determine future departure conditions and assessment of trends. 

 

 
Appendix B figure 86. Actual Alternative A VDDT state and transition model used for assessing trends in the 
Madrean pine-oak woodland PNVT on the A-SNFs 
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Appendix B figure 87. Alternative A Madrean pine-oak woodland PNVTs’ potentially management driven (2) 
and naturally driven (6) transitions for State A 
 

 

Appendix B figure 88. Alternative A Madrean pine-oak woodland PNVTs’ potentially management driven (5) 
and naturally driven (8) transitions for State B 
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Appendix B figure 89. Alternative A Madrean pine-oak woodland PNVTs’ potentially management driven (5) 
and naturally driven (10) transitions for State C. Alternative A Madrean pine-oak woodland PNVT State C 
transitions continued in Appendix B figure 89a 
 

 
Appendix B figure 89a. Alternative A Madrean pine-oak woodland PNVT State C transitions continued 
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Appendix B figure 90. Alternative A Madrean pine-oak woodland PNVTs’ potentially management driven (5) 
and naturally driven (11) transitions for State D. Alternative A Madrean pine-oak woodland PNVT State D 
transitions continued in Appendix B figure 90a 
 

 
Appendix B figure 90a. Alternative A Madrean pine-oak woodland PNVT State D transitions continued 
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Appendix B figure 91. Alternative A Madrean pine-oak woodland PNVTs’ potentially management driven (7) 
and naturally driven (9) transitions for State E. Alternative A Madrean pine-oak woodland PNVT State E 
transitions continued in Appendix B figure 91a 
 

 
Appendix B figure 91a. Alternative A Madrean pine-oak woodland PNVT State E transitions continued 
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Appendix B figure 92. Alternative A Madrean pine-oak woodland PNVTs’ potentially management driven (8) 
and naturally driven (10) transitions for State F. Alternative A Madrean pine-oak woodland PNVT State F 
transitions continued in Appendix B figure 92a 
 

 
Appendix B figure 92a. Alternative A Madrean pine-oak woodland PNVT State F transitions continued 
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Appendix B figure 93. Alternative A Madrean pine-oak woodland PNVTs’ potentially management driven (7) 
and naturally driven (10) transitions for State G. Alternative A Madrean pine-oak woodland PNVT State G 
transitions continued in Appendix B figure 93a 
 

 
Appendix B figure 93a. Alternative A Madrean pine-oak woodland PNVT State G transitions continued 
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Grassland PNVTs 
 
 
Great Basin Grassland PNVT 
 
 
Appendix B table 14. Great Basin grassland (Colorado Plateau/Great Basin Grassland) PNVT crosswalks 
developed by Region 3 (30 August 2010) used in the determination of departure from HRV and DCs. DCs 
were provided by the Regional Office, and HRV was derived from LANDFIRE (2007b) 

Model State 

Desired 
Condition/ 
Reference 

Condition (%) 

VDDT Model 
Vegetation States 

 
R3 Existing Vegetation Classes 

 
dominance type group - structure class 
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(1
5

1
1
3

5
0

) 

A 5 
Early development 1 - open 

canopy 
= Recently burned, sparsely vegetated - N/A 

B 70 
Mid development 1 - open 

canopy 
= All corresponding herbaceous types - N/A 

C 20 
Late development 1 - open 

canopy 
= 

Shrub types: All corresponding shrub types - Shrub - open 

canopy 

Tree types: All corresponding tree types - Seedling/sapling, 
small/medium - open canopy 

D 5 
Mid development 2 - closed 

canopy 
= 

Shrub types: All corresponding shrub types - Shrub - closed 

canopy 

Tree types: All corresponding tree types - Very large - open 
canopy 

Contemporary Landscapes Only …  

 E1 0 
Noxious and/or invasive plants 

- open or closed canopy 
= Noxious and/or invasive plants 

1 This state was added to the model to reflect the presence of various noxious weeds and invasive plants that makeup a significant portion of the herbaceous 
vegetation composition; not part of the historic conditions or within historic range of variability and are occurring on contemporary landscapes only 

 
State and Transition Models for Great Basin Grassland 

 

See the state and transition model discussion for semi-desert grassland. Appendix B figures 94 through 99 

display the actual VDDT model for Great Basin grassland, developed, and utilized during the planning 

effort on the A-SNFs to determine future departure conditions and assessment of trends. This model was 

pattern after the semi-desert grassland model. 
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Appendix B figure 94. Actual Alternative A VDDT state and transition model used for assessing trends in the 
Great Basin grassland PNVT on the A-SNFs 

 

 
Appendix B figure 95. Alternative A Great Basin grassland PNVTs’ potentially management driven (3) and 
naturally driven (4) transitions for State A 
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Appendix B figure 96. Alternative A Great Basin grassland PNVTs’ potentially management driven (5) and 
naturally driven (6) transitions for State B 

 

 
Appendix B figure 97. Alternative A Great Basin grassland PNVTs’ potentially management driven (5) and 
naturally driven (8) transitions for State C. Alternative A Great Basin grassland PNVT State C transitions 
continued in Appendix B figure 97a 
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Appendix B figure 97a. Alternative A Great Basin grassland PNVT State C transitions continued 

 

 

Appendix B figure 98. Alternative A Great Basin grassland PNVTs’ potentially management driven (7) and 
naturally driven (8) transitions for State D. Alternative A Great Basin grassland PNVT State D transitions 
continued in Appendix B figure 98a 
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Appendix B figure 98a. Alternative A Great Basin grassland PNVT State D transitions continued 

 

 

Appendix B figure 99. Alternative A Great Basin grassland PNVTs’ potentially management driven (4) and 
naturally driven (1) transitions for State E 
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Semi-desert Grassland PNVT 
 
 
Appendix B table 15. Semi-desert grassland PNVT crosswalks developed by Region 3 (14 October 2010) used 
in the determination of departure from HRV and DCs. DCs were provided by the Regional Office, and HRV 
was derived from the Nature Conservancy (Schussman, 2006a) 

Model State 

Desired Condition/ 
Reference Condition VDDT Model 

Vegetation States 

 
R3 Existing Vegetation Classes 

 
mean (%) sd (%) dominance type group - structure class 
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A 24 10.2 Grass regeneration = Recently burned, sparsely vegetated - N/A 

B 76 10.2 Open perennial bunchgrasses = All corresponding herbaceous types - N/A 

Contemporary Landscapes Only …   

C 0 0 
Perennial bunchgrasses with 

shrubs and trees 
= 

Shrub types: All corresponding shrub types - Shrub - open canopy 

Tree types: All corresponding tree types - Seedling/sapling, 
small/medium - open canopy 

D 0 0 
Shrubs and trees with 

perennial bunchgrasses 
= 

Shrub types: All corresponding shrub types - Shrub - closed canopy 

Tree types: All corresponding tree types - Very large - open canopy 

 E1 0 0 
Noxious and/or invasive plants 

- open or closed canopy 
= Noxious and/or invasive plants 

1 This state was added to the model to reflect the presence of various noxious weeds and invasive plants that makeup a significant portion of the herbaceous 
vegetation composition; not part of the historic conditions or within historic range of variability and is occurring on contemporary landscapes only 
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State and Transition Models for Semi-desert Grassland 

 

The following is Schussman’s (2006) discussion concerning the current modeling results for semi-desert 

grasslands. 

 

Appendix B figure 100 displays a conceptual current state and transition model for the semi-desert 

grassland- vegetation type (Schussman and Smith, 2006a and 2006b) used in VDDT modeling. In table 

15
33

, Schussman (2006a) describes the parameters included or not included within the current VDDT 

models (Schussman and Smith, 2006a and 2006b), as well as the sources of information and any 

assumptions used to create the model parameters. 

 

 
Appendix B figure 100. Conceptual current state and transition model for the semi-desert grassland mixed 
native vegetation type. Frequency of transitions are noted when this information is supported by published 
sources; where no or conflicting information exists on the frequency of transitions, a blank arrow or variable, 
respectively, is the notation. Dashed outlines represent states which have crossed an ecological threshold 
(Schussman, 2006a; Schussman and Smith, 2006a and2006b) 

                                                           
33

 See Schussman, 2006a 
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Appendix B table 16. Identification of current transition types, frequency of transitions, sources of information and assumptions used to develop the 
frequency of transitions and their effects on vegetation states included in the semi-desert grassland mixed native vegetation type VDDT model 
(adapted from Schussman, 2006a)

 1
 

Transition Type 
Transition Frequency 

or Length 
Information Sources Assumptions 

Drought (moderate 

events)  

Every 37 years  Schussman calculated frequency of moderate drought events from 1,000 

years of reconstructed winter precipitation data (Ni et al., 2002). 

Schussman identified droughts effect on shrubs from the following 
publications: Bock and Bock, 1997; McClaran, 2003; Turner et al., 2003 

Prolonged drought has been shown to cause declines in shrub density and cover 

within these grasslands. Based on this, we used moderate drought events 

(equivalent to 1950’s drought) in the model to transition vegetation back to its 
starting conditions within that state (i.e. lowest shrub cover value) using the 

average historic moderate drought frequency.  

Drought (extreme 

events)  

Every 136 years  Schussman calculated frequency of extreme drought events from 1,000 

years of reconstructed winter precipitation data (Ni et al., 2002). 

Schussman identified droughts effect on shrubs from the following 

publications: Bock and Bock, 1997; McClaran  2003; Turner et al., 2003 

Prolonged drought has been shown to cause declines in shrub density and cover 

within these grasslands. Based on this, and the above use of moderate droughts, 

we used extreme drought events (more severe than 1950’s drought) to 

transition higher shrub density states to lower shrub density states using the 
average historic extreme drought frequency. 

Drought/wet  Blank, not included in 

model  

Hennessey et al., 1983. In order to utilize information available on 

erosion impacts, Schussman included a study from New Mexico. This 
may result in erroneous information for the mixed native grasslands of the 

Arizona uplands 

Schussman determined that some level (unknown but probably at least 

equivalent to the 1950’s drought, (Hennessey et al., 1983)) of drought coupled 
with some level of wet event could create conditions that would lead to a loss 

of topsoil and an eroded condition. Additionally, transitions out of the eroded 

condition are not known. Given this lack of information we did not model this 
transition. 

Herbivory (non-

native)  

Variable, not included 

in model  

Schussman identified possible effects of grazing on shrubs from the 

following publications: Bock and Bock, 1997; Brown and Archer, 1987 

and 19992; Brown et al., 1997; Drewa and Havstad 2001; McClaran, 
2003; McPherson, 1997; Smith and Schmutz, 1975; Valone and Kelt, 

1999. In order to utilize the breadth of studies on grazing effects we 

included studies from Arizona, New Mexico, and Texas. This may result 
in erroneous information for the mixed native grasslands of the Arizona 

uplands 

Schussman determined that information regarding effects of livestock grazing 

on shrub cover is conflicting. For example, Valone and Kelt (1999), and Brown 

and Archer (1987 and 19992) found Gutierrezia sarothrae (Pursh) Britton & 
Rusby, and Prosopis spp. L., to be more common on grazed plots. Drewa and 

Havstad (2001), Smith and Schmutz (1975), and McClaran (2003) found 

grazing to have no effect on shrub density; while Bock and Bock (1997) 
identified a negative effect of grazing on Isocoma spp. Nutt., species density. 

Given the conflicting results of studies we did not include this transition in our 

model.  

Plants (non-native)  Variable, not included 

in model  

Schussman identified information on Eragrostis lehmanniana Nees, 

spread from the following publications: Anable et al.,1992; Angel and 

McClaran, 2001; Cable, 1971; Cox and Ruyle, 1986; Gori and Enquist, 
2003; Ruyle et al., 1988; Schussman et al., 2006 

Studies indicate that the transition of a state from native to non-native grassland 

is dependent on the presence of a non-native seed source and soil type. Given 

that we were trying to model a large area that has multiple soil types and is 
likely to only have a seed source on a portion of the landscape, we decided not 

to model this parameter for the regional model. 

Stand replacing fire, 

native plant 

Every none to 500 

years  

Kaib et al., 1996; Swetnam and Betancourt, 1998 Schussman based her estimate of fire on fire-scar data. Specifically, regional 

fire-scar data shows drastic declines in the number of fires from 1880 to 
present. Additionally, a fire-scar study that is directly applicable to these 

grasslands (Kaib et al., 1996) shows decreases to no fires and fire every 25 

years. Based on the knowledge that some areas had not seen a fire at all, and 
others had some fire, we used a range of relatively infrequent fire occurrence 

(no fire to fire across the whole landscape every 500 years).  
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Appendix B table 16. Continued 

Transition Type 
Transition Frequency 

or Length 
Information Sources Assumptions 

Stand replacing fire, 

non-native plant  

Variable, not included 

in model  

Schussman identified information on the effects of burning on E. 

lehmanniana Nees spread from the following publications: Anable et al., 
1992; Cable, 1971; McPherson, 1995; Ruyle et al., 1988. Erika Geiger, 

personal communication with Schussman 

It is well documented that stand replacing fires increase the abundance of E. 

lehmanniana Nees, on sites where it already exists, the frequency of fires at 
sites dominated by E. lehmanniana Nees, is site specific. Given this constraint, 

and the regional, not site specific, nature of the model we decided not to model 

this transition.  

Plant growth 

following stand 

replacing fire 

2 years  Schussman identified grass recovery time from the following 

publications: Bock and Bock, 1992; Cable, 1972; Martin, 1983; Wright, 

1960 

Studies on grass recovery following fires suggests that perennial grasses 

recover fully from fire in 1 to 2 growing seasons with average precipitation, but 

can take 3 to 4 growing seasons to recover under drought conditions. Based on 

this information, we used a mean value of 2 years to model plant growth 

immediately following fire. 

Plant growth without 

stand replacing fire  

40 years  Schussman calculated frequency of wet events from 1,000 years of 

reconstructed winter precipitation data (Ni et al., 2002). TNC identified 
effect of wet events on shrubs from the following publications: Bock and 

Bock, 1992; Brown et al., 1997; McClaran, 2003 

Based on the average frequency of low, moderate, and extreme wet winter 

precipitation events (every 20 years) and the time (about 20 years) it takes for 
shrubs to show large cover increases (3-fold) following these wet periods, we 

used a value of 40 years to model the plant growth transition in the absence of 
stand replacing fire. 

1 See Schussman, 2006a 
2 This citation was added by White, 2014 
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Results of the semi-desert grassland – mixed native historic VDDT model show a good deal of 

variability in the 900-year average for each state based on the fire return interval. Even with this 

variability, the pattern was consistent between the three models with the bulk of historic vegetation 

occurring in the open grass state (82.4%, 75.5% and 56.2% for fire return intervals of 10, 6, and 2.5 

years, respectively) and very little of the historic vegetation occurring in the shrub and grass state (0.0%, 

0.0%, and 0.0% for fire return intervals 10, 6, and 2.5 years). A comparison of simulated historic 

conditions and current conditions shows a large decrease in the percent of the landscape in the open 

grass state (decrease of roughly 61%, 54%, and 35% for fire return intervals 10, 6, and 2.5, respectively) 

with a correspondingly large increase in the percent of the landscape in the shrub and grass state 

(roughly 30% to 41% for all fire return interval runs).  

 

This analysis highlights the importance of frequent fire within the semi-desert grassland mixed native 

vegetation type. In the absence of frequent fire, the model simulates a landscape with increasingly less 

open grasslands dominated by perennial grasses. This result is in agreement with recent assessments of 

historic change within southeastern Arizona’s semi-desert grasslands that show an increase in shrubs and 

a loss of open grasslands (Turner et al., 2003; Gori and Enquist, 2003; Enquist and Gori, 2005). This 

suggests the need to maintain historic fire regimes if we are to maintain open grassland vegetation.  

 

Appendix B figures 101 through 106 display the actual VDDT model for semi-desert grassland, 

developed by the USDA FS Southwestern Region 3, and utilized during the planning effort on the A-

SNFs to determine future departure conditions and assessment of trends. 

 

 
Appendix B figure 101. Actual Alternative A VDDT state and transition model used for assessing trends in the 
semi-desert grassland PNVT on the A-SNFs 
 



 

359 

 

Appendix B figure 102. Alternative A semi-desert grassland PNVTs’ potentially management driven (3) and 
naturally driven (4) transitions for State A 

 

 

Appendix B figure 103. Alternative A semi-desert grassland PNVTs’ potentially management driven (4) and 
naturally driven (6) transitions for State B 
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Appendix B figure 104. Alternative A semi-desert grassland PNVTs’ potentially management driven (4) and 
naturally driven (8) transitions for State C 

 

 

Appendix B figure 105. Alternative A semi-desert grassland PNVTs’ potentially management driven (6) and 
naturally driven (8) transitions for State D. Alternative A Semi-desert grassland PNVT State D transitions 
continued in Appendix B figure 105a 
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Appendix B figure 105a. Alternative A semi-desert grassland PNVT State D transitions continued 

 

 

Appendix B figure 106. Alternative A semi-desert grassland PNVTs’ potentially management driven (4) and 
naturally driven (1) transitions for State E 
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Montane/Subalpine Grasslands PNVT 
 
 
Appendix B table 17. Montane/subalpine grasslands PNVT crosswalks developed by Region 3 (13 February 
2008) used in the determination of departure from HRV and DCs. DCs were provided by the Regional Office, 
and HRV was derived from LANDFIRE (2007c) 

Model State 
Desired Condition/ 

Reference Condition 
(mean %) 

VDDT Model 
Vegetation States 

 
R3 Existing Vegetation Classes 
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A 20 
Early development 1 - All 

structures 
= Recently burned, sparsely vegetated - N/A 

B, C 80 Mid-late development = All corresponding grass and forb types - N/A 

Contemporary Landscapes Only …   

D 0 
Tree or shrub cover 

(significant) 

= Shrub types: All corresponding shrub types - All 

= 
Tree types: All corresponding tree types - Seedling/sapling and 

all open canopy tree structure classes 

 E1 0 

Noxious and/or invasive 

plants - open or closed 
canopy 

= Noxious and/or invasive plants 

1 This state was added to the model to reflect the presence of various noxious weeds and invasive plants that makeup a significant portion of the herbaceous 
vegetation composition; not part of the historic conditions or within historic range of variability and are occurring on contemporary landscapes only 

 
State and Transition Models for Montane/Subalpine Grasslands 

 
The following is Smith’s (2007) discussion concerning the current modeling results for 

montane/subalpine grasslands.  

 

The current high elevation grassland model, which was run for 120 years following the Historic 

conditions, had very different results from the historic model (appendix B table 17). Native grassland 

(state A) only occupied 23 to 28% of the landscape after 120 years of fire suppression, grazing, and exotic 

introductions. Grassland with low density of encroaching trees (state B) occupied 18 to 20% of the 

landscape, and conifer forest (state C) had invaded 53 to 58% of the landscape. From these model runs, 

71 to 78% of the high elevation grassland landscape is anomalous to the historic conditions. 

 

These modeled scenarios underscore the importance of frequent surface fire in maintaining open, high 

elevation montane grassland ecosystems. The increase in proportion of the landscape that is closed and 

susceptible to uncharacteristic, stand replacing fires is very high at more than 50%. This proportion is 

toward the high end of reported values of grassland encroachment for the Valles Caldera grasslands, New 

Mexico, studied by Coop and Givnish (2007), but close to the value of 55% grassland loss reported by 

Allen (1984). There are several variables that control grassland invasibility, including precipitation and 

temperature, and several site characteristics such as topographic position, aspect, slope inclination, soil 

type and depth, and disturbance history (Allen, 1984; Moore and Huffman, 2004; Coop and Givnish, 

2007). Although it could not be quantified for this model, several areas have been invaded by non-native 

plant species, including species of bluegrass (Poa spp. L.), smooth brome (Bromus inermis L.), common 

dandelion (Taraxacum officinale F.H. Wigg.), and other plant species that change habitat suitability for 

wildlife species (Allen, 1984; Dick-Peddie, 1993; White, 2002). The simplistic model presented here 

incorporates the factors that have been quantified in the literature to date, and as more data become 

available, the model can incorporate that information to reflect the level of sophistication of our 

knowledge. 

 

No USDA FS Southwestern Regional model was developed for the montane/subalpine grasslands. 
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Appendix B table 18. Identification of current transitions, frequency of transitions, sources of information used, and assumptions used to develop the 
frequency of transitions and its effect on vegetation included in the VDDT models (adopted from Smith, 2007)

 1
 

Transition Type 
Transition Frequency 

or Length 
Sources Assumptions 

Microsite 

characteristics  

Not used in model  Allen, 1984; Moore and Huffman, 2004; Coop and Givnish, 

2007b 

There are large differences in the ‘invasibility’ of grasslands, largely controlled by 

climate, but also controlled by several site gradients. 

Plant growth  40 years  Ahlstrand et al., 1980; Allen 1984; Wyant et al., 1986 During the post-settlement period, tree encroachment began 30-40 years after cattle 
grazing and fire cessation, leading to the formation of a new ecological state that 

included more tree species. Several encroaching tree species become resistant to 

cambium scorching after attaining an age of 15 to 40 years. 

Fuel build up  Once every year.  Covington and Moore, 1994; Swetnam and Baisan, 1996; Allen 

et al., 2002; Fulé et al., 2003 

Several authors have documented the cessation of surface fires around 1880, which has 

led to the accumulation of fuels. 

Stand replacing fire  Once every 100 years  Cessation of surface fires and accumulation of fuels and 

development of fuel ladders has led to an increase in the 
frequency of stand replacing fires (Covington and Moore, 1994; 

Swetnam and Baisan, 1996; Covington et al., 1997; Allen et al., 

2002) 

Smith based his estimate of fire on fire scar data. Specifically, regional fire scar data 

shows drastic declines in fires from 1900 to present. Given these data, we estimated a 
fire occurrence of 1 in the last 100 years during the current period. This frequency may 

have regional variation based on site characteristics, sources of ignition, and suppression 

success. 

Non-native grazing  P=1 for all areas  Allen, 1984 Grazing by sheep and cattle, and concomitant reduction in fire frequency have led to 

increased invasion of high elevation grasslands by coniferous trees and aspen. Invasion 

followed an approximately 40-year lag period, during which time grazing practices 
changed in large part from sheep to cattle grazing. 

Exotic plant 

introduction  

Not used in model  Allen, 1984; Dick-Peddie, 1993; White, 2002 Canada bluegrass (Poa compressa L.) and Kentucky bluegrass (P. pratensis L.) and 

other plant species were introduced into many high elevation grasslands by early settlers 

and their grazing animals. This factor primarily affects understory composition and 
habitat quality. However, no transition probability could be discerned from the literature. 

Prescribed fire and 

mechanical tree 
thinning 

Not used in model   Mechanical removal of trees and prescribed burning may be effective in restoring 

grasslands, but this work has not been well documented.  

1 See Smith, 2007 
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Chaparral PNVT 
 
 
Interior Chaparral PNVT 
 
 
Appendix B table 19. Interior chaparral PNVT crosswalks developed by Region 3 (30 July 2010) used in the 
determination of departure from HRV and DCs. DCs were provided by the Regional Office, and HRV was 
derived from the Nature Conservancy (Schussman, 2006b) 

Model State 

Desired 
Condition/ 
Reference 

Condition1 (%) 

VDDT Model Vegetation 
States 

 
R3 Mid-scale Vegetation Mapping 

 
dominance type group - structure class 

T
N

C
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C

h
ap
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A 2 
Grass and forb 
regeneration 

= 
Recently burned, sparsely vegetated, and all corresponding herbaceous types - 

N/A 

B 5 Grass and shrub = All corresponding shrub types - Shrub - open canopy 

C, D 93 

Mid-late development 

dense shrub, no 

understory 

= 
All corresponding shrub types - Shrub - closed canopy and all tree size and 

canopy cover classes 

1 Based on 60-year fire frequency 

 
State and Transition Models for Interior Chaparral 

 
The following is Schussman’s (2006b) discussion concerning the current modeling results for interior 

chaparral. Interior chaparral appears to be a fairly stable vegetation type due to the majority of its species 

having the ability to quickly re-sprouting following disturbance events, such as fire and mechanical or 

chemical removal (Cable, 1975; Lillie et al., 1964; Pase and Ingebo, 1965; Pond and Cable, 1960). 

Additionally, the few species that regenerate from seed require fire to prepare the seedbed (Carmichael et 

al., 1978). Historically, this led to quick recovery of chaparral following the dominant natural disturbance, 

fire. In current times, these same mechanisms have allowed chaparral to maintain its dense canopy cover 

character regardless of human disturbance but have increased densities due to disturbance exclusion. 

 

Appendix B figure 107 displays a conceptual current state and transition model for the interior chaparral- 

vegetation type (Schussman and Smith, 2006a and 2006b) used in VDDT modeling. In appendix B table 

19, Schussman (2006b) describes the parameters included or not included within the current VDDT 

models (Schussman and Smith, 2006a and 2006b), as well as the sources of information and any 

assumptions used to create the model parameters. 

 

Results of the interior chaparral historic VDDT model show some variability in the 900 year average 

percent of the modeled landscape in each state based on the fire return interval range (appendix B table 

19). Even with this variability, all models showed a consistent pattern of the majority of the historic 

vegetation occurring in the Dense Shrub (greater than 21 years of age) state (83.6%, 76.2% and 50.5% ± 

2.3%, 3.2%, and 5.2% for fire return intervals of 100, 60, and 20 years respectively). A comparison of 

simulated historic conditions and current conditions shows an increase in the amount of dense shrub (21+ 

years) present under current management. Specifically, increases of between 50% and 13% are seen for 

the 100, 60, and 20 year historic runs compared to the 0 to 500 year current runs. 
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Appendix B figure 107. Conceptual current state and transition model for the interior chaparral vegetation 
type. Frequency of transitions are noted when this information is supported by published sources; where no 
or conflicting information exists on the frequency of transitions, unknown or variable, respectively, is the 
notation (Schussman and Smith, 2006a and 2006b; Schussman, 2006b) 

 

These results suggest that the last 120 years of land management, mainly fire suppression, have had some 

effect on historic chaparral landscape conditions. Changes primarily within stand age and density are 

reasonable as we wouldn’t expect 120 years of fire suppression to have large effects on vegetation 

structure within a PNVT with a historic fire return interval of 20 to 100 years. Additionally, this is in 

agreement with changes within chaparral vegetation documented by Huebner et al. (1999). These results 

suggest that current interior chaparral vegetation has lost the mosaic of less dense and younger aged 

states. Maintenance of the 20 to 100 year fire return interval will be important for restoring and 

maintaining the historic range of conditions for this landscape in the future.  

 

Appendix B figures 108 through 112 display the actual VDDT model for interior chaparral, developed by 

the USDA FS Southwestern Region 3, and utilized during the planning effort (Phase I) on the A-SNFs.  
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Appendix B table 20. Identification of current transition types, probabilities, and source of information used to inform the interior chaparral VDDT 
model (adopted from Schussman, 2006b)

 1
 

Transition Type 
Transition Frequency or 

Length 
Source Assumptions 

Treatments (mechanical, 

herbicide, and/or 
prescribed fire)  

Variable, not included in 

model  

Baldwin, 1968; Cable, 1975; Lillie et al., 

1964; Pase and Ingebo, 1965; Pond and 
Cable, 1960 

Schussman identified multiple studies, conducted primarily within the Tonto National Forest, which 

documented a wide range of mechanical, chemical, and fire treatments for interior chaparral vegetation. 
We concluded that the type of treatment was variable and occurred on a relatively small portion of 

interior chaparral within Arizona and New Mexico; hence we decided not to model this parameter in the 

regional current model. 

Non-native seeding  Variable, not included in 

model  

Cable, 1975; Hibbert et al., 1974 Schussman found documentation of the seeding of non-native perennial grasses (Eragrostis 

lehmanniana Nees, and E. curvula (Schrad.) Nees), following conversion treatments. However, as with 

the treatment parameter, Schussman determined that seeding was variable and occurred on a relatively 

small portion of interior chaparral in Arizona and New Mexico, hence Schussman decided not to model 

this parameter in the current model. 

Stand replacing fire  Every 0 to 500 years  Savage and Swetnam, 1990; Swetnam and 

Betancourt, 1998; Sneed et al., 2002  

Schussman based the estimate of fire on fire scar data; specifically, regional fire scar data, along with 

data more localized to southeastern Arizona and the Prescott Basin, Arizona, shows drastic declines in 
fires from 1900 to present (Savage and Swetnam, 1990; Sneed et al., 2002; Swetnam and Betancourt, 

1998). Given this information, Schussman estimated a fire return interval of 0 to every 500 years. 

Plant growth without 
disturbance  

2, 5, and 13 years  Carmichael et al., 1978; Cable, 1975; Lillie 
et al., 1964; Pase and Brown, 1982; Pase 

and Ingebo, 1965; Pond and Cable, 1960  

Schussman identified multiple sources (with similar results) that documented the time it took chaparral 
vegetation to reach the various canopy cover classes of each state. Specifically, multiple studies suggest 

that by 7 years chaparral has returned to pre-burn densities and/or densities high enough to eliminate the 

grass understory (Cable, 1975; Carmichael et al., 1978; Pond and Cable, 1962). Additionally, it is 
suggested that chaparral quickly recover to high cover levels (30 to 80%) but may not burn until roughly 

20 years have passed (Cable, 1975). Based on these studies Schussman determined how long it would 

take to transition from one state to the next in the absence of a disturbance. Schussman also used this 

information to determine the canopy cover ranges for each state. 
1 See Schussman, 2006b 
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Appendix B figure 108. Actual Alternative A VDDT state and transition model used for assessing trends in the 
interior chaparral PNVT on the A-SNFs 
 

 

Appendix B figure 109. Alternative A interior chaparral PNVTs’ potentially management driven (0) and 
naturally driven (1) transitions for State A 
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Appendix B figure 110. Alternative A interior chaparral PNVTs’ potentially management driven (2) and 
naturally driven (5) transitions for State B 
 

 

Appendix B figure 111. Alternative A interior chaparral PNVTs’ potentially management driven (1) and 
naturally driven (0) transitions for State C 
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Appendix B figure 112. Alternative A interior chaparral PNVTs’ potentially management driven (2) and 
naturally driven (1) transitions for State D 
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Riparian Areas/Forest PNVTs 
 
 
Wetland/Cienega Riparian Areas PNVT 
 
 
Appendix B table 21. Wetland/cienega riparian areas PNVT crosswalks developed by USDA FS Southwestern 
Region 3 (10 March 2008) used in the determination of departure from HRV and DCs. DCs were provided by 
the Regional Office, and HRV was derived from LANDFIRE (2003) 

Model State 
Historic 

Mean (%) 
Vegetation States  

Region 3 Existing Vegetation Classes 

 
dominance type group - structure class 
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A 15 Post replacement = 
Herbaceous vegetation regeneration, recently burned, sparsely vegetated; 

with < 10% tree or shrub canopy cover; early successional development 

B 80 Mid development - open canopy = 
Perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; 

mid successional development 

C 5 
Mid development - closed 

canopy 
= 

Shrubs, and seedling and sapling size (< 5” diameter) trees with open (< 

30%) or closed (≥ 30) canopy cover, with perennial herbaceous understory 
vegetation; mid successional development 

Contemporary Landscapes Only …  

D 0 
Late development - open and 

closed canopy 
= 

Shrubs, small size (5”-9.9” diameter), medium size (10”-19.9” diameter), 

and large to very large size (> 20” diameter) trees with open (< 30%) or 
closed (≥ 30) canopy cover, with herbaceous understory vegetation; late 

successional development; not part of the historic conditions or within 

historic range of variability, found on contemporary landscapes only 

 
PNVT description: Large (generally greater than 120 square acres) montane and valley freshwater marsh 

and wet meadow communities dominated by bulrushes, cattails and/or other wetland herbaceous species 

with saturated soil or standing water for most of the year, but which all or a portion generally dry out 

annually.  
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Cottonwood-Willow Riparian Forest PNVT 
 
 
Appendix B table 22. Cottonwood-willow riparian forest

1
 PNVT crosswalks developed by USDA FS 

Southwestern Region 3 (10 March 2008) used in the determination of departure from HRV and DCs. DCs were 
provided by the Regional Office, and HRV was derived from LANDFIRE (2007d) 

Model State 
Historic 

Mean (%) 
Vegetation States  

R3 Existing Vegetation Classes 

 
dominance type group - structure class 
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A
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A 20 
Early development 1- Post woody 

reproduction - All structures 

= Recently burned, all corresponding herbaceous types - N/A 

= 
All corresponding shrub types other than mesquite or mesquite mixes2 - 

Shrub - open and closed canopies 

= All corresponding tree types - Seedling/sapling 

B 25 Mid development 1 - closed canopy = 
All corresponding tree types - Small - open and closed canopies, 

Medium - open and closed canopies 

C 35 Late development 1 - closed canopy = All corresponding tree types - Very large - open and closed canopies 

D 20 Late development 2 - closed canopy = Mesquite or mesquite mixes2 - Shrub - open and closed canopies 

1 There are two "North America Warm Desert Riparian Systems" models (1511551 and 1511552) with very different reference conditions and fire regimes. 1511552 is 
described in stringers. 1511551 is the regional standard, for which reference conditions have not changed. Jack Triepke, USDA FS Southwestern Region 3 Ecologist, 
Jack Triepke, revisited the state descriptions, which makes for a difficult crosswalk without reliable cover type mapping to discern mesquite and cottonwood (USDA 
FS Southwestern Region 3 might need more than one crosswalk for this PNVT). Jack Triepke has revamped the existing crosswalk to differentiate mesquite 
domination (state D), the updated crosswalk assuming that mesquite is mapped as a shrub form (this is true for most of Region 3 mid-scale mapping) 

2 Crosswalk assumes that mesquite and mesquite mixes are mapped as shrub life forms 

 
PNVT description: Riparian systems occur primarily along perennial streams/rivers and arroyos and 

washes that have a high watertable or intermittent flows. The vegetation is a diverse mosaic of riparian 

forests, shrublands, streamside marshes and alluvial surfaces. Larger riparian systems are dominated by 

gallery forests. Dominant species are cottonwood, willow, saltgrass, bulrush, cattail, mesquite, seep 

willow, and muhlys. Vegetation is dependent upon periodic flooding. Native Americans also had a strong 

influence on vegetation composition and structure by favoring edible plants (e.g. mesquite), collecting fire 

wood and burning to flush animals and increase accessibility to open water and agricultural fields. 
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Mixed Broadleaf Deciduous Riparian Forest PNVT 
 
 
Appendix B table 23. Mixed broadleaf deciduous riparian forest

1
 PNVT crosswalks developed by Region 3 (19 

September 2006) used in the determination of departure from HRV and DCs. DCs were provided by the 
Regional Office, and HRV was derived from LANDFIRE (2008) 

Model State 

Desired 
Condition/ 

Historic 
Mean (%) 

Historic 
Vegetation States  

R3 Existing Vegetation Classes 

dominance type group - structure class 
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A 10 
Early 1 - Post woody reproduction - 

Dominated by resprouts and seedlings 

of shrubs and trees 

= 
Recently burned, sparsely vegetated, all corresponding 

herbaceous and shrub types - N/A 

B 30 Mid development 1 - closed canopy = 
All corresponding tree types - Small - closed canopy, Medium - 

closed canopy 

C 25 Mid development 1 - open canopy = 
All corresponding tree types - Seedling/sapling, Small - open 

canopy 

D 15 Late development 1 - open canopy = 
All corresponding tree types - Medium - open canopy, Very large 

- open canopy 

E 20 Late development 1 - closed canopy = All corresponding tree types - Very large - closed canopy 

1 The LANDFIRE model used to represent this PNVT provides a poor depiction of this system. USDA FS Southwestern Region 3 is in the process of developing a VDDT 
model and description for this PNVT 

 
PNVT description: This riparian type typically occurs in the valleys, and found along intermittent streams 

and major drainages. Vegetation is woodland dominated by alder, sycamore, cottonwood, willow, 

catclaw, other associated shrubs and understory grasses and forbs. 
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Montane Willow Riparian Forest PNVT 
 
 
Appendix B table 24. Montane willow riparian forest

1
 PNVT crosswalks developed by Region 3 (10 March 

2008) used in the determination of departure from HRV and DCs. DCs were provided by the Regional Office, 
and HRV was derived from LANDFIRE (2007e) 

Model State 
Historic 

Mean (%) 
Vegetation States  

R3 Existing Vegetation Classes 
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A 65 Early development 1 - all 

= Recently burned, all corresponding herbaceous types - N/A 

= All corresponding shrub types - Shrub - open canopy 

B 35 Mid development 1 - closed canopy 

= All corresponding shrub types - Shrub - closed canopy 

= All corresponding tree types - All size classes 

1 The LANDFIRE model used to represent this PNVT provides a poor depiction of this system. USDA FS Southwestern Region 3 is in the process of developing a VDDT 
model and description for this PNVT 

 
PNVT description: This riparian forest type exists as relatively small linear stringers occurring in the 

montane/subalpine zone. This PNVT encompasses a broad array of riparian species. This riparian area is 

highly variable and generally consists of one or more of the following species: cottonwoods, willows, 

sedges and other herbaceous vegetation, aspen, and conifers (primarily spruce and fire). 
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Appendix C – Pre- and Post- 2011 Wallow Fire Overstory Vegetation Structural 

States 
  



 

375 

Forested PNVTs 
 

Ponderosa Pine Forest PNVT 
 

 

Appendix C figure 1. Ponderosa pine forest (PPF) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 Wallow Fire 
overstory vegetation structural states 

1 Ponderosa Pine Forest (PPF) PNVT Overstory Vegetation Structural States. At 602,206 acres or approximately 30% of the forests this PNVT is the largest on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; early successional development 

State B - Seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; all tree types; early successional development 

State C - Small size (5”-9.9” diameter) trees, with open canopy cover; all tree types; mid successional development 

State D - Medium size (10”-19.9” diameter) trees, single storied, with open canopy cover; all tree types; late successional development  

State E - Large to very large size (≥ 20” diameter) trees, single storied, with open canopy cover; all tree types; late successional development 

State F - Seedling and sapling size trees with closed (> 30%) canopy cover; all tree types; early successional development 

State J - Medium size trees, multi-storied, with open canopy cover; all tree types; late successional development  

State K - Large to very large size trees, multi-storied, with open canopy cover; all tree types; late successional development 

STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 

State G - Small size trees, with closed canopy cover; all tree types; mid successional development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 
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State H - Medium size trees, single storied, with closed canopy cover; all shade tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

State I - Large to very large size trees, single storied, with closed canopy cover; all tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

State L - Medium size trees, multi-storied, with closed canopy cover; all tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State M - Large to very large size trees, multi-storied, with closed canopy cover; tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

State N - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; uncharacteristic early successional development due to fire; not part of the historic conditions or within historic range of variability, found on 
contemporary landscapes only 
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Wet Mixed Conifer Forest PNVT 
 

 

Appendix C figure 2. Wet mixed conifer forest (WMCF) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 Wallow 
Fire overstory vegetation structural states 

1 Wet Mixed Conifer Forest (WMCF) PNVT Overstory Vegetation Structural States. At 177,995 acres or approximately 9% of the forests this PNVT ranks 5th in order of size out of the 14 PNVTs on the A-SNFs  

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY (PRE AND POST-2011 WALLOW FIRE THESE STATES EXISTED WITH ASPEN REGENERATION) 

State A - Recently burned, grass, forb and shrub types, with < 10% tree canopy cover; early successional development; with aspen regeneration 

State B - Seedling and sapling (< 5" diameter), small (5”-9.9” diameter), medium (10”-19.9” diameter), large to very large (≥ 20” diameter) size trees, with open (≥ 10% & ≤ 30%) or closed (> 30%) canopy cover, consisting of all 
aspen, deciduous tree mix, and evergreen-deciduous mix tree types; with aspen regeneration 

State C - Seedling and sapling, and small size trees, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types; with aspen regeneration. Also includes seedling and sapling, and small size trees, 
with open canopy cover, with a plurality of a plurality of shade tolerant tree types; with aspen regeneration 

State D - Medium size trees, single or multi-storied, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types; with aspen regeneration. Also includes medium size trees, single or multi-storied, 
with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration 

State E - Large to very large size trees, single storied, with closed canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, single storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State F - Large to very large size trees, multi-storied, with closed canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, multi-storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State G - Seedling and sapling, and small size trees, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State H - Medium size trees, single or multi-storied, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration. Also includes medium size trees, single or multi-storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 
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STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY (PRE-2011 WALLOW FIRE THESE STATES EXISTED WITH 
LITTLE OR  NO ASPEN REGENERATION; POST-2011 WALLOW FIRE THESE STATES EXIST WITH ASPEN REGENERATION) 

State I - Large to very large size trees, single storied, with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. This state was not part of the historic conditions or within historic range of 
variability, found on contemporary landscapes only 

State J - Large to very large size trees, multi-storied, with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, multi-storied, with open canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration. This state was not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State K - Recently burned, grass, forb and shrub types, with < 10% tree canopy cover; early successional development; with aspen regeneration; not part of the historic conditions or within historic range of variability, found on 
contemporary landscapes only 

State L - Seedling and sapling, and small size trees, with closed canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, 
found on contemporary landscapes only 

State M - Medium size trees, single or multi-storied, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types. Also includes medium size trees, single or multi-storied, with open canopy cover; 
with a plurality of shade tolerant tree types; with aspen regeneration. This state was not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State N - Large to very large size trees, single storied, with closed canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, single storied, with closed canopy cover; with a plurality of 
shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State O - Large to very large size trees, multi-storied, with closed canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, multi-storied, with closed canopy cover; with a plurality of 
shade intolerant tree types with aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State P - Seedling and sapling, and small size trees, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, found 
on contemporary landscapes only 

State Q - Medium size trees, single or multi-storied, with open canopy cover; with a plurality of shade intolerant tree types. Also includes medium size trees, single or multi-storied, with closed canopy cover; with a plurality of 
shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State R - Large to very large size trees, single storied, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, 
found on contemporary landscapes only 

State S - Large to very large size trees, multi-storied, with open canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, multi-storied, with open canopy cover; with a plurality of 
shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

 
  



 

379 

Dry Mixed Conifer Forest PNVT 
 

 

Appendix C figure 3. Dry mixed conifer forest (DMCF) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 Wallow 
Fire overstory vegetation structural states 

1 Dry Mixed Conifer Forest (DMCF) PNVT Overstory Vegetation Structural States. At 147,885 acres or approximately 7% of the forests this PNVT ranks 6th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; early successional development 

State B - Seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; all tree types; early successional development 

State C - Small size (5”-9.9” diameter) trees, with open canopy cover; all tree types; mid successional development 

State D - Medium size (10”-19.9” diameter) trees, single storied, with open canopy cover; all tree types; late successional development  

State E - Large to very large size (≥ 20” diameter) trees, single storied, with open canopy cover; all tree types; late successional development 

State F - Seedling and sapling size trees with closed (> 30%) canopy cover; all tree types; early successional development 

State J - Medium size trees, multi-storied, with open canopy cover; all tree types; late successional development  

State K - Large to very large size trees, multi-storied, with open canopy cover; all tree types; late successional development 

STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 

State G - Small size trees, with closed canopy cover; all tree types; mid successional development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State H - Medium size trees, single storied, with closed canopy cover; all shade tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 
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State I - Large to very large size trees, single storied, with closed canopy cover; all tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

State L - Medium size trees, multi-storied, with closed canopy cover; all tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State M - Large to very large size trees, multi-storied, with closed canopy cover; tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

State N - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; uncharacteristic early successional development due to fire; not part of the historic conditions or within historic range of variability, found on 
contemporary landscapes only 
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Spruce-Fir Forest PNVT 
 

 

Appendix C figure 4. Spruce-fir forest (SFF) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 Wallow Fire 
overstory vegetation structural states 

1 Spruce-Fir Forest (SFF) PNVT Overstory Vegetation Structural States. At 17,667 acres or approximately 0.9% of the forests this PNVT ranks 11th in order of size out of the 14 PNVTs on the A-SNFs  

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY (PRE AND POST-2011 WALLOW FIRE THESE STATES EXISTED WITH ASPEN REGENERATION) 

State A - Recently burned, grass, forb and shrub types, with < 10% tree canopy cover; early successional development; with aspen regeneration 

State B - Seedling and sapling (< 5" diameter), small (5”-9.9” diameter), medium (10”-19.9” diameter), large to very large (≥ 20” diameter) size trees, with open (≥ 10% & ≤ 30%) or closed (> 30%) canopy cover, consisting of all 
aspen, deciduous tree mix, and evergreen-deciduous mix tree types; with aspen regeneration 

State C - Seedling and sapling, and small size trees, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types; with aspen regeneration. Also includes seedling and sapling, and small size trees, 
with open canopy cover, with a plurality of shade tolerant tree types; with aspen regeneration 

State D - Medium size trees, single or multi-storied, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types; with aspen regeneration. Also includes medium size trees, single or multi-storied, 
with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration 

State E - Large to very large size trees, single storied, with closed canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, single storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State F - Large to very large size trees, multi-storied, with closed canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, multi-storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State G - Seedling and sapling, and small size trees, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State H - Medium size trees, single or multi-storied, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration. Also includes medium size trees, single or multi-storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 
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STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY (PRE-2011 WALLOW FIRE THESE STATES EXISTED WITH 
LITTLE OR  NO ASPEN REGENERATION; POST-2011 WALLOW FIRE THESE STATES EXIST WITH ASPEN REGENERATION) 

State I - Large to very large size trees, single storied, with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, single storied, with open canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration. This state was not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State J - Large to very large size trees, multi-storied, with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, multi-storied, with open canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration. This state was not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State K - Recently burned, grass, forb and shrub types, with < 10% tree canopy cover; early successional development; with aspen regeneration; not part of the historic conditions or within historic range of variability, found on 
contemporary landscapes only 

State L - Seedling and sapling, and small size trees, with closed canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, 
found on contemporary landscapes only 

State M - Medium size trees, single or multi-storied, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types. Also includes medium size trees, single or multi-storied, with open canopy cover; 
with a plurality of shade tolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State N - Large to very large size trees, single storied, with closed canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, single storied, with closed canopy cover; with a plurality of 
shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State O - Large to very large size trees, multi-storied, with closed canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, multi-storied, with closed canopy cover; with a plurality of 
shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State P - Seedling and sapling, and small size trees, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration; with aspen regeneration; not part of the historic conditions or within historic 
range of variability, found on contemporary landscapes only 

State Q - Medium size trees, single or multi-storied, with open canopy cover; with a plurality of shade intolerant tree types. Also includes medium size trees, single or multi-storied, with a plurality of closed canopy cover; with 
shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State R - Large to very large size trees, single storied, with open canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, single storied, with open canopy cover; with a plurality of 
shade intolerant tree types; with aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State S - Large to very large size trees, multi-storied, with open canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, multi-storied, with open canopy cover; with a plurality of 
shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 
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WOODLAND PNVTS 
 
Madrean Pine-Oak Woodland PNVT 
 

 

Appendix C figure 5. Madrean pine-oak woodland (MPOW) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 
Wallow Fire overstory vegetation structural states 

1 Madrean Pine-Oak Woodland (MPOW) PNVT Overstory Vegetation Structural States. At 394,928 acres or approximately 20% of the forests this PNVT ranks 2nd in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY
 

State A - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; early successional development 

State B - Seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; all tree types; early successional development 

State C - Small size (5”-9.9” diameter) trees, with open canopy cover; all tree types; mid successional development 

State D - Medium (10”-19.9” diameter) and large to very large size (≥ 20” diameter) trees; multi-storied, with open canopy cover; all tree types; late successional development 
‡Current state makeup: 5% (20,461 ac) medium size trees; and 2% (7,579 ac) large to very large size trees  

State E - Seedling and sapling size trees with closed (> 30%) canopy cover; all tree types; early successional development 

State F - Small size trees, with closed canopy cover; all tree types; mid successional development 

State G - Medium and large to very large size trees; multi-storied, with closed canopy cover; all tree types; late successional development  
†Current state makeup: 23% (89,110 ac) medium size trees; and 10% (41,863 ac) large to very large size trees  
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Piñon-Juniper Woodland PNVT 
 

 

Appendix C figure 6. Piñon-juniper woodland (PJW) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 Wallow 
Fire overstory vegetation structural states 

1 Piñon-Juniper Woodland (PJW) PNVT Overstory Vegetation Structural States. At 222,166 acres or approximately 11% of the forests this PNVT ranks 3rd in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; early successional development 

State B - Seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; all tree types; early successional development 

State C - Small size (5”-9.9” diameter) trees, with open canopy cover; all tree types; mid successional development 

State D - Medium (10”-19.9” diameter) and large to very large size (≥ 20” diameter) trees; multi-storied, with open canopy cover; all tree types; late successional development  
‡Current state makeup: 44% (97,416 ac) medium size trees; and 25% (54,547 ac) large to very large size trees  

State E - Seedling and sapling size trees with closed (> 30%) canopy cover; all tree types; early successional development 

State F - Small size trees, with closed canopy cover; all tree types; mid successional development 

State G - Medium and large to very large size trees; multi-storied, with closed canopy cover; all tree types; late successional development  
†Current state makeup: 8% (17,580 ac) medium size trees; and 7% (16,013 ac) large to very large size trees 
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GRASSLAND PNVTS 
 
Great Basin Grassland PNVT 
 

 

Appendix C figure 7. Great Basin grassland (GBG) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 Wallow Fire 
overstory vegetation structural states 

1 Great Basin Grassland (GBG) PNVT Overstory Vegetation Structural States. At 185,523 acres or approximately 9% of the forests this PNVT ranks 4th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% tree or shrub canopy cover; early successional development 

State B - Open perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; mid successional development 

State C - Perennial herbaceous vegetation with shrubs, seedling and sapling size (< 5” diameter), small size (5”-9.9” diameter), and medium size (10”-19.9” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; late successional 
development 

State D - Shrubs, seedling and sapling, small, medium, and large to very large size (≥ 20” diameter) trees with closed (> 30%) canopy cover, and large to very large size trees with open canopy cover with perennial herbaceous 
understory vegetation, mid successional development 

STRUCTURAL STATE NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 

State E - Various noxious weeds and invasive plants makeup a significant portion of the herbaceous vegetation composition; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only  
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Semi-desert Grassland PNVT 
 

 

Appendix C figure 8. Semi-desert grassland (SDG) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 Wallow 
Fire overstory vegetation structural states 

1 Semi-desert Grassland (SDG) PNVT Overstory Vegetation Structural States. At 106,952 acres or approximately 5% of the forests this PNVT ranks 7th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% tree or shrub canopy cover; early successional development 

State B - Perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; mid successional development 

STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 
State C - Perennial herbaceous vegetation with shrubs, seedling and sapling size (< 5” diameter), small size (5”-9.9” diameter), and medium size (10”-19.9” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; late 

successional development 

State D - Shrubs, seedling and sapling, small, medium, and large to very large size (≥ 20” diameter) trees with closed (> 30%) canopy cover, and large to very large size trees with open canopy cover with perennial herbaceous 
understory vegetation, mid successional development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State E - Various noxious weeds and invasive plants makeup a significant portion of the herbaceous vegetation composition; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 
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Montane/Subalpine Grasslands PNVT 
 

 

Appendix C figure 9. Montane/subalpine grasslands (MSG) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 
Wallow Fire overstory vegetation structural states 

1 Montane/Subalpine Grasslands (MSG) PNVT Overstory Vegetation Structural States. At 51,559 acres or approximately 3% of the forests this PNVT ranks 9th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% tree or shrub canopy cover; early successional development 

State B - Perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; mid successional development 

State C - Perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; late successional development 

STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 

State D - Shrubs, seedling and sapling size (< 5” diameter), small size (5”-9.9” diameter), medium size (10”-19.9” diameter), and large to very large size (≥ 20” diameter) trees with open (≥ 10% & ≤ 30%) or closed (> 30%) canopy 
cover, with perennial herbaceous understory vegetation; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State E - Various noxious weeds and invasive plants makeup a significant portion of the herbaceous vegetation composition; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only  
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Chaparral PNVT 
 
Interior Chaparral PNVT 
 

 

Appendix C figure 10. Interior chaparral (IC) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 Wallow Fire 
overstory vegetation structural states 

1 Interior Chaparral (IC) PNVT Overstory Vegetation Structural States. At 55,981 acres or approximately 3% of the forests this PNVT ranks 8th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% shrub or tree canopy cover; early successional development 

State B - Open perennial herbaceous vegetation, with shrubs, seedling and sapling size (< 5” diameter) and small size (5”-9.9” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; mid successional development 

State C - Shrubs, seedling and sapling, small, medium size (10”-19.9” diameter), and large to very large size (≥ 20” diameter) trees with closed (> 30%) canopy cover, and medium and large to very large size (≥ 20” diameter) trees 
with open canopy cover and no herbaceous understory vegetation; late successional development 
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Riparian Areas/Riparian Forest PNVTs 
 
Wetland/Cienega Riparian Areas PNVT 
 

 

Appendix C figure 11. Wetland/cienega riparian areas (WCRA) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 
Wallow Fire overstory vegetation structural states 

1 Wetland/Cienega Riparian Areas (WCRA) PNVT Overstory Vegetation Structural States. At 17,900 acres or approximately 0.9% of the forests this PNVT ranks 10th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% tree or shrub canopy cover; early successional development 

State B - Perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; mid successional development 

State C - Shrubs, and seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) or closed (> 30%) canopy cover, with perennial herbaceous understory vegetation; mid successional development 

STRUCTURAL STATE NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 

State D - Shrubs, small size (5”-9.9” diameter), medium size (10”-19.9” diameter), and large to very large size (≥ 20” diameter) trees with open or closed canopy cover, with herbaceous understory vegetation; late successional 
development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 
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Cottonwood-Willow Riparian Forest PNVT 
 

 

Appendix C figure 12. Cottonwood-willow riparian forest (CWRF) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-
2011 Wallow Fire overstory vegetation structural states 

1 Cottonwood-Willow Riparian Forest (CWRF) PNVT Overstory Vegetation Structural States. At 15,876 acres or approximately 0.8% of the forests this PNVT ranks 12th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation dominated with shrubs, seedling and sapling size (< 5" diameter) trees with open (≥ 10% & ≤ 30%) or closed (> 30%) canopy cover; early successional development 

State B - Tall shrubs and small size (5-9.9" diameter) trees with open or closed canopy cover; mid successional development 

State C - Medium size (10-19.9" diameter) and large to very large (≥ 20" diameter) size trees; multi-storied, with open or closed canopy cover; late successional development 
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Mixed Broadleaf Deciduous Riparian Forest PNVT 
 

 

Appendix C figure 13. Mixed broadleaf deciduous riparian forest (MBDRF) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to 
post-2011 Wallow Fire overstory vegetation structural states 

1 Mixed Broadleaf Deciduous Riparian Forest (MBDRF) PNVT Overstory Vegetation Structural States. At 9,657 acres or approximately 0.5% of the forests this PNVT ranks 13th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% tree or shrub canopy cover; early successional development 

State B - Shrubs, seedling and sapling size (< 5” diameter), small size (5”-9.9” diameter), and medium size (10”-19.9” diameter) trees with closed (> 30%) canopy cover; mid successional development 

State C - Shrubs, seedling and sapling, and small size trees with open (≥ 10% & ≤ 30%) canopy cover; mid successional development 

State D - Shrubs, medium size, and large to very large size (≥ 20” diameter) trees; multi-storied, with open canopy cover; late successional development 

State E - Shrubs, medium size, and large to very large size trees; multi-storied, with closed canopy cover; late successional development 
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Montane Willow Riparian Forest PNVT 
 

 

Appendix C figure 14. Montane willow riparian forest (MWRF) PNVT pre-2011 Wallow Fire overstory vegetation structural states compared to post-2011 
Wallow Fire overstory vegetation structural states 

1 Montane Willow Riparian Forest (MWRF) PNVT Overstory Vegetation Structural States. At 4,808 acres or approximately 0.2% of the forests this PNVT is the smallest on the A-SNFs  

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, and shrubs, and seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; early successional development 

State B - Shrubs, seedling and sapling, small size (5”-9.9” diameter) trees with closed (> 30%) canopy cover, and medium size (10”-19.9” diameter), and large to very large (≥ 20” diameter) size trees with open or closed canopy 
cover; mid to late successional development 
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Appendix D - Potential Natural Vegetation Types Current and Desired Condition 

Overstory Structural States and Resulting Overstory Vegetation Structural States 
by VDDT Model Year Runs over the 50-Year Modeling Period 
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Forested PNVTs 
 

Ponderosa Pine Forest PNVT 
 

 

Appendix D figure 15. Ponderosa pine forest (PPF) PNVT current and desired overstory vegetation structural states 

1 Ponderosa Pine Forest (PPF) PNVT Overstory Vegetation Structural States. At 602,206 acres or approximately 30% of the forests this PNVT is the largest on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; early successional development 

State B - Seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; all tree types; early successional development 

State C - Small size (5”-9.9” diameter) trees, with open canopy cover; all tree types; mid successional development 

State D - Medium size (10”-19.9” diameter) trees, single storied, with open canopy cover; all tree types; late successional development  

State E - Large to very large size (≥ 20” diameter) trees, single storied, with open canopy cover; all tree types; late successional development 

State F - Seedling and sapling size trees with closed (> 30%) canopy cover; all tree types; early successional development 

State J - Medium size trees, multi-storied, with open canopy cover; all tree types; late successional development  

State K - Large to very large size trees, multi-storied, with open canopy cover; all tree types; late successional development 

STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 

State G - Small size trees, with closed canopy cover; all tree types; mid successional development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State H - Medium size trees, single storied, with closed canopy cover; all shade tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 
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State I - Large to very large size trees, single storied, with closed canopy cover; all tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

State L - Medium size trees, multi-storied, with closed canopy cover; all tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State M - Large to very large size trees, multi-storied, with closed canopy cover; tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

State N - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; uncharacteristic early successional development due to fire; not part of the historic conditions or within historic range of variability, found on 
contemporary landscapes only 

2 PPF PNVT has a 77% or high departure rating from Desired Conditions (DC) and a 94% or severe departure rating from Historical Range of Variability (HRV) making it the 2nd and 1st most departed PNVT on the A-SNFs for DC and 
HRV, respectively. Desired Conditions were provided by the Regional Office, and HRV was derived from the Nature Conservancy (Smith, 2006a) 
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Ponderosa Pine Forest PNVT Alternative A 
 
 
Appendix D table 1. Alternative A ponderosa pine forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period 

Model Year Runs 
Ponderosa Pine Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 

Desired Conditions 0 3,011 6,022 42,154 132,485 3,011 6,022 10,539 10,539 96,353 270,993 10,539 10,539 0 602,206 

Initial Conditions 33,258 4,053 9,880 26,848 16,876 16,422 84,972 67,302 42,379 17,165 16,876 100,953 98,884 66,338 602,206 

10 years 33,334 16,959 17,675 28,273 48,196 23,296 72,731 56,901 54,986 23,323 31,211 94,321 74,666 26,334 602,206 

15-year planning period 28,136 16,486 20,731 28,274 62,122 27,835 73,356 57,592 55,166 25,162 36,020 90,333 65,837 15,156 602,206 

20 years 21,540 15,059 22,251 27,380 73,213 32,174 75,283 53,769 63,550 24,935 37,183 86,489 59,017 10,362 602,206 

30 years 13,695 11,225 20,141 23,826 97,100 35,293 77,435 51,950 62,451 24,782 39,092 86,161 54,525 4,528 602,206 

40 years 8,768 9,230 19,908 21,926 122,278 35,874 75,177 46,524 64,272 25,540 38,351 83,074 49,290 1,993 602,206 

50-year modeling period 7,560 9,715 18,555 23,409 130,256 32,265 74,389 47,220 64,033 25,621 42,427 80,754 44,621 1,380 602,206 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 1 1 7 22 1 1 2 2 16 45 2 2 0 100 

Initial Conditions 6 1 2 4 3 3 14 11 7 3 3 17 16 11 100 

10 years 6 3 3 5 8 4 12 9 9 4 5 16 12 4 100 

15-year planning period 5 3 3 5 10 5 12 10 9 4 6 15 11 3 100 

20 years 4 3 4 5 12 5 13 9 11 4 6 14 10 2 100 

30 years 2 2 3 4 16 6 13 9 10 4 6 14 9 1 100 

40 years 1 2 3 4 20 6 12 8 11 4 6 14 8 0 100 

50-year modeling period 1 2 3 4 22 5 12 8 11 4 7 13 7 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 64 36 87 100 100 100 100 82 94 100 100 100  

10 years 100 100 100 33 64 100 100 100 100 76 88 100 100 100  

15-year planning period 100 100 100 33 53 100 100 100 100 74 87 100 100 100  

20 years 100 100 100 35 45 100 100 100 100 74 86 100 100 100  

30 years 100 100 100 43 27 100 100 100 100 74 86 100 100 100  

40 years 100 100 100 48 8 100 100 100 100 73 86 100 100 100  

50-year modeling period 100 100 100 44 2 100 100 100 100 73 84 100 100 100  
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Ponderosa Pine Forest PNVT Alternative B Proposed High Acre Treatment Objectives 
 
 

Appendix D table 2. Alternative B ponderosa pine forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Ponderosa Pine Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 3,011 6,022 42,154 132,485 3,011 6,022 10,539 10,539 96,353 270,993 10,539 10,539 0 602,206 

Initial Conditions 33,260 4,053 9,880 26,849 16,875 16,422 84,971 67,301 42,379 17,165 16,875 100,952 98,885 66,339 602,206 

10 years 39,129 18,069 20,448 32,269 51,092 23,750 68,208 59,920 35,610 30,033 45,045 90,681 64,411 23,544 602,206 

15-year planning period 32,198 21,409 23,404 33,737 65,383 29,747 64,859 56,157 32,232 34,974 53,402 85,584 55,638 13,482 602,206 

20 years 26,259 19,778 24,379 35,523 72,385 34,730 65,519 53,600 29,206 36,951 66,137 82,362 46,830 8,548 602,206 

30 years 18,795 17,909 27,589 32,322 84,155 38,690 72,640 45,081 25,318 40,674 81,350 77,674 36,666 3,342 602,206 

40 years 15,377 16,922 26,522 32,138 89,262 39,748 73,960 44,701 21,802 41,343 90,404 73,300 34,992 1,734 602,206 

50-year modeling period 13,696 17,280 29,489 34,031 90,601 39,890 74,765 39,178 19,899 43,903 95,608 70,019 32,884 964 602,206 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 1 1 7 22 1 1 2 2 16 45 2 2 0 100 

Initial Conditions 6 1 2 4 3 3 14 11 7 3 3 17 16 11 100 

10 years 6 3 3 5 8 4 11 10 6 5 7 15 11 4 100 

15-year planning period 5 4 4 6 11 5 11 9 5 6 9 14 9 2 100 

20 years 4 3 4 6 12 6 11 9 5 6 11 14 8 1 100 

30 years 3 3 5 5 14 6 12 7 4 7 14 13 6 1 100 

40 years 3 3 4 5 15 7 12 7 4 7 15 12 6 0 100 

50-year modeling period 2 3 5 6 15 7 12 7 3 7 16 12 5 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 64 36 87 100 100 100 100 82 94 100 100 100  

10 years 100 100 100 20 51 100 100 100 100 64 80 100 100 100  

15-year planning period 100 100 100 16 45 100 100 100 100 62 76 100 100 100  

20 years 100 100 100 23 36 100 100 100 100 58 70 100 100 100  

30 years 100 100 100 24 33 100 100 100 100 57 67 100 100 100  

40 years 100 100 100 19 32 100 100 100 89 54 65 100 100 100  

50-year modeling period 100 35 100 36 87 100 100 100 100 82 94 100 100 100  
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Ponderosa Pine Forest PNVT Alternative B Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 3. Alternative B ponderosa pine forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Ponderosa Pine Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 3,011 6,022 42,154 132,485 3,011 6,022 10,539 10,539 96,353 270,993 10,539 10,539 0 602,206 

Initial Conditions 33,258 4,053 9,880 26,848 16,876 16,422 84,972 67,302 42,379 17,165 16,876 100,953 98,884 66,338 602,206 

10 years 35,689 17,295 19,180 28,981 43,034 23,454 72,258 62,298 39,869 25,935 37,473 97,574 74,530 24,636 602,206 

15-year planning period 29,720 19,348 21,494 29,215 56,437 28,858 70,259 60,222 37,965 29,789 42,826 94,574 67,568 13,933 602,206 

20 years 23,556 17,547 22,095 29,092 62,123 33,518 72,835 58,424 37,134 31,044 51,140 93,388 61,285 9,025 602,206 

30 years 15,066 15,468 23,466 27,043 71,822 37,824 78,332 51,880 35,155 33,777 61,878 92,054 54,679 3,761 602,206 

40 years 11,468 13,354 23,734 25,268 76,809 38,679 80,040 51,437 33,937 34,307 69,220 89,926 52,438 1,588 602,206 

50-year modeling period 9,638 13,713 24,743 25,937 79,277 38,779 80,528 46,916 33,050 35,784 74,134 87,876 50,704 1,126 602,206 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 1 1 7 22 1 1 2 2 16 45 2 2 0 100 

Initial Conditions 6 1 2 4 3 3 14 11 7 3 3 17 16 11 100 

10 years 6 3 3 5 7 4 12 10 7 4 6 16 12 4 100 

15-year planning period 5 3 4 5 9 5 12 10 6 5 7 16 11 2 100 

20 years 4 3 4 5 10 6 12 10 6 5 8 16 10 1 100 

30 years 3 3 4 4 12 6 13 9 6 6 10 15 9 1 100 

40 years 2 2 4 4 13 6 13 9 6 6 11 15 9 0 100 

50-year modeling period 2 2 4 4 13 6 13 8 5 6 12 15 8 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 64 36 87 100 100 100 100 82 94 100 100 100  

10 years 100 100 100 31 68 100 100 100 100 73 86 100 100 100  

15-year planning period 100 100 100 31 57 100 100 100 100 69 84 100 100 100  

20 years 100 100 100 31 53 100 100 100 100 68 81 100 100 100  

30 years 100 100 100 36 46 100 100 100 100 65 77 100 100 100  

40 years 100 100 100 40 42 100 100 100 100 64 74 100 100 100  

50-year modeling period 100 100 100 38 40 100 100 100 100 63 73 100 100 100  
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Ponderosa Pine Forest PNVT Alternative B Proposed Low Acre Treatment Objectives 
 
  
Appendix D table 4. Alternative B ponderosa pine forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Ponderosa Pine Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 3,011 6,022 42,154 132,485 3,011 6,022 10,539 10,539 96,353 270,993 10,539 10,539 0 602,206 

Initial Conditions 33,258 4,053 9,880 26,848 16,876 16,422 84,972 67,302 42,379 17,165 16,876 100,953 98,884 66,338 602,206 

10 years 32,248 16,521 17,912 25,694 34,976 23,158 76,309 64,675 44,128 21,838 29,902 104,468 84,649 25,728 602,206 

15-year planning period 27,242 17,287 19,583 24,693 47,491 27,969 75,658 64,286 43,697 24,604 32,249 103,565 79,498 14,385 602,206 

20 years 20,856 15,319 19,814 22,665 51,869 32,309 80,160 63,255 45,066 25,142 36,150 104,426 75,749 9,503 602,206 

30 years 11,337 13,027 19,343 21,764 59,490 36,958 84,024 58,679 44,993 26,881 42,406 106,433 72,691 4,181 602,206 

40 years 7,559 9,785 20,945 18,399 64,357 37,610 86,120 58,174 46,072 27,272 48,035 106,553 69,885 1,442 602,206 

50-year modeling period 5,580 10,146 19,998 17,843 67,953 37,668 86,291 54,655 46,201 27,665 52,661 105,732 68,524 1,288 602,206 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 1 1 7 22 1 1 2 2 16 45 2 2 0 100 

Initial Conditions 6 1 2 4 3 3 14 11 7 3 3 17 16 11 100 

10 years 5 3 3 4 6 4 13 11 7 4 5 17 14 4 100 

15-year planning period 5 3 3 4 8 5 13 11 7 4 5 17 13 2 100 

20 years 3 3 3 4 9 5 13 11 7 4 6 17 13 2 100 

30 years 2 2 3 4 10 6 14 10 7 4 7 18 12 1 100 

40 years 1 2 3 3 11 6 14 10 8 5 8 18 12 0 100 

50-year modeling period 1 2 3 3 11 6 14 9 8 5 9 18 11 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 64 36 87 100 100 100 100 82 94 100 100 100  

10 years 100 100 100 39 74 100 100 100 100 77 89 100 100 100  

15-year planning period 100 100 100 41 64 100 100 100 100 74 88 100 100 100  

20 years 100 100 100 46 61 100 100 100 100 74 87 100 100 100  

30 years 100 100 100 48 55 100 100 100 100 72 84 100 100 100  

40 years 100 100 100 56 51 100 100 100 100 72 82 100 100 100  

50-year modeling period 100 100 100 58 49 100 100 100 100 71 81 100 100 100  
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Ponderosa Pine Forest PNVT Alternative C Proposed High Acre Treatment Objectives 
 
 

Appendix D table 5. Alternative C ponderosa pine forest resulting overstory period, for the proposed high acre treatment objectives vegetation 
structural state acreage by VDDT model year runs over the 50-year modeling 

Model Year Runs 
Ponderosa Pine Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 3,011 6,022 42,154 132,485 3,011 6,022 10,539 10,539 96,353 270,993 10,539 10,539 0 602,206 

Initial Conditions 33,258 4,053 9,880 26,848 16,876 16,422 84,972 67,302 42,379 17,165 16,876 100,953 98,884 66,338 602,206 

10 years 52,777 26,198 34,525 37,129 55,343 23,478 61,577 47,731 25,529 37,788 70,317 69,572 39,502 20,740 602,206 

15-year planning period 49,890 25,449 29,282 37,932 67,396 32,403 65,545 42,136 20,058 43,577 82,144 64,590 29,407 12,398 602,206 

20 years 43,264 25,692 33,277 39,935 75,748 39,288 67,741 41,666 14,847 43,497 86,646 58,921 23,582 8,103 602,206 

30 years 38,475 26,074 36,856 37,721 85,534 42,119 72,802 39,265 10,534 41,757 89,979 57,729 18,761 4,601 602,206 

40 years 36,534 25,703 36,807 37,135 88,444 44,403 77,079 39,497 8,595 42,922 86,032 58,100 17,871 3,084 602,206 

50-year modeling period 35,654 23,842 35,922 36,582 92,613 43,905 80,231 39,864 8,262 43,835 86,009 54,198 18,631 2,653 602,206 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 1 1 7 22 1 1 2 2 16 45 2 2 0 100 

Initial Conditions 6 1 2 4 3 3 14 11 7 3 3 17 16 11 100 

10 years 9 4 6 6 9 4 10 8 4 6 12 12 7 3 100 

15-year planning period 8 4 5 6 11 5 11 7 3 7 14 11 5 2 100 

20 years 7 4 6 7 13 7 11 7 2 7 14 10 4 1 100 

30 years 6 4 6 6 14 7 12 7 2 7 15 10 3 1 100 

40 years 6 4 6 6 15 7 13 7 1 7 14 10 3 1 100 

50-year modeling period 6 4 6 6 15 7 13 7 1 7 14 9 3 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 64 36 87 100 100 100 100 82 94 100 100 100  

10 years 100 100 100 12 58 100 100 100 100 61 74 100 100 100  

15-year planning period 100 100 100 10 49 100 100 100 90 55 70 100 100 100  

20 years 100 100 100 5 43 100 100 100 41 55 68 100 100 100  

30 years 100 100 100 11 35 100 100 100 0 57 67 100 78 100  

40 years 100 100 100 12 33 100 100 100 18 55 68 100 70 100  

50-year modeling period 100 100 100 13 30 100 100 100 22 55 68 100 77 100  
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Ponderosa Pine Forest PNVT Alternative C Proposed Average Acre Treatment Objectives 
 
 

Appendix D table 6. Alternative C ponderosa pine forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Ponderosa Pine Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 3,011 6,022 42,154 132,485 3,011 6,022 10,539 10,539 96,353 270,993 10,539 10,539 0 602,206 

Initial Conditions 33,258 4,053 9,880 26,848 16,876 16,422 84,972 67,302 42,379 17,165 16,876 100,953 98,884 66,338 602,206 

10 years 43,609 22,104 26,531 31,333 46,140 24,294 68,268 54,773 34,343 30,282 49,891 86,989 61,521 22,128 602,206 

15-year planning period 38,312 21,282 24,710 30,540 57,251 31,051 72,431 52,128 31,482 34,205 58,235 84,615 53,059 12,906 602,206 

20 years 32,038 20,809 27,758 30,909 63,958 36,137 75,551 50,716 28,677 34,592 63,002 81,954 47,959 8,146 602,206 

30 years 25,531 19,690 29,879 28,658 75,908 40,251 78,604 50,589 26,921 34,769 65,403 80,478 41,530 3,994 602,206 

40 years 23,205 18,056 28,525 28,050 85,386 40,208 79,372 47,519 24,039 35,628 65,557 84,177 39,912 2,571 602,206 

50-year modeling period 21,619 16,309 28,496 26,993 90,444 39,076 82,695 46,908 23,389 35,960 68,170 80,366 39,638 2,143 602,206 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 1 1 7 22 1 1 2 2 16 45 2 2 0 100 

Initial Conditions 6 1 2 4 3 3 14 11 7 3 3 17 16 11 100 

10 years 7 4 4 5 8 4 11 9 6 5 8 14 10 4 100 

15-year planning period 6 4 4 5 10 5 12 9 5 6 10 14 9 2 100 

20 years 5 3 5 5 11 6 13 8 5 6 10 14 8 1 100 

30 years 4 3 5 5 13 7 13 8 4 6 11 13 7 1 100 

40 years 4 3 5 5 14 7 13 8 4 6 11 14 7 0 100 

50-year modeling period 4 3 5 4 15 6 14 8 4 6 11 13 7 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 64 36 87 100 100 100 100 82 94 100 100 100  

10 years 100 100 100 26 65 100 100 100 100 69 82 100 100 100  

15-year planning period 100 100 100 28 57 100 100 100 100 65 79 100 100 100  

20 years 100 100 100 27 52 100 100 100 100 64 77 100 100 100  

30 years 100 100 100 32 43 100 100 100 100 64 76 100 100 100  

40 years 100 100 100 33 36 100 100 100 100 63 76 100 100 100  

50-year modeling period 100 100 100 36 32 100 100 100 100 63 75 100 100 100  
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Ponderosa Pine Forest PNVT Alternative C Proposed Low Acre Treatment Objectives 
 

Appendix D table 7. Alternative C ponderosa pine forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Ponderosa Pine Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 3,011 6,022 42,154 132,485 3,011 6,022 10,539 10,539 96,353 270,993 10,539 10,539 0 602,206 

Initial Conditions 33,258 4,053 9,880 26,848 16,876 16,422 84,972 67,302 42,379 17,165 16,876 100,953 98,884 66,338 602,206 

10 years 43,609 22,104 26,531 31,333 46,140 24,294 68,268 54,773 34,343 30,282 49,891 86,989 61,521 22,128 602,206 

15-year planning period 34,441 18,009 18,538 25,537 36,937 25,110 74,959 61,815 43,157 22,776 29,465 104,405 83,539 23,517 602,206 

20 years 26,734 17,115 20,139 23,148 47,106 29,699 79,318 62,119 42,905 24,833 34,326 104,641 76,710 13,414 602,206 

30 years 20,812 15,926 22,239 21,883 52,168 32,985 83,362 59,766 42,508 25,688 39,359 104,988 72,336 8,188 602,206 

40 years 12,588 13,306 22,901 19,596 66,281 38,384 84,405 61,913 43,309 27,781 40,828 103,228 64,299 3,388 602,206 

50-year modeling period 9,876 10,410 20,243 18,966 82,329 36,012 81,666 55,542 39,484 28,335 45,082 110,253 61,952 2,058 602,206 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 1 1 7 22 1 1 2 2 16 45 2 2 0 100 

Initial Conditions 6 1 2 4 3 3 14 11 7 3 3 17 16 11 100 

10 years 6 3 3 4 6 4 12 10 7 4 5 17 14 4 100 

15-year planning period 4 3 3 4 8 5 13 10 7 4 6 17 13 2 100 

20 years 3 3 4 4 9 5 14 10 7 4 7 17 12 1 100 

30 years 2 2 4 3 11 6 14 10 7 5 7 17 11 1 100 

40 years 2 2 3 3 14 6 14 9 7 5 7 18 10 0 100 

50-year modeling period 1 1 4 3 15 6 14 9 6 5 8 18 10 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 64 36 87 100 100 100 100 82 94 100 100 100  

10 years 100 100 100 39 72 100 100 100 100 76 89 100 100 100  

15-year planning period 100 100 100 45 64 100 100 100 100 74 87 100 100 100  

20 years 100 100 100 48 61 100 100 100 100 73 85 100 100 100  

30 years 100 100 100 54 50 100 100 100 100 71 85 100 100 100  

40 years 100 100 100 55 38 100 100 100 100 71 83 100 100 100  

50-year modeling period 100 100 100 59 33 100 100 100 100 71 81 100 100 100  
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Ponderosa Pine Forest PNVT Alternative D Proposed High Acre Treatment Objectives 
 
 

Appendix D table 8. Alternative D ponderosa pine forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Ponderosa Pine Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 3,011 6,022 42,154 132,485 3,011 6,022 10,539 10,539 96,353 270,993 10,539 10,539 0 602,206 

Initial Conditions 33,258 4,053 9,880 26,848 16,876 16,422 84,972 67,302 42,379 17,165 16,876 100,953 98,884 66,338 602,206 

10 years 36,516 16,754 19,718 30,181 59,534 20,250 54,363 52,484 97,316 22,821 24,400 79,664 60,699 27,506 602,206 

15-year planning period 31,708 18,739 22,671 29,648 81,395 20,444 49,682 46,546 113,781 23,802 24,767 71,147 50,346 17,529 602,206 

20 years 26,982 17,150 22,359 29,637 106,867 21,937 47,690 42,412 118,874 22,958 26,090 63,971 43,658 11,622 602,206 

30 years 17,839 14,045 20,024 23,392 157,466 21,200 42,439 36,807 118,289 22,230 27,189 59,577 35,499 6,212 602,206 

40 years 12,042 10,621 18,543 20,846 197,874 18,930 39,940 31,726 116,118 19,640 29,231 50,463 33,109 3,124 602,206 

50-year modeling period 9,800 9,858 15,611 18,677 234,063 16,095 34,565 27,883 104,478 17,127 36,017 44,532 30,731 2,768 602,206 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 1 1 7 22 1 1 2 2 16 45 2 2 0 100 

Initial Conditions 6 1 2 4 3 3 14 11 7 3 3 17 16 11 100 

10 years 6 3 3 5 10 3 9 9 16 4 4 13 10 5 100 

15-year planning period 5 3 4 5 14 3 8 8 19 4 4 12 8 3 100 

20 years 4 3 4 5 18 4 8 7 20 4 4 11 7 2 100 

30 years 3 2 3 4 26 4 7 6 20 4 5 10 6 1 100 

40 years 2 2 3 3 33 3 7 5 19 3 5 8 5 1 100 

50-year modeling period 2 2 3 3 39 3 6 5 17 3 6 7 5 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 64 36 87 100 100 100 100 82 94 100 100 100  

10 years 100 100 100 28 55 100 100 100 100 76 91 100 100 100  

15-year planning period 100 100 100 30 39 100 100 100 100 75 91 100 100 100  

20 years 100 100 100 30 19 100 100 100 100 76 90 100 100 100  

30 years 100 100 100 45 19 100 100 100 100 77 90 100 100 100  

40 years 100 100 100 51 49 100 100 100 100 80 89 100 100 100  

50-year modeling period 100 100 100 56 77 100 100 100 100 82 87 100 100 100  
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Ponderosa Pine Forest PNVT Alternative D Proposed Average Acre Treatment Objectives 
 
 

Appendix D table 9. Alternative D ponderosa pine forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Ponderosa Pine Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 3,011 6,022 42,154 132,485 3,011 6,022 10,539 10,539 96,353 270,993 10,539 10,539 0 602,206 

Initial Conditions 33,258 4,053 9,880 26,848 16,876 16,422 84,972 67,302 42,379 17,165 16,876 100,953 98,884 66,338 602,206 

10 years 35,731 15,642 19,798 27,231 48,729 21,949 63,559 58,848 75,554 21,904 24,464 91,193 71,398 26,207 602,206 

15-year planning period 29,696 16,790 20,571 26,256 65,525 23,254 63,069 54,887 85,690 22,617 25,917 86,619 64,751 16,564 602,206 

20 years 24,259 14,857 21,695 25,873 83,176 26,512 61,119 51,150 91,571 22,701 26,317 82,547 59,374 11,055 602,206 

30 years 14,382 12,679 20,054 21,836 119,140 25,394 57,854 47,136 93,647 22,892 26,406 82,072 53,090 5,625 602,206 

40 years 9,884 9,748 18,065 19,942 147,410 24,974 57,078 42,893 92,150 21,993 29,447 75,370 50,006 3,245 602,206 

50-year modeling period 7,310 8,614 16,486 17,607 171,907 22,239 53,160 38,901 89,829 20,363 33,852 72,521 47,376 2,041 602,206 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 1 1 7 22 1 1 2 2 16 45 2 2 0 100 

Initial Conditions 6 1 2 4 3 3 14 11 7 3 3 17 16 11 100 

10 years 6 3 3 5 10 3 9 9 16 4 4 13 10 5 100 

15-year planning period 5 3 4 5 14 3 8 8 19 4 4 12 8 3 100 

20 years 4 3 4 5 18 4 8 7 20 4 4 11 7 2 100 

30 years 3 2 3 4 26 4 7 6 20 4 5 10 6 1 100 

40 years 2 2 3 3 33 3 7 5 19 3 5 8 5 1 100 

50-year modeling period 2 2 3 3 39 3 6 5 17 3 6 7 5 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 64 36 87 100 100 100 100 82 94 100 100 100  

10 years 100 100 100 35 63 100 100 100 100 77 91 100 100 100  

15-year planning period 100 100 100 38 51 100 100 100 100 77 90 100 100 100  

20 years 100 100 100 39 37 100 100 100 100 76 90 100 100 100  

30 years 100 100 100 48 10 100 100 100 100 76 90 100 100 100  

40 years 100 100 100 53 11 100 100 100 100 77 89 100 100 100  

50-year modeling period 100 100 100 58 30 100 100 100 100 79 88 100 100 100  
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Ponderosa Pine Forest PNVT Alternative D Proposed Low Acre Treatment Objectives 
 
 

Appendix D table 10. Alternative D ponderosa pine forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Ponderosa Pine Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 3,011 6,022 42,154 132,485 3,011 6,022 10,539 10,539 96,353 270,993 10,539 10,539 0 602,206 

Initial Conditions 33,258 4,053 9,880 26,848 16,876 16,422 84,972 67,302 42,379 17,165 16,876 100,953 98,884 66,338 602,206 

10 years 34,946 14,530 19,878 24,281 37,923 23,647 72,754 65,212 53,793 20,986 24,529 102,722 82,097 24,908 602,206 

15-year planning period 27,683 14,841 18,470 22,863 49,655 26,064 76,455 63,229 57,599 21,432 27,068 102,091 79,155 15,600 602,206 

20 years 21,536 12,564 21,032 22,108 59,485 31,087 74,549 59,889 64,268 22,443 26,543 101,124 75,090 10,488 602,206 

30 years 10,926 11,312 20,083 20,281 80,814 29,588 73,269 57,464 69,005 23,554 25,623 104,568 70,682 5,037 602,206 

40 years 7,725 8,875 17,586 19,039 96,946 31,019 74,217 54,059 68,183 24,346 29,664 100,278 66,902 3,366 602,206 

50-year modeling period 4,820 7,370 17,360 16,537 109,751 28,384 71,754 49,919 75,180 23,598 31,687 100,510 64,020 1,315 602,206 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 1 1 7 22 1 1 2 2 16 45 2 2 0 100 

Initial Conditions 6 1 2 4 3 3 14 11 7 3 3 17 16 11 100 

10 years 6 2 3 4 6 4 12 11 9 3 4 17 14 4 100 

15-year planning period 5 2 3 4 8 4 13 10 10 4 4 17 13 3 100 

20 years 4 2 3 4 10 5 12 10 11 4 4 17 12 2 100 

30 years 2 2 3 3 13 5 12 10 11 4 4 17 12 1 100 

40 years 1 1 3 3 16 5 12 9 11 4 5 17 11 1 100 

50-year modeling period 1 1 3 3 18 5 12 8 12 4 5 17 11 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 64 36 87 100 100 100 100 82 94 100 100 100  

10 years 100 100 100 42 71 100 100 100 100 78 91 100 100 100  

15-year planning period 100 100 100 46 63 100 100 100 100 78 90 100 100 100  

20 years 100 100 100 48 55 100 100 100 100 77 90 100 100 100  

30 years 100 100 100 52 39 100 100 100 100 76 91 100 100 100  

40 years 100 100 100 55 27 100 100 100 100 75 89 100 100 100  

50-year modeling period 100 100 100 61 17 100 100 100 100 76 88 100 100 100  
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Wet Mixed Conifer Forest PNVT 
 

 

Appendix D figure 16. Wet mixed conifer forest (WMCF) PNVT current and desired overstory vegetation structural states 

1 Wet Mixed Conifer Forest (WMCF) PNVT Overstory Vegetation Structural States. At 177,995 acres or approximately 9% of the forests this PNVT ranks 5th in order of size out of the 14 PNVTs on the A-SNFs  

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Recently burned, grass, forb and shrub types, with < 10% tree canopy cover; early successional development; with aspen regeneration 

State B - Seedling and sapling (< 5" diameter), small (5”-9.9” diameter), medium (10”-19.9” diameter), large to very large (≥ 20” diameter) size trees, with open (≥ 10% & ≤ 30%) or closed (> 30%) canopy cover, consisting of all 
aspen, deciduous tree mix, and evergreen-deciduous mix tree types; with aspen regeneration 

State C - Seedling and sapling, and small size trees, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types; with aspen regeneration. Also includes seedling and sapling, and small size trees, 
with open canopy cover, with a plurality of a plurality of shade tolerant tree types; with aspen regeneration 

State D - Medium size trees, single or multi-storied, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types; with aspen regeneration. Also includes medium size trees, single or multi-storied, 
with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration 

State E - Large to very large size trees, single storied, with closed canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, single storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State F - Large to very large size trees, multi-storied, with closed canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, multi-storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State G - Seedling and sapling, and small size trees, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State H - Medium size trees, single or multi-storied, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration. Also includes medium size trees, single or multi-storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 

STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 
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State I - Large to very large size trees, single storied, with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. This state was not part of the historic conditions or within historic range of 
variability, found on contemporary landscapes only 

State J - Large to very large size trees, multi-storied, with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, multi-storied, with open canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration. This state was not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State K - Recently burned, grass, forb and shrub types, with < 10% tree canopy cover; early successional development. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within 
historic range of variability, found on contemporary landscapes only 

State L - Seedling and sapling, and small size trees, with closed canopy cover; with a plurality of shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or 
within historic range of variability, found on contemporary landscapes only 

State M - Medium size trees, single or multi-storied, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types. Also includes medium size trees, single or multi-storied, with open canopy cover; 
with a plurality of shade tolerant tree types. This state exists with elk and no or limited aspen regeneration. This state was not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

State N - Large to very large size trees, single storied, with closed canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, single storied, with closed canopy cover; with a plurality of 
shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State O - Large to very large size trees, multi-storied, with closed canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, multi-storied, with closed canopy cover; with a plurality of 
shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State P - Seedling and sapling, and small size trees, with open canopy cover; with a plurality of shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or 
within historic range of variability, found on contemporary landscapes only 

State Q - Medium size trees, single or multi-storied, with open canopy cover; with a plurality of shade intolerant tree types. Also includes medium size trees, single or multi-storied, with closed canopy cover; with a plurality of 
shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State R - Large to very large size trees, single storied, with open canopy cover; with a plurality of shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or 
within historic range of variability, found on contemporary landscapes only 

State S - Large to very large size trees, multi-storied, with open canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, multi-storied, with open canopy cover; with a plurality of 
shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

2 WMCF PNVT has a 54% or moderate departure rating from Desired Conditions (DC) and a 61% or high departure rating from Historic Range of Variability (HRV) making it tied with montane/subalpine grasslands for the 6th most 
departed PNVT for DC; and 7th most departed PNVT for HRV on the A-SNFs. Desired Conditions were provided by the Regional Office, and HRV was derived from the Nature Conservancy (Smith, 2006b) 
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Wet Mixed Conifer Forest PNVT Alternative A 
 
 
Appendix D table 11. Alternative A wet mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period 

Model Year Runs 
Wet Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 12,460 37,379 16,020 12,460 35,599 35,599 16,020 12,460 0 0 0 0 0 0 0 0 0 0 0 177,995 

Initial Conditions 23,958 50,355 6,721 8,185 1,925 1,512 1,079 17,813 167 131 23,958 11,381 8,185 1,925 1,512 1,079 17,813 167 131 177,995 

10 years 195 46,600 12,933 12,954 1,423 2,970 4,576 9,478 3,450 2,870 1,645 20,806 11,672 1,211 3,806 28,120 8,670 2,080 2,535 177,995 

15-year planning period 340 44,345 15,016 13,355 1,472 3,909 5,716 7,992 4,406 3,694 549 23,615 12,476 1,162 5,181 22,450 7,224 2,091 3,004 177,995 

20 years 99 42,235 15,154 15,743 1,549 4,957 7,389 7,454 4,479 3,384 540 23,519 14,539 1,141 5,357 18,660 6,576 2,258 2,963 177,995 

30 years 180 36,964 17,194 17,383 1,949 5,890 9,433 7,582 6,059 4,678 504 20,580 15,478 856 6,667 14,197 5,955 2,933 3,514 177,995 

40 years 140 33,551 19,851 19,492 1,960 7,493 10,825 7,649 6,931 4,457 495 17,001 15,574 1,061 7,006 11,640 5,870 2,854 4,146 177,995 

50-year modeling period 176 31,601 20,818 21,687 2,146 7,375 12,376 8,204 7,582 5,629 572 14,754 14,187 1,260 6,969 9,684 6,315 2,858 3,802 177,995 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 100 

10 years 0 26 7 7 1 2 3 5 2 2 1 12 7 1 2 16 5 1 1 100 

15-year planning period 0 25 8 8 1 2 3 4 2 2 0 13 7 1 3 13 4 1 2 100 

20 years 0 24 9 9 1 3 4 4 3 2 0 13 8 1 3 10 4 1 2 100 

30 years 0 21 10 10 1 3 5 4 3 3 0 12 9 0 4 8 3 2 2 100 

40 years 0 19 11 11 1 4 6 4 4 3 0 10 9 1 4 7 3 2 2 100 

50-year modeling period 0 18 12 12 1 4 7 5 4 3 0 8 8 1 4 5 4 2 2 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 58 34 95 96 93 43 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 25 19 4 96 92 71 24 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 19 6 7 96 89 64 36 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 13 5 26 96 86 54 40 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 1 7 40 95 83 41 39 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 10 24 56 94 79 32 39 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 15 30 74 94 79 23 34 100 100 100 100 100 100 100 100 100 100 100  
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Wet Mixed Conifer Forest PNVT Alternative B Proposed High Acre Treatment Objectives 
 
 

Appendix D table 12. Alternative B wet mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Wet Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 12,460 37,379 16,020 12,460 35,599 35,599 16,020 12,460 0 0 0 0 0 0 0 0 0 0 0 177,995 

Initial Conditions 23,958 50,355 6,721 8,185 1,925 1,512 1,079 17,813 167 131 23,958 11,381 8,185 1,925 1,512 1,079 17,813 167 131 177,995 

10 years 219 46,004 11,021 15,406 1,907 3,858 4,160 9,354 2,814 3,934 1,834 18,760 11,769 1,406 4,752 27,131 9,887 1,435 2,344 177,995 

15-year planning period 248 42,748 12,532 18,151 1,779 5,152 5,577 8,081 3,317 4,417 796 19,845 13,331 1,287 5,537 21,725 8,499 2,005 2,966 177,995 

20 years 274 39,713 13,555 20,993 2,092 5,707 6,228 7,855 4,192 5,389 631 19,108 13,773 1,307 6,444 17,405 7,755 1,871 3,705 177,995 

30 years 206 34,817 14,570 24,439 2,246 8,341 8,073 8,854 4,859 6,042 518 15,233 14,849 1,511 7,545 11,959 7,083 2,515 4,335 177,995 

40 years 195 30,644 15,064 26,664 2,563 9,473 9,439 9,460 6,119 7,151 412 12,608 13,805 1,506 8,722 9,409 6,659 2,575 5,528 177,995 

50-year modeling period 163 28,742 17,068 28,355 2,981 11,020 10,407 9,710 6,416 7,662 490 10,539 11,868 1,538 8,743 7,702 6,163 2,944 5,485 177,995 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 100 

10 years 0 26 6 9 1 2 2 5 2 2 1 11 7 1 3 15 6 1 1 100 

15-year planning period 0 24 7 10 1 3 3 5 2 2 0 11 7 1 3 12 5 1 2 100 

20 years 0 22 8 12 1 3 3 4 2 3 0 11 8 1 4 10 4 1 2 100 

30 years 0 20 8 14 1 5 5 5 3 3 0 9 8 1 4 7 4 1 2 100 

40 years 0 17 8 15 1 5 5 5 3 4 0 7 8 1 5 5 4 1 3 100 

50-year modeling period 0 16 10 16 2 6 6 5 4 4 0 6 7 1 5 4 3 2 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 58 34 95 96 93 43 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 19 17 10 95 89 65 40 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 7 2 34 95 86 58 46 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 1 2 43 94 83 53 43 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 16 14 66 94 78 41 41 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 25 26 75 94 75 32 38 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 34 33 84 93 71 24 32 100 100 100 100 100 100 100 100 100 100 100  
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Wet Mixed Conifer Forest PNVT Alternative B Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 13. Alternative B wet mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Wet Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 12,460 37,379 16,020 12,460 35,599 35,599 16,020 12,460 0 0 0 0 0 0 0 0 0 0 0 177,995 

Initial Conditions 23,958 50,355 6,721 8,185 1,925 1,512 1,079 17,813 167 131 23,958 11,381 8,185 1,925 1,512 1,079 17,813 167 131 177,995 

10 years 166 46,308 12,276 13,358 1,599 3,393 4,085 8,689 2,597 3,846 1,676 20,479 12,226 1,241 4,455 27,929 9,753 1,577 2,341 177,995 

15-year planning period 199 43,142 14,234 15,223 1,405 4,268 5,414 7,033 3,217 4,148 630 23,111 13,612 1,226 5,448 22,414 8,498 1,860 2,914 177,995 

20 years 183 40,245 15,256 16,916 1,502 4,934 6,506 6,713 3,677 4,777 513 23,291 14,556 1,083 6,194 18,083 7,932 1,916 3,718 177,995 

30 years 176 35,860 16,897 18,974 1,550 6,828 8,187 7,268 3,975 4,975 429 20,762 16,002 1,225 7,266 13,463 7,435 2,451 4,272 177,995 

40 years 168 31,983 18,135 20,708 1,752 7,288 9,431 7,487 4,685 5,675 410 17,784 16,482 1,460 8,532 11,126 7,149 2,498 5,242 177,995 

50-year modeling period 138 29,357 19,943 21,851 2,010 8,379 10,568 7,676 5,063 6,004 428 15,893 15,280 1,454 8,798 9,382 7,060 2,868 5,842 177,995 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 100 

10 years 0 26 7 8 1 2 2 5 1 2 1 12 7 1 3 16 5 1 1 100 

15-year planning period 0 24 8 9 1 2 3 4 2 2 0 13 8 1 3 13 5 1 2 100 

20 years 0 23 9 10 1 3 4 4 2 3 0 13 8 1 3 10 4 1 2 100 

30 years 0 20 9 11 1 4 5 4 2 3 0 12 9 1 4 8 4 1 2 100 

40 years 0 18 10 12 1 4 5 4 3 3 0 10 9 1 5 6 4 1 3 100 

50-year modeling period 0 16 11 12 1 5 6 4 3 3 0 9 9 1 5 5 4 2 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 58 34 95 96 93 43 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 22 16 1 96 90 70 38 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 12 1 16 96 88 63 49 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 4 2 23 96 86 55 49 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 8 17 37 96 82 45 48 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 18 29 47 96 80 37 47 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 27 38 54 95 77 28 43 100 100 100 100 100 100 100 100 100 100 100  
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Wet Mixed Conifer Forest PNVT Alternative B Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 14. Alternative B wet mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 

50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Wet Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 12,460 37,379 16,020 12,460 35,599 35,599 16,020 12,460 0 0 0 0 0 0 0 0 0 0 0 177,995 

Initial Conditions 23,958 50,355 6,721 8,185 1,925 1,512 1,079 17,813 167 131 23,958 11,381 8,185 1,925 1,512 1,079 17,813 167 131 177,995 

10 years 113 46,612 13,532 11,311 1,291 2,927 4,011 8,024 2,380 3,759 1,518 22,199 12,683 1,076 4,157 28,726 9,618 1,720 2,338 177,995 

15-year planning period 149 43,535 15,936 12,295 1,032 3,384 5,250 5,985 3,116 3,878 463 26,377 13,893 1,166 5,359 23,104 8,496 1,716 2,861 177,995 

20 years 92 40,777 16,956 12,839 912 4,161 6,784 5,571 3,161 4,166 395 27,473 15,338 859 5,944 18,762 8,110 1,962 3,732 177,995 

30 years 145 36,904 19,224 13,508 854 5,316 8,300 5,682 3,090 3,909 341 26,292 17,155 938 6,988 14,966 7,786 2,387 4,210 177,995 

40 years 142 33,322 21,207 14,752 940 5,102 9,423 5,514 3,251 4,200 408 22,961 19,159 1,414 8,342 12,843 7,638 2,422 4,955 177,995 

50-year modeling period 113 29,972 22,817 15,347 1,038 5,739 10,730 5,642 3,710 4,346 367 21,247 18,693 1,370 8,852 11,063 7,957 2,792 6,199 177,995 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 100 

10 years 0 26 8 6 1 2 2 5 1 2 1 12 7 1 2 16 5 1 1 100 

15-year planning period 0 24 9 7 1 2 3 3 2 2 0 15 8 1 3 13 5 1 2 100 

20 years 0 23 10 7 1 2 4 3 2 2 0 15 9 0 3 11 5 1 2 100 

30 years 0 21 11 8 0 3 5 3 2 2 0 15 10 1 4 8 4 1 2 100 

40 years 0 19 12 8 1 3 5 3 2 2 0 13 11 1 5 7 4 1 3 100 

50-year modeling period 0 17 13 9 1 3 6 3 2 2 0 12 11 1 5 6 4 2 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 58 34 95 96 93 43 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 25 16 9 96 92 75 36 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 16 1 1 97 90 67 52 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 9 6 3 97 88 58 55 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 1 20 8 98 85 48 54 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 11 32 18 97 86 41 56 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 20 42 23 97 84 33 55 100 100 100 100 100 100 100 100 100 100 100  
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Wet Mixed Conifer Forest PNVT Alternative C Proposed High Acre Treatment Objectives 
 
 

Appendix D table 15. Alternative C wet mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Wet Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 12,460 37,379 16,020 12,460 35,599 35,599 16,020 12,460 0 0 0 0 0 0 0 0 0 0 0 177,995 

Initial Conditions 23,958 50,355 6,721 8,185 1,925 1,512 1,079 17,813 167 131 23,958 11,381 8,185 1,925 1,512 1,079 17,813 167 131 177,995 

10 years 1,528 40,845 14,391 8,522 1,519 3,645 6,814 5,604 3,349 10,192 4,648 21,228 10,439 1,044 3,906 31,991 4,732 1,034 2,562 177,995 

15-year planning period 1,634 36,197 16,134 9,309 1,397 4,709 7,835 4,984 4,040 11,198 3,133 24,574 11,785 811 4,738 27,472 4,021 1,097 2,927 177,995 

20 years 1,448 32,331 16,880 9,958 1,395 5,541 9,515 5,384 4,343 10,704 3,195 26,209 13,225 813 5,134 24,020 3,883 1,127 2,889 177,995 

30 years 1,443 26,538 18,073 10,976 1,316 7,053 11,214 5,739 4,927 11,461 2,615 26,037 13,955 940 6,083 21,199 3,788 1,209 3,427 177,995 

40 years 1,310 22,610 19,609 11,915 1,587 7,721 12,184 5,976 5,229 11,568 2,649 24,976 15,244 1,004 6,609 19,055 3,790 1,170 3,787 177,995 

50-year modeling period 1,274 20,189 20,299 11,934 1,651 8,112 13,388 6,057 5,779 12,113 2,354 23,342 16,099 1,009 7,399 18,040 3,762 1,315 3,879 177,995 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 100 

10 years 1 23 8 5 1 2 4 3 2 6 3 12 6 1 2 18 3 1 1 100 

15-year planning period 1 20 9 5 1 3 4 3 2 6 2 14 7 0 3 15 2 1 2 100 

20 years 1 18 9 6 1 3 5 3 2 6 2 15 7 0 3 13 2 1 2 100 

30 years 1 15 10 6 1 4 6 3 3 6 1 15 8 1 3 12 2 1 2 100 

40 years 1 13 11 7 1 4 7 3 3 6 1 14 9 1 4 11 2 1 2 100 

50-year modeling period 1 11 11 7 1 5 8 3 3 7 1 13 9 1 4 10 2 1 2 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 58 34 95 96 93 43 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 9 10 32 96 90 57 55 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 3 1 25 96 87 51 60 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 14 5 20 96 84 41 57 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 29 13 12 96 80 30 54 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 40 22 4 96 78 24 52 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 46 27 4 95 77 16 51 100 100 100 100 100 100 100 100 100 100 100  
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Wet Mixed Conifer Forest PNVT Alternative C Proposed Average Acre Treatment Objectives 
 
 

Appendix D table 16. Alternative C wet mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Wet Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 12,460 37,379 16,020 12,460 35,599 35,599 16,020 12,460 0 0 0 0 0 0 0 0 0 0 0 177,995 

Initial Conditions 23,958 50,355 6,721 8,185 1,925 1,512 1,079 17,813 167 131 23,958 11,381 8,185 1,925 1,512 1,079 17,813 167 131 177,995 

10 years 1,528 40,845 14,391 8,522 1,519 3,645 6,814 5,604 3,349 10,192 4,648 21,228 10,439 1,044 3,906 31,991 4,732 1,034 2,562 177,995 

15-year planning period 1,634 36,197 16,134 9,309 1,397 4,709 7,835 4,984 4,040 11,198 3,133 24,574 11,785 811 4,738 27,472 4,021 1,097 2,927 177,995 

20 years 1,448 32,331 16,880 9,958 1,395 5,541 9,515 5,384 4,343 10,704 3,195 26,209 13,225 813 5,134 24,020 3,883 1,127 2,889 177,995 

30 years 1,443 26,538 18,073 10,976 1,316 7,053 11,214 5,739 4,927 11,461 2,615 26,037 13,955 940 6,083 21,199 3,788 1,209 3,427 177,995 

40 years 1,310 22,610 19,609 11,915 1,587 7,721 12,184 5,976 5,229 11,568 2,649 24,976 15,244 1,004 6,609 19,055 3,790 1,170 3,787 177,995 

50-year modeling period 1,274 20,189 20,299 11,934 1,651 8,112 13,388 6,057 5,779 12,113 2,354 23,342 16,099 1,009 7,399 18,040 3,762 1,315 3,879 177,995 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 100 

10 years 0 24 8 5 1 2 3 4 2 4 2 12 6 1 2 17 4 1 1 100 

15-year planning period 1 22 9 6 1 2 4 3 2 4 1 14 7 1 3 14 3 1 2 100 

20 years 0 21 10 6 1 3 5 3 2 4 1 15 8 1 3 12 3 1 2 100 

30 years 0 18 11 6 1 3 6 3 2 5 1 15 9 1 4 10 3 1 2 100 

40 years 0 16 11 7 1 4 6 3 2 5 1 14 10 1 4 9 3 1 2 100 

50-year modeling period 0 14 12 7 1 4 7 3 3 5 1 13 10 1 5 9 3 1 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 58 34 95 96 93 43 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 17 10 24 96 91 64 48 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 6 0 18 97 89 58 56 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 2 6 15 97 87 48 57 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 17 19 8 97 84 37 58 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 26 27 3 97 82 32 57 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 34 34 1 96 81 23 57 100 100 100 100 100 100 100 100 100 100 100  
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Wet Mixed Conifer Forest PNVT Alternative C Proposed Low Acre Treatment Objectives 
 
 

Appendix D table 17. Alternative C wet mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Wet Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 12,460 37,379 16,020 12,460 35,599 35,599 16,020 12,460 0 0 0 0 0 0 0 0 0 0 0 177,995 

Initial Conditions 23,958 50,355 6,721 8,185 1,925 1,512 1,079 17,813 167 131 23,958 11,381 8,185 1,925 1,512 1,079 17,813 167 131 177,995 

10 years 236 46,362 14,317 10,339 1,188 3,077 4,840 7,478 2,350 4,373 1,527 22,171 12,234 1,215 3,960 29,059 9,282 1,318 2,668 177,995 

15-year planning period 248 43,413 16,046 11,026 1,019 3,476 5,672 5,901 3,124 4,374 842 26,655 14,823 1,141 4,785 22,976 7,752 1,680 3,039 177,995 

20 years 295 40,849 17,225 11,236 844 3,813 7,127 5,418 3,312 4,774 492 27,901 15,663 1,247 5,794 19,792 6,882 1,871 3,460 177,995 

30 years 252 35,868 20,128 11,893 761 4,581 8,829 4,707 3,526 4,659 767 26,872 17,976 1,022 7,709 15,707 6,560 2,238 3,939 177,995 

40 years 223 32,838 21,118 12,359 887 5,329 9,741 4,798 3,469 4,933 618 24,316 18,975 1,324 8,138 14,111 7,168 2,593 5,057 177,995 

50-year modeling period 253 29,330 22,679 13,241 1,001 5,513 11,353 4,680 3,969 5,244 526 22,609 19,407 1,480 8,882 12,669 7,247 2,449 5,463 177,995 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 100 

10 years 0 26 8 6 1 2 3 4 1 2 1 12 7 1 2 16 5 1 1 100 

15-year planning period 0 24 9 6 1 2 3 3 2 2 0 15 8 1 3 13 4 1 2 100 

20 years 0 23 10 6 0 2 4 3 2 3 0 16 9 1 3 11 4 1 2 100 

30 years 0 20 11 7 0 3 5 3 2 3 0 15 10 1 4 9 4 1 2 100 

40 years 0 18 12 7 0 3 5 3 2 3 0 14 11 1 5 8 4 1 3 100 

50-year modeling period 0 16 13 7 1 3 6 3 2 3 0 13 11 1 5 7 4 1 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 58 34 95 96 93 43 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 24 11 17 97 91 70 40 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 16 0 12 97 90 65 53 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 9 8 10 98 89 56 57 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 4 26 5 98 87 45 62 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 12 32 1 98 85 39 61 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 22 42 6 97 85 29 62 100 100 100 100 100 100 100 100 100 100 100  
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Wet Mixed Conifer Forest PNVT Alternative D Proposed High Acre Treatment Objectives 
 
 

Appendix D table 18. Alternative D wet mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Wet Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 12,460 37,379 16,020 12,460 35,599 35,599 16,020 12,460 0 0 0 0 0 0 0 0 0 0 0 177,995 

Initial Conditions 23,958 50,355 6,721 8,185 1,925 1,512 1,079 17,813 167 131 23,958 11,381 8,185 1,925 1,512 1,079 17,813 167 131 177,995 

10 years 549 42,560 11,190 14,586 1,803 3,998 4,708 12,318 4,426 5,214 3,027 18,144 9,656 1,009 4,079 25,375 10,159 2,304 2,890 177,995 

15-year planning period 513 38,488 13,334 16,647 2,075 5,404 5,767 11,322 6,579 5,992 1,827 19,235 10,356 1,115 4,935 19,584 8,594 2,681 3,547 177,995 

20 years 483 34,268 14,637 18,209 2,103 7,195 8,081 11,715 7,529 6,955 1,313 17,953 11,088 1,191 5,316 15,269 7,879 2,782 4,028 177,995 

30 years 422 29,031 16,628 22,158 2,675 8,954 9,268 12,159 9,320 8,097 1,237 14,194 10,405 1,272 6,984 11,131 6,683 2,736 4,639 177,995 

40 years 491 24,700 17,607 24,647 3,252 10,783 10,657 13,196 10,525 9,091 1,247 11,433 9,289 1,321 6,974 8,628 6,302 3,166 4,689 177,995 

50-year modeling period 425 21,776 18,552 26,761 2,915 12,399 11,540 14,051 10,884 9,953 964 9,455 8,234 1,470 6,679 7,516 5,618 3,706 5,098 177,995 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 100 

10 years 0 24 6 8 1 2 3 7 2 3 2 10 5 1 2 14 6 1 2 100 

15-year planning period 0 22 7 9 1 3 3 6 4 3 1 11 6 1 3 11 5 2 2 100 

20 years 0 19 8 10 1 4 5 7 4 4 1 10 6 1 3 9 4 2 2 100 

30 years 0 16 9 12 2 5 5 7 5 5 1 8 6 1 4 6 4 2 3 100 

40 years 0 14 10 14 2 6 6 7 6 5 1 6 5 1 4 5 4 2 3 100 

50-year modeling period 0 12 10 15 2 7 6 8 6 6 1 5 5 1 4 4 3 2 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 58 34 95 96 93 43 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 3 17 34 94 85 64 9 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 8 9 46 94 80 50 6 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 22 4 78 92 75 42 2 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 34 10 98 91 70 33 6 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 42 16 100 92 65 28 13 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 3 17 34 94 85 64 9 100 100 100 100 100 100 100 100 100 100 100  

 
  



 

416 

Wet Mixed Conifer Forest PNVT Alternative D Proposed Average Acre Treatment Objectives 
 
 

Appendix D table 19. Alternative D wet mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Wet Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 12,460 37,379 16,020 12,460 35,599 35,599 16,020 12,460 0 0 0 0 0 0 0 0 0 0 0 177,995 

Initial Conditions 23,958 50,355 6,721 8,185 1,925 1,512 1,079 17,813 167 131 23,958 11,381 8,185 1,925 1,512 1,079 17,813 167 131 177,995 

10 years 363 44,111 12,039 13,620 1,521 3,488 4,266 10,510 3,343 3,953 2,338 20,406 10,762 1,094 4,014 27,175 10,340 1,934 2,716 177,995 

15-year planning period 334 40,497 14,117 14,836 1,536 4,639 5,525 9,105 4,916 4,739 1,288 22,673 12,220 1,134 4,906 21,138 8,699 2,400 3,294 177,995 

20 years 296 37,095 15,519 16,102 1,584 5,691 7,173 9,220 5,543 5,294 943 22,037 13,224 1,119 5,681 17,231 7,987 2,447 3,809 177,995 

30 years 304 32,113 17,307 18,743 2,077 7,090 8,580 9,407 6,849 5,980 873 19,364 13,544 1,316 7,261 12,713 7,428 2,502 4,544 177,995 

40 years 334 28,723 18,483 20,875 2,291 8,278 9,794 9,685 7,424 6,489 885 16,528 13,580 1,181 7,559 10,468 7,425 3,106 4,888 177,995 

50-year modeling period 300 25,597 19,613 22,242 2,172 9,527 11,220 10,244 7,927 7,200 727 14,408 13,031 1,501 7,659 9,116 6,616 3,477 5,416 177,995 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 100 

10 years 0 25 7 8 1 2 2 6 2 2 1 11 6 1 2 15 6 1 2 100 

15-year planning period 0 23 8 8 1 3 3 5 3 3 1 13 7 1 3 12 5 1 2 100 

20 years 0 21 9 9 1 3 4 5 3 3 1 12 7 1 3 10 4 1 2 100 

30 years 0 18 10 11 1 4 5 5 4 3 0 11 8 1 4 7 4 1 3 100 

40 years 0 16 10 12 1 5 6 5 4 4 0 9 8 1 4 6 4 2 3 100 

50-year modeling period 0 14 11 12 1 5 6 6 4 4 0 8 7 1 4 5 4 2 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 58 34 95 96 93 43 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 3 17 34 94 85 64 9 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 8 9 46 94 80 50 6 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 22 4 78 92 75 42 2 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 34 10 98 91 70 33 6 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 42 16 100 92 65 28 13 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 3 17 34 94 85 64 9 100 100 100 100 100 100 100 100 100 100 100  
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Wet Mixed Conifer Forest PNVT Alternative D Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 20. Alternative D wet mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Wet Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 12,460 37,379 16,020 12,460 35,599 35,599 16,020 12,460 0 0 0 0 0 0 0 0 0 0 0 177,995 

Initial Conditions 23,958 50,355 6,721 8,185 1,925 1,512 1,079 17,813 167 131 23,958 11,381 8,185 1,925 1,512 1,079 17,813 167 131 177,995 

10 years 178 45,662 12,887 12,654 1,239 2,979 3,823 8,703 2,259 2,693 1,650 22,669 11,868 1,179 3,950 28,975 10,521 1,563 2,542 177,995 

15-year planning period 155 42,505 14,900 13,025 997 3,875 5,282 6,888 3,254 3,486 750 26,111 14,083 1,153 4,877 22,691 8,803 2,119 3,041 177,995 

20 years 109 39,923 16,401 13,995 1,065 4,187 6,264 6,726 3,558 3,634 572 26,121 15,360 1,046 6,045 19,193 8,094 2,113 3,589 177,995 

30 years 186 35,194 17,986 15,328 1,480 5,226 7,891 6,655 4,379 3,862 509 24,534 16,684 1,360 7,539 14,295 8,173 2,267 4,449 177,995 

40 years 178 32,745 19,359 17,104 1,330 5,774 8,931 6,173 4,323 3,886 524 21,623 17,870 1,041 8,144 12,308 8,548 3,045 5,087 177,995 

50-year modeling period 176 29,418 20,673 17,724 1,430 6,655 10,901 6,438 4,971 4,448 490 19,360 17,829 1,532 8,640 10,715 7,613 3,248 5,735 177,995 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 7 21 9 7 20 20 9 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 13 28 4 5 1 1 1 10 0 0 13 6 5 1 1 1 10 0 0 100 

10 years 0 26 7 7 1 2 2 5 1 2 1 13 7 1 2 16 6 1 1 100 

15-year planning period 0 24 8 7 1 2 3 4 2 2 0 15 8 1 3 13 5 1 2 100 

20 years 0 22 9 8 1 2 4 4 2 2 0 15 9 1 3 11 5 1 2 100 

30 years 0 20 10 9 1 3 4 4 2 2 0 14 9 1 4 8 5 1 2 100 

40 years 0 18 11 10 1 3 5 3 2 2 0 12 10 1 5 7 5 2 3 100 

50-year modeling period 0 17 12 10 1 4 6 4 3 2 0 11 10 1 5 6 4 2 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 35 58 34 95 96 93 43 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 22 20 2 97 92 76 30 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 14 7 5 97 89 67 45 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 7 2 12 97 88 61 46 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 6 12 23 96 85 51 47 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 12 21 37 96 84 44 50 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 21 29 42 96 81 32 48 100 100 100 100 100 100 100 100 100 100 100  
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Dry Mixed Conifer Forest PNVT 
 

 

Appendix D figure 17. Dry mixed conifer forest (DMCF) PNVT current and desired overstory vegetation structural states 

1 Dry Mixed Conifer Forest (DMCF) PNVT Overstory Vegetation Structural States. At 147,885 acres or approximately 7% of the forests this PNVT ranks 6th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; early successional development 

State B - Seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; all tree types; early successional development 

State C - Small size (5”-9.9” diameter) trees, with open canopy cover; all tree types; mid successional development 

State D - Medium size (10”-19.9” diameter) trees, single storied, with open canopy cover; all tree types; late successional development  

State E - Large to very large size (≥ 20” diameter) trees, single storied, with open canopy cover; all tree types; late successional development 

State F - Seedling and sapling size trees with closed (> 30%) canopy cover; all tree types; early successional development 

State J - Medium size trees, multi-storied, with open canopy cover; all tree types; late successional development  

State K - Large to very large size trees, multi-storied, with open canopy cover; all tree types; late successional development 

STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 

State G - Small size trees, with closed canopy cover; all tree types; mid successional development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State H - Medium size trees, single storied, with closed canopy cover; all shade tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

State I - Large to very large size trees, single storied, with closed canopy cover; all tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 
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State L - Medium size trees, multi-storied, with closed canopy cover; all tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State M - Large to very large size trees, multi-storied, with closed canopy cover; tree types; late successional development; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

State N - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; uncharacteristic early successional development due to fire; not part of the historic conditions or within historic range of variability, found on 
contemporary landscapes only 

2
 DMCF PNVT has a 67% or high departure rating from Desired Conditions (DC) and a 77% or high departure rating from Historical Range of Variability (HRV) making it tied with Great Basin grassland for the 3

rd
 most departed 

PNVT for DC; and 3
rd

 most departed PNVT for HRV on the A-SNFs. Desired Conditions were provided by the Regional Office, and HRV was derived from LANDFIRE (2007a) 
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Dry Mixed Conifer Forest PNVT Alternative A 
 
 
Appendix D table 21. Alternative A dry mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period 

Model Year Runs 
Dry Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 

Desired Conditions 0 7,394 4,437 9,864 19,713 5,915 4,437 4,111 8,222 19,708 39,436 8,222 16,425 0 147,885 

Initial Conditions 4,507 1,653 2,944 5,514 1,196 4,059 20,598 20,281 4,567 3,526 1,196 30,422 10,657 36,766 147,885 

10 years 5,452 1,077 1,026 4,438 5,242 33,524 16,020 16,251 6,026 5,061 4,573 24,089 10,804 14,301 147,885 

15-year planning period 3,678 1,341 954 4,317 6,753 40,252 16,397 14,024 6,385 5,120 6,146 23,214 10,788 8,519 147,885 

20 years 2,780 1,177 954 3,818 8,359 41,941 17,751 12,836 6,731 4,917 6,800 22,201 11,777 5,844 147,885 

30 years 1,420 1,474 1,226 3,955 10,087 43,563 18,367 10,839 6,875 4,732 9,156 21,363 12,546 2,283 147,885 

40 years 1,162 1,564 1,212 3,423 11,366 42,348 19,239 9,585 6,445 4,751 10,338 20,499 14,379 1,567 147,885 

50-year modeling period 1,054 1,748 1,288 3,223 13,047 40,170 19,424 9,053 6,642 4,683 11,564 20,347 14,484 1,160 147,885 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 5 3 4 15 4 3 2 6 11 30 4 13 0 100 

Initial Conditions 3 1 2 3 1 3 14 8 2 3 1 26 9 25 100 

10 years 4 1 1 3 4 23 11 11 4 3 3 16 7 10 100 

15-year planning period 2 1 1 3 5 27 11 9 4 3 4 16 7 6 100 

20 years 2 1 1 3 6 28 12 9 5 3 5 15 8 4 100 

30 years 1 1 1 3 7 29 12 7 5 3 6 14 8 2 100 

40 years 1 1 1 2 8 29 13 6 4 3 7 14 10 1 100 

50-year modeling period 1 1 1 2 9 27 13 6 4 3 8 14 10 1 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 78 34 44 94 31 100 100 44 82 97 100 35 100  

10 years 100 85 77 55 73 100 100 100 27 74 88 100 34 100  

15-year planning period 100 82 78 56 66 100 100 100 22 74 84 100 34 100  

20 years 100 84 78 61 58 100 100 100 18 75 83 100 28 100  

30 years 100 80 72 60 49 100 100 100 16 76 77 100 24 100  

40 years 100 79 73 65 42 100 100 100 22 76 74 100 12 100  

50-year modeling period 100 76 71 67 34 100 100 100 19 76 71 100 12 100  
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Dry Mixed Conifer Forest PNVT Alternative B Proposed High Acre Treatment Objectives 
 
 

Appendix D table 22. Alternative B dry mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Dry Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 7,394 4,437 9,864 19,713 5,915 4,437 4,111 8,222 19,708 39,436 8,222 16,425 0 147,885 

Initial Conditions 4,507 1,653 2,944 5,514 1,196 4,059 20,598 20,281 4,567 3,526 1,196 30,422 10,657 36,766 147,885 

10 years 5,619 1,868 1,206 5,084 5,248 34,107 15,205 13,639 5,415 7,075 9,820 20,537 9,969 13,094 147,885 

15-year planning period 4,080 1,973 1,191 4,595 6,377 40,748 15,163 11,275 5,781 7,586 13,328 18,613 9,711 7,464 147,885 

20 years 2,517 1,372 960 4,137 7,051 43,986 16,887 9,781 5,475 7,247 15,995 17,451 10,659 4,369 147,885 

30 years 1,491 1,546 1,160 3,531 8,181 43,607 19,260 7,640 5,622 6,474 20,487 15,286 11,750 1,851 147,885 

40 years 1,041 1,433 1,097 3,023 8,766 41,562 20,250 6,733 5,613 5,478 24,708 14,612 12,685 884 147,885 

50-year modeling period 984 1,371 1,227 2,978 9,626 40,019 19,722 6,115 5,439 5,129 26,211 14,269 14,203 592 147,885 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 5 3 4 15 4 3 2 6 11 30 4 13 0 100 

Initial Conditions 3 1 2 3 1 3 14 8 2 3 1 26 9 25 100 

10 years 4 1 1 3 4 23 10 9 4 5 7 14 7 4 100 

15-year planning period 3 1 1 3 4 28 10 8 4 5 9 13 7 3 100 

20 years 2 1 1 3 5 30 11 7 4 5 11 12 7 2 100 

30 years 1 1 1 2 6 29 13 5 4 4 14 10 8 1 100 

40 years 1 1 1 2 6 28 14 5 4 4 17 10 9 1 100 

50-year modeling period 1 1 1 2 7 27 13 4 4 3 18 10 10 1 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 78 34 44 94 31 100 100 44 82 97 100 35 100  

10 years 100 75 73 48 73 100 100 100 34 64 75 100 39 100  

15-year planning period 100 73 73 53 68 100 100 100 30 62 66 100 41 100  

20 years 100 81 78 58 64 100 100 100 33 63 59 100 35 100  

30 years 100 79 74 64 58 100 100 86 32 67 48 86 28 100  

40 years 100 81 75 69 56 100 100 64 32 72 37 78 23 100  

50-year modeling period 100 81 72 70 51 100 100 49 34 74 34 74 14 100  
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Dry Mixed Conifer Forest PNVT Alternative B Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 23. Alternative B dry mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Dry Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 7,394 4,437 9,864 19,713 5,915 4,437 4,111 8,222 19,708 39,436 8,222 16,425 0 147,885 

Initial Conditions 4,507 1,653 2,944 5,514 1,196 4,059 20,598 20,281 4,567 3,526 1,196 30,422 10,657 36,766 147,885 

10 years 5,438 1,373 1,072 4,568 5,095 34,160 16,318 14,693 5,798 5,761 6,731 22,907 10,664 13,307 147,885 

15-year planning period 3,697 1,334 1,021 4,036 6,269 40,859 16,690 12,534 6,317 6,014 9,130 21,234 10,901 7,849 147,885 

20 years 2,404 1,114 893 3,571 7,164 43,755 17,921 11,179 6,371 5,919 10,980 20,357 11,429 4,829 147,885 

30 years 1,339 1,184 1,070 2,963 8,640 43,798 20,131 9,018 6,599 5,458 14,253 18,772 12,624 2,034 147,885 

40 years 815 1,107 1,001 2,631 9,627 41,935 21,332 8,081 6,815 4,802 17,052 18,043 13,730 915 147,885 

50-year modeling period 731 1,115 1,099 2,439 10,477 40,284 21,151 7,204 6,738 4,626 18,416 17,990 14,992 623 147,885 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 5 3 4 15 4 3 2 6 11 30 4 13 0 100 

Initial Conditions 3 1 2 3 1 3 14 8 2 3 1 26 9 25 100 

10 years 4 1 1 3 3 23 11 10 4 4 5 15 7 9 100 

15-year planning period 2 1 1 3 4 28 11 8 4 4 6 14 7 5 100 

20 years 2 1 1 2 5 30 12 8 4 4 7 14 8 3 100 

30 years 1 1 1 2 6 30 14 6 4 4 10 13 9 1 100 

40 years 1 1 1 2 7 28 14 5 5 3 12 12 9 1 100 

50-year modeling period 0 1 1 2 7 27 14 5 5 3 12 12 10 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 78 34 44 94 31 100 100 44 82 97 100 35 100  

10 years 100 81 76 54 74 100 100 100 29 71 83 100 35 100  

15-year planning period 100 82 77 59 68 100 100 100 23 69 77 100 34 100  

20 years 100 85 80 64 64 100 100 100 23 70 72 100 30 100  

30 years 100 84 76 70 56 100 100 100 20 72 64 100 23 100  

40 years 100 85 77 73 51 100 100 97 17 76 57 100 16 100  

50-year modeling period 100 85 75 75 47 100 100 75 18 77 53 100 9 100  
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Dry Mixed Conifer Forest PNVT Alternative B Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 24. Alternative B dry mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Dry Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 7,394 4,437 9,864 19,713 5,915 4,437 4,111 8,222 19,708 39,436 8,222 16,425 0 147,885 

Initial Conditions 4,507 1,653 2,944 5,514 1,196 4,059 20,598 20,281 4,567 3,526 1,196 30,422 10,657 36,766 147,885 

10 years 5,258 878 938 4,052 4,942 34,214 17,431 15,748 6,181 4,447 3,642 25,278 11,359 13,520 147,885 

15-year planning period 3,315 695 851 3,476 6,161 40,969 18,216 13,794 6,853 4,442 4,932 23,854 12,091 8,234 147,885 

20 years 2,292 857 825 3,004 7,277 43,525 18,955 12,577 7,267 4,591 5,964 23,263 12,199 5,289 147,885 

30 years 1,188 823 980 2,396 9,100 43,989 21,002 10,395 7,577 4,442 8,019 22,258 13,499 2,216 147,885 

40 years 588 781 905 2,239 10,489 42,308 22,413 9,429 8,017 4,127 9,395 21,474 14,775 945 147,885 

50-year modeling period 478 859 971 1,900 11,328 40,550 22,580 8,293 8,037 4,123 10,620 21,711 15,781 654 147,885 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 5 3 4 15 4 3 2 6 11 30 4 13 0 100 

Initial Conditions 3 1 2 3 1 3 14 8 2 3 1 26 9 25 100 

10 years 4 1 1 3 3 23 12 11 4 3 2 17 8 9 100 

15-year planning period 2 0 1 2 4 28 12 9 5 3 3 16 8 6 100 

20 years 2 1 1 2 5 29 13 9 5 3 4 16 8 4 100 

30 years 1 1 1 2 6 30 14 7 5 3 5 15 9 1 100 

40 years 0 1 1 2 7 29 15 6 5 3 6 15 10 1 100 

50-year modeling period 0 1 1 1 8 27 15 6 5 3 7 15 11 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 78 34 44 94 31 100 100 44 82 97 100 35 100  

10 years 100 88 79 59 75 100 100 100 25 77 91 100 31 100  

15-year planning period 100 91 81 65 69 100 100 100 17 77 87 100 26 100  

20 years 100 88 81 70 63 100 100 100 12 77 85 100 26 100  

30 years 100 89 78 76 54 100 100 100 8 77 80 100 18 100  

40 years 100 89 80 77 47 100 100 100 2 79 76 100 10 100  

50-year modeling period 100 88 78 81 43 100 100 100 2 79 73 100 4 100  
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Dry Mixed Conifer Forest PNVT Alternative C Proposed High Acre Treatment Objectives 
 
 

Appendix D table 25. Alternative C dry mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Dry Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 7,394 4,437 9,864 19,713 5,915 4,437 4,111 8,222 19,708 39,436 8,222 16,425 0 147,885 

Initial Conditions 4,507 1,653 2,944 5,514 1,196 4,059 20,598 20,281 4,567 3,526 1,196 30,422 10,657 36,766 147,885 

10 years 6,329 2,169 1,001 5,010 2,587 37,009 15,294 10,047 4,385 10,124 16,374 16,304 8,696 12,558 147,885 

15-year planning period 4,333 1,907 1,284 4,457 2,886 44,402 15,856 8,075 4,103 9,195 20,048 14,484 9,079 7,778 147,885 

20 years 3,486 2,090 1,183 4,388 3,429 47,218 16,406 6,967 4,151 8,375 21,743 13,669 9,908 4,872 147,885 

30 years 2,571 1,788 1,468 3,692 4,140 47,657 18,930 5,645 4,304 7,271 24,741 12,765 10,827 2,086 147,885 

40 years 2,261 1,770 1,306 3,462 4,548 46,486 20,060 5,439 4,337 6,527 26,111 12,370 12,064 1,145 147,885 

50-year modeling period 2,485 1,956 1,282 3,289 5,397 44,017 20,128 4,867 4,664 6,207 27,931 11,986 12,943 736 147,885 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 5 3 4 15 4 3 2 6 11 30 4 13 0 100 

Initial Conditions 3 1 2 3 1 3 14 8 2 3 1 26 9 25 100 

10 years 4 1 1 3 2 25 10 7 3 7 11 11 6 8 100 

15-year planning period 3 1 1 3 2 30 11 5 3 6 14 10 6 5 100 

20 years 2 1 1 3 2 32 11 5 3 6 15 9 7 3 100 

30 years 2 1 1 2 3 32 13 4 3 5 17 9 7 1 100 

40 years 2 1 1 2 3 31 14 4 3 4 18 8 8 1 100 

50-year modeling period 2 1 1 2 4 30 14 3 3 4 19 8 9 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 78 34 44 94 31 100 100 44 82 97 100 35 100  

10 years 100 71 77 49 87 100 100 100 47 49 58 98 47 100  

15-year planning period 100 74 71 55 85 100 100 96 50 53 49 76 45 100  

20 years 100 72 73 56 83 100 100 69 50 58 45 66 40 100  

30 years 100 76 67 63 79 100 100 37 48 63 37 55 34 100  

40 years 100 76 71 65 77 100 100 32 47 67 34 50 27 100  

50-year modeling period 100 74 71 67 73 100 100 18 43 69 29 46 21 100  
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Dry Mixed Conifer Forest PNVT Alternative C Proposed Average Acre Treatment Objectives 
 
 

Appendix D table 26. Alternative C dry mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Dry Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 7,394 4,437 9,864 19,713 5,915 4,437 4,111 8,222 19,708 39,436 8,222 16,425 0 147,885 

Initial Conditions 4,507 1,653 2,944 5,514 1,196 4,059 20,598 20,281 4,567 3,526 1,196 30,422 10,657 36,766 147,885 

10 years 5,863 1,500 853 4,522 2,205 35,307 16,412 13,296 5,472 7,543 10,500 21,347 10,115 12,949 147,885 

15-year planning period 3,760 1,367 1,090 3,986 2,453 42,633 16,909 11,370 5,474 7,134 12,974 20,055 10,747 7,933 147,885 

20 years 2,936 1,329 995 3,876 2,863 45,099 17,791 10,273 5,713 6,748 14,521 19,074 11,682 4,985 147,885 

30 years 1,836 1,223 1,167 3,259 3,474 45,479 19,896 8,663 6,263 6,079 17,110 18,713 12,606 2,118 147,885 

40 years 1,465 1,187 1,150 2,969 3,777 43,955 21,113 7,865 6,431 5,749 18,780 18,104 14,303 1,038 147,885 

50-year modeling period 1,566 1,262 1,132 2,720 4,680 41,934 20,939 7,257 6,554 5,509 20,279 17,786 15,561 706 147,885 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 5 3 4 15 4 3 2 6 11 30 4 13 0 100 

Initial Conditions 3 1 2 3 1 3 14 8 2 3 1 26 9 25 100 

10 years 4 1 1 3 1 24 11 9 4 5 7 14 7 9 100 

15-year planning period 3 1 1 3 2 29 11 8 4 5 9 14 7 5 100 

20 years 2 1 1 3 2 30 12 7 4 5 10 13 8 3 100 

30 years 1 1 1 2 2 31 13 6 4 4 12 13 9 1 100 

40 years 1 1 1 2 3 30 14 5 4 4 13 12 10 1 100 

50-year modeling period 1 1 1 2 3 28 14 5 4 4 14 12 11 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 78 34 44 94 31 100 100 44 82 97 100 35 100  

10 years 100 80 81 54 89 100 100 100 33 62 73 100 38 100  

15-year planning period 100 82 75 60 88 100 100 100 33 64 67 100 35 100  

20 years 100 82 78 61 85 100 100 100 31 66 63 100 29 100  

30 years 100 83 74 67 82 100 100 100 24 69 57 100 23 100  

40 years 100 84 74 70 81 100 100 91 22 71 52 100 13 100  

50-year modeling period 100 83 74 72 76 100 100 77 20 72 49 100 5 100  
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Dry Mixed Conifer Forest PNVT Alternative C Proposed Low Acre Treatment Objectives 
 
 

Appendix D table 27. Alternative C dry mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Dry Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 7,394 4,437 9,864 19,713 5,915 4,437 4,111 8,222 19,708 39,436 8,222 16,425 0 147,885 

Initial Conditions 4,507 1,653 2,944 5,514 1,196 4,059 20,598 20,281 4,567 3,526 1,196 30,422 10,657 36,766 147,885 

10 years 5,397 831 705 4,034 1,824 33,605 17,531 16,546 6,559 4,962 4,626 26,391 11,535 13,341 147,885 

15-year planning period 3,188 827 896 3,515 2,020 40,865 17,963 14,666 6,845 5,073 5,900 25,626 12,414 8,088 147,885 

20 years 2,386 567 807 3,363 2,297 42,981 19,177 13,579 7,275 5,122 7,298 24,480 13,457 5,097 147,885 

30 years 1,100 658 866 2,827 2,807 43,301 20,863 11,680 8,222 4,888 9,479 24,661 14,385 2,149 147,885 

40 years 669 603 993 2,475 3,006 41,424 22,167 10,292 8,526 4,971 11,449 23,839 16,542 931 147,885 

50-year modeling period 647 569 981 2,152 3,962 39,851 21,751 9,647 8,445 4,811 12,628 23,587 18,180 676 147,885 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 5 3 4 15 4 3 2 6 11 30 4 13 0 100 

Initial Conditions 3 1 2 3 1 3 14 8 2 3 1 26 9 25 100 

10 years 4 1 0 3 1 23 12 11 4 3 3 18 8 9 100 

15-year planning period 2 1 1 2 1 28 12 10 5 3 4 17 8 5 100 

20 years 2 0 1 2 2 29 13 9 5 3 5 17 9 3 100 

30 years 1 0 1 2 2 29 14 8 6 3 6 17 10 1 100 

40 years 0 0 1 2 2 28 15 7 6 3 8 16 11 1 100 

50-year modeling period 1 1 4 3 15 6 14 9 6 5 8 18 10 0 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 78 34 44 94 31 100 100 44 82 97 100 35 100  

10 years 100 89 84 59 91 100 100 100 20 75 88 100 30 100  

15-year planning period 100 89 80 64 90 100 100 100 17 74 85 100 24 100  

20 years 100 92 82 66 88 100 100 100 12 74 81 100 18 100  

30 years 100 91 80 71 86 100 100 100 0 75 76 100 12 100  

40 years 100 92 78 75 85 100 100 100 4 75 71 100 1 100  

50-year modeling period 100 92 78 78 80 100 100 100 3 76 68 100 11 100  
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Dry Mixed Conifer Forest PNVT Alternative D Proposed High Acre Treatment Objectives 
 
 

Appendix D table 28. Alternative D dry mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Dry Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 7,394 4,437 9,864 19,713 5,915 4,437 4,111 8,222 19,708 39,436 8,222 16,425 0 147,885 

Initial Conditions 4,507 1,653 2,944 5,514 1,196 4,059 20,598 20,281 4,567 3,526 1,196 30,422 10,657 36,766 147,885 

10 years 5,618 2,146 1,189 6,981 3,829 31,811 13,828 14,094 14,018 5,554 4,908 20,991 9,749 13,170 147,885 

15-year planning period 3,844 2,353 1,198 7,152 5,081 36,038 13,581 12,487 16,144 6,610 6,141 19,042 9,629 8,584 147,885 

20 years 2,589 2,242 1,368 6,997 6,620 37,099 14,620 10,886 17,441 6,743 7,433 18,226 10,367 5,254 147,885 

30 years 1,788 2,335 1,476 7,034 8,864 36,271 14,142 10,226 17,899 6,670 9,301 17,854 11,805 2,220 147,885 

40 years 1,456 2,269 1,298 6,243 11,557 34,972 14,121 9,322 17,206 6,236 11,080 17,828 12,956 1,344 147,885 

50-year modeling period 1,125 2,682 1,268 6,446 12,236 33,457 13,829 9,475 16,188 6,165 12,070 18,363 13,638 942 147,885 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 5 3 4 15 4 3 2 6 11 30 4 13 0 100 

Initial Conditions 3 1 2 3 1 3 14 8 2 3 1 26 9 25 100 

10 years 4 1 1 5 3 22 9 10 9 4 3 14 7 9 100 

15-year planning period 3 2 1 5 3 24 9 8 11 4 4 13 7 6 100 

20 years 2 2 1 5 4 25 10 7 12 5 5 12 7 4 100 

30 years 1 2 1 5 6 25 10 7 12 5 6 12 8 2 100 

40 years 1 2 1 4 8 24 10 6 12 4 7 12 9 1 100 

50-year modeling period 1 2 1 4 8 23 9 6 11 4 8 12 9 1 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 78 34 44 94 31 100 100 44 82 97 100 35 100  

10 years 100 71 73 29 81 100 100 100 70 72 88 100 41 100  

15-year planning period 100 68 73 27 74 100 100 100 96 66 84 100 41 100  

20 years 100 70 69 29 66 100 100 100 100 66 81 100 37 100  

30 years 100 68 67 29 55 100 100 100 100 66 76 100 28 100  

40 years 100 69 71 37 41 100 100 100 100 68 72 100 21 100  

50-year modeling period 100 64 71 35 38 100 100 100 97 69 69 100 17 100  
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Dry Mixed Conifer Forest PNVT Alternative D Proposed Average Acre Treatment Objectives 
 
 

Appendix D table 29. Alternative D dry mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Dry Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 7,394 4,437 9,864 19,713 5,915 4,437 4,111 8,222 19,708 39,436 8,222 16,425 0 147,885 

Initial Conditions 4,507 1,653 2,944 5,514 1,196 4,059 20,598 20,281 4,567 3,526 1,196 30,422 10,657 36,766 147,885 

10 years 5,332 1,530 1,022 5,756 2,899 32,691 15,502 15,776 10,676 5,032 4,003 23,714 10,489 13,484 147,885 

15-year planning period 3,700 1,708 1,046 5,856 3,730 37,911 15,234 14,090 11,873 5,586 5,133 22,557 10,861 8,600 147,885 

20 years 2,499 1,566 1,061 5,536 4,682 39,347 16,575 12,837 13,160 5,664 6,092 21,564 11,862 5,441 147,885 

30 years 1,464 1,674 1,197 5,331 6,003 39,089 16,775 11,851 13,637 5,738 7,828 21,663 13,423 2,213 147,885 

40 years 1,245 1,559 1,103 4,790 7,794 37,415 17,335 10,340 13,754 5,698 9,133 21,545 14,881 1,294 147,885 

50-year modeling period 840 1,803 1,171 4,790 8,564 35,431 17,219 10,193 13,463 5,376 10,477 22,229 15,480 848 147,885 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 5 3 4 15 4 3 2 6 11 30 4 13 0 100 

Initial Conditions 3 1 2 3 1 3 14 8 2 3 1 26 9 25 100 

10 years 4 1 1 4 2 22 10 11 7 3 3 16 7 9 100 

15-year planning period 3 1 1 4 3 26 10 10 8 4 3 15 7 6 100 

20 years 2 1 1 4 3 27 11 9 9 4 4 15 8 4 100 

30 years 1 1 1 4 4 26 11 8 9 4 5 15 9 1 100 

40 years 1 1 1 3 5 25 12 7 9 4 6 15 10 1 100 

50-year modeling period 1 1 1 3 6 24 12 7 9 4 7 15 10 1 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 78 34 44 94 31 100 100 44 82 97 100 35 100  

10 years 100 79 77 42 85 100 100 100 30 74 90 100 36 100  

15-year planning period 100 77 76 41 81 100 100 100 44 72 87 100 34 100  

20 years 100 79 76 44 76 100 100 100 60 71 85 100 28 100  

30 years 100 77 73 46 70 100 100 100 66 71 80 100 18 100  

40 years 100 79 75 51 60 100 100 100 67 71 77 100 9 100  

50-year modeling period 100 76 74 51 57 100 100 100 64 73 73 100 6 100  
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Dry Mixed Conifer Forest PNVT Alternative D Proposed Low Acre Treatment Objectives 
 
 

Appendix D table 30. Alternative D dry mixed conifer forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Dry Mixed Conifer Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N 

Number of acres in each vegetation state 
 

Desired Conditions 0 7,394 4,437 9,864 19,713 5,915 4,437 4,111 8,222 19,708 39,436 8,222 16,425 0 147,885 

Initial Conditions 4,507 1,653 2,944 5,514 1,196 4,059 20,598 20,281 4,567 3,526 1,196 30,422 10,657 36,766 147,885 

10 years 5,045 914 856 4,532 1,970 33,571 17,176 17,458 7,334 4,511 3,097 26,436 11,228 13,798 147,885 

15-year planning period 3,556 1,062 894 4,559 2,380 39,784 16,886 15,692 7,603 4,563 4,126 26,073 12,093 8,616 147,885 

20 years 2,410 890 754 4,075 2,743 41,595 18,529 14,788 8,880 4,585 4,750 24,901 13,357 5,627 147,885 

30 years 1,141 1,013 917 3,628 3,141 41,907 19,408 13,475 9,375 4,805 6,356 25,473 15,041 2,206 147,885 

40 years 1,034 849 909 3,337 4,032 39,858 20,549 11,358 10,302 5,160 7,185 25,263 16,806 1,243 147,885 

50-year modeling period 555 924 1,075 3,135 4,892 37,404 20,609 10,911 10,739 4,586 8,885 26,095 17,322 753 147,885 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 0 5 3 4 15 4 3 2 6 11 30 4 13 0 100 

Initial Conditions 3 1 2 3 1 3 14 8 2 3 1 26 9 25 100 

10 years 3 1 1 3 1 23 12 12 5 3 2 18 8 9 100 

15-year planning period 2 1 1 3 2 27 11 11 5 3 3 18 8 6 100 

20 years 2 1 1 3 2 28 13 10 6 3 3 17 9 4 100 

30 years 1 1 1 2 2 28 13 9 6 3 4 17 10 1 100 

40 years 1 1 1 2 3 27 14 8 7 3 5 17 11 1 100 

50-year modeling period 0 1 1 2 3 25 14 7 7 3 6 18 12 1 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 78 34 44 94 31 100 100 44 82 97 100 35 100  

10 years 100 88 81 54 90 100 100 100 11 77 92 100 32 100  

15-year planning period 100 86 80 54 88 100 100 100 8 77 90 100 26 100  

20 years 100 88 83 59 86 100 100 100 8 77 88 100 19 100  

30 years 100 86 79 63 84 100 100 100 14 76 84 100 8 100  

40 years 100 89 80 66 80 100 100 100 25 74 82 100 2 100  

50-year modeling period 100 88 76 68 75 100 100 100 31 77 77 100 5 100  
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Spruce-Fir Forest PNVT 
 

 

Appendix D figure 18. Spruce-fir forest (SFF) PNVT current and desired overstory vegetation structural states 

1 Spruce-Fir Forest (SFF) PNVT Overstory Vegetation Structural States. At 17,667 acres or approximately 0.9% of the forests this PNVT ranks 11th in order of size out of the 14 PNVTs on the A-SNFs  

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Recently burned, grass, forb and shrub types, with < 10% tree canopy cover; early successional development; with aspen regeneration 

State B - Seedling and sapling (< 5" diameter), small (5”-9.9” diameter), medium (10”-19.9” diameter), large to very large (≥ 20” diameter) size trees, with open (≥ 10% & ≤ 30%) or closed (> 30%) canopy cover, consisting of all 
aspen, deciduous tree mix, and evergreen-deciduous mix tree types; with aspen regeneration 

State C - Seedling and sapling, and small size trees, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types; with aspen regeneration. Also includes seedling and sapling, and small size trees, 
with open canopy cover, with a plurality of shade tolerant tree types; with aspen regeneration 

State D - Medium size trees, single or multi-storied, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types; with aspen regeneration. Also includes medium size trees, single or multi-storied, 
with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration 

State E - Large to very large size trees, single storied, with closed canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, single storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State F - Large to very large size trees, multi-storied, with closed canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, multi-storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State G - Seedling and sapling, and small size trees, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration 

State H - Medium size trees, single or multi-storied, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration. Also includes medium size trees, single or multi-storied, with closed canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration 

STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 
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State I - Large to very large size trees, single storied, with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, single storied, with open canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration. This state was not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State J - Large to very large size trees, multi-storied, with open canopy cover; with a plurality of shade tolerant tree types; with aspen regeneration. Also includes large to very large size trees, multi-storied, with open canopy 
cover; with a plurality of shade intolerant tree types; with aspen regeneration. This state was not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State K - Recently burned, grass, forb and shrub types, with < 10% tree canopy cover; early successional development. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within 
historic range of variability, found on contemporary landscapes only 

State L - Seedling and sapling, and small size trees, with closed canopy cover; with a plurality of shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or 
within historic range of variability, found on contemporary landscapes only 

State M - Medium size trees, single or multi-storied, with closed canopy cover; with a plurality of shade tolerant/mixed shade tolerant tree types. Also includes medium size trees, single or multi-storied, with open canopy cover; 
with a plurality of shade tolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State N - Large to very large size trees, single storied, with closed canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, single storied, with closed canopy cover; with a plurality of 
shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State O - Large to very large size trees, multi-storied, with closed canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, multi-storied, with closed canopy cover; with a plurality of 
shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State P - Seedling and sapling, and small size trees, with open canopy cover; with a plurality of shade intolerant tree types; with aspen regeneration. This state exists with elk and no or limited aspen regeneration; not part of the 
historic conditions or within historic range of variability, found on contemporary landscapes only 

State Q - Medium size trees, single or multi-storied, with open canopy cover; with a plurality of shade intolerant tree types. Also includes medium size trees, single or multi-storied, with a plurality of closed canopy cover; with 
shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State R - Large to very large size trees, single storied, with open canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, single storied, with open canopy cover; with a plurality of 
shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State S - Large to very large size trees, multi-storied, with open canopy cover; with a plurality of shade tolerant tree types. Also includes large to very large size trees, multi-storied, with open canopy cover; with a plurality of 
shade intolerant tree types. This state exists with elk and no or limited aspen regeneration; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

2 SFF PNVT has a 59% or moderate departure rating from Desired Conditions (DC) and a 62% or high departure rating from Historical Range of Variability (HRV) making it the 5th most departed PNVT on the A-SNFs for DC and the 
6th most departed for HRV. Desired Conditions were provided by the Regional Office, and reference conditions were derived from the Nature Conservancy (Smith, 2006c) 
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Spruce-Fir Forest PNVT Alternative A 
 
 
Appendix D table 31. Alternative A spruce-fir forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-year 
modeling period 

Model Year Runs 
Spruce-Fir Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 1,590 2,297 1,767 1,237 3,887 3,887 1,767 1,237 0 0 0 0 0 0 0 0 0 0 0 17,667 

Initial Conditions 2,537 5,830 2,664 1,040 88 88 0 592 0 0 2,537 648 1,040 88 0 88 592 0 0 17,667 

10 years 32 6,370 1,219 863 131 142 357 594 368 265 102 4,052 858 70 140 723 884 335 162 17,667 

15-year planning period 30 6,226 1,171 941 161 175 362 505 482 367 81 3,965 946 96 184 508 829 384 254 17,667 

20 years 34 6,032 1,224 999 185 217 333 489 586 418 68 3,661 1,038 87 218 409 920 474 274 17,667 

30 years 35 5,677 1,229 1,124 226 289 368 502 693 570 46 3,167 1,094 154 281 385 825 659 342 17,667 

40 years 29 5,523 1,202 1,084 317 332 379 532 828 610 49 2,808 1,112 183 329 309 856 769 415 17,667 

50-year modeling period 25 5,317 1,169 1,072 325 323 385 524 1,056 722 60 2,549 972 193 330 311 889 893 552 17,667 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 100 

10 years 0 36 7 5 1 1 2 3 2 1 1 23 5 0 1 4 5 2 1 100 

15-year planning period 0 35 7 5 1 1 2 3 3 2 0 22 5 1 1 3 5 2 1 100 

20 years 0 34 7 6 1 1 2 3 3 2 0 21 6 0 1 2 5 3 2 100 

30 years 0 32 7 6 1 2 2 3 4 3 0 18 6 1 2 2 5 4 2 100 

40 years 0 31 7 6 2 2 2 3 5 3 0 16 6 1 2 2 5 4 2 100 

50-year modeling period 0 30 7 6 2 2 2 3 6 4 0 14 6 1 2 2 5 5 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 100 25 51 98 98 96 2 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 100 31 30 97 96 80 52 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 100 34 24 96 95 80 59 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 100 31 19 95 94 81 60 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 100 30 9 94 93 79 59 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 100 32 12 92 91 79 57 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 100 34 13 92 92 78 58 100 100 100 100 100 100 100 100 100 100 100  
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Spruce-Fir Forest PNVT Alternative B Proposed High Acre Treatment Objectives 
 
 

Appendix D table 32. Alternative B spruce-fir forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-year 
modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Spruce-Fir Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 1,590 2,297 1,767 1,237 3,887 3,887 1,767 1,237 0 0 0 0 0 0 0 0 0 0 0 17,667 

Initial Conditions 2,537 5,830 2,664 1,040 88 88 0 592 0 0 2,537 648 1,040 88 0 88 592 0 0 17,667 

10 years 35 6,022 1,017 1,174 199 189 554 823 606 404 96 3,230 871 86 157 650 1,042 313 200 17,667 

15-year planning period 25 5,836 1,008 1,386 242 238 531 752 785 574 60 2,759 947 105 220 453 1,026 452 268 17,667 

20 years 33 5,604 895 1,515 332 282 546 809 1,008 665 56 2,327 960 111 243 389 1,030 526 335 17,667 

30 years 29 5,198 861 1,544 400 425 533 875 1,477 869 42 1,655 835 156 259 288 1,003 749 468 17,667 

40 years 26 4,937 864 1,549 450 512 537 897 1,776 1,097 44 1,223 657 195 308 204 957 877 558 17,667 

50-year modeling period 29 4,715 885 1,599 503 575 499 810 1,972 1,243 43 1,017 512 181 336 181 958 979 631 17,667 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 100 

10 years 0 34 6 7 1 1 3 5 3 2 1 18 5 0 1 4 6 2 1 100 

15-year planning period 0 33 6 8 1 1 3 4 4 3 0 16 5 1 1 3 6 3 2 100 

20 years 0 32 5 9 2 2 3 5 6 4 0 13 5 1 1 2 6 3 2 100 

30 years 0 29 5 9 2 2 3 5 8 5 0 9 5 1 1 2 6 4 3 100 

40 years 0 28 5 9 3 3 3 5 10 6 0 7 4 1 2 1 5 5 3 100 

50-year modeling period 0 27 5 9 3 3 3 5 11 7 0 6 3 1 2 1 5 6 4 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 100 25 51 98 98 96 2 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 100 42 5 95 95 69 33 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 100 43 12 94 94 70 39 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 100 49 22 91 93 69 35 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 100 51 25 90 89 70 29 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 100 51 25 88 87 70 27 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 100 50 29 87 85 72 35 100 100 100 100 100 100 100 100 100 100 100  
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Spruce-Fir Forest PNVT Alternative B Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 33. Alternative B spruce-fir forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-year 
modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Spruce-Fir Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 1,590 2,297 1,767 1,237 3,887 3,887 1,767 1,237 0 0 0 0 0 0 0 0 0 0 0 17,667 

Initial Conditions 2,537 5,830 2,664 1,040 88 88 0 592 0 0 2,537 648 1,040 88 0 88 592 0 0 17,667 

10 years 34 6,206 1,149 989 173 154 470 720 474 313 85 3,636 827 80 149 686 1,035 305 193 17,667 

15-year planning period 16 6,053 1,142 1,137 205 209 457 628 624 428 41 3,329 942 97 195 465 999 451 247 17,667 

20 years 22 5,831 1,103 1,222 261 229 475 674 766 510 47 2,936 1,004 102 235 392 1,011 521 326 17,667 

30 years 22 5,453 1,056 1,271 304 342 473 704 1,105 673 37 2,378 971 146 263 315 993 716 446 17,667 

40 years 18 5,176 1,074 1,298 367 410 462 718 1,330 832 33 1,971 849 182 311 257 964 889 524 17,667 

50-year modeling period 19 5,024 1,085 1,337 390 456 464 671 1,454 964 32 1,683 742 196 346 220 991 983 609 17,667 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 100 

10 years 0 35 7 6 1 1 3 4 3 2 0 21 5 0 1 4 6 2 1 100 

15-year planning period 0 34 6 6 1 1 3 4 4 2 0 19 5 1 1 3 6 3 1 100 

20 years 0 33 6 7 1 1 3 4 4 3 0 17 6 1 1 2 6 3 2 100 

30 years 0 31 6 7 2 2 3 4 6 4 0 13 5 1 1 2 6 4 3 100 

40 years 0 29 6 7 2 2 3 4 8 5 0 11 5 1 2 1 5 5 3 100 

50-year modeling period 0 28 6 8 2 3 3 4 8 5 0 10 4 1 2 1 6 6 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 100 25 51 98 98 96 2 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 100 35 20 96 96 73 42 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 100 35 8 95 95 74 49 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 100 38 1 93 94 73 46 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 100 40 3 92 91 73 43 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 100 39 5 91 89 74 42 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 100 39 8 90 88 74 46 100 100 100 100 100 100 100 100 100 100 100  
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Spruce-Fir Forest PNVT Alternative B Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 34. Appendix D table 34. Alternative B spruce-fir forest resulting overstory vegetation structural state acreage by VDDT model year 
runs over the 50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Spruce-Fir Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 1,590 2,297 1,767 1,237 3,887 3,887 1,767 1,237 0 0 0 0 0 0 0 0 0 0 0 17,667 

Initial Conditions 2,537 5,830 2,664 1,040 88 88 0 592 0 0 2,537 648 1,040 88 0 88 592 0 0 17,667 

10 years 34 6,382 1,281 803 147 119 387 617 341 221 73 4,042 783 74 142 721 1,028 296 187 17,667 

15-year planning period 7 6,271 1,275 888 168 180 384 505 463 283 23 3,900 937 89 169 477 972 450 227 17,667 

20 years 10 6,058 1,311 930 189 175 405 539 524 355 37 3,545 1,049 92 228 395 992 516 317 17,667 

30 years 14 5,708 1,251 999 207 259 413 532 733 478 32 3,101 1,106 137 266 341 983 683 423 17,667 

40 years 10 5,416 1,284 1,048 284 308 387 539 884 568 22 2,720 1,041 170 314 311 970 901 491 17,667 

50-year modeling period 9 5,334 1,285 1,074 277 338 430 532 936 685 21 2,349 971 211 355 259 1,025 986 588 17,667 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 100 

10 years 0 36 7 5 1 1 2 3 2 1 0 23 4 0 1 4 6 2 1 100 

15-year planning period 0 35 7 5 1 1 2 3 3 2 0 22 5 1 1 3 6 3 1 100 

20 years 0 34 7 5 1 1 2 3 3 2 0 20 6 1 1 2 6 3 2 100 

30 years 0 32 7 6 1 1 2 3 4 3 0 18 6 1 2 2 6 4 2 100 

40 years 0 31 7 6 2 2 2 3 5 3 0 15 6 1 2 2 5 5 3 100 

50-year modeling period 0 30 7 6 2 2 2 3 5 4 0 13 5 1 2 1 6 6 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 100 25 51 98 98 96 2 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 100 28 35 96 97 78 50 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 100 28 28 96 95 78 59 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 100 26 25 95 95 77 56 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 100 29 19 95 93 77 57 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 100 27 15 93 92 78 56 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 100 27 13 93 91 76 57 100 100 100 100 100 100 100 100 100 100 100  
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Spruce-Fir Forest PNVT Alternative C Proposed High Acre Treatment Objectives 
 
 

Appendix D table 35. Alternative C spruce-fir forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-year 
modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Spruce-Fir Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 1,590 2,297 1,767 1,237 3,887 3,887 1,767 1,237 0 0 0 0 0 0 0 0 0 0 0 17,667 

Initial Conditions 2,537 5,830 2,664 1,040 88 88 0 592 0 0 2,537 648 1,040 88 0 88 592 0 0 17,667 

10 years 53 5,822 889 1,285 232 207 554 893 679 528 169 3,010 838 110 148 729 1,040 284 196 17,667 

15-year planning period 44 5,404 880 1,507 280 281 556 966 978 675 122 2,521 868 119 201 564 1,062 384 254 17,667 

20 years 39 5,186 754 1,650 361 381 543 983 1,249 754 100 2,106 879 126 235 412 1,022 530 359 17,667 

30 years 33 4,797 758 1,787 476 482 536 1,055 1,636 1,003 67 1,444 690 153 275 290 1,000 728 459 17,667 

40 years 41 4,542 739 1,691 551 546 517 989 2,037 1,232 67 1,112 603 161 314 188 927 914 496 17,667 

50-year modeling period 33 4,266 747 1,708 608 656 486 961 2,242 1,435 70 899 457 185 318 181 793 991 631 17,667 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 100 

10 years 0 33 5 7 1 1 3 5 4 3 1 17 5 1 1 4 6 2 1 100 

15-year planning period 0 31 5 9 2 2 3 5 6 4 1 14 5 1 1 3 6 2 1 100 

20 years 0 29 4 9 2 2 3 6 7 4 1 12 5 1 1 2 6 3 2 100 

30 years 0 27 4 10 3 3 3 6 9 6 0 8 4 1 2 2 6 4 3 100 

40 years 0 26 4 10 3 3 3 6 12 7 0 6 3 1 2 1 5 5 3 100 

50-year modeling period 0 24 4 10 3 4 3 5 13 8 0 5 3 1 2 1 4 6 4 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 100 25 51 98 98 96 2 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 100 50 4 94 95 69 28 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 100 50 22 93 93 69 22 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 100 57 33 91 90 69 21 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 100 57 44 88 88 70 15 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 100 58 37 86 86 71 20 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 100 58 38 84 83 72 22 100 100 100 100 100 100 100 100 100 100 100  
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Spruce-Fir Forest PNVT Alternative C Proposed Average Acre Treatment Objectives 
 
 

Appendix D table 36. Alternative C spruce-fir forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-year 
modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Spruce-Fir Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 1,590 2,297 1,767 1,237 3,887 3,887 1,767 1,237 0 0 0 0 0 0 0 0 0 0 0 17,667 

Initial Conditions 2,537 5,830 2,664 1,040 88 88 0 592 0 0 2,537 648 1,040 88 0 88 592 0 0 17,667 

10 years 39 6,066 1,060 1,042 192 170 479 731 519 364 137 3,607 822 93 144 692 1,049 289 174 17,667 

15-year planning period 32 5,735 1,073 1,194 237 219 472 755 741 479 84 3,232 938 99 181 521 1,037 396 244 17,667 

20 years 27 5,551 1,001 1,298 279 289 471 768 893 534 74 2,932 964 118 221 413 974 527 331 17,667 

30 years 26 5,179 983 1,413 362 362 470 792 1,189 740 53 2,324 901 147 267 342 991 691 435 17,667 

40 years 27 4,931 1,006 1,325 423 424 455 758 1,474 901 50 1,970 833 155 301 263 981 878 510 17,667 

50-year modeling period 25 4,669 989 1,383 434 512 455 737 1,627 1,045 55 1,679 743 199 331 229 943 997 616 17,667 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 100 

10 years 0 34 6 6 1 1 3 4 3 2 1 20 5 1 1 4 6 2 1 100 

15-year planning period 0 32 6 7 1 1 3 4 4 3 0 18 5 1 1 3 6 2 1 100 

20 years 0 31 6 7 2 2 3 4 5 3 0 17 5 1 1 2 6 3 2 100 

30 years 0 29 6 8 2 2 3 4 7 4 0 13 5 1 2 2 6 4 2 100 

40 years 0 28 6 7 2 2 3 4 8 5 0 11 5 1 2 1 6 5 3 100 

50-year modeling period 0 26 6 8 2 3 3 4 9 6 0 10 4 1 2 1 5 6 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 100 25 51 98 98 96 2 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 100 40 16 95 96 73 41 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 100 39 3 94 94 73 39 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 100 43 5 93 93 73 38 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 100 44 14 91 91 73 36 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 100 43 7 89 89 74 39 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 100 44 12 89 87 74 40 100 100 100 100 100 100 100 100 100 100 100  
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Spruce-Fir Forest PNVT Alternative C Proposed Low Acre Treatment Objectives 
 
 

Appendix D table 37. Alternative C spruce-fir forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-year 
modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Spruce-Fir Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 1,590 2,297 1,767 1,237 3,887 3,887 1,767 1,237 0 0 0 0 0 0 0 0 0 0 0 17,667 

Initial Conditions 2,537 5,830 2,664 1,040 88 88 0 592 0 0 2,537 648 1,040 88 0 88 592 0 0 17,667 

10 years 24 6,309 1,232 798 152 132 404 568 360 201 105 4,204 805 75 141 655 1,057 294 151 17,667 

15-year planning period 21 6,065 1,266 882 194 157 387 543 503 283 46 3,943 1,007 78 160 478 1,013 408 233 17,667 

20 years 15 5,917 1,249 946 197 198 399 553 538 315 47 3,758 1,050 110 207 415 926 524 303 17,667 

30 years 20 5,562 1,207 1,038 247 243 405 530 742 477 39 3,205 1,111 140 258 394 983 654 411 17,667 

40 years 14 5,320 1,274 959 295 302 393 527 911 571 33 2,828 1,063 149 289 338 1,035 842 524 17,667 

50-year modeling period 16 5,073 1,231 1,059 261 368 424 513 1,013 655 40 2,458 1,028 212 343 276 1,093 1,002 601 17,667 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 100 

10 years 0 36 7 5 1 1 2 3 2 1 1 24 5 0 1 4 6 2 1 100 

15-year planning period 0 34 7 5 1 1 2 3 3 2 0 22 6 0 1 3 6 2 1 100 

20 years 0 33 7 5 1 1 2 3 3 2 0 21 6 1 1 2 5 3 2 100 

30 years 0 31 7 6 1 1 2 3 4 3 0 18 6 1 1 2 6 4 2 100 

40 years 0 30 7 5 2 2 2 3 5 3 0 16 6 1 2 2 6 5 3 100 

50-year modeling period 0 29 7 6 1 2 2 3 6 4 0 14 6 1 2 2 6 6 3 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 100 25 51 98 98 96 2 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 100 30 35 96 97 77 54 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 100 28 29 95 96 78 56 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 100 29 24 95 95 77 55 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 100 32 16 94 94 77 57 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 100 28 22 92 92 78 57 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 100 30 14 93 91 76 59 100 100 100 100 100 100 100 100 100 100 100  
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Spruce-Fir Forest PNVT Alternative D Proposed High Acre Treatment Objectives 
 
 

Appendix D table 38. Alternative D spruce-fir forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-year 
modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Spruce-Fir Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 1,590 2,297 1,767 1,237 3,887 3,887 1,767 1,237 0 0 0 0 0 0 0 0 0 0 0 17,667 

Initial Conditions 2,537 5,830 2,664 1,040 88 88 0 592 0 0 2,537 648 1,040 88 0 88 592 0 0 17,667 

10 years 31 5,860 814 1,331 248 204 501 1,009 752 351 156 2,837 855 78 192 694 1,241 290 226 17,667 

15-year planning period 31 5,489 835 1,577 256 296 514 963 1,059 568 85 2,245 932 90 219 455 1,324 470 257 17,667 

20 years 39 5,320 809 1,769 347 374 522 951 1,279 681 84 1,665 834 113 242 354 1,314 601 368 17,667 

30 years 49 4,791 744 1,822 439 521 513 1,005 1,820 928 70 1,137 625 176 310 224 1,191 774 528 17,667 

40 years 37 4,422 646 1,834 574 574 555 1,001 2,201 1,218 56 793 463 209 325 210 957 994 600 17,667 

50-year modeling period 38 4,250 672 1,683 661 663 536 1,006 2,545 1,381 49 573 319 228 313 124 864 1,097 665 17,667 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 100 

10 years 0 33 5 8 1 1 3 6 4 2 1 16 5 0 1 4 7 2 1 100 

15-year planning period 0 31 5 9 1 2 3 5 6 3 0 13 5 1 1 3 7 3 1 100 

20 years 0 30 5 10 2 2 3 5 7 4 0 9 5 1 1 2 7 3 2 100 

30 years 0 27 4 10 2 3 3 6 10 5 0 6 4 1 2 1 7 4 3 100 

40 years 0 25 4 10 3 3 3 6 12 7 0 4 3 1 2 1 5 6 3 100 

50-year modeling period 0 24 4 10 4 4 3 6 14 8 0 3 2 1 2 1 5 6 4 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 100 25 51 98 98 96 2 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 100 54 8 94 95 72 18 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 100 53 27 93 92 71 22 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 100 54 43 91 90 70 23 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 100 58 47 89 87 71 19 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 100 63 48 85 85 69 19 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 100 62 36 83 83 70 19 100 100 100 100 100 100 100 100 100 100 100  
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Spruce-Fir Forest PNVT Alternative D Proposed Average Acre Treatment Objectives 
 
 

Appendix D table 39. Alternative D spruce-fir forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-year 
modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Spruce-Fir Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 1,590 2,297 1,767 1,237 3,887 3,887 1,767 1,237 0 0 0 0 0 0 0 0 0 0 0 17,667 

Initial Conditions 2,537 5,830 2,664 1,040 88 88 0 592 0 0 2,537 648 1,040 88 0 88 592 0 0 17,667 

10 years 29 6,133 993 1,055 196 176 451 823 548 288 112 3,424 869 75 158 682 1,164 288 210 17,667 

15-year planning period 21 5,822 1,033 1,251 225 236 456 786 778 427 63 3,015 925 88 187 445 1,215 435 260 17,667 

20 years 26 5,648 1,031 1,391 275 296 462 766 952 498 49 2,533 920 103 227 388 1,178 592 332 17,667 

30 years 34 5,311 978 1,416 333 381 472 775 1,318 712 44 1,998 837 150 287 270 1,104 769 480 17,667 

40 years 25 4,920 989 1,490 432 448 487 773 1,592 862 42 1,586 741 211 317 257 996 926 573 17,667 

50-year modeling period 24 4,790 941 1,393 500 509 496 809 1,847 1,004 34 1,278 615 205 328 189 979 1,078 648 17,667 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 100 

10 years 0 35 6 6 1 1 3 5 3 2 1 19 5 0 1 4 7 2 1 100 

15-year planning period 0 33 6 7 1 1 3 4 4 2 0 17 5 0 1 3 7 2 1 100 

20 years 0 32 6 8 2 2 3 4 5 3 0 14 5 1 1 2 7 3 2 100 

30 years 0 30 6 8 2 2 3 4 7 4 0 11 5 1 2 2 6 4 3 100 

40 years 0 28 6 8 2 3 3 4 9 5 0 9 4 1 2 1 6 5 3 100 

50-year modeling period 0 27 5 8 3 3 3 5 10 6 0 7 3 1 2 1 6 6 4 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 100 25 51 98 98 96 2 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 100 44 15 95 95 74 33 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 100 42 1 94 94 74 36 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 100 42 12 93 92 74 38 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 100 45 14 91 90 73 37 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 100 44 20 89 88 72 38 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 100 47 13 87 87 72 35 100 100 100 100 100 100 100 100 100 100 100  
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Spruce-Fir Forest PNVT Alternative D Proposed Low Acre Treatment Objectives 
 
 

Appendix D table 40. Alternative D spruce-fir forest resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-year 
modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Spruce-Fir Forest Overstory Vegetation Structural State 

Total 
A B C D E F G H I J K L M N O P Q R S 

Number of acres in each vegetation state 
 

Desired Conditions 1,590 2,297 1,767 1,237 3,887 3,887 1,767 1,237 0 0 0 0 0 0 0 0 0 0 0 17,667 

Initial Conditions 2,537 5,830 2,664 1,040 88 88 0 592 0 0 2,537 648 1,040 88 0 88 592 0 0 17,667 

10 years 27 6,404 1,173 778 143 147 402 638 343 225 67 4,012 883 73 124 669 1,088 287 194 17,667 

15-year planning period 10 6,155 1,232 925 194 175 398 608 498 285 40 3,784 919 85 154 436 1,106 400 262 17,667 

20 years 14 5,975 1,254 1,012 204 218 402 581 624 315 13 3,401 1,006 94 213 421 1,042 583 295 17,667 

30 years 18 5,831 1,211 1,010 227 241 430 544 817 495 18 2,858 1,048 123 265 316 1,017 764 432 17,667 

40 years 14 5,417 1,332 1,146 290 322 419 545 982 505 28 2,380 1,020 214 309 304 1,035 859 545 17,667 

50-year modeling period 9 5,331 1,210 1,103 339 356 455 613 1,149 626 20 1,983 912 183 342 254 1,095 1,059 632 17,667 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 9 13 10 7 22 22 10 7 0 0 0 0 0 0 0 0 0 0 0 100 

Initial Conditions 14 33 15 6 1 1 0 3 0 0 14 4 6 1 0 1 3 0 0 100 

10 years 0 36 7 4 1 1 2 4 2 1 0 23 5 0 1 4 6 2 1 100 

15-year planning period 0 35 7 5 1 1 2 3 3 2 0 21 5 0 1 2 6 2 1 100 

20 years 0 34 7 6 1 1 2 3 4 2 0 19 6 1 1 2 6 3 2 100 

30 years 0 33 7 6 1 1 2 3 5 3 0 16 6 1 1 2 6 4 2 100 

40 years 0 31 8 6 2 2 2 3 6 3 0 13 6 1 2 2 6 5 3 100 

50-year modeling period 0 30 7 6 2 2 3 3 7 4 0 11 5 1 2 1 6 6 4 100 

Percent departure for each vegetation state from desired conditions  

Desired Conditions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Initial Conditions 100 100 25 51 98 98 96 2 100 100 100 100 100 100 100 100 100 100 100  

10 years 100 100 34 37 96 96 77 48 100 100 100 100 100 100 100 100 100 100 100  

15-year planning period 100 100 30 25 95 95 77 51 100 100 100 100 100 100 100 100 100 100 100  

20 years 100 100 29 18 95 94 77 53 100 100 100 100 100 100 100 100 100 100 100  

30 years 100 100 31 18 94 94 76 56 100 100 100 100 100 100 100 100 100 100 100  

40 years 100 100 25 7 93 92 76 56 100 100 100 100 100 100 100 100 100 100 100  

50-year modeling period 100 100 32 11 91 91 74 50 100 100 100 100 100 100 100 100 100 100 100  
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Woodland PNVTs 
 
Madrean Pine-Oak Woodland PNVT 
 

 

Appendix D figure 19. Madrean pine-oak woodland (MPOW) PNVT current and desired overstory vegetation structural states 

1 Madrean Pine-Oak Woodland (MPOW) PNVT Overstory Vegetation Structural States. At 394,928 acres or approximately 20% of the forests this PNVT ranks 2nd in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; early successional development 

State B - Seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; all tree types; early successional development 

State C - Small size (5”-9.9” diameter) trees, with open canopy cover; all tree types; mid successional development 

State D - Medium (10”-19.9” diameter) and large to very large size (≥ 20” diameter) trees; multi-storied, with open canopy cover; all tree types; late successional development 
‡Current state makeup: 5% (20,461 ac) medium size trees; and 2% (7,579 ac) large to very large size trees 

State E - Seedling and sapling size trees with closed (> 30%) canopy cover; all tree types; early successional development 

State F - Small size trees, with closed canopy cover; all tree types; mid successional development 

State G - Medium and large to very large size trees; multi-storied, with closed canopy cover; all tree types; late successional development  
†Current state makeup: 23% (89,110 ac) medium size trees; and 10% (41,863 ac) large to very large size trees 

2 MPOW PNVT has a 61% or high departure rating from Desired Conditions (DC) and a 72% or high departure rating from Historical Range of Variability (HRV) making it the 4th most departed PNVT on the A-SNFs for both DC and 
HRV. Desired Conditions were provided by the Regional Office, and HRV was derived from the Nature Conservancy (Schussman and Gori, 2006) 

 

5 
< 1 

9 7‡ 

1 

44 

33† 

4 3 

13 

60 

3 3 

15 

0

20

40

60

80

100

A B C D E F G

P
e

rc
e

n
t 

o
f 

To
ta

l M
P

O
W

 P
N

V
T 

A
cr

e
s 

Madrean Pine-Oak Woodland (MPOW) PNVT Overstory Vegetation Structural States1, 2 

Current Conditions Desired Conditions



 

443 

Madrean Pine-Oak Woodland PNVT Alternative A 
 
 
Appendix D table 41. Alternative A Madrean pine-oak woodland resulting overstory vegetation structural state acreage by VDDT model year runs over 
the 50-year modeling period 

Model Year Runs 
Madrean Pine-Oak Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 15,797 11,848 51,341 236,957 11,848 11,848 59,239 394,928 

Initial Conditions 21,376 957 36,392 28,040 3,591 173,599 130,972 394,928 

10 years 22,629 4,423 21,168 44,587 3,673 139,765 158,683 394,928 

15-year planning period 22,748 4,700 17,416 48,576 4,028 122,151 175,309 394,928 

20 years 23,182 5,805 14,968 52,091 4,739 109,079 185,064 394,928 

30 years 24,683 6,832 11,453 56,949 4,818 91,860 198,333 394,928 

40 years 25,710 6,477 9,439 60,819 6,240 75,036 211,207 394,928 

50-year modeling period 26,658 7,188 8,254 66,387 4,779 66,585 215,077 394,928 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 4 3 13 60 3 3 15 100 

Initial Conditions 5 0 9 7 1 44 33 100 

10 years 6 1 5 11 1 35 40 100 

15-year planning period 6 1 4 12 1 31 44 100 

20 years 6 1 4 13 1 28 47 100 

30 years 6 2 3 14 1 23 50 100 

40 years 7 2 2 15 2 19 53 100 

50-year modeling period 7 2 2 17 1 17 54 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 92 29 88 70 100 100  

10 years 100 63 59 81 69 100 100  

15-year planning period 100 60 66 80 66 100 100  

20 years 100 51 71 78 60 100 100  

30 years 100 42 78 76 59 100 100  

40 years 100 45 82 74 47 100 100  

50-year modeling period 100 39 84 72 60 100 100  
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Madrean Pine-Oak Woodland PNVT Alternative B Proposed High Acre Treatment Objectives 
 
 
Appendix D table 42. Alternative B Madrean pine-oak woodland resulting overstory vegetation structural state acreage by VDDT model year runs over 
the 50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Madrean Pine-Oak Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 15,797 11,848 51,341 236,957 11,848 11,848 59,239 394,928 

Initial Conditions 21,376 957 36,392 28,040 3,591 173,599 130,972 394,928 

10 years 15,679 4,779 40,204 79,538 3,357 108,684 142,687 394,928 

15-year planning period 19,588 6,003 38,268 98,732 4,147 91,623 136,566 394,928 

20 years 23,143 7,780 35,070 113,937 3,989 79,973 131,037 394,928 

30 years 28,553 10,268 29,106 137,593 5,766 55,566 128,075 394,928 

40 years 33,411 11,927 23,261 148,177 6,595 49,445 122,112 394,928 

50-year modeling period 36,254 14,928 21,682 152,126 7,188 42,139 120,611 394,928 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 4 3 13 60 3 3 15 100 

Initial Conditions 5 0 9 7 1 44 33 100 

10 years 4 1 10 20 1 28 36 100 

15-year planning period 5 2 10 25 1 23 35 100 

20 years 6 2 9 29 1 20 33 100 

30 years 7 3 7 35 1 14 32 100 

40 years 8 3 6 38 2 13 31 100 

50-year modeling period 9 4 5 39 2 11 31 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 92 29 88 70 100 100  

10 years 100 60 22 66 72 100 100  

15-year planning period 100 49 25 58 65 100 100  

20 years 100 34 32 52 66 100 100  

30 years 100 13 43 42 51 100 100  

40 years 100 1 55 37 44 100 100  

50-year modeling period 100 26 58 36 39 100 100  
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Madrean Pine-Oak Woodland PNVT Alternative B Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 43. Alternative B Madrean pine-oak woodland resulting overstory vegetation structural state acreage by VDDT model year runs over 
the 50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Madrean Pine-Oak Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 15,797 11,848 51,341 236,957 11,848 11,848 59,239 394,928 

Initial Conditions 21,376 957 36,392 28,040 3,591 173,599 130,972 394,928 

10 years 13,921 4,147 33,075 66,605 3,772 118,715 154,693 394,928 

15-year planning period 17,811 5,450 31,614 79,795 4,048 101,220 154,989 394,928 

20 years 20,753 6,556 27,823 93,144 3,989 90,004 152,659 394,928 

30 years 25,493 8,767 23,893 111,863 5,233 66,585 153,094 394,928 

40 years 29,620 9,972 19,154 121,855 6,240 56,336 151,751 394,928 

50-year modeling period 31,515 11,729 17,831 126,061 6,694 48,971 152,126 394,928 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 4 3 13 60 3 3 15 100 

Initial Conditions 5 0 9 7 1 44 33 100 

10 years 4 1 8 17 1 30 39 100 

15-year planning period 5 1 8 20 1 26 39 100 

20 years 5 2 7 24 1 23 39 100 

30 years 6 2 6 28 1 17 39 100 

40 years 8 3 5 31 2 14 38 100 

50-year modeling period 8 3 5 32 2 12 39 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 92 29 88 70 100 100  

10 years 100 65 36 72 68 100 100  

15-year planning period 100 54 38 66 66 100 100  

20 years 100 45 46 61 66 100 100  

30 years 100 26 53 53 56 100 100  

40 years 100 16 63 49 47 100 100  

50-year modeling period 100 1 65 47 44 100 100  
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Madrean Pine-Oak Woodland PNVT Alternative B Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 44. Alternative B Madrean pine-oak woodland resulting overstory vegetation structural state acreage by VDDT model year runs over 
the 50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Madrean Pine-Oak Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 15,797 11,848 51,341 236,957 11,848 11,848 59,239 394,928 

Initial Conditions 21,376 957 36,392 28,040 3,591 173,599 130,972 394,928 

10 years 12,164 3,515 25,947 53,671 4,186 128,746 166,699 394,928 

15-year planning period 16,034 4,897 24,959 60,858 3,949 110,817 173,413 394,928 

20 years 18,364 5,332 20,576 72,351 3,989 100,035 174,282 394,928 

30 years 22,432 7,267 18,680 86,134 4,700 77,603 178,112 394,928 

40 years 25,828 8,017 15,047 95,533 5,884 63,228 181,390 394,928 

50-year modeling period 26,776 8,530 13,980 99,996 6,200 55,803 183,641 394,928 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 4 3 13 60 3 3 15 100 

Initial Conditions 5 0 9 7 1 44 33 100 

10 years 3 1 7 14 1 33 42 100 

15-year planning period 4 1 6 15 1 28 44 100 

20 years 5 1 5 18 1 25 44 100 

30 years 6 2 5 22 1 20 45 100 

40 years 7 2 4 24 1 16 46 100 

50-year modeling period 7 2 4 25 2 14 46 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 92 29 88 70 100 100  

10 years 100 70 49 77 65 100 100  

15-year planning period 100 59 51 74 67 100 100  

20 years 100 55 60 69 66 100 100  

30 years 100 39 64 64 60 100 100  

40 years 100 32 71 60 50 100 100  

50-year modeling period 100 28 73 58 48 100 100  
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Madrean Pine-Oak Woodland PNVT Alternative C Proposed High Acre Treatment Objectives 
 
 
Appendix D table 45. Alternative C Madrean pine-oak woodland resulting overstory vegetation structural state acreage by VDDT model year runs over 
the 50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Madrean Pine-Oak Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 15,797 11,848 51,341 236,957 11,848 11,848 59,239 394,928 

Initial Conditions 21,376 957 36,392 28,040 3,591 173,599 130,972 394,928 

10 years 26,421 4,028 30,291 59,002 3,317 123,810 148,058 394,928 

15-year planning period 33,529 5,213 27,092 72,509 3,831 108,487 144,267 394,928 

20 years 40,441 7,701 24,012 83,369 3,989 96,323 139,094 394,928 

30 years 50,472 10,229 20,931 98,416 5,253 71,640 137,988 394,928 

40 years 57,422 12,598 18,246 104,103 6,200 61,925 134,433 394,928 

50-year modeling period 59,871 12,677 16,705 115,042 8,017 55,290 127,325 394,928 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 4 3 13 60 3 3 15 100 

Initial Conditions 5 0 9 7 1 44 33 100 

10 years 7 1 8 15 1 31 37 100 

15-year planning period 8 1 7 18 1 27 37 100 

20 years 10 2 6 21 1 24 35 100 

30 years 13 3 5 25 1 18 35 100 

40 years 15 3 5 26 2 16 34 100 

50-year modeling period 15 3 4 29 2 14 32 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 92 29 88 70 100 100  

10 years 100 66 41 75 72 100 100  

15-year planning period 100 56 47 69 68 100 100  

20 years 100 35 53 65 66 100 100  

30 years 100 14 59 58 56 100 100  

40 years 100 6 64 56 48 100 100  

50-year modeling period 100 7 67 51 32 100 100  
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Madrean Pine-Oak Woodland PNVT Alternative C Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 46. Alternative C Madrean pine-oak woodland resulting overstory vegetation structural state acreage by VDDT model year runs over 
the 50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Madrean Pine-Oak Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 15,797 11,848 51,341 236,957 11,848 11,848 59,239 394,928 

Initial Conditions 21,376 957 36,392 28,040 3,591 173,599 130,972 394,928 

10 years 19,312 4,009 25,295 52,091 3,633 129,556 161,032 394,928 

15-year planning period 24,288 4,700 22,669 61,846 3,949 114,687 162,789 394,928 

20 years 28,632 6,042 19,983 70,001 4,009 101,358 164,902 394,928 

30 years 35,603 8,096 16,468 81,632 4,700 80,111 168,318 394,928 

40 years 40,144 9,636 14,810 87,476 5,272 66,585 171,004 394,928 

50-year modeling period 42,257 9,834 13,210 95,493 7,030 59,042 168,061 394,928 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 4 3 13 60 3 3 15 100 

Initial Conditions 5 0 9 7 1 44 33 100 

10 years 5 1 6 13 1 33 41 100 

15-year planning period 6 1 6 16 1 29 41 100 

20 years 7 2 5 18 1 26 42 100 

30 years 9 2 4 21 1 20 43 100 

40 years 10 2 4 22 1 17 43 100 

50-year modeling period 11 2 3 24 2 15 43 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 92 29 88 70 100 100  

10 years 100 66 51 78 69 100 100  

15-year planning period 100 60 56 74 67 100 100  

20 years 100 49 61 70 66 100 100  

30 years 100 32 68 66 60 100 100  

40 years 100 19 71 63 56 100 100  

50-year modeling period 100 17 74 60 41 100 100  
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Madrean Pine-Oak Woodland PNVT Alternative C Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 47. Alternative C Madrean pine-oak woodland resulting overstory vegetation structural state acreage by VDDT model year runs over 
the 50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Madrean Pine-Oak Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 15,797 11,848 51,341 236,957 11,848 11,848 59,239 394,928 

Initial Conditions 21,376 957 36,392 28,040 3,591 173,599 130,972 394,928 

10 years 12,203 3,989 20,299 45,180 3,949 135,302 174,005 394,928 

15-year planning period 15,047 4,186 18,246 51,183 4,068 120,887 181,311 394,928 

20 years 16,824 4,384 15,955 56,633 4,028 106,393 190,711 394,928 

30 years 20,734 5,963 12,006 64,847 4,147 88,582 198,649 394,928 

40 years 22,866 6,674 11,374 70,850 4,344 71,245 207,574 394,928 

50-year modeling period 24,643 6,990 9,715 75,945 6,042 62,793 208,798 394,928 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 4 3 13 60 3 3 15 100 

Initial Conditions 5 0 9 7 1 44 33 100 

10 years 3 1 5 11 1 34 44 100 

15-year planning period 4 1 5 13 1 31 46 100 

20 years 4 1 4 14 1 27 48 100 

30 years 5 2 3 16 1 22 50 100 

40 years 6 2 3 18 1 18 53 100 

50-year modeling period 6 2 2 19 2 16 53 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 92 29 88 70 100 100  

10 years 100 66 60 81 67 100 100  

15-year planning period 100 65 64 78 66 100 100  

20 years 100 63 69 76 66 100 100  

30 years 100 50 77 73 65 100 100  

40 years 100 44 78 70 63 100 100  

50-year modeling period 100 41 81 68 49 100 100  
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Madrean Pine-Oak Woodland PNVT Alternative D Proposed High Acre Treatment Objectives 
 
 
Appendix D table 48. Alternative D Madrean pine-oak woodland resulting overstory vegetation structural state acreage by VDDT model year runs over 
the 50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Madrean Pine-Oak Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 15,797 11,848 51,341 236,957 11,848 11,848 59,239 394,928 

Initial Conditions 21,376 957 36,392 28,040 3,591 173,599 130,972 394,928 

10 years 17,495 6,714 60,503 108,684 3,475 84,199 113,858 394,928 

15-year planning period 22,590 8,609 55,132 134,947 3,791 66,150 103,708 394,928 

20 years 27,250 10,347 46,009 154,614 4,423 55,566 96,678 394,928 

30 years 35,149 13,112 37,795 175,664 4,897 42,534 85,778 394,928 

40 years 42,060 17,258 30,449 183,878 6,911 34,438 79,933 394,928 

50-year modeling period 44,153 19,154 28,079 189,012 6,556 30,409 77,564 394,928 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 4 3 13 60 3 3 15 100 

Initial Conditions 5 0 9 7 1 44 33 100 

10 years 4 2 15 28 1 21 29 100 

15-year planning period 6 2 14 34 1 17 26 100 

20 years 7 3 12 39 1 14 24 100 

30 years 9 3 10 44 1 11 22 100 

40 years 11 4 8 47 2 9 20 100 

50-year modeling period 11 5 7 48 2 8 20 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 92 29 88 70 100 100  

10 years 100 43 18 54 71 100 92  

15-year planning period 100 27 7 43 68 100 75  

20 years 100 13 10 35 63 100 63  

30 years 100 11 26 26 59 100 45  

40 years 100 46 41 22 42 100 35  

50-year modeling period 100 62 45 20 45 100 31  
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Madrean Pine-Oak Woodland PNVT Alternative D Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 49. Alternative D Madrean pine-oak woodland resulting overstory vegetation structural state acreage by VDDT model year runs over 
the 50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Madrean Pine-Oak Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 15,797 11,848 51,341 236,957 11,848 11,848 59,239 394,928 

Initial Conditions 21,376 957 36,392 28,040 3,591 173,599 130,972 394,928 

10 years 14,770 5,253 43,837 80,723 3,633 105,959 140,752 394,928 

15-year planning period 19,036 6,437 38,723 100,272 3,594 88,878 137,988 394,928 

20 years 23,202 7,800 33,984 113,976 4,226 76,241 135,480 394,928 

30 years 29,106 9,893 27,842 131,975 4,364 57,896 133,871 394,928 

40 years 33,450 12,322 23,715 139,844 6,121 49,011 130,464 394,928 

50-year modeling period 35,761 14,217 20,319 146,005 6,200 42,830 129,595 394,928 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 4 3 13 60 3 3 15 100 

Initial Conditions 5 0 9 7 1 44 33 100 

10 years 4 1 11 20 1 27 36 100 

15-year planning period 5 2 10 25 1 23 35 100 

20 years 6 2 9 29 1 19 34 100 

30 years 7 3 7 33 1 15 34 100 

40 years 8 3 6 35 2 12 33 100 

50-year modeling period 9 4 5 37 2 11 33 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 92 29 88 70 100 100  

10 years 100 56 15 66 69 100 100  

15-year planning period 100 46 25 58 70 100 100  

20 years 100 34 34 52 64 100 100  

30 years 100 16 46 44 63 100 100  

40 years 100 4 54 41 48 100 100  

50-year modeling period 100 20 60 38 48 100 100  
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Madrean Pine-Oak Woodland PNVT Alternative D Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 50. Alternative D Madrean pine-oak woodland resulting overstory vegetation structural state acreage by VDDT model year runs over 
the 50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Madrean Pine-Oak Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 15,797 11,848 51,341 236,957 11,848 11,848 59,239 394,928 

Initial Conditions 21,376 957 36,392 28,040 3,591 173,599 130,972 394,928 

10 years 12,045 3,791 27,171 52,762 3,791 127,720 167,647 394,928 

15-year planning period 15,481 4,265 22,313 65,597 3,396 111,607 172,267 394,928 

20 years 19,154 5,253 21,958 73,338 4,028 96,915 174,282 394,928 

30 years 23,064 6,674 17,890 88,266 3,831 73,259 181,943 394,928 

40 years 24,841 7,385 16,982 95,809 5,332 63,583 180,995 394,928 

50-year modeling period 27,368 9,281 12,559 102,997 5,845 55,250 181,627 394,928 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 4 3 13 60 3 3 15 100 

Initial Conditions 5 0 9 7 1 44 33 100 

10 years 3 1 7 13 1 32 42 100 

15-year planning period 4 1 6 17 1 28 44 100 

20 years 5 1 6 19 1 25 44 100 

30 years 6 2 5 22 1 19 46 100 

40 years 6 2 4 24 1 16 46 100 

50-year modeling period 7 2 3 26 1 14 46 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 92 29 88 70 100 100  

10 years 100 68 47 78 68 100 100  

15-year planning period 100 64 57 72 71 100 100  

20 years 100 56 57 69 66 100 100  

30 years 100 44 65 63 68 100 100  

40 years 100 38 67 60 55 100 100  

50-year modeling period 100 22 76 57 51 100 100  
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Piñon-Juniper Woodland PNVT 
 

 

Appendix D figure 20. Piñon-juniper woodland (PJW) PNVT current and desired overstory vegetation structural states 

1 Piñon-Juniper Woodland (PJW) PNVT Overstory Vegetation Structural States. At 222,166 acres or approximately 11% of the forests this PNVT ranks 3rd in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Recently burned, grass, forb and shrub types with < 10% tree canopy cover; early successional development 

State B - Seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; all tree types; early successional development 

State C - Small size (5”-9.9” diameter) trees, with open canopy cover; all tree types; mid successional development 

State D - Medium (10”-19.9” diameter) and large to very large size (≥ 20” diameter) trees; multi-storied, with open canopy cover; all tree types; late successional development  
‡Current state makeup: 44% (97,416 ac) medium size trees; and 25% (54,547 ac) large to very large size trees 

State E - Seedling and sapling size trees with closed (> 30%) canopy cover; all tree types; early successional development 

State F - Small size trees, with closed canopy cover; all tree types; mid successional development 

State G - Medium and large to very large size trees; multi-storied, with closed canopy cover; all tree types; late successional development  
†Current state makeup: 8% (17,580 ac) medium size trees; and 7% (16,013 ac) large to very large size trees 

2 PJW PNVT has a 26% or low departure rating from Desired Conditions (DC) and Historical Range of Variability (HRV) making it the 9th and 11th most departed PNVT on the A-SNFs for DC and HRV, respectively. Desired Conditions 
were provided by the Regional Office, and HRV was derived from LANDFIRE (2005) 
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Piñon-Juniper Woodland PNVT Alternative A 
 
 
Appendix D table 51. Alternative A piñon-juniper woodland resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period 

Model Year Runs 
Piñon-Juniper Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 11,108 17,773 17,773 111,080 17,773 22,216 22,216 222,159 

Initial Conditions 15,378 1,756 3,228 152,867 1,138 14,198 33,594 222,159 

10 years 14,192 7,923 4,100 120,116 5,512 15,466 54,849 222,159 

15-year planning period 13,721 8,883 3,928 106,592 7,029 17,210 64,796 222,159 

20 years 13,724 9,606 4,811 95,046 8,202 18,767 72,003 222,159 

30 years 12,932 9,101 4,360 78,013 9,716 21,749 86,288 222,159 

40 years 12,477 8,695 4,003 64,265 9,153 26,763 96,803 222,159 

50-year modeling period 12,570 7,859 4,382 55,361 8,019 27,252 106,716 222,159 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 5 8 8 50 8 10 10 100 

Initial Conditions 7 1 1 69 1 6 15 100 

10 years 6 4 2 54 2 7 25 100 

15-year planning period 6 4 2 48 3 8 29 100 

20 years 6 4 2 43 4 8 32 100 

30 years 6 4 2 35 4 10 39 100 

40 years 6 4 2 29 4 12 44 100 

50-year modeling period 6 4 2 25 4 12 48 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 90 82 38 94 36 51  

10 years 100 55 77 8 69 30 100  

15-year planning period 100 50 78 4 60 23 100  

20 years 100 46 73 14 54 16 100  

30 years 100 49 75 30 45 2 100  

40 years 100 51 77 42 48 20 100  

50-year modeling period 100 56 75 50 55 23 100  
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Piñon-Juniper Woodland PNVT Alternative B Proposed High Acre Treatment Objectives 
 
 
Appendix D table 52. Alternative B piñon-juniper woodland resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Piñon-Juniper Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 11,108 17,773 17,773 111,080 17,773 22,216 22,216 222,159 

Initial Conditions 15,378 1,756 3,228 152,867 1,138 14,198 33,594 222,159 

10 years 12,514 7,914 7,665 131,844 5,581 12,533 44,107 222,159 

15-year planning period 11,492 10,040 8,580 124,605 8,120 12,851 46,470 222,159 

20 years 10,938 10,697 9,363 117,757 9,273 15,475 48,657 222,159 

30 years 9,548 11,087 10,864 110,271 11,252 18,393 50,743 222,159 

40 years 7,866 10,737 12,057 106,457 10,437 20,673 53,931 222,159 

50-year modeling period 7,513 11,368 12,374 102,878 11,622 21,305 55,099 222,159 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 5 8 8 50 8 10 10 100 

Initial Conditions 7 1 1 69 1 6 15 100 

10 years 6 4 3 59 3 6 20 100 

15-year planning period 5 5 4 56 4 6 21 100 

20 years 5 5 4 53 4 7 22 100 

30 years 4 5 5 50 5 8 23 100 

40 years 4 5 5 48 5 9 24 100 

50-year modeling period 3 5 6 46 5 10 25 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 90 82 38 94 36 51  

10 years 100 55 57 19 69 44 99  

15-year planning period 100 44 52 12 54 42 100  

20 years 100 40 47 6 48 30 100  

30 years 100 38 39 1 37 17 100  

40 years 100 40 32 4 41 7 100  

50-year modeling period 100 36 30 7 35 4 100  
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Piñon-Juniper Woodland PNVT Alternative B Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 53. Alternative B piñon-juniper woodland resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Piñon-Juniper Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 11,108 17,773 17,773 111,080 17,773 22,216 22,216 222,159 

Initial Conditions 15,378 1,756 3,228 152,867 1,138 14,198 33,594 222,159 

10 years 12,251 8,257 6,396 127,946 5,595 13,359 48,355 222,159 

15-year planning period 11,287 9,746 7,035 119,789 7,819 14,172 52,311 222,159 

20 years 10,164 10,235 7,809 111,691 8,920 17,005 56,336 222,159 

30 years 8,899 10,361 8,709 100,787 11,002 20,049 62,350 222,159 

40 years 7,580 9,702 9,790 95,222 10,504 22,300 67,061 222,159 

50-year modeling period 7,317 9,972 9,996 90,100 10,940 24,162 69,672 222,159 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 5 8 8 50 8 10 10 100 

Initial Conditions 7 1 1 69 1 6 15 100 

10 years 6 4 3 58 3 6 22 100 

15-year planning period 5 4 3 54 4 6 24 100 

20 years 5 5 4 50 4 8 25 100 

30 years 4 5 4 45 5 9 28 100 

40 years 3 4 4 43 5 10 30 100 

50-year modeling period 3 4 4 41 5 11 31 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 90 82 38 94 36 51  

10 years 100 54 64 15 69 40 100  

15-year planning period 100 45 60 8 56 36 100  

20 years 100 42 56 1 50 23 100  

30 years 100 42 51 9 38 10 100  

40 years 100 45 45 14 41 0 100  

50-year modeling period 100 44 44 19 38 9 100  
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Piñon-Juniper Woodland PNVT Alternative B Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 54. Alternative B piñon-juniper woodland resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Piñon-Juniper Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 11,108 17,773 17,773 111,080 17,773 22,216 22,216 222,159 

Initial Conditions 15,378 1,756 3,228 152,867 1,138 14,198 33,594 222,159 

10 years 11,987 8,600 5,126 124,049 5,608 14,185 52,603 222,159 

15-year planning period 11,082 9,452 5,489 114,973 7,518 15,492 58,152 222,159 

20 years 9,390 9,773 6,254 105,625 8,568 18,534 64,015 222,159 

30 years 8,250 9,636 6,553 91,303 10,753 21,705 73,958 222,159 

40 years 7,293 8,667 7,522 83,988 10,571 23,927 80,191 222,159 

50-year modeling period 7,121 8,576 7,617 77,321 10,258 27,020 84,246 222,159 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 5 8 8 50 8 10 10 100 

Initial Conditions 7 1 1 69 1 6 15 100 

10 years 5 4 2 56 3 6 24 100 

15-year planning period 5 4 2 52 3 7 26 100 

20 years 4 4 3 48 4 8 29 100 

30 years 4 4 3 41 5 10 33 100 

40 years 3 4 3 38 5 11 36 100 

50-year modeling period 3 4 3 35 5 12 38 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 90 82 38 94 36 51  

10 years 100 90 82 38 94 36 51  

15-year planning period 100 52 71 12 68 36 100  

20 years 100 47 69 4 58 30 100  

30 years 100 45 65 5 52 17 100  

40 years 100 46 63 18 39 2 100  

50-year modeling period 100 51 58 24 41 8 100  
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Piñon-Juniper Woodland PNVT Alternative C Proposed High Acre Treatment Objectives 
 
 
Appendix D table 55. Alternative C piñon-juniper woodland resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Piñon-Juniper Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 11,108 17,773 17,773 111,080 17,773 22,216 22,216 222,159 

Initial Conditions 15,378 1,756 3,228 152,867 1,138 14,198 33,594 222,159 

10 years 15,803 8,947 8,059 124,899 5,723 13,003 45,724 222,159 

15-year planning period 15,241 10,137 8,445 116,311 6,826 14,582 50,616 222,159 

20 years 15,034 11,078 10,470 106,726 8,669 16,047 54,134 222,159 

30 years 14,864 11,224 11,350 94,815 9,801 21,093 59,011 222,159 

40 years 14,474 11,104 10,690 85,467 10,815 24,179 65,429 222,159 

50-year modeling period 12,846 9,709 10,518 82,183 10,094 27,017 69,792 222,159 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 5 8 8 50 8 10 10 100 

Initial Conditions 7 1 1 69 1 6 15 100 

10 years 7 4 4 56 3 6 21 100 

15-year planning period 7 5 4 52 3 7 23 100 

20 years 7 5 5 48 4 7 24 100 

30 years 7 5 5 43 4 9 27 100 

40 years 7 5 5 38 5 11 29 100 

50-year modeling period 6 4 5 37 5 12 31 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 90 82 38 94 36 51  

10 years 100 50 55 12 68 41 100  

15-year planning period 100 43 52 5 62 34 100  

20 years 100 38 41 4 51 28 100  

30 years 100 37 36 15 45 5 100  

40 years 100 38 40 23 39 9 100  

50-year modeling period 100 45 41 26 43 22 100  
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Piñon-Juniper Woodland PNVT Alternative C Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 56. Alternative C piñon-juniper woodland resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Piñon-Juniper Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 11,108 17,773 17,773 111,080 17,773 22,216 22,216 222,159 

Initial Conditions 15,378 1,756 3,228 152,867 1,138 14,198 33,594 222,159 

10 years 14,045 8,711 6,618 123,433 5,423 13,902 50,027 222,159 

15-year planning period 13,161 9,565 6,817 113,030 6,885 15,756 56,946 222,159 

20 years 13,156 10,140 7,975 103,122 8,317 17,701 61,748 222,159 

30 years 11,918 10,145 8,852 90,454 9,780 22,387 68,623 222,159 

40 years 11,613 10,057 8,622 79,706 10,232 25,122 76,806 222,159 

50-year modeling period 10,536 8,786 8,413 74,541 9,382 27,748 82,754 222,159 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 5 8 8 50 8 10 10 100 

Initial Conditions 7 1 1 69 1 6 15 100 

10 years 6 4 3 56 2 6 23 100 

15-year planning period 6 4 3 51 3 7 26 100 

20 years 6 5 4 46 4 8 28 100 

30 years 5 5 4 41 4 10 31 100 

40 years 5 5 4 36 5 11 35 100 

50-year modeling period 5 4 4 34 4 12 37 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 90 82 38 94 36 51  

10 years 100 51 63 11 69 37 100  

15-year planning period 100 46 62 2 61 29 100  

20 years 100 43 55 7 53 20 100  

30 years 100 43 50 19 45 1 100  

40 years 100 43 51 28 42 13 100  

50-year modeling period 100 51 53 33 47 25 100  
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Piñon-Juniper Woodland PNVT Alternative C Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 57. Alternative C piñon-juniper woodland resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Piñon-Juniper Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 11,108 17,773 17,773 111,080 17,773 22,216 22,216 222,159 

Initial Conditions 15,378 1,756 3,228 152,867 1,138 14,198 33,594 222,159 

10 years 12,286 8,475 5,177 121,966 5,123 14,801 54,331 222,159 

15-year planning period 11,080 8,992 5,189 109,748 6,944 16,930 63,276 222,159 

20 years 11,278 9,202 5,480 99,518 7,964 19,355 69,362 222,159 

30 years 8,971 9,065 6,354 86,094 9,759 23,681 78,235 222,159 

40 years 8,753 9,010 6,554 73,945 9,649 26,065 88,184 222,159 

50-year modeling period 8,225 7,864 6,307 66,899 8,669 28,479 95,715 222,159 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 5 8 8 50 8 10 10 100 

Initial Conditions 7 1 1 69 1 6 15 100 

10 years 6 4 2 55 2 7 24 100 

15-year planning period 5 4 2 49 3 8 28 100 

20 years 5 4 2 45 4 9 31 100 

30 years 4 4 3 39 4 11 35 100 

40 years 4 4 3 33 4 12 40 100 

50-year modeling period 4 4 3 30 4 13 43 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 90 82 38 94 36 51  

10 years 100 52 71 10 71 33 100  

15-year planning period 100 49 71 1 61 24 100  

20 years 100 48 69 10 55 13 100  

30 years 100 49 64 22 45 7 100  

40 years 100 49 63 33 46 17 100  

50-year modeling period 100 56 65 40 51 28 100  
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Piñon-Juniper Woodland PNVT Alternative D Proposed High Acre Treatment Objectives 
 
 
Appendix D table 58. Alternative D piñon-juniper woodland resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Piñon-Juniper Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 11,108 17,773 17,773 111,080 17,773 22,216 22,216 222,159 

Initial Conditions 15,378 1,756 3,228 152,867 1,138 14,198 33,594 222,159 

10 years 17,832 9,124 8,233 139,483 5,313 8,416 33,757 222,159 

15-year planning period 19,428 11,246 9,294 133,852 7,827 8,373 32,139 222,159 

20 years 20,272 12,069 9,676 131,142 8,809 9,458 30,734 222,159 

30 years 21,389 14,328 11,117 123,613 10,071 11,174 30,467 222,159 

40 years 21,495 14,504 12,768 119,508 11,748 13,174 28,962 222,159 

50-year modeling period 20,552 15,299 14,189 117,369 11,893 14,392 28,465 222,159 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 5 8 8 50 8 10 10 100 

Initial Conditions 7 1 1 69 1 6 15 100 

10 years 8 4 4 63 2 4 15 100 

15-year planning period 9 5 4 60 4 4 14 100 

20 years 9 5 4 59 4 4 14 100 

30 years 10 6 5 56 5 5 14 100 

40 years 10 7 6 54 5 6 13 100 

50-year modeling period 9 7 6 53 5 6 13 100 

Percent departure for each vegetation state from desired conditions 

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 90 82 38 94 36 51  

10 years 100 49 54 26 70 62 52  

15-year planning period 100 37 48 21 56 62 45  

20 years 100 32 46 18 50 57 38  

30 years 100 19 37 11 43 50 37  

40 years 100 18 28 8 34 41 30  

50-year modeling period 100 14 20 6 33 35 28  
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Piñon-Juniper Woodland PNVT Alternative D Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 59. Alternative D piñon-juniper woodland resulting overstory vegetation structural state acreage by VDDT model year runs over the 
50-year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Piñon-Juniper Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 11,108 17,773 17,773 111,080 17,773 22,216 22,216 222,159 

Initial Conditions 15,378 1,756 3,228 152,867 1,138 14,198 33,594 222,159 

10 years 16,221 8,823 6,614 131,803 5,679 11,297 41,723 222,159 

15-year planning period 16,659 10,443 7,374 123,708 7,097 11,919 44,959 222,159 

20 years 17,153 11,241 7,482 117,569 8,402 13,318 46,994 222,159 

30 years 17,319 12,348 8,202 107,510 9,846 16,066 50,868 222,159 

40 years 16,971 11,816 9,162 101,920 11,070 18,367 52,853 222,159 

50-year modeling period 16,213 12,501 10,481 98,239 10,432 19,219 55,074 222,159 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 5 8 8 50 8 10 10 100 

Initial Conditions 7 1 1 69 1 6 15 100 

10 years 7 4 3 59 3 5 19 100 

15-year planning period 7 5 3 56 3 5 20 100 

20 years 8 5 3 53 4 6 21 100 

30 years 8 6 4 48 4 7 23 100 

40 years 8 5 4 46 5 8 24 100 

50-year modeling period 7 6 5 44 5 9 25 100 

Percent departure for each vegetation state from desired conditions  

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 90 82 38 94 36 51  

10 years 100 50 63 19 68 49 88  

15-year planning period 100 41 59 11 60 46 100  

20 years 100 37 58 6 53 40 100  

30 years 100 31 54 3 45 28 100  

40 years 100 34 48 8 38 17 100  

50-year modeling period 100 30 41 12 41 13 100  
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Piñon-Juniper Woodland PNVT Alternative D Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 60. Alternative D piñon-juniper woodland resulting overstory vegetation structural state acreage by VDDT model year runs over the 

50-year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Piñon-Juniper Woodland Overstory Vegetation Structural State 

Total 
A B C D E F G 

Number of acres in each vegetation state 

Desired Conditions 11,108 17,773 17,773 111,080 17,773 22,216 22,216 222,159 

Initial Conditions 15,378 1,756 3,228 152,867 1,138 14,198 33,594 222,159 

10 years 14,609 8,521 4,994 124,123 6,046 14,178 49,688 222,159 

15-year planning period 13,889 9,640 5,453 113,564 6,368 15,465 57,780 222,159 

20 years 14,033 10,413 5,288 103,997 7,995 17,178 63,255 222,159 

30 years 13,248 10,369 5,287 91,407 9,620 20,958 71,269 222,159 

40 years 12,447 9,128 5,555 84,332 10,392 23,560 76,744 222,159 

50-year modeling period 11,875 9,703 6,773 79,108 8,972 24,046 81,682 222,159 

Percent of total PNVT contributed by each vegetation state 

Desired Conditions 5 8 8 50 8 10 10 100 

Initial Conditions 7 1 1 69 1 6 15 100 

10 years 7 4 2 56 3 6 22 100 

15-year planning period 6 4 2 51 3 7 26 100 

20 years 6 5 2 47 4 8 28 100 

30 years 6 5 2 41 4 9 32 100 

40 years 6 4 3 38 5 11 35 100 

50-year modeling period 5 4 3 36 4 11 37 100 

Percent departure for each vegetation state from desired conditions  

Desired Conditions 0 0 0 0 0 0 0  

Initial Conditions 100 90 82 38 94 36 51  

10 years 100 52 72 12 66 36 100  

15-year planning period 100 46 69 2 64 30 100  

20 years 100 41 70 6 55 23 100  

30 years 100 42 70 18 46 6 100  

40 years 100 49 69 24 42 6 100  

50-year modeling period 100 45 62 29 50 8 100  
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Grassland PNVTs 
 
Great Basin Grassland PNVT 
 

 

Appendix D figure 21. Great Basin grassland (GBG) PNVT current and desired overstory vegetation structural states 

1 Great Basin Grassland (GBG) PNVT Overstory Vegetation Structural States. At 185,523 acres or approximately 9% of the forests this PNVT ranks 4th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% tree or shrub canopy cover; early successional development 

State B - Open perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; mid successional development 

State C - Perennial herbaceous vegetation with shrubs, seedling and sapling size (< 5” diameter), small size (5”-9.9” diameter), and medium size (10”-19.9” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; late 
successional development 

State D - Shrubs, seedling and sapling, small, medium, and large to very large size (≥ 20” diameter) trees with closed (> 30%) canopy cover, and large to very large size trees with open canopy cover with perennial herbaceous 
understory vegetation, mid successional development 

STRUCTURAL STATE NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 

State E - Various noxious weeds and invasive plants makeup a significant portion of the herbaceous vegetation composition; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only  

2 GBG PNVT has a 67% or high departure rating from Desired Conditions (DC) and Historical Range of Variability (HRV) making it tied with dry mixed conifer forest for the 3rd most departed PNVT for DC; and 5th most departed 
PNVT for HRV on the A-SNFs. Desired Conditions were provided by the Regional Office, and HRV was derived from LANDFIRE (2007b) 
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Great Basin Grassland PNVT Alternative A 
 
 
Appendix D table 61. Alternative A Great Basin grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period 

Model Year Runs 
Great Basin Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 185,523 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 185,523 

10 years 223 25,695 95,099 60,759 3,748 185,523 

15-year planning period 297 27,940 79,756 73,801 3,729 185,523 

20 years 334 30,277 65,861 85,285 3,766 185,523 

30 years 445 32,318 40,871 108,104 3,785 185,523 

40 years 445 35,435 20,983 124,857 3,803 185,523 

50-year modeling period 260 29,387 25,806 126,211 3,859 185,523 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 5 70 20 5 0 100 

Initial Conditions 1 10 70 18 2 100 

10 years 0 14 51 33 2 100 

15-year planning period 0 15 43 40 2 100 
20 years 0 16 36 46 2 100 
30 years 0 17 22 58 2 100 
40 years 0 19 11 67 2 100 
50-year modeling period 0 16 14 68 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 86 100 100 100  

10 years 100 81 100 100 100  

15-year planning period 100 79 100 100 100  

20 years 100 78 77 100 100  

30 years 100 76 10 100 100  

40 years 100 74 43 100 100  

50-year modeling period 100 78 30 100 100  

  



 

466 

Great Basin Grassland PNVT Alternative B Proposed High Acre Treatment Objectives 
 
 
Appendix D table 62. Alternative B Great Basin grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Great Basin Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 185,523 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 185,523 

10 years 427 118,512 43,246 19,628 3,710 185,523 

15-year planning period 427 140,052 28,367 12,968 3,710 185,523 

20 years 334 155,098 17,903 8,441 3,748 185,523 

30 years 371 168,344 9,332 3,692 3,785 185,523 

40 years 297 173,168 6,901 1,373 3,785 185,523 

50-year modeling period 334 107,492 73,189 612 3,896 185,523 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 5 70 20 5 0 100 

Initial Conditions 1 10 70 18 2 100 

10 years 0 64 23 11 2 100 

15-year planning period 0 75 15 7 2 100 
20 years 0 84 10 5 2 100 
30 years 0 91 5 2 2 100 
40 years 0 93 4 1 2 100 
50-year modeling period 0 58 39 0 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 86 100 100 100  

10 years 100 86 100 100 100  

15-year planning period 100 12 17 100 100  

20 years 100 3 24 100 100  

30 years 100 15 52 100 100  

40 years 100 24 75 0 100  

50-year modeling period 100 28 81 63 100  
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Great Basin Grassland PNVT Alternative B Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 63. Alternative B Great Basin grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Great Basin Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 185,523 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 185,523 

10 years 352 99,988 54,340 27,133 3,710 185,523 

15-year planning period 399 120,228 38,320 22,847 3,729 185,523 

20 years 297 135,933 27,216 18,348 3,729 185,523 

30 years 362 152,528 16,734 12,133 3,766 185,523 

40 years 288 160,849 12,616 7,987 3,785 185,523 

50-year modeling period 343 108,364 67,929 5,028 3,859 185,523 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 5 70 20 5 0 100 

Initial Conditions 1 10 70 18 2 100 

10 years 0 54 29 15 2 100 

15-year planning period 0 65 21 12 2 100 
20 years 0 73 15 10 2 100 
30 years 0 82 9 7 2 100 
40 years 0 87 7 4 2 100 
50-year modeling period 0 58 37 3 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 86 100 100 100  

10 years 100 26 46 100 100  

15-year planning period 100 11 3 100 100  

20 years 100 0 27 100 100  

30 years 100 13 55 100 100  

40 years 100 19 66 100 100  

50-year modeling period 100 20 83 36 100  
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Great Basin Grassland PNVT Alternative B Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 64. Alternative B Great Basin grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Great Basin Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 185,523 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 185,523 

10 years 278 81,463 65,434 34,637 3,710 185,523 

15-year planning period 371 100,405 48,273 32,726 3,748 185,523 

20 years 260 116,768 36,530 28,255 3,710 185,523 

30 years 352 136,712 24,137 20,575 3,748 185,523 

40 years 278 148,530 18,330 14,601 3,785 185,523 

50-year modeling period 352 109,236 62,670 9,443 3,822 185,523 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 5 70 20 5 0 100 

Initial Conditions 1 10 70 18 2 100 

10 years 0 44 35 19 2 100 

15-year planning period 0 54 26 18 2 100 
20 years 0 63 20 15 2 100 
30 years 0 74 13 11 2 100 
40 years 0 80 10 8 2 100 
50-year modeling period 0 59 34 5 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 86 100 100 100  

10 years 100 40 76 100 100  

15-year planning period 100 26 30 100 100  

20 years 100 14 2 100 100  

30 years 100 1 35 100 100  

40 years 100 10 51 100 100  

50-year modeling period 100 19 69 100 100  
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Great Basin Grassland PNVT Alternative C 
 
 
Appendix D table 65. Alternative C Great Basin grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period 

Model Year Runs 
Great Basin Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 185,523 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 185,523 

10 years 223 25,695 95,099 60,759 3,748 185,523 

15-year planning period 297 27,940 79,756 73,801 3,729 185,523 

20 years 334 30,277 65,861 85,285 3,766 185,523 

30 years 445 32,318 40,871 108,104 3,785 185,523 

40 years 445 35,435 20,983 124,857 3,803 185,523 

50-year modeling period 260 29,387 25,806 126,211 3,859 185,523 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 5 70 20 5 0 100 

Initial Conditions 1 10 70 18 2 100 

10 years 0 14 51 33 2 100 

15-year planning period 0 15 43 40 2 100 
20 years 0 16 36 46 2 100 
30 years 0 17 22 58 2 100 
40 years 0 19 11 67 2 100 
50-year modeling period 0 16 14 68 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 86 100 100 100  

10 years 100 81 100 100 100  

15-year planning period 100 79 100 100 100  

20 years 100 78 77 100 100  

30 years 100 76 10 100 100  

40 years 100 74 43 100 100  

50-year modeling period 100 78 30 100 100  
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Great Basin Grassland PNVT Alternative D Proposed High Acre Treatment Objectives 
 
 
Appendix D table 66. Alternative D Great Basin grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Great Basin Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 185,523 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 185,523 

10 years 315 107,448 53,354 20,639 3,766 185,523 

15-year planning period 533 130,781 35,565 14,913 3,730 185,523 

20 years 461 145,782 24,695 10,819 3,766 185,523 

30 years 500 160,994 15,268 4,959 3,803 185,523 

40 years 555 170,093 8,906 2,148 3,821 185,523 

50-year modeling period 316 117,129 63,328 907 3,842 185,523 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 5 70 20 5 0 100 

Initial Conditions 1 10 70 18 2 100 

10 years 0 58 29 11 2 100 

15-year planning period 0 70 19 8 2 100 
20 years 0 79 13 6 2 100 
30 years 0 87 8 3 2 100 
40 years 0 92 5 1 2 100 
50-year modeling period 0 63 34 0 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 86 100 100 100  

10 years 100 21 44 100 100  

15-year planning period 100 3 4 100 100  

20 years 100 8 33 100 100  

30 years 100 19 59 34 100  

40 years 100 26 76 42 100  

50-year modeling period 100 14 71 76 100  
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Great Basin Grassland PNVT Alternative D Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 67. Alternative D Great Basin grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Great Basin Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 185,523 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 185,523 

10 years 270 90,373 62,734 28,408 3,738 185,523 

15-year planning period 451 110,600 46,248 24,484 3,739 185,523 

20 years 443 125,401 34,567 21,364 3,748 185,523 

30 years 427 143,536 23,455 14,330 3,775 185,523 

40 years 491 155,094 16,565 9,570 3,803 185,523 

50-year modeling period 362 112,412 63,028 5,925 3,796 185,523 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 5 70 20 5 0 100 

Initial Conditions 1 10 70 18 2 100 

10 years 0 49 34 15 2 100 

15-year planning period 0 60 25 13 2 100 
20 years 0 68 19 12 2 100 
30 years 0 77 13 8 2 100 
40 years 0 84 9 5 2 100 
50-year modeling period 0 61 34 3 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 86 100 100 100  

10 years 100 33 69 100 100  

15-year planning period 100 18 25 100 100  

20 years 100 7 7 100 100  

30 years 100 6 37 100 100  

40 years 100 15 55 100 100  

50-year modeling period 100 17 70 60 100  
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Great Basin Grassland PNVT Alternative D Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 68. Alternative D Great Basin grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Great Basin Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 185,523 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 185,523 

10 years 224 73,298 72,114 36,176 3,711 185,523 

15-year planning period 369 90,419 56,930 34,055 3,749 185,523 

20 years 425 105,020 44,439 31,910 3,729 185,523 

30 years 354 126,078 31,642 23,701 3,748 185,523 

40 years 427 140,095 24,224 16,992 3,785 185,523 

50-year modeling period 407 107,695 62,727 10,943 3,751 185,523 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 5 70 20 5 0 100 

Initial Conditions 1 10 70 18 2 100 

10 years 0 40 39 19 2 100 

15-year planning period 0 49 31 18 2 100 
20 years 0 57 24 17 2 100 
30 years 0 68 17 13 2 100 
40 years 0 76 13 9 2 100 
50-year modeling period 0 58 34 6 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 86 100 100 100  

10 years 100 46 94 100 100  

15-year planning period 100 33 53 100 100  

20 years 100 22 20 100 100  

30 years 100 7 15 100 100  

40 years 100 3 35 100 100  

50-year modeling period 100 20 69 100 100  
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Semi-desert Grassland PNVT 
 

 

Appendix D figure 22. Semi-desert grassland (SDG) PNVT current and desired overstory vegetation structural states 

1 Semi-desert Grassland (SDG) PNVT Overstory Vegetation Structural States. At 106,952 acres or approximately 5% of the forests this PNVT ranks 7th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% tree or shrub canopy cover; early successional development 

State B - Perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; mid successional development 

STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 
State C - Perennial herbaceous vegetation with shrubs, seedling and sapling size (< 5” diameter), small size (5”-9.9” diameter), and medium size (10”-19.9” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; late 

successional development 

State D - Shrubs, seedling and sapling, small, medium, and large to very large size (≥ 20” diameter) trees with closed (> 30%) canopy cover, and large to very large size trees with open canopy cover with perennial herbaceous 
understory vegetation, mid successional development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State E - Various noxious weeds and invasive plants makeup a significant portion of the herbaceous vegetation composition; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only 

2 SDG PNVT has a 79% or high departure rating from Desired Conditions (DC) and Historical Range of Variability (HRV) making it the 1st and 2nd most departed PNVT on the A-SNFs for DC and HRV, respectively. Desired Conditions 
were provided by the Regional Office, and HRV was derived from the Nature Conservancy (Schussman, 2006a) 
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Semi-desert Grassland PNVT Alternative A 
 
 
Appendix D table 69. Alternative A semi-desert grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period 

Model Year Runs 
Semi-desert Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 25,668 81,284 0 0 0 106,952 

Initial Conditions 1,014 21,216 23,444 59,141 2,137 106,952 

10 years 21 18,535 22,877 63,369 2,150 106,952 

15-year planning period 21 16,952 22,438 65,380 2,160 106,952 

20 years 32 14,909 21,422 68,417 2,171 106,952 

30 years 43 11,369 20,567 72,834 2,139 106,952 

40 years 53 7,722 20,096 76,930 2,150 106,952 

50-year modeling period 43 5,893 18,353 80,492 2,171 106,952 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 24 76 0 0 0 100 

Initial Conditions 4 15 21 57 2 100 

10 years 0 17 21 59 2 100 

15-year planning period 0 16 21 61 2 100 
20 years 0 14 20 64 2 100 
30 years 0 11 19 68 2 100 
40 years 0 7 19 72 2 100 
50-year modeling period 0 6 17 75 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 74 100 100 100  

10 years 100 77 100 100 100  

15-year planning period 100 79 100 100 100  

20 years 100 82 100 100 100  

30 years 100 86 100 100 100  

40 years 100 90 100 100 100  

50-year modeling period 100 93 100 100 100  
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Semi-desert Grassland PNVT Alternative B Proposed High Acre Treatment Objectives 
 
 
Appendix D table 70. Alternative B semi-desert grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Semi-desert Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 25,668 81,284 0 0 0 106,952 

Initial Conditions 1,014 21,216 23,444 59,141 2,137 106,952 

10 years 781 32,214 25,508 46,342 2,107 106,952 

15-year planning period 578 36,118 26,546 41,615 2,096 106,952 

20 years 652 39,925 27,112 37,155 2,107 106,952 

30 years 620 48,695 27,797 27,679 2,160 106,952 

40 years 449 55,337 27,583 21,444 2,139 106,952 

50-year modeling period 556 50,278 34,995 18,920 2,203 106,952 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 24 76 0 0 0 100 

Initial Conditions 4 15 21 57 2 100 

10 years 1 30 24 43 2 100 

15-year planning period 1 34 25 39 2 100 
20 years 1 37 25 35 2 100 
30 years 1 46 26 26 2 100 
40 years 0 52 26 20 2 100 
50-year modeling period 1 47 33 18 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 74 100 100 100  

10 years 100 60 100 100 100  

15-year planning period 100 56 100 100 100  

20 years 100 51 100 100 100  

30 years 100 40 100 100 100  

40 years 100 32 100 100 100  

50-year modeling period 100 38 100 100 100  
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Semi-desert Grassland PNVT Alternative B Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 71. Alternative B semi-desert grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Semi-desert Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 25,668 81,284 0 0 0 106,952 

Initial Conditions 1,014 21,216 23,444 59,141 2,137 106,952 

10 years 636 30,128 24,877 49,214 2,096 106,952 

15-year planning period 545 33,717 25,813 44,770 2,107 106,952 

20 years 561 36,096 27,300 40,888 2,107 106,952 

30 years 561 36,096 27,300 40,888 2,107 106,952 

40 years 503 43,289 28,114 32,873 2,173 106,952 

50-year modeling period 422 44,610 34,701 25,043 2,176 106,952 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 24 76 0 0 0 100 

Initial Conditions 4 15 21 57 2 100 

10 years 1 28 23 46 2 100 

15-year planning period 1 32 24 42 2 100 
20 years 1 34 26 38 2 100 
30 years 1 34 26 38 2 100 
40 years 0 40 26 31 2 100 
50-year modeling period 0 42 32 23 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 74 100 100 100  

10 years 100 63 100 100 100  

15-year planning period 100 59 100 100 100  

20 years 100 56 100 100 100  

30 years 100 56 100 100 100  

40 years 100 47 100 100 100  

50-year modeling period 100 45 100 100 100  
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Semi-desert Grassland PNVT Alternative B Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 72. Alternative B semi-desert grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Semi-desert Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 106,952 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 106,952 

10 years 492 28,043 24,246 52,086 2,086 106,952 

15-year planning period 513 31,316 25,080 47,925 2,118 106,952 

20 years 471 32,267 27,487 44,620 2,107 106,952 

30 years 384 37,721 28,318 37,924 2,177 106,952 

40 years 460 42,663 28,663 33,037 2,128 106,952 

50-year modeling period 289 38,941 34,406 31,166 2,150 106,952 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 24 76 0 0 0 100 

Initial Conditions 4 15 21 57 2 100 

10 years 0 26 23 49 2 100 

15-year planning period 0 29 23 45 2 100 
20 years 0 30 26 42 2 100 
30 years 0 35 26 35 2 100 
40 years 0 40 27 31 2 100 
50-year modeling period 0 36 32 29 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 74 100 100 100  

10 years 100 65 100 100 100  

15-year planning period 100 61 100 100 100  

20 years 100 60 100 100 100  

30 years 100 54 100 100 100  

40 years 100 48 100 100 100  

50-year modeling period 100 52 100 100 100  
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Semi-desert Grassland PNVT Alternative C 
 
 
Appendix D table 73. Alternative C semi-desert grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period 

Model Year Runs 
Semi-desert Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 106,952 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 106,952 

10 years 21 18,535 22,877 63,369 2,150 106,952 

15-year planning period 21 16,952 22,438 65,380 2,160 106,952 

20 years 32 14,909 21,422 68,417 2,171 106,952 

30 years 43 11,369 20,567 72,834 2,139 106,952 

40 years 53 7,722 20,096 76,930 2,150 106,952 

50-year modeling period 43 5,893 18,353 80,492 2,171 106,952 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 24 76 0 0 0 100 

Initial Conditions 4 15 21 57 2 100 

10 years 0 17 21 59 2 100 

15-year planning period 0 16 21 61 2 100 
20 years 0 14 20 64 2 100 
30 years 0 11 19 68 2 100 
40 years 0 7 19 72 2 100 
50-year modeling period 0 6 17 75 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 74 100 100 100  

10 years 100 77 100 100 100  

15-year planning period 100 79 100 100 100  

20 years 100 82 100 100 100  

30 years 100 86 100 100 100  

40 years 100 90 100 100 100  

50-year modeling period 100 93 100 100 100  
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Semi-desert Grassland PNVT Alternative D Proposed High Acre Treatment Objectives 
 
 
Appendix D table 74. Alternative D semi-desert grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed high acre treatment objectives 

Model Year Runs 
Semi-desert Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 106,952 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 106,952 

10 years 781 32,214 25,508 46,342 2,107 106,952 

15-year planning period 578 36,118 26,545 41,615 2,096 106,952 

20 years 652 39,925 27,112 37,155 2,107 106,952 

30 years 620 48,695 27,797 27,679 2,160 106,952 

40 years 449 55,337 27,583 21,444 2,139 106,952 

50-year modeling period 556 50,278 34,995 18,920 2,203 106,952 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 24 76 0 0 0 100 

Initial Conditions 4 15 21 57 2 100 

10 years 1 30 24 43 2 100 

15-year planning period 1 34 25 39 2 100 
20 years 1 37 25 35 2 100 
30 years 1 46 26 26 2 100 
40 years 0 52 26 20 2 100 
50-year modeling period 1 47 33 18 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 74 100 100 100  

10 years 100 60 100 100 100  

15-year planning period 100 56 100 100 100  

20 years 100 51 100 100 100  

30 years 100 40 100 100 100  

40 years 100 32 100 100 100  

50-year modeling period 100 38 100 100 100  
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Semi-desert Grassland PNVT Alternative D Proposed Average Acre Treatment Objectives 
 
 
Appendix D table 75. Alternative D semi-desert grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed average acre treatment objectives 

Model Year Runs 
Semi-desert Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 106,952 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 106,952 

10 years 636 30,128 24,877 49,214 2,096 106,952 

15-year planning period 545 33,717 25,813 44,770 2,107 106,952 

20 years 519 38,901 27,770 37,615 2,146 106,952 

30 years 503 43,284 28,114 32,878 2,173 106,952 

40 years 455 49,000 28,123 27,241 2,134 106,952 

50-year modeling period 422 44,610 34,700 25,043 2,176 106,952 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 24 76 0 0 0 100 

Initial Conditions 4 15 21 57 2 100 

10 years 1 28 23 46 2 100 

15-year planning period 1 32 24 42 2 100 
20 years 0 36 26 35 2 100 
30 years 0 40 26 31 2 100 
40 years 0 46 26 25 2 100 
50-year modeling period 0 42 32 23 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 74 100 100 100  

10 years 100 63 100 100 100  

15-year planning period 100 59 100 100 100  

20 years 100 52 100 100 100  

30 years 100 47 100 100 100  

40 years 100 40 100 100 100  

50-year modeling period 100 45 100 100 100  
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Semi-desert Grassland PNVT Alternative D Proposed Low Acre Treatment Objectives 
 
 
Appendix D table 76. Alternative D semi-desert grassland resulting overstory vegetation structural state acreage by VDDT model year runs over the 50-
year modeling period, for the proposed low acre treatment objectives 

Model Year Runs 
Semi-desert Grassland Overstory Vegetation Structural State 

Total 
A B C D E 

Number of acres in each vegetation state       

Desired Conditions 9,276 135,432 37,105 3,710 0 106,952 

Initial Conditions 1,494 18,840 127,541 33,939 3,709 106,952 

10 years 492 28,043 24,246 52,085 2,086 106,952 

15-year planning period 513 31,315 25,080 47,925 2,118 106,952 

20 years 384 37,721 28,318 37,924 2,177 106,952 

30 years 386 37,872 28,431 38,076 2,186 106,952 

40 years 460 42,663 28,663 33,037 2,128 106,952 

50-year modeling period 289 38,941 34,406 31,166 2,150 106,952 

Percent of total PNVT contributed by each vegetation state      

Desired Conditions 24 76 0 0 0 100 

Initial Conditions 4 15 21 57 2 100 

10 years 0 26 23 49 2 100 

15-year planning period 0 29 23 45 2 100 
20 years 0 35 26 35 2 100 
30 years 0 35 27 36 2 100 
40 years 0 40 27 31 2 100 
50-year modeling period 0 36 32 29 2 100 

Percent departure for each vegetation state from desired conditions      

Desired Conditions 0 0 0 0 0  

Initial Conditions 100 74 100 100 100  

10 years 100 65 100 100 100  

15-year planning period 100 61 100 100 100  

20 years 100 54 100 100 100  

30 years 100 53 100 100 100  

40 years 100 48 100 100 100  

50-year modeling period 100 52 100 100 100  
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Montane/Subalpine Grasslands PNVT 
 

 

Appendix D figure 23. Montane/subalpine grasslands (MSG) PNVT current and desired overstory vegetation structural states 

1 Montane/Subalpine Grasslands (MSG) PNVT Overstory Vegetation Structural States. At 51,559 acres or approximately 3% of the forests this PNVT ranks 9th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% tree or shrub canopy cover; early successional development 

State B - Perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; mid successional development 

State C - Perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; late successional development 

STRUCTURAL STATES NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 

State D - Shrubs, seedling and sapling size (< 5” diameter), small size (5”-9.9” diameter), medium size (10”-19.9” diameter), and large to very large size (≥ 20” diameter) trees with open (≥ 10% & ≤ 30%) or closed (> 30%) canopy 
cover, with perennial herbaceous understory vegetation; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

State E - Various noxious weeds and invasive plants makeup a significant portion of the herbaceous vegetation composition; not part of the historic conditions or within historic range of variability, found on contemporary 
landscapes only  

2 MSG PNVT has a 54% or moderate departure rating from Desired Conditions (DC) and Historical Range of Variability (HRV) making it tied with wet mixed conifer forest for the 6th most departed PNVT for DC; and 8th most 
departed PNVT for HRV on the A-SNFs. Desired Conditions were provided by the Regional Office, and HRV was derived from LANDFIRE (2007c) 
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Chaparral PNVT 
 
Interior Chaparral PNVT 
 

 

Appendix D figure 24. Interior chaparral (IC) PNVT current and desired overstory vegetation structural states 

1 Interior Chaparral (IC) PNVT Overstory Vegetation Structural States. At 55,981 acres or approximately 3% of the forests this PNVT ranks 8th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% shrub or tree canopy cover; early successional development 

State B - Open perennial herbaceous vegetation, with shrubs, seedling and sapling size (< 5” diameter) and small size (5”-9.9” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; mid successional development 

State C - Shrubs, seedling and sapling, small, medium size (10”-19.9” diameter), and large to very large size (≥ 20” diameter) trees with closed (> 30%) canopy cover, and medium and large to very large size (≥ 20” diameter) trees 
with open canopy cover and no herbaceous understory vegetation; late successional development 

2 IC PNVT has a 8% or no departure rating from Desired Conditions (DC) and Historical Range of Variability (HRV) making it the least departed PNVT on the A-SNFs for both DC and HRV. Desired Conditions were provided by the 
Regional Office, and HRV was derived from the Nature Conservancy (Schussman, 2006b) 
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Riparian Areas/Riparian Forest PNVTs 
 
Wetland/Cienega Riparian Areas PNVT 
 

 

Appendix D figure 25. Wetland/cienega riparian areas (WCRA) PNVT current and desired overstory vegetation structural states 

1 Wetland/Cienega Riparian Areas (WCRA) PNVT Overstory Vegetation Structural States. At 17,900 acres or approximately 0.9% of the forests this PNVT ranks 10th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% tree or shrub canopy cover; early successional development 

State B - Perennial herbaceous vegetation, with < 10% tree or shrub canopy cover; mid successional development 

State C - Shrubs, and seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) or closed (> 30%) canopy cover, with perennial herbaceous understory vegetation; mid successional development 

STRUCTURAL STATE NOT PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY, FOUND ON CONTEMPORARY LANDSCAPES ONLY 

State D - Shrubs, small size (5”-9.9” diameter), medium size (10”-19.9” diameter), and large to very large size (≥ 20” diameter) trees with open or closed canopy cover, with herbaceous understory vegetation; late successional 
development; not part of the historic conditions or within historic range of variability, found on contemporary landscapes only 

2 WCRA PNVT has a 36% or low departure rating from Desired Conditions (DC) and Historical Range of Variability (HRV) making it the 7th and 9th most departed PNVT on the A-SNFs for DC and HRV, respectively. Desired Conditions 
were provided by the Regional Office, and HRV was derived from LANDFIRE (2003) 
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Cottonwood-Willow Riparian Forest PNVT 
 

 

Appendix D figure 26. Cottonwood-willow riparian forest (CWRF) PNVT current and desired overstory vegetation structural states 

1 Cottonwood-Willow Riparian Forest (CWRF) PNVT Overstory Vegetation Structural States. At 15,876 acres or approximately 0.8% of the forests this PNVT ranks 12th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation dominated with shrubs, seedling and sapling size (< 5" diameter) trees with open (≥ 10% & ≤ 30%) or closed (> 30%) canopy cover; early successional development 

State B - Tall shrubs and small size (5-9.9" diameter) trees with open or closed canopy cover; mid successional development 

State C - Medium size (10-19.9" diameter) and large to very large (≥ 20" diameter) size trees; multi-storied, with open or closed canopy cover; late successional development 
2 CWRF PNVT has a 20% or no departure rating from Desired Conditions (DC) and Historical Range of Variability (HRV) making it the 11th and 13th most departed PNVT on the A-SNFs for DC and HRV, respectively. Desired 

Conditions were provided by the Regional Office, and HRV was derived from LANDFIRE (2007d) 
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Mixed Broadleaf Deciduous Riparian Forest PNVT 
 

 

Appendix D figure 27. Mixed broadleaf deciduous riparian forest (MBDRF) PNVT current and desired overstory vegetation structural states 

1 Mixed Broadleaf Deciduous Riparian Forest (MBDRF) PNVT Overstory Vegetation Structural States. At 9,657 acres or approximately 0.5% of the forests this PNVT ranks 13th in order of size out of the 14 PNVTs on the A-SNFs 

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, sparsely vegetated; with < 10% tree or shrub canopy cover; early successional development 

State B - Shrubs, seedling and sapling size (< 5” diameter), small size (5”-9.9” diameter), and medium size (10”-19.9” diameter) trees with closed (> 30%) canopy cover; mid successional development 

State C - Shrubs, seedling and sapling, and small size trees with open (≥ 10% & ≤ 30%) canopy cover; mid successional development 

State D - Shrubs, medium size, and large to very large size (≥ 20” diameter) trees; multi-storied, with open canopy cover; late successional development 

State E - Shrubs, medium size, and large to very large size trees; multi-storied, with closed canopy cover; late successional development 
2 MBDRF PNVT has a 33% or low departure rating from Desired Conditions (DC) and Historical Range of Variability (HRV) making it the 8th and 10th most departed PNVT on the A-SNFs for DC and HRV, respectively. Desired 

Conditions were provided by the Regional Office, and HRV was derived from LANDFIRE (2008) 
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Montane Willow Riparian Forest PNVT 
 

 

Appendix D figure 28. Montane willow riparian forest (MWRF) PNVT current and desired overstory vegetation structural states 

1 Montane Willow Riparian Forest (MWRF) PNVT Overstory Vegetation Structural States. At 4,808 acres or approximately 0.2% of the forests this PNVT is the smallest on the A-SNFs  

STRUCTURAL STATES PART OF THE HISTORIC LANDSCAPE CONDITIONS OR WITHIN HISTORIC RANGE OF VARIABILITY 

State A - Herbaceous vegetation regeneration, recently burned, and shrubs, and seedling and sapling size (< 5” diameter) trees with open (≥ 10% & ≤ 30%) canopy cover; early successional development 

State B - Shrubs, seedling and sapling, small size (5”-9.9” diameter) trees with closed (> 30%) canopy cover, and medium size (10”-19.9” diameter), and large to very large (≥ 20” diameter) size trees with open or closed canopy 
cover; mid to late successional development 

2 MWRF PNVT has a 21% or low departure rating from Desired Conditions (DC) and Historical Range of Variability (HRV) making it the 10th and 12th most departed PNVT on the A-SNFs for DC and HRV, respectively. Desired 
Conditions were provided by the Regional Office, and HRV was derived from LANDFIRE (2007e) 
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Appendix D - Addendum - Potential Natural Vegetation Types Current and 

Desired Herbaceous Understory Vegetation Conditions in Relation to Ecological 
Status and Range Condition and Departure from Desired Conditions on Capable 

Grazing Lands  
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Appendix D - Addendum table 1. A-SNFs’ potential natural vegetation types’ (PNVT) grazing capability and herbaceous understory vegetation ecological status, range condition data on the A-SNFs (USFS, 2008b) and departure from desired conditions 

PNVT 

No Capability1 Grazing Lands 
(DC departure status unknown) 

Herbaceous Understory Vegetation Ecological Status2 and Range Condition3, 4 Ratings of Capable5 Grazing Lands 

Total PNVT 
Acres 

2011 Wallow Fire Created or 
Maintained Very-poor Range 

Condition/Low Ecological 
Status Ratings6 

high ecological status moderately-high ecological status 
moderately-low ecological 

status 
low ecological status no data (DC departure status 

unknown) total acres 
excellent range condition good range condition fair range condition poor range condition very-poor range condition 

acres % acres % acres % acres % acres % acres % acres % acres % 

Forests                   

PPF 34,902 5.8 80 0.0 6,776 1.2 76,353 13.5 394,874 69.6 85,409 15.1 3,812 0.7 567,304 602,206 34,543 5.7 

WMCF 97,266 54.6 89 0.1 2,827 3.5 17,119 21.2 48,496 60.1 11,533 14.3 665 0.8 80,729 177,995 62,244 35.0 

DMCF 43,469 29.4 60 0.1 2,001 1.9 19,838 19.0 47,819 45.8 33,851 32.4 847 0.8 104,416 147,885 31,665 21.4 

SFF 15,454 87.5 0 0.0 1,205 54.5 481 21.7 524 23.7 0 0.0 3 0.1 2,213 17,667 6,336 35.9 

Subtotal 191,091 20.2 229 0.0 12,809 1.7 113,791 15.1 491,713 65.2 130,793 17.3 5,327 0.7 754,662 945,753 134,788 14.3 

Woodlands                   

MPOW 171,651 43.5 0 0.0 24,074 10.8 83,437 37.4 98,703 44.2 4,312 1.9 12,749 5.7 223,275 394,927 6,013 1.5 

PJW 7,504 3.4 18 0.0 1,265 0.6 17,363 8.1 164,152 76.5 28,773 13.4 3,091 1.4 214,662 222,166 2,808 1.3 

Subtotal 179,155 29.0 18 0.0 25,339 5.8 100,800 23.0 262,855 60.0 33,085 7.6 15,840 3.6 437,937 617,093 8,821 1.4 

Grasslands                   

GBG 627 0.3 0 0.0 1,187 0.6 17,767 9.6 128,068 69.3 32,896 17.8 4,979 2.7 184,897 185,523 413 0.2 

SDG 21,301 19.9 0 0.0 3,236 3.8 25,533 29.8 42,987 50.2 1,859 2.2 12,035 14.1 85,650 106,592 286 0.3 

MSG 307 0.7 1,860 3.6 3,756 7.3 34,607 67.6 8,899 17.4 1,438 2.8 628 1.2 51,188 51,559 1,855 3.6 

Subtotal 22,235 6.5 1,860 0.6 8,179 2.5 77,907 24.2 179,954 55.9 36,193 11.2 17,642 5.5 321,735 343,674 2,554 0.7 

Chaparral                   

IC 31,403 56.1 0 0.0 299 1.2 11,756 47.8 9,789 39.8 0 0.0 2,734 11.1 24,578 55,981 2,783 5.0 

Riparian Areas                   

WCRA 1,013 5.7 52 0.3 816 4.8 7,445 44.1 7,227 42.8 823 4.9 524 3.1 16,887 17,900 1,200 6.7 

Riparian Forests                   

CWRF 427 2.7 0 0.0 111 0.7 1,542 10.0 8,839 57.2 4,496 29.1 461 3.0 15,449 15,876 248 1.6 

MBDRF 1,476 15.3 0 0.0 1,209 14.8 1,619 19.8 4,172 51.0 348 4.3 833 10.2 8,181 9,657 27 0.3 

MWRF 1,368 28.5 0 0.0 101 2.9 428 12.4 1,868 54.3 872 25.3 171 5.0 3,440 4,808 620 12.9 

Subtotal 4,284 8.9 52 0.1 2,237 5.1 11,034 25.1 22,106 50.3 6,539 14.9 1,989 4.5 43,957 48,241 2,095 4.3 

A-SNFs Total 428,168 21.3 2,159 0.1 48,863 3.1 315,288 19.9 966,417 61.1 206,610 13.1 43,532 2.8 1,582,869 2,010,742 150,755 7.4 

Departure from DC unknown no departure low departure moderate departure high departure severe departure unknown  severe departure 
1 According to the USFS (2013), no capability areas are those which are inherently inaccessible to livestock or cannot be used by livestock under reasonable management while maintaining or moving toward desired conditions. Often, these areas produce low amounts of forage, are barren, consist of rock outcroppings and/or are otherwise inaccessible to livestock. No capability 

areas often correlate with areas termed unsuited or inherently unstable in some terrestrial ecosystem survey and terrestrial ecological unit inventory publications. They are typically classified as unsuited or inherently unstable due to the relationship of soils, vegetation and topography with slopes above 60 percent. These areas often erode soil at a faster rate than soil is 
developed but may still be functioning normally considering the site characteristics. These areas may have high productivity, however due to steepness are not readily utilized by livestock. Low forage producing sites or barren sites may also be classified as no capability regardless of slope. Because areas classified as having no grazing capability are not allocated for livestock 
grazing they are not usually evaluated for range condition and ecological status, therefore this information is generally not collected from these areas and is unavailable, or incomplete. In addition, other resource program areas do not generally collect this same type of data as well, so again, this type of information is not available outside of capable grazing areas 

2 Ecological status is the degree of similarity between the existing vegetation (all components and their characteristics) and existing soil conditions compared to the potential natural plant community and the desired soil condition on a site. The present state of a terrestrial ecosystem survey map unit stated in terms of specific values or potentials with respect to species 
composition, ground cover, and soil characteristics. Ecological status is often evaluated on the basis of similarity indices between current conditions and the potential natural plant community (USFS, 2013). Ecological status ratings are: high, moderately-high, moderate-low, and low (FSH 2209.21. R3). See Appendix D - addendum table 2 

3 Range condition is the present state of vegetation of a range site in relation to the climax (potential natural) plant community for that site. It is an expression of the relative degree to which the kinds, proportions, and amounts of plants in a plant community resemble that of the climax plant community for the site (USFS, 2013). The adjective descriptions of range condition are: 
excellent, good, fair, poor and very-poor (FSH 2209.21. R3). See Appendix D - addendum table 2. According to Dyksterhuis (1948 and 1959), Holechek et al. (1989 and 1998), and Pieper and Beck (1990); range condition is measured in degrees of departure from climax: excellent range condition would represent climax, and very-poor range condition would represent the greatest 
departure from climax. The relationship between ecological status and range condition are: excellent and good range condition represents high ecological status, signifying no or low departure from desired conditions; fair range condition represents moderately-high ecological status, signifying moderate departure from desired conditions; poor range condition represents 
moderately-low ecological status, signifying high departure from desired conditions; and very-poor range conditions represent low ecological status, signifying severe departure from desired conditions. See Appendix D - addendum table 2 

4 
Range condition as evaluated and ranked by the Forest Service, is a subjective expression of the status or health of the vegetation and soil relative to the combined potential to produce a sound and stable biotic community. Soundness and stability are evaluated relative to a standard that encompasses the composition, density, and vigor of the vegetation, and physical 
characteristics of the soil (FSH 2209.21.40 R3, page 3 of 46). Although the Allotment Analysis Handbook (FSH 2209.21 R3) was officially removed from the directive system (however, it is still commonly used within Region 3 and the range vegetation scorecards are available at: http://fsweb.r3.fs.fed.us/range/Inventory_Monitoring/documents/rge-vegetation-scorecard-
handbook.pdf), this definition is used because the above range condition information was derived (collected, calculated, and evaluated) using the procedures outlined in the FSH 2209.21 R3 over a number of years 

5 According to the USFS (2013), capable areas are fully capable areas plus limited capability areas plus potentially capable areas. Full capability areas are those which can be used by grazing animals under reasonable and proper management while maintaining or moving toward desired conditions. Areas with satisfactory soil condition are normally assigned full capability. 
Maintenance of the satisfactory soil condition is the objective for management in these areas. Areas of impaired soil condition may also be included as full capability when management objectives for soil condition attributes are estimated to be achievable within reasonable time periods (e.g. 10-20 years). The relationship between capability and slope is often tied to erosion 
potential and the likelihood of access by livestock. Although exceptions may occur, slopes of 0-15 percent are commonly considered fully capable as are most slopes of 15-40 percent. Limited capability areas are those areas that have some natural characteristic(s) that limits the capability of these areas for grazing, however, do not totally prevent the area from being utilized by 
some level of grazing. Common situations of limited capability include slopes usually in excess of 40 percent but in some situations could be less and/or some areas with inherently unstable soils. These areas may or may not be low forage producing areas. Although these areas may have some inherent characteristics that limit the grazing management opportunities they may be 
functioning normally considering characteristics for the site. The limitations in these areas are naturally occurring; management will not change these limitations. However, with prudent management these areas can provide forage for livestock. Specific management of these areas may include additional impact mitigating infrastructure, shortened grazing times, and monitoring 
to ensure limiting characteristics are not exacerbated by grazing management. Generally, limited grazing capacity is estimated for these areas, depending upon the degree of limitations present (Holechek, 1989 and 1998). However, in some situations no grazing capacity may be assigned to limited capability areas. Interdisciplinary teams will assess local landscapes, and 
consistency with local directions such as land management plans to determine the appropriate capacity analysis. Potential capability areas are those which can be used by grazing animals under proper management but where such factors as available water, livestock access, management infrastructure, and sufficient vegetative ground cover and/or forage production are 
currently lacking. Soil condition may currently be impaired or unsatisfactory, however with proper management satisfactory soil condition could be achieved. These areas may also be in satisfactory soil condition, however are presently not usable by livestock due to limitations such as a lack of water, current accessibility or current poor distribution of livestock. These areas are 
different than limited capability because management may provide opportunities for change in the grazing capability classification. An example is a forested or woodland area, which once the overstory is reduced, increases in understory vegetation and herbaceous ground cover can be expected. Treated areas may be categorized as potential capability or as full capability 
rangelands, depending upon the sustainability of the treatment. Infrastructure must support the necessary grazing animal distribution. Potential capability is often assigned to areas of impaired or unsatisfactory soil condition. In these situations, impaired and unsatisfactory soil condition can be improved with proper management. Specific objectives can be developed for areas 
with impaired or unsatisfactory soil condition, such as an increase in vegetative ground cover to above soil loss tolerance levels per erosion prediction models and terrestrial ecosystem survey/ terrestrial ecological unit inventory information. Management practices are then designed to address those objectives 

6 Values are a total of acres classified as high and moderate soil burn severity; 1) Low Soil Burn Severity - surface organic layers are not completely consumed and are still recognizable. Structural aggregate stability is not changed from its unburned condition, and roots are generally unchanged because the heat pulse below the soil surface was not great enough to consume or char 
any underlying organics. The ground surface, including any exposed mineral soil, may appear brown or black (lightly charred), and the canopy and herbaceous understory vegetation will likely appear “green.” 2) Moderate Soil Burn Severity - up to 80 percent of the pre-fire ground cover (litter and ground fuels) may be consumed but generally not all of it. Fine roots (~3/32 inch 
diameter) may be scorched but are rarely completely consumed over much of the area. The color of the ash on the surface is generally blackened with possible gray patches. There may be potential for recruitment of effective ground cover from scorched needles or leaves remaining in the canopy that will soon fall to the ground. The prevailing color of the site is often “brown” 
due to canopy needle and other vegetation scorch. Soil structure is generally unchanged. 3) High Soil Burn Severity - all or nearly all of the pre-fire ground cover and surface organic matter (litter, duff, and fine roots) is generally consumed and charring may be visible on larger roots. The prevailing color of the site is often “black” due to extensive charring. Bare soil or ash is 
exposed and susceptible to erosion, and aggregate structure may be less stable. White or gray ash (up to several centimeters in depth) indicates that considerable ground cover or fuels were consumed. Sometimes very large tree roots (> 3 inch diameter) are entirely burned extending from a charred stump hole. Soil is often gray, orange, or reddish at the ground surface where 
large fuels were concentrated and consumed 
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Appendix D - Addendum table 2. Crosswalk relationship between community similarity index, ecological status
1
, desired vegetation status, range condition (numerical and adjective), ecological condition, relationship to vegetation climax conditions, 

similarity to potential natural [vegetation] community, successional status, ecological status (numerical and adjective), and departure from desired understory vegetation conditions (DCs) on the A-SNFs 

Region 3 Rangeland Analysis and Management Training Guide 
(2013 update Pages 2-14 and 2-21)2 

Allotment Analysis Handbook FSH 2209.21 R-3. 
(FSM 2209.21.40 Page 22 of 46)3 

Relationship to Vegetation 
Climax Conditions According 

to Dyksterhuis (1948 and 1959); 
Holechek et al. (1989 and 1998); 

and Pieper and Beck (1990)4 

Similarity to Potential Natural [Vegetation] 
Community and Successional Status (Winward 

2000)5 

Apache-Sitgreaves National Forests’ 
Ecological Status and Departure from Desired Conditions 

community 
similarity index 

(percent) 

ecological status 
(approximate) 

desired 
vegetation 

status 

numerical rating 
of range condition 

(percent) 

adjective 
description of 

range condition 

adjective 
description of 

ecological condition 

numerical rating 
of similarity 
to potential 

natural [vegetation] 
community 

adjective 
description of 
successional 

status 

numerical rating 
of ecological 

status 
(percent) 

adjective 
description of 

ecological status 

understory vegetation 
departure 
from DCs 

67 - 100 

high similarity to late 
seral stage or potential 

natural [vegetation] 

community 

high similarity 

to desired plant 

community 

81 - 100 excellent high 
climax; maximum cover 

and productivity 

86 - 100 
potential natural 

[vegetation] community 81 - 100 high no departure 

81 - 85 late seral 

67 - 80 good high high seral 67 - 80 late seral 67 - 80 high low departure 

34 - 66 

mid similarity to late 

seral stage or potential 
natural [vegetation] 

community 

moderate 

similarity to desired 

plant community 

61 - 66 good high high seral 61 - 66 late seral 61 - 66 high low departure 

41 - 60 fair moderately-high mid-seral 41 - 60 mid seral 41 - 60 moderately-high moderate departure 

34 - 40 poor moderately-low low seral 34 - 40 early seral 34 - 40 moderately-low high departure 

0 - 33 

low similarity to late 

seral stage or potential 
natural [vegetation] 

community 

low similarity to desired 
plant community 

21 - 33 poor moderately-low low seral 21 - 33 early seral 21 - 33 moderately-low high departure 

0 - 20 very poor low 
badly depleted; greatest 

departure from climax 

16 - 20 early seral 
0 - 20 low severe departure 

0 - 15 very early seral 

1 Ecological status is sometimes referred to as “successional status, successional stage, or seral stage” and refers to the relative position of, in this case, a plant community in relationship to climax (Burton, T.A.; Smith, S.J.; and Cowley, E.R. 2011. Riparian area management: multiple indicator monitoring (MIM) of stream channels and streamside vegetation. Technical Reference 
1737-23. BLM/OC/ST-10/003+1737+REV. U.S. Department of the Interior, Bureau of Land Management, National Operations Center, Denver, CO. 155 p.) 

2 USFS. 2013 revision of 1997 and 1999 documents. Region 3 rangeland analysis and management training guide, revised chapter 2 • rangeland inventory (Pp. 2-1 through 2-12A-G). Multiple revisions throughout the original 1997 document. USDA Forest Service, Southwestern Region. Albuquerque, NM. 224 p 
3 USFS. 1988. FSH 2209.21 R-3. Allotment analysis handbook, as amended. (Designated range analysis guide in 2001, and removed from the Forest Service Directive System. However, the range vegetation scorecards are still available for use at http://fsweb.r3.fs.fed.us/range/Inventory_Monitoring/documents/rge-vegetation-scorecard-handbook.pdf). USDA Forest Service, 

Region-3. Albuquerque, NM. 379 p 
4 Dyksterhuis, E.J. 1949. Condition and management of rangeland based on quantitative ecology. Journal of Range Management 2(3): 104-115 

Dyksterhuis, E.J. 1958. Ecological principles in range evaluation. Botanical Review 24: 253-272 
Holechek, J.L.; Pieper, R.D.; and Herbel, C.H. 1989. Range Management: Principles and Practices. Prentise-Hall, Inc. Englewood Cliffs, NJ. 501 p 
Pieper, R.D.; and Beck, R.F. 1990. Range condition from an ecological perspective: modifications to recognize multiple use objectives. Journal of Range Management 43(6): 550-552 
Holechek, J.L.; Pieper, R.D.; and Herbel, C.H. 1998. Range Management: Principles and Practices, 3rd ed. Prentise-Hall, Inc. Upper Saddle River, NJ. 542 p 

5 Winward, A.H. 2000. Monitoring the vegetation resources in riparian areas. General Technical Report RMRS-GTR-47. USDA Forest Service, Rocky Mountain Research Station, Ogden, UT. 49 p 
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All A-SNFs PNVTs  
 
 
Total Grazing Capability acres of all A-SNFs PNVTs Combined 
 
 

 
Appendix D - Addendum figure 1. Comparison of no grazing capability acres to grazing capable acres for all PNVTs combined on the A-SNFs 

 

When combining all of the A-SNFs’ PNVTs there are more capable grazing acres than no grazing capability acres. See Appendix D - addendum 

figure 2 as to the specific herbaceous understory vegetation ecological status34 range condition35, 36 and departures from desired conditions of the 

capable37 grazing lands on the Forests. 

                                                           
34

 See footnote 2 in Appendix D - addendum table 1 

35
 See footnote 3 in Appendix D - addendum table 1 

36
 See footnote 4 in Appendix D - addendum table 1 

37
 See footnote 5 in Appendix D - addendum table 1 
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All A-SNFs PNVTs  
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of all A-SNFs 
PNVTs Combined 
 
 

 
Appendix D - Addendum figure 2. Current herbaceous understory vegetation ecological status and range condition of all the A-SNFs PNVT lands 
capable of supporting livestock grazing, and departure from desired conditions. The amount of capable grazing lands not meeting desired conditions, 
roughly 74 percent for all A-SNFs PNVTs 
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Forested PNVTs 
 
 
Total Grazing Capability acres of all Forested PNVTs 
 
 

 
Appendix D - Addendum figure 3. Comparison of no grazing capability acres to grazing capable acres and total acres within the ponderosa pine, wet 
mixed conifer, dry mixed conifer and spruce-fir forests, and all forested PNVTs combined on the A-SNFs 

 

Within the forested PNVTs, both wet mixed conifer and spruce-fir have more acres within the no grazing capability category than capable grazing 

acres; 97,266 versus 80,064 acres within the WMCF, and 15,454 aces versus 2,210 acres within the SFF. PPF is the largest PNVT on the A-SNFs 

at 602,206 acres and ranks 4
th
 out of the 14 PNVTs in the amount of no capability grazing lands at 34,902 acres (nearly 6% of the PNVT). WMCF 

PNVT is the 5
th
 largest on the A-SNFs at 177,995 acres and ranks 2

nd
 out of the 14 PNVTs in the amount of no capability grazing lands at 97,266 

acres (nearly 55% of the PNVT). DMCF PNVT is the 6
th
 largest on the A-SNFs at 147,885 acres and ranks 3

rd
 out of the 14 PNVTs in the amount 

of no capability grazing lands at 43,468 acres (just over 29% of the PNVT). SFF PNVT is the 11
th
 largest on the A-SNFs at 17,667 acres and ranks 

7
th
 out of the 14 PNVTs in the amount of no capability grazing lands at 15,454 acres (nearly 88% of the PNVT). See Appendix D - addendum 

figures 4 through 8 as to the specific herbaceous understory vegetation ecological status
34

, range condition
35, 36

, and departures from desired 

conditions of the capable
37

 grazing lands within the ponderosa pine, wet mixed conifer, dry mixed conifer and spruce-fir forest PNVTs. 
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Forested PNVTs  
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of all 
Forested PNVTs Combined 
 
 

 
Appendix D - Addendum figure 4. Current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of all the forested PNVTs 

lands capable
37

 of supporting livestock grazing, and departure from desired conditions. Overall, of the 5 major vegetation types found on the A-SNFs, 
forests rank 1

st
 in the amount of capable grazing lands not meeting desired conditions, roughly 83 percent 
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Ponderosa Pine Forest PNVT  
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the 
Ponderosa Pine Forest PNVT 
 
 

 
Appendix D - Addendum figure 5. Ponderosa Pine Forest (PPF) PNVT current herbaceous understory vegetation ecological status

34
 and range 

condition
35, 36

 of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. PPF ranks 4
th

 out of the 14 PNVTs in the 
amount of capable grazing lands not meeting desired conditions, roughly 85 percent 
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Wet Mixed Conifer Forest PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the Wet 
Mixed Conifer Forest PNVT 
 
 

 
Appendix D - Addendum figure 6. Wet Mixed Conifer Forest (WMCF) PNVT current herbaceous understory vegetation ecological status

34
 and range 

condition
35, 36

 of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. WMCF ranks 7
th

 out of the 14 PNVTs in the 
amount of capable grazing lands not meeting desired conditions, roughly 74 percent 
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Dry Mixed Conifer Forest PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the Dry 
Mixed Conifer Forest PNVT 
 
 

 
Appendix D - Addendum figure 7. Dry Mixed Conifer Forest (DMCF) PNVT current herbaceous understory vegetation ecological status

34
 and range 

condition
35, 36

 of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. DMCF ranks 6
th

 out of the 14 PNVTs in the 
amount of capable grazing lands not meeting desired conditions, roughly 78 percent 
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Spruce-Fir Forest PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the 
Spruce-Fir Forest PNVT 
 
 

 
Appendix D - Addendum figure 8. Spruce-Fir Forest (SFF) PNVT current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 

of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. SFF ranks 13
th

 out of the 14 PNVTs in the amount of 
capable grazing lands not meeting desired conditions, roughly 24 percent 
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Woodland PNVTs 
 
 
Grazing Capability acres of all Woodland PNVTs and Chaparral PNVT 
 
 

 
Appendix D - Addendum figure 9. Comparison of no grazing capability acres to grazing capable acres and total acres within Madrean pine-oak and 
piñon-juniper woodlands, and all woodland PNVTs combined, as well as the interior chaparral PNVT on the A-SNFs 

 

Within the woodland and chaparral PNVTs, only interior chaparral has more acres within the no grazing capability category than capable grazing 

acres; 31,403 aces versus 21,844 acres. MPOW PNVT is the 2
nd

 largest on the A-SNFs at 394,927 acres and ranks 1
st
 out of the 14 PNVTs in the 

amount of no capability grazing lands at 171,651 acres (nearly 44% of the PNVT). PJW PNVT is the 3
rd

 largest on the A-SNFs at 222,166 acres 

and ranks 8
th
 out of the 14 PNVTs in the amount of no capability grazing lands at 7,504 acres (just over 3% of the PNVT). IC PNVT is the 8

th
 

largest on the A-SNFs at 55,981 acres and ranks 5
th
 out of the 14 PNVTs in the amount of no capability grazing lands at 31,403 acres (just over 

56% of the PNVT). See Appendix D - addendum figures 10 through 13 as to the specific herbaceous understory vegetation ecological status34, 

range condition
35, 36

, and departures from desired conditions of the capable
37

 grazing lands within the Madrean pine-oak and piñon-juniper 

woodland PNVTs and interior chaparral PNVT. 
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Woodland PNVTs 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the All 
Woodland PNVTs Combined 
 
 

 
Appendix D - Addendum figure 10. Current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of all the woodland PNVTs 

lands capable
37

 of supporting livestock grazing, and departure from desired conditions. Overall, of the 5 major vegetation types found on the A-SNFs, 
woodlands rank 2

nd
 in the amount of capable grazing lands not meeting desired conditions, roughly 68 percent 
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Madrean Pine-Oak Woodland PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the 
Madrean Pine-Oak Woodland PNVT 
 
 

 
Appendix D - Addendum figure 11. Madrean Pine-Oak Woodland (MPOW) PNVT current herbaceous understory vegetation ecological status

34
 and 

range condition
35, 36 

of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. MPOW ranks 11
th

 out of the 14 
PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 46 percent 
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Piñon-Juniper Woodland PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the Piñon-
Juniper Woodland PNVT 
 
 

 
Appendix D - Addendum figure 12. Piñon-Juniper Woodland (PJW) PNVT current herbaceous understory vegetation ecological status

34
 and range 

condition
35, 36

 of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. PJW ranks 1
st

 out of the 14 PNVTs in the 
amount of capable grazing lands not meeting desired conditions, roughly 91 percent 
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Interior Chaparral PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the 
Interior Chaparral PNVT 
 
 

 
Appendix D - Addendum figure 13. Interior Chaparral (IC) PNVT current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 

of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. IC ranks 12
th

 out of the 14 PNVTs in the amount of 
capable grazing lands not meeting desired conditions, roughly 40 percent. Overall, of the 5 major vegetation types found on the A-SNFs, chaparral 
ranks 5

th
 in the amount of capable grazing lands not meeting desired conditions 
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Grassland PNVTs  
 
 
Grazing Capability acres of all Grassland PNVTs 
 
 

 
Appendix D - Addendum figure 14. Comparison of no grazing capability acres to grazing capable acres and total acres within the Great Basin, semi-
desert and montane/subalpine grasslands, and all grassland PNVTs combined on the A-SNFs 

 

All of the grassland PNVTs contain more capable grazing acres than no grazing capability acres. GBG PNVT is the 4
th
 largest on the A-SNFs at 

185,523 acres and ranks 12
th
 out of the 14 PNVTs in the amount of no capability grazing lands at 627 acres (less than 1% of the PNVT). SDG 

PNVT is the 7
th
 largest on the A-SNFs at 106,592 acres and ranks 6

th
 out of the 14 PNVTs in the amount of no capability grazing lands at 21,301 

acres (nearly 20% of the PNVT). MSG PNVT is the 9
th
 largest on the A-SNFs at 51,559 acres and ranks last out of the 14 PNVTs in the amount of 

no capability grazing lands at 307 acres (nearly 1% of the PNVT). See Appendix D - addendum figures 15 through 18 as to the specific 

herbaceous understory vegetation ecological status
34

, range condition
35, 36

, and departures from desired conditions of the capable
37

 grazing lands 

within the Great Basin, semi-desert and montane/subalpine grasslands PNVTs. 
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Grassland PNVTs 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the All 
Grassland PNVTs Combined 
 
 

 
Appendix D - Addendum figure 15. Current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of all the grassland PNVTs 

lands capable
37

 of supporting livestock grazing, and departure from desired conditions. Overall, of the 5 major vegetation types found on the A-SNFs, 
grasslands rank 3

rd
 in the amount of capable grazing lands not meeting desired conditions, roughly 67 percent 
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Great Basin Grassland PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the Great 
Basin Grassland PNVT 
 
 

 
Appendix D - Addendum figure 16. Great Basin Grassland (GBG) PNVT current herbaceous understory vegetation ecological status

34
 and range 

condition
35, 36

 of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. GBG ranks 2
nd

 out of the 14 PNVTs in the 
amount of capable grazing lands not meeting desired conditions, roughly 87 percent 
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Semi-desert Grassland PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the Semi-
desert Grassland PNVT 
 
 

 
Appendix D - Addendum figure 17. Semi-desert Grassland (SDG) PNVT current herbaceous understory vegetation ecological status

34
 and range 

condition
35, 36

 of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. SDG ranks 9
th

 out of the 14 PNVTs in the 
amount of capable grazing lands not meeting desired conditions, roughly 52 percent 
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Montane/Subalpine Grasslands PNVT  
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the 
Montane/Subalpine Grasslands PNVT 
 
 

 
Appendix D - Addendum figure 18. Montane/Subalpine Grasslands (MSG) PNVT current herbaceous understory vegetation ecological status

34
 and 

range condition
35, 36

 of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. MSG has the least out of the 14 
PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 20 percent 
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Riparian Areas/Riparian Forest PNVTs 
 
 
Grazing Capability acres of A-SNFs Riparian PNVTs 
 
 

 
Appendix D - Addendum figure 19. Comparison of no grazing capability acres to grazing capable acres and total acres within the wetland/cienega 
riparian areas, cottonwood-willow, mixed broadleaf deciduous and montane willow riparian forests, and all riparian PNVTs combined on the A-SNFs 

 

All of the riparian PNVTs contain more capable grazing acres than no grazing capability acres. Wetland/cienega riparian areas (WCRA) PNVT is 

the 10
th
 largest on the A-SNFs at 17,900 acres and ranks 11

th
 out of the 14 PNVTs in the amount of no capability grazing lands at 1,013 acres 

(nearly 6% of the PNVT). Cottonwood-willow riparian forest (CWRF) PNVT is the 12
th
 largest on the A-SNFs at 15,876 acres and ranks 13

th
 out 

of the 14 PNVTs in the amount of no capability grazing lands at 427 acres (nearly 3% of the PNVT). Mixed broadleaf deciduous riparian forest 

(MBDRF) PNVT is the 13
th
 largest on the A-SNFs at 9,657 acres and ranks 9

th
 out of the 14 PNVTs in the amount of no capability grazing lands at 

1,476 acres (just over 15% of the PNVT). Montane willow riparian forest (MWRF) PNVT is the smallest on the A-SNFs at 4,808 acres and ranks 

10
th
 out of the 14 PNVTs in the amount of no capability grazing lands at 1,368 acres (nearly 29% of the PNVT). See Appendix D - addendum 

figures 20 through 24 as to the specific herbaceous understory vegetation ecological status
34

, range condition
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conditions of the capable
37

 grazing lands within the wetland/cienega riparian areas, and cottonwood-willow, mixed broadleaf deciduous and 

montane willow riparian forest PNVTs.
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Riparian Areas/Riparian Forest PNVTs 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the all 
Riparian Areas/Riparian Forest PNVTs combined 
 
 

 
Appendix D - Addendum figure 20. Current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of all the riparian 

areas/riparian forests PNVTs lands capable
37

 of supporting livestock grazing, and departure from desired conditions. Overall, of the 5 major vegetation 
types found on the A-SNFs, riparian areas/riparian forests rank 4

th
 in the amount of capable grazing lands not meeting desired conditions, roughly 65 

percent 
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Wetland/Cienega Riparian Areas PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the 
Wetland/Cienega Riparian Areas PNVT 
 
 

 
Appendix D - Addendum figure 21. Wetland/Cienega Riparian Areas (WCRA) PNVT current herbaceous understory vegetation ecological status

34
 and 

range condition
35, 36

 of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. WCRA ranks 10
th

 out of the 14 
PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 48 percent 
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Cottonwood-Willow Riparian Forest PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the 
Cottonwood-Willow Riparian Forest PNVT 
 
 

 
Appendix D - Addendum figure 22. Cottonwood-Willow Riparian Forest (CWRF) PNVT current herbaceous understory vegetation ecological status

34
 and 

range condition
35, 36

 of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. CWRF ranks 3
rd

 out of the 14 PNVTs 
in the amount of capable grazing lands not meeting desired conditions, roughly 86 percent 
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Mixed Broadleaf Deciduous Riparian Forest PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the Mixed 
Broadleaf Deciduous Riparian Forest PNVT 
 
 

 
Appendix D - Addendum figure 23. Mixed Broadleaf Deciduous Riparian Forest (MBDRF) PNVT current herbaceous understory vegetation ecological 
status

34
 and range condition

35, 36
 of the lands capable

37
 of supporting livestock grazing, and departure from desired conditions. MBDRF ranks 8

th
 out of 

the 14 PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 54 percent 
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Montane Willow Riparian Forest PNVT 
 
 
Herbaceous Understory Vegetation Range Condition, Ecological Status and Departure from Desired Condition of the 
Montane Willow Riparian Forest PNVT 
 
 

 
Appendix D - Addendum figure 24. Montane Willow Riparian Forest (MWRF) PNVT current herbaceous understory vegetation ecological status

34
 and 

range condition
35, 36

 of the lands capable
37

 of supporting livestock grazing, and departure from desired conditions. MWRF ranks 5
th

 out of the 14 PNVTs 
in the amount of capable grazing lands not meeting desired conditions, roughly 80 percent 
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Appendix E - Threat/Risk Assessment for all Apache-Sitgreaves National 

Forests’ PNVTs 
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Threats and Risks to All A-SNFs’ PNVTs 
 
 
Threats and risks are factors that may directly or indirectly degrade or impair ecosystem 

composition, ecosystem structure, ecological processes and/or ecological services in a manner that may 

impair its ecological integrity, such as an invasive species, loss of connectivity, climate change, or the 

disruption of a natural disturbance regime. Threats and risks can be anthropogenic or environmental in 

origin. Threats and risks can also be identified as within the Forest Service’s authority to manage or 

prevent or if they are outside of the agency’s authority. 

 
 
Threat/Risk Assessment to All Forested PNVTs  

 
 
Ponderosa Pine Forest PNVT 

 

When assessing threats and risks to ponderosa pine forest it is necessary to evaluate the relationship 

between current departure from HRV and trend in relation to HRV (Appendix E table 1). In this case, 

assess legacy of past management or deviation from ongoing management activities, evaluate threats/risks 

and system reversibility. In relation to HRV, departure is severe; however, the current trend is toward 

HRV; risks are addressed. Continue current management; however, restoration opportunities should be 

identified for this PNVT. 

 
Appendix E table 1. Recommended actions in evaluating threats/risks for the ponderosa pine forest PNVT in 
relation to its severe woody overstory vegetation departure from HRV and current trend toward HRV 

Current Departure from 
HRV1 is 94 Percent 

Ponderosa Pine Forest PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV2 
away from HRV 
(or unknown) 

Significant (low, moderate, 

high or SEVERE departure) 

Legacy of past management or 

deviation from ongoing activities; 
evaluate threats/risks and system 

reversibility 

Risk addressed; continue current 

management and identify 

restoration opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 

HRV) 

No risk; continue current 

management 

No risk; continue current 

management 

Potential risk; evaluate magnitude of 

future deviations, threats and system 
reversibility 

1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 
4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

2 See figure 3; under current management (Alternative A), within the 15-year planning period, movement is towards HRV 

 

In regards to the current herbaceous understory vegetation ecological status
34

 and range condition
35, 36

 of 

the lands capable
37

 of supporting livestock grazing, ponderosa pine forest ranks 4
th
 out of the 14 PNVTs 

in the amount of capable grazing lands not meeting desired conditions, roughly 85 percent (Appendix D - 

addendum figure 5). 

 

Threats: Most ponderosa pine was historically maintained by low intensity, high-frequency fire as open-

canopied forests of diverse age structure. However, many of these forests today have been transformed 

into dense, even-aged thickets of young trees that are prone to high-intensity fire. The most important 

threats, based on high likelihood of occurrence and high threat severity, under Forest Service management 

authority to ponderosa pine forest include (Appendix E table 2) fire suppression, forest management 

practices (vegetation treatments), human-caused fires and roads, highways and corridors (some areas also 

have a high density road network established for the removal of timber). These threats types include 

modification of natural processes, consumptive biological use and habitat conversion which have negative 

consequences to ecological composition, structure, function and processes. Other anthropogenic threats 



 

518 

with high likelihood of occurrence moderate to high threat severity include feral equine-ungulate and 

livestock grazing/browsing, and off highway vehicles (OHV). Invasive plants are an additional threat. The 

most important threat, based on high likelihood of occurrence and high threat severity outside of agency 

authority is climate change, and this is likely to intensify (Beschta et al., 2013) and be compounding all 

other identified threats. Other threats outside Forest Service management authority include urban 

development and insect, disease, parasites and/or pathogens outbreaks (epidemic), and wild ungulate 

grazing/browsing. These threats types include habitat conversion and invasive species which have 

negative consequences to ecological composition, structure, function and processes. Uncharacteristic 

wildfire is an additional threat. 

 
Quite possibly, the most important and far reaching threats under agency authority (Appendix E table 2) 

for ponderosa pine forests include managing the legacy of past and current livestock grazing/browsing, 

which, and wild ungulate, and feral equine use; which has removed fine fuels necessary for supporting 

frequent, low intensity surface fires; forest management practices (vegetation harvest treatments), which 

have changed forest age class distribution, composition, density, and cover values; and the cessation of 

frequent fire regimes (fire suppression), which prior to about 1900 ranged in frequency between 2 and 17 

years. The contemporary ponderosa pine forest has and estimated fire frequency for all fires of 1 in 75 

years and has gone from an FRCC of I to III. 

 

Anthropogenic disturbance has led to major changes in ponderosa pine forest structure and function. With 

the introduction of grazing animals at various times during the 19
th
 century, low intensity and frequent 

surface fires have been replaced with high intensity and infrequent crown fires. Although the effects of 

these large, stand-replacing fires are variable, several fires have led to long-term changes from forested 

systems to grasslands, woodlands, and areas of dense pine regeneration (Savage and Mast, 2005; Dahms 

and Geils, 1997). Areas that have not burned yet have higher density of trees, especially of the smaller 

size class and younger age class, changing the quality of habitat for wildlife and humans (Covington and 

Moore, 1994; Dahms and Geils, 1997; Allen et al., 2002). Many of the areas that now support trees 

currently (post-settlement), are on Mollisol soils which develop on grass dominated area while historic 

forested sites (pre-settlement) are supported by Alfisol soils (Abella et al., 2013). Sabo et al. (2008), 

found that to maintain more fire-resistant and hence sustainable ponderosa pine ecosystems, tree densities 

need to be substantially reduced from contemporary levels. There are also interactions between human-

caused disturbance and climate change, which may intensify or confound their effects. Climate-related 

changes can not only affect public-land ecosystems directly, but may exacerbate the aggregate effects of 

non-climatic stressors, such as habitat modification and pollution caused by logging, mining, grazing, 

roads, water diversions, and recreation (Root et al., 2003; CEQ, 2010; Barnosky et al., 2012; Beschta et 

al., 2013). 

 

Risks: The above threats pose the following risks, many of these risks when functioning together are 

additive and have compounding affects with negative consequences to ecological composition, structure, 

function and processes. Specifically by affecting vegetation health (atypical composition, structure and 

function), soil compaction, erosion, sedimentation and loss of soil fertility, altered watershed and 

hydrologic functions, reduced water quality and quantity, riparian, aquatic and terrestrial locales loss, 

degradation and fragmentation of these habitats within this PNVT, altered fire regime, introduction and 

spread of invasive plants, modification of natural processes, change in ecological potentials, species 

extinction or reduction in population(s) and/or habitat(s), uncharacteristic wildfire, and inability to re-

establish natural wildfire processes. 
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Appendix E table 2. A-SNFs’ risks to the ponderosa pine forest PNVT based on identified threats. Threats are categorized as either under agency 
management authority or outside agency management authority as well as threat type and estimated risk of high (H), moderate (M) or low (L) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Fire suppression policy Modification of natural processes H H     

Forest management practices (vegetation 

treatments) 

Consumptive biological use/modification of 

natural processes/habitat conversion 

H M    - 

Human-caused fire Habitat conversion H H     

Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Off-highway vehicles (OHVs) Non-consumptive biological use M H     

Roads, highways and utility corridors Transportation/habitat conversion H H     

Outside Agency Management Authority       

Climate change Modification of natural processes/habitat 

conversion 

H H     

Drought Habitat conversion M M     

Insect, disease, parasites and/or pathogens 

outbreaks (epidemic) 

Invasive species/habitat conversion H H     

Uncharacteristic wildfire Habitat conversion H H     

Urban development Habitat conversion H H     

Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Wind events (blowdown) Habitat conversion L L     

Total (under/outside agency management authority)   8/7 7/7 7/6 7/6 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 

biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags 
and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions, and the extent of moderate and high burn severity acres 
within this PNVT 
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Reversibility: Some threats/risks are not reversible under Forest Service authority such as: urban 

development. Even though these threats/risks are not within agency authority, the forests have a 

responsibility to assess, address, develop and implement appropriate management responses that mitigate 

undesirable consequences to National Forest System Lands. On the other hand, some threats/risks are 

reversible such as, epidemic insect, disease and parasites and/or pathogens outbreaks may be partially 

reversible depending on spatial scale. With uncharacteristic fires – there may be irreversible conditions – 

soil loss, uncharacteristic succession, habitat modification, loss and/or fragmentation (reduces species’ 

population and/or viability). Some effects of infestations by invasive plants and areas of infestation are 

reversible depending on species and spatial scale. Risks from fire suppression, human-caused fires, and 

roads, highways and corridors, and OHVs can be minimized and in many cases be reversed. Some effects 

of livestock grazing/browsing are also reversible depending on severity of change and spatial scale. 

According to Loeser et al. (2007), changes in climate affecting precipitation, may cause some ecological 

alterations to be persistent. 

 

Opportunities: Vegetation treatments and silvicultural opportunities that restore and promote forest 

vegetative structure and composition that approximates HRV to promote stands of larger trees in more 

open canopy configuration and reduction in the small sized trees with closed canopies.; manage fire as an 

integral component of ecosystem sustainability; restoration of natural processes and existing conditions 

that have been compromised by the legacy of livestock management, vegetation treatments and fire 

suppression. Evaluate the ecological costs and appropriateness of livestock grazing within this forested 

PNVT given the extensive amount of herbaceous understory vegetation acres classified as being in low to 

moderately-low ecological status (roughly 85 percent) not meeting desired conditions, and the extent of 

moderate and high burn severity acres (Stade and Salvo, 2009). Continuing livestock grazing use should 

be assessed to determine if it is consistent with ecological recovery, particularly as the climate shifts (Karr 

and Rossano, 2001; Karr, 2004; LaPaix et al., 2009; Beschta et al., 2013) to reduce or eliminate cascading 

effects (Kondolf, 1994; Rhodes et al.,1994; Beschta et al., 2013), and to be compatible with maintaining 

or recovering key ecological functions and native species and habitats (Beschta et al., 2013). Direct 

effects of herbivory tends to have a very selective influence on plant communities. Heavy grazing results in 

physiological damage to palatable species, causing them to lose competitive status and decline within the 

plant community (Hall et al., 1995).  According to Archer and Smeins (1991), indirect effects associated 

with grazing activities further influence plant growth and community composition. These include:  

 

 Alteration of energy flow through the detrital pathway  

 Redistribution and transformation of nutrients  

 Modification of microclimate  

 Alteration of edaphic physical and hydrologic properties  

 Destabilization of plant competitive interactions 

 

In addition, implement the recommended guidelines for restocking burned areas (USFS, 2008c) as the 

consequence of fire. Furthermore, the above discussion concerning the recommendations and effects of 

grazing is applicable to all of the forested, woodland, grassland, chaparral and especially the more 

sensitive riparian PNVTs as well. 

 

Improved travel management, and road maintenance and design; and implementation of applicable Best 

Management Practices (BMPs). Implement aggressive invasive plant management; because, according to 

Jordan et al. (2008), recent evidence suggests that positive feedbacks between invasive plants and soils 

could contribute significantly to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et 

al., 2001; Wolfe and Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007; 

among others), perhaps exemplifying ‘ecological engineering’ by biological invaders (Cuddington and 

Hastings, 2004). Invasive species modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in 
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ways that increase their own fitness relative to that of native species (Vivrette and Muller, 1977; Jordan et 

al., 2008), and therefore, are more competitive in site occupation. 

 
Ecological Need for Change in Management Activities  

 

Emerging and related concerns are the homogenization of the flora of this PNVT. The diversity of native 

plants contributes to the maintenance and enhancement of above- and belowground biological interactions 

that keep ecological interactions intact (Printz et al., 2014). Disruptions in plant diversity by loss of 

species that are potentially important to the site and the threat to native species posed by exotic species 

that spread in response to human activities create a host of issues related to ecosystem health. There is a 

need for ecological change within this PNVT so that it is more resistant (withstand and maintain normal 

function) and resilient (recover from) to disturbances within its HRV. Resiliency requires forest 

characteristics such as fuel loading, species composition and stand structures be compatible with 

restoration of frequent surface fire functional processes. Desired changes include management activities 

that also influence understory herbaceous species cover and species richness that is more closely 

associated with HRV by: 

 

 Stabilizing soils and re-establish dominance of the native plant communities on moderate to high 

severity burn areas 

 Reducing overstory density to restore open forest conditions 

 Restoring understory herbaceous vegetation to moderately-high to high ecological condition 

 Restoring dominance of seral fire-adapted species 

 Promoting regeneration of shade intolerant seral species 

 Reducing grazing pressure 

 Reducing understory and overstory dominance of shade tolerant species 

 Reducing fuel loading to levels commensurate with re-introduction of frequent surface fire 

(reduction of FRCC from III to I) 

 Restoring frequent surface fire as a functional ecological process 

 Preventing, controlling and eradicating invasive plants 

 

There is a need to maintain or improve ecosystem conditions to be resistant to and resilient in response to 

climate change. 

 

According to Tausch (2008), a warming climate will often lead to an upward elevational migration of 

plant species. Because of the rapidity of expected changes in climate, individuals of a native plant species 

may be lost from their lower-elevation limits faster than they will be able to migrate upward and establish 

into newly created habitat. This will result in stressed communities with fewer plant species distributed 

over large areas of the landscape. As ecosystems become simplified, their trophic levels are truncated and 

their trophic interactions reduced (Tausch, 2008). 

 

Such ecosystems potentially have an increase in the quantity of unused resources. These stressed 

communities thus become more open and their resources more available for the invasion and 

establishment of non-native plant species. These invaders may also be better adapted than native species 

to the new environmental conditions resulting from climate change. An exception might be native species 

of plants that can migrate from adjacent areas or regions into locations where they previously were 

excluded by climate as the new locations become more suitable. The greater the change, the more likely 

this facilitation of invasive species will be. In addition to climate change are the species of invaders 

involved, the effects of the interactions of their species composition on the ecosystems, and the 

disturbance patterns those ecosystems are experiencing. On landscape scales, this ecosystem spatial and 

temporal variability have major effects on ecosystem susceptibility to invasive species. Climate change 
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and associated vegetation change interacting with invasive species are also increasingly leading to 

uncharacteristic wildfires that can further facilitate the establishment of additional invasive plant species 

(Tausch 2008).  

 

 
Wet Mixed Conifer Forest PNVT 
 
When assessing threats and risks to wet mixed conifer forest it is necessary to evaluate the relationship 

between current departure from HRV and trend in relation to HRV (Appendix E table 3). In this case, 

assess the legacy of past management or deviation from ongoing management activities, evaluate 

threats/risks and system reversibility (shaded area). In relation to HRV, departure is high; however, the 

current trend is toward HRV; risks are addressed. Continue current management; however, restoration 

opportunities should be identified for this PNVT. 

 
Appendix E table 3. Recommended actions in evaluating threats/risks for the wet mixed conifer forest PNVT 
in relation to its high woody overstory vegetation departure from HRV and current trend toward HRV 

Current Departure from 
HRV1 is 61 Percent 

Wet mixed conifer forest PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV2 
away from HRV 
(or unknown) 

Significant (low, moderate, 

HIGH or severe departure) 

Legacy of past management or 

deviation from ongoing activities; 

evaluate threats/risks and system 
reversibility 

Risk addressed; continue current 

management and identify 

restoration opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 

HRV) 

No risk; continue current 

management 

No risk; continue current 

management 

Potential risk; evaluate magnitude of 

future deviations, threats and system 

reversibility 
1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 

4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 
2 See figure 5; under current management (Alternative A), within the 15-year planning period, movement is towards HRV 

 

In regards to the current herbaceous understory vegetation ecological status
34

 and range condition
35, 36

 of 

the lands capable
37

 of supporting livestock grazing, wet mixed conifer forest PNVT ranks 7
th
 out of the 14 

PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 74 percent 

(Appendix D - addendum figure 6). 

 

Threats: The most important threat, based on high likelihood of occurrence and high threat severity, under 

Forest Service management authority to wet mixed conifer forests is (Appendix E table 4) the potential 

for human-caused fires. This threat type presents the possibility for habitat conversion which have 

negative consequences to ecological composition, structure, function and processes. Other anthropogenic 

threats include feral equine, wild ungulate, and livestock grazing/browsing, and off highway vehicles 

(OHV); invasive plants are an additional threat. The most important threat, based on high likelihood of 

occurrence and high threat severity outside of agency authority is climate change, and this is likely to 

intensify (Beschta et al., 2013) and be compounding all other identified threats. Other threats outside 

Forest Service management authority include insect, disease, parasites and/or pathogens outbreaks 

(epidemic), and wild ungulate grazing/browsing. These threats types include habitat conversion and 

invasive species which have negative consequences to ecological composition, structure, function and 

processes. Uncharacteristic wildfire is an additional threat. Climate-related changes can not only affect 

public-land ecosystems directly, but may exacerbate the aggregate effects of non-climatic stressors, such 

as habitat modification and pollution caused by logging, mining, grazing, roads, water diversions, and 

recreation (Root et al., 2003; CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). 

 
Risks: Under current management, risks are addressed. 
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Opportunities: Vegetation treatments and silvicultural opportunities that restore and promote forest 

vegetative structure and composition that approximates HRV; manage fire as an integral component of 

ecosystem sustainability; aggressive invasive plant management and implementation of applicable BMPs. 

Evaluate the ecological costs and appropriateness of livestock grazing within this forested PNVT given 

the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-

low ecological status (roughly 74 percent) not meeting desired conditions, and the extent of moderate and 

high burn severity acres. Continuing livestock grazing use should be assessed to determine if it is 

consistent with ecological recovery, particularly as the climate shifts (Karr and Rossano, 2001; Karr, 

2004; LaPaix et al., 2009; Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 1994; 

Rhodes et al.,1994; Beschta et al., 2013), and to be compatible with maintaining or recovering key 

ecological functions and native species and habitats (Beschta et al., 2013). In addition, implement the 

recommended guidelines for restocking burned area (USFS, 2008c) as the consequence of fire. 

 

Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 

 
Ecological Need for Change in Management Activities 

 
Emerging and related concerns are the homogenization of the flora of this PNVT. The diversity of native 

plants contributes to the maintenance and enhancement of above- and belowground biological interactions 

that keep ecological interactions intact (Printz et al., 2014). Disruptions in plant diversity by loss of 

species that are potentially important to the site and the threat to native species posed by exotic species 

that spread in response to human activities create a host of issues related to ecosystem health. There is a 

need for ecological change within this PNVT so that it is more resistant (withstand and maintain normal 

function) and resilient (recover from) to disturbances within its HRV. Desired changes include 

management activities that also influence understory herbaceous species cover and species richness that is 

more closely associated with HRV by: 

 

 Stabilizing soils and re-establish dominance of the native plant communities on moderate to high 

severity burn areas 

 Reducing grazing pressure 

 Restoring understory herbaceous vegetation to moderately-high to high ecological condition 

 Preventing human-caused fires 

 Preventing, controlling and eradicating invasive plants 

 

There is a need to maintain ecosystem conditions to be resistant to and resilient in response to climate 

change. 
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Appendix E table 4. A-SNFs’ risks to the wet mixed conifer forest PNVT based on identified threats. Threats are categorized as either under agency 
management authority or outside agency management authority as well as threat type and estimated risk of high (H), moderate (M) or low (L) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Forest management practices (vegetation 
treatments) 

Consumptive biological use/modification of 
natural processes/habitat conversion 

H M    - 

Human-caused fire Habitat conversion H H     
Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 
natural processes/habitat conversion 

H M-H3     

Outside Agency Management Authority       

Climate change Modification of natural processes/habitat 
conversion 

H H     

Drought Habitat conversion M M     
Insect, disease, parasites and/or pathogens 

outbreaks (epidemic) 

Invasive species/habitat conversion H H     

Uncharacteristic wildfire Habitat conversion M H     
Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Wind events (blowdown) Habitat conversion L L   -  

Total (under/outside agency management authority)   5/6 5/6 5/5 4/6 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 

biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags 
and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 
Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions, and the extent of moderate and high burn severity acres 
within this PNVT 
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Dry Mixed Conifer Forest PNVT 
 
When assessing threats and risks to dry mixed conifer forest it is necessary to evaluate the relationship 

between current departure from HRV and trend in relation to HRV (Appendix E table 5). In this case, 

assess the legacy of past management or deviation from ongoing management activities, evaluate 

threats/risks and system reversibility. In relation to HRV, departure is high, however, the current trend is 

toward HRV; risks are addressed. Continue current management; however, restoration opportunities 

should be identified for this PNVT. 

 
Appendix E table 5. Recommended actions in evaluating threats/risks for the dry mixed conifer forest PNVT 
in relation to its high woody overstory vegetation departure from HRV and current trend toward HRV 

Current Departure from 
HRV1 is 77 Percent 

Dry Mixed Conifer Forest PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV1 
away from HRV 
(or unknown) 

Significant (low, moderate, 

HIGH or severe departure) 

Legacy of past management or 

deviation from ongoing activities; 

evaluate threats/risks and system 
reversibility 

Risk addressed; continue current 

management and identify 

restoration opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 

HRV) 

No risk; continue current 

management 

No risk; continue current 

management 

Potential risk; evaluate magnitude of 

future deviations, threats and system 
reversibility 

1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 
4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

2 See figure 5; under current management (Alternative A), within the 15-year planning period, movement is towards HRV 

 
In regards to the current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of 

the lands capable
37

 of supporting livestock grazing, dry mixed conifer forest PNVT ranks 6
th
 out of the 14 

PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 78 percent 

(Appendix D - addendum figure 7). 

 

Threats: The most important threats, based on high likelihood of occurrence and high threat severity, 

under Forest Service management authority to dry mixed conifer forest include (Appendix E table 6) fire 

suppression, human-caused fires and roads, highways and corridors (some areas also have a high density 

road network established for the removal of timber). These threats types include modification of natural 

processes, consumptive biological use and habitat conversion which have negative consequences to 

ecological composition, structure, function and processes. Other anthropogenic threats include feral 

equine, wild ungulate and livestock grazing/browsing, and off highway vehicles (OHV); invasive plants 

are an additional threat. The most important threat, based on high likelihood of occurrence and high threat 

severity outside of agency authority is climate change, and this is likely to intensify (Beschta et al., 2013) 

and be compounding all other identified threats. Other threats outside Forest Service management 

authority include insect, disease, parasites and/or pathogens outbreaks (epidemic), and wild ungulate 

grazing/browsing. These threats types include habitat conversion and invasive species which have 

negative consequences to ecological composition, structure, function and processes. Uncharacteristic 

wildfire is an additional threat. 

 

Quite possibly, the most important and far reaching threats under agency authority (Appendix E table 6) 

for dry mixed conifer forest include managing the legacy of past and current livestock grazing/browsing, 

which removed fine fuels needed for carrying frequent, low intensity surface fires; forest management 

practices (vegetation treatments), which have changed forest age class distribution, composition, density, 

and cover values; and the cessation of frequent fire regimes (fire suppression), which prior to about 1900 

ranged in frequency between 10 and 22 years. The contemporary dry mixed conifer forest has and 

estimated fire frequency for all fires of 1 in 70 years and has gone from an FRCC of I to III. 
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Unfortunately, little has been quantified on the effects of anthropogenic disturbance on mixed conifer 

forests. However, a combination of anthropogenic factors, namely grazing management, fire 

management, and silvicultural practices have had several profound effects on general trends in dry mixed 

conifer forest form and function. The historical mixed severity fire regime of small patches of infrequent, 

high severity fire within a broader matrix of low severity, frequent fires has been replaced with a more 

uniform and large scale, low frequency and high severity fire regime. This change in disturbance, 

combined with selective logging techniques that preferentially removed the larger, older Rocky Mountain 

Douglas-fir trees has resulted in more homogenous mixed conifer forests, with greater numbers of 

smaller, fire susceptible trees. There are also interactions between human-caused disturbance and climate 

change, which may intensify or confound their effects. Climate-related changes can not only affect 

public-land ecosystems directly, but may exacerbate the aggregate effects of non-climatic stressors, such 

as habitat modification and pollution caused by logging, mining, grazing, roads, water diversions, and 

recreation (Root et al., 2003; CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). 

 

Risks: The above threats pose the following risks, many of these risks when functioning together are 

additive and have compounding affects with negative consequences to ecological composition, structure, 

function and processes. Specifically by affecting vegetation health (atypical composition, structure and 

function), soil compaction, erosion, sedimentation and loss of soil fertility, altered watershed and 

hydrologic functions, reduced water quality and quantity, riparian, aquatic and terrestrial locales loss, 

degradation and fragmentation of these habitats within this PNVT, altered fire regime, introduction and 

spread of invasive plants, modification of natural processes, change in ecological potentials, species 

extinction or reduction in population(s) and/or habitat(s), uncharacteristic wildfire, and inability to re-

establish natural wildfire processes. 

 

Reversibility: Some threats/risks are not reversible under Forest Service authority such as: urban 

development. Even though these threats/risks are not within agency authority, the forests have a 

responsibility to assess, address, develop and implement appropriate management responses that mitigate 

undesirable consequences to National Forest System Lands. On the other hand, some threats/risks are 

reversible such as, epidemic insect, disease and parasites and/or pathogens outbreaks may be partially 

reversible depending on spatial scale. With uncharacteristic fires – there may be irreversible conditions – 

soil loss, uncharacteristic succession, habitat modification, loss and/or fragmentation (reduces species’ 

population and/or viability). Some effects of infestations by invasive plants and areas of infestation are 

reversible depending on species and spatial scale. Risks from fire suppression, human-caused fires, and 

roads, highways and corridors, and OHVs can be minimized and in many cases be reversed. Some effects 

of livestock grazing/browsing are also reversible depending on severity of change and spatial scale. 

According to Loeser et al. (2007), changes in climate affecting precipitation, may cause some ecological 

alterations to be persistent. 
 

Opportunities: Vegetation treatments and silvicultural opportunities that restore and promote forest 

vegetative structure and composition that approximates HRV to promote stands of larger trees in more 

open canopy configuration and reduction in the small sized trees with closed canopies; manage fire as an 

integral component of ecosystem sustainability; restoration of natural processes and existing conditions 

that have been compromised by the legacy of livestock management, vegetation treatments and fire 

suppression. Evaluate the ecological costs and appropriateness of livestock grazing within this forested 

PNVT given the extensive amount of herbaceous understory vegetation acres classified as being in low to 

moderately-low ecological status (roughly 78 percent) not meeting desired conditions, and the extent of 

moderate and high burn severity acres. Continuing livestock grazing use should be assessed to determine 

if it is consistent with ecological recovery, particularly as the climate shifts (Karr and Rossano, 2001; 

Karr, 2004; LaPaix et al., 2009; Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 

1994; Rhodes et al.,1994; Beschta et al., 2013), and to be compatible with maintaining or recovering key 

ecological functions and native species and habitats (Beschta et al., 2013). In addition, implement the 
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recommended guidelines for restocking burned area (USFS, 2008c) as the consequence of fire. 

 

Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 

 
Ecological Need for Change in Management Activities 

 

Emerging and related concerns are the homogenization of the flora of this PNVT. The diversity of native 

plants contributes to the maintenance and enhancement of above- and belowground biological interactions 

that keep ecological interactions intact (Printz et al., 2014). Disruptions in plant diversity by loss of 

species that are potentially important to the site and the threat to native species posed by exotic species 

that spread in response to human activities create a host of issues related to ecosystem health. There is a 

need for ecological change within this PNVT so that it is more resistant (withstand and maintain normal 

function) and resilient (recover from) to disturbances within its HRV. Resiliency requires forest 

characteristics such as fuel loading, species composition and stand structures be compatible with 

restoration of frequent surface fire functional processes. Desired changes include management activities 

that also influence understory herbaceous species cover and species richness that is more closely 

associated with HRV by: 

 

 Stabilizing soils and re-establish dominance of the native plant communities on moderate to high 

severity burn areas 

 Reducing overstory density to restore open forest conditions 

 Reducing grazing pressure 

 Restoring understory herbaceous vegetation to moderately-high to high ecological condition 

 Restoring dominance of seral fire-adapted species 

 Promoting regeneration of shade intolerant seral species 

 Reducing understory and overstory dominance of shade tolerant species 

 Reducing fuel loading to levels commensurate with re-introduction of frequent surface fire 

(reduction of FRCC from III to I) 

 Restoring frequent surface fire as a functional ecological process 

 Preventing, controlling and eradicating invasive plants 

 

There is a need to maintain or improve ecosystem conditions to be resistant to and resilient in response to 

climate change. 
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Appendix E table 6. A-SNFs’ risks to the dry mixed conifer forest PNVT based on identified threats. Threats are categorized as either under agency 
management authority or outside agency management authority as well as threat type and estimated risk of high (H), moderate (M) or low (L) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Fire suppression policy Modification of natural processes H H     
Forest management practices (vegetation 

treatments) 

Consumptive biological use/modification of 

natural processes/habitat conversion 

H M     

Human-caused fire Habitat conversion H H     
Invasive plant species Modification of natural processes/habitat 

conversion 
H M     

Livestock grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Off-highway vehicles (OHVs) Non-consumptive biological use M H     
Roads, highways and utility corridors Transportation/habitat conversion H H     

Outside Agency Management Authority       

Climate change Modification of natural processes/habitat 

conversion 

H H     

Drought Habitat conversion M M     
Insect, disease, parasites and/or pathogens 

outbreaks (epidemic) 

Invasive species/habitat conversion H H     

Uncharacteristic wildfire Habitat conversion M H     
Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 
H M-H3     

Wind events (blowdown) Habitat conversion L L     

Total (under/outside agency management authority)   8/6 7/6 7/6 7/6 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 

Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 
biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags and down 
woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and retention; soil 
development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, forage, fiber, and 
minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - such as pollination, seed 
dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions, and the extent of moderate and high burn severity acres within this 
PNVT 
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Spruce-Fir Forest PNVT 
 
When assessing threats and risks to spruce-fir forest it is necessary to evaluate the relationship between 

current departure from HRV and trend in relation to HRV (Appendix E table 7). In this case, assess the 

legacy of past management or deviation from ongoing management activities, evaluate threats/risks and 

system reversibility. In relation to HRV, departure is high, however, the current trend is toward HRV; 

risks are addressed. Continue current management; however, restoration opportunities should be 

identified for this PNVT. 

 
Appendix E table 7. Recommended actions in evaluating threats/risks for the spruce-fir forest PNVT in 
relation to its high woody overstory vegetation departure from HRV and current trend toward HRV 

Current Departure from 
HRV1 is 62 Percent 

Spruce-Fir Forest PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV2 
away from HRV 
(or unknown) 

Significant (low, moderate, 

HIGH or severe departure) 

Legacy of past management or 

deviation from ongoing activities; 

evaluate threats/risks and system 
reversibility 

Risk addressed; continue current 

management and identify 

restoration opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (no 

departure; within HRV) 

No risk; continue current 

management 

No risk; continue current 

management 

Potential risk; evaluate magnitude of 

future deviations, threats and system 
reversibility 

1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 
4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

2 See figure 9; under current management (Alternative A), within the 15-year planning period, movement is towards HRV 

 
In regards to the current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of 

the lands capable
37

 of supporting livestock grazing, spruce-fir forest PNVT ranks 13
th
 out of the 14 

PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 24 percent 

(Appendix D - addendum figure 8). 

 

Threats: The most important threat, based on high likelihood of occurrence and high threat severity, under 

Forest Service management authority to spruce-fir forest is (Appendix E table 8) the potential for human-

caused fires. This threat type presents the possibility for habitat conversion which have negative 

consequences to ecological composition, structure, function and processes. Other anthropogenic threats 

include feral equine, wild ungulate and livestock grazing/browsing, and off highway vehicles (OHV); 

invasive plants are an additional threat. The most important threat, based on high likelihood of occurrence 

and high threat severity outside of agency authority is climate change, and this is likely to intensify 

(Beschta et al., 2013) and be compounding all other identified threats. Other threats outside Forest Service 

management authority include insect, disease, parasites and/or pathogens outbreaks (epidemic), and wild 

ungulate grazing/browsing. These threats types include habitat conversion and invasive species which 

have negative consequences to ecological composition, structure, function and processes. Uncharacteristic 

wildfire is an additional threat. Climate-related changes can not only affect public-land ecosystems 

directly, but may exacerbate the aggregate effects of non-climatic stressors, such as habitat modification 

and pollution caused by logging, mining, grazing, roads, water diversions, and recreation (Root et al., 

2003; CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). 

 

Risks: Under current management, risks are addressed. 

 

Opportunities: Vegetation treatments and silvicultural opportunities that restore and promote forest 

vegetative structure and composition that approximates HRV; manage fire as an integral component of 

ecosystem sustainability; aggressive invasive plant management and implementation of applicable BMPs. 

Evaluate the ecological costs and appropriateness of livestock grazing within this forested PNVT given 

the extensive amount of herbaceous understory vegetation acres classified as being in moderately-low 
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ecological status (roughly 24 percent) not meeting desired conditions, and the extent of moderate and high 

burn severity acres. Continuing livestock grazing use should be assessed to determine if it is consistent 

with ecological recovery, particularly as the climate shifts (Karr and Rossano, 2001; Karr, 2004; LaPaix et 

al., 2009; Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 1994; Rhodes et 

al.,1994; Beschta et al., 2013), and to be compatible with maintaining or recovering key ecological 

functions and native species and habitats (Beschta et al., 2013). In addition, implement the recommended 

guidelines for restocking burned area (USFS, 2008c) as the consequence of fire. 

 

Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 
 
Ecological Need for Change in Management Activities 

 
Emerging and related concerns are the homogenization of the flora of this PNVT. The diversity of native 

plants contributes to the maintenance and enhancement of above- and belowground biological interactions 

that keep ecological interactions intact (Printz et al., 2014). Disruptions in plant diversity by loss of 

species that are potentially important to the site and the threat to native species posed by exotic species 

that spread in response to human activities create a host of issues related to ecosystem health. There is a 

need for ecological change within this PNVT so that it is more resistant (withstand and maintain normal 

function) and resilient (recover from) to disturbances within its HRV. Resiliency requires forest 

characteristics such as fuel loading, species composition and stand structures be compatible with 

restoration of frequent surface fire functional processes. Desired changes include management activities 

that also influence understory herbaceous species cover and species richness that is more closely 

associated with HRV by: 

 

 Stabilizing soils and re-establish dominance of the native plant communities on moderate to high 

severity burn areas 

 Restoring understory herbaceous vegetation to moderately-high to high ecological condition 

 Preventing human-caused fires 

 Preventing, controlling and eradicating invasive plants 

 

There is a need to maintain ecosystem conditions to be resistant to and resilient in response to climate 

change. 
  



 

531 

Appendix E table 8. A-SNFs’ risks to the spruce-fir forest PNVT based on identified threats. Threats are categorized as either under agency 
management authority or outside agency management authority as well as threat type and estimated risk of high (H), moderate (M), or low (L) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M3     

Forest management practices (vegetation 
treatments) 

Consumptive biological use/modification of 
natural processes/habitat conversion 

H M     

Human-caused fire Habitat conversion H H     
Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 
natural processes/habitat conversion 

H M3     

Outside Agency Management Authority       

Climate change Modification of natural processes/habitat 
conversion 

H H     

Drought Habitat conversion M M     
Insect, disease, parasites and/or pathogens 

outbreaks (epidemic) 

Invasive species/habitat conversion H H     

Uncharacteristic wildfire Habitat conversion M H     
Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M3     

Wind events (blowdown) Habitat conversion L L     

Total (under/outside agency management authority)   5/6 5/6 5/5 4/6 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 

biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags 
and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 
Given the extensive amount of moderate and high burn severity acres within this PNVT 
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Threat/Risk Assessment for Woodland PNVTs  
 
 
Madrean Pine-Oak Woodland PNVT 
 
When assessing threats and risks to Madrean pine-oak woodland it is necessary to evaluate the 

relationship between current departure from HRV and trend in relation to HRV (Appendix E table 9). In 

this case, assess legacy of past management or deviation from ongoing management activities, evaluate 

threats/risks and system reversibility. In relation to HRV, departure is high, and the current trend is away 

from HRV; risks are not addressed. Discontinue current management and identify restoration 

opportunities for this PNVT. 

 
Appendix E table 9. Recommended actions in evaluating threats/risks for the Madrean pine-oak woodland 
PNVT in relation to its high woody overstory vegetation departure from HRV and current trend away from 
HRV 

Current Departure from 
HRV1 is 72 Percent 

Madrean Pine-Oak Woodland PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV 
away from HRV 
(or unknown)2 

Significant (low, moderate, 
HIGH or severe) 

Legacy of past management or 
deviation from ongoing activities; 

evaluate threats/risks and system 

reversibility 

Risk addressed; continue current 
management and identify restoration 

opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 
HRV) 

No risk; continue current 
management 

No risk; continue current 
management 

Potential risk; evaluate magnitude of 
future deviations, threats and system 

reversibility 
1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 

4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 
2 See figure 13; under current management (Alternative A), within the 15-year planning period, movement is away from HRV 

 
In regards to the current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of 

the lands capable
37

 of supporting livestock grazing, Madrean pine-oak woodland PNVT ranks 11
th
 out of 

the 14 PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 46 percent 

(Appendix D - addendum figure 11). 

 

Threats: The most important threats, based on high likelihood of occurrence and high threat severity, 

under Forest Service management authority to Madrean pine-oak woodland include (Appendix E table 

10) fire suppression and human-caused fires. These threats types include modification of natural 

processes and habitat conversion which have negative consequences to ecological composition, structure, 

function and processes. Other anthropogenic threats include feral equine, wild ungulate and livestock 

grazing/browsing, and off highway vehicles (OHV); invasive plants are an additional threat. The most 

important threat, based on high likelihood of occurrence and high threat severity outside of agency 

authority is climate change, and this is likely to intensify (Beschta et al., 2013) and be compounding all 

other identified threats. According to Barger et al. (2009), given future climate projections of increasing 

temperature and more extended drought periods, regeneration of piñon populations following the recent 

dieback throughout the Southwest may be slow. Moreover, prolonged drought combined with potentially 

slow regeneration for piñon under future climate scenarios could result in substantial declines in piñon 

populations across the Southwest. Robles and Enquist (2010) have identified Madrean pine-oak woodland 

as one of the most vulnerable habitats to climate change in the Southwest, based on temperature change 

and the number of species of conservation concern. According to Clifford et al. (2011), regional-scale 

climatic influences may be more important than land use legacies in controlling tree cover of semiarid 

woodlands over long time scales. Climate-related changes can not only affect public-land ecosystems 

directly, but may exacerbate the aggregate effects of non-climatic stressors, such as habitat modification 

and pollution caused by logging, mining, grazing, roads, water diversions, and recreation (Root et al., 
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2003; CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). Other threats outside Forest Service 

management authority include insect, disease, parasites and/or pathogens outbreaks (epidemic), and wild 

ungulate grazing/browsing. These threats types include habitat conversion and invasive species which 

have negative consequences to ecological composition, structure, function and processes. Uncharacteristic 

erosion, sedimentation and wildfire are additional threats. 

 
Quite possibly, the most important and far reaching threats under agency authority for Madrean pine-oak 

woodland include managing the legacy of past and current livestock grazing/browsing and fire 

suppression. According to Schussman and Gori (2006), the cessation of widespread fires in the Madrean 

pine-oak woodlands in the late 1880s has been attributed to the lack of fine fuel availability due to heavy 

livestock grazing (Bahre, 1991; Swetnam et al., 1992; Swetnam and Baisan, 1996; Swetnam and 

Betancourt, 1998; Fulé et al., 2005), and the introduction of invasive plants. Jones (2000) found that 

livestock grazing had significantly detrimental impacts on dry ecosystems. Soils, litter cover, and biomass 

were found to be the most negatively affected variables.  

 

Risks: The above threats pose the following risks, many of these risks when functioning together are 

additive and have compounding affects with negative consequences to ecological composition, structure, 

function and processes. Specifically by affecting vegetation health (atypical composition, structure and 

function), soil compaction, erosion, sedimentation and loss of soil fertility, altered watershed and 

hydrologic functions, reduced water quality and quantity, riparian, aquatic and terrestrial locales loss, 

degradation and fragmentation of these habitats within this PNVT, altered fire regime, introduction and 

spread of invasive plants, modification of natural processes, change in ecological potentials, species 

extinction or reduction in population(s) and/or habitat(s), uncharacteristic wildfire, and inability to re-

establish natural wildfire processes. 

 

Reversibility: Some threats/risks are not reversible under Forest Service authority such as drought. Even 

though this threat/risk is not within agency authority, the forests have a responsibility to assess, address, 

develop and implement appropriate management responses that mitigate undesirable consequences to 

National Forest System Lands. On the other hand, some threats/risks may be reversible such as, epidemic 

insect, disease and parasites and/or pathogens outbreaks depending on spatial scale. With uncharacteristic 

fires – there may be irreversible conditions – soil loss, uncharacteristic succession, habitat modification, 

loss and/or fragmentation (reduces species’ population and/or viability). Some effects of infestations by 

invasive plants and areas of infestation are reversible depending on species and spatial scale. Risks from 

fire suppression and human-caused fires can be minimized and in many cases reversed. Some effects of 

livestock grazing/browsing are also reversible depending on severity of change and spatial scale. 

According to Loeser et al. (2007), changes in climate affecting precipitation, may cause some ecological 

alterations to be persistent. 
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Appendix E table 10. A-SNFs’ risks to the Madrean pine-oak woodland PNVT based on identified threats. Threats are categorized as either under 
agency management authority or outside agency management authority as well as threat type and estimated risk of high (H) or moderate (M) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Fire suppression policy Modification of natural processes H H     
Forest management practices (vegetation 

treatments) 

Consumptive biological use M M     

Human-caused fire Habitat conversion H H     
Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Outside Agency Management Authority       

Climate change Modification of natural processes/habitat 

conversion 

H H     

Drought Habitat conversion M M     
Insect, disease, parasites and/or pathogens 
outbreaks (epidemic) 

Invasive species/habitat conversion H H     

Uncharacteristic erosion Habitat conversion M H     
Uncharacteristic sedimentation Habitat conversion M H     
Uncharacteristic wildfire Habitat conversion M H     
Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 
H M-H3     

Total (under/outside agency management authority)   6/7 6/7 6/7 5/7 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 

biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags 
and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 
Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions, and the extent of moderate and high burn severity acres 
within this PNVT 
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Opportunities: Vegetation treatments and silvicultural opportunities that restore and promote woodland 

vegetative structure and composition that approximates HRV to promote stands of larger trees in more 

open canopy configuration and reduction in the small sized trees with closed canopies.; manage fire as an 

integral component of ecosystem sustainability; restoration of natural processes and existing conditions 

that have been compromised by the legacy of livestock management and fire suppression. Evaluate the 

ecological costs and appropriateness of livestock grazing within this woodland PNVT given the extensive 

amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological 

status (roughly 46 percent) not meeting desired conditions, and the extent of moderate and high burn 

severity acres. Continuing livestock grazing use should be assessed to determine if it is consistent with 

ecological recovery, particularly as the climate shifts (Karr and Rossano, 2001; Karr, 2004; LaPaix et al., 

2009; Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 1994; Rhodes et al.,1994; 

Beschta et al., 2013), and to be compatible with maintaining or recovering key ecological functions and 

native species and habitats (Beschta et al., 2013). In addition, implement the recommended guidelines for 

restocking burned area (USFS, 2008c) as the consequence of fire. 

 

Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 

 
Ecological Need for Change in Management Activities 

 
Emerging and related concerns are the homogenization of the flora of this PNVT. The diversity of native 

plants contributes to the maintenance and enhancement of above- and belowground biological interactions 

that keep ecological interactions intact (Printz et al., 2014). Disruptions in plant diversity by loss of 

species that are potentially important to the site and the threat to native species posed by exotic species 

that spread in response to human activities create a host of issues related to ecosystem health. There is a 

need for ecological change within this PNVT so that it is more resistant (withstand and maintain normal 

function) and resilient (recover from) to disturbances within its HRV. Resiliency requires forest 

characteristics such as fuel loading, species composition and stand structures be compatible with 

restoration of frequent surface fire functional processes. There is a need for ecological change because 

this PNVT has experienced similar stand structural shifts as in the ponderosa pine and dry mixed conifer 

forest PNVTs. More woody stems per acre have resulted in decreased herbaceous vegetation, increased 

bare ground with subsequent reductions in organic matter, soil fertility and concurrent increases in 

erosion and sedimentation.  

 

There is an ecological need to restore composition and structure and sustain ecological processes in this 

woodland community. Within the Madrean pine-oak woodland there is an over representation of young 

aged woody species with a closed canopy aspect. The current type and rate of management activities 

(where recurring disturbances, such as grazing (e.g., zootic disclimax
38

) exert the predominant influence 

                                                           
38

 Disclimax or "disturbance climax" describes a community that is held at an earlier successional stage by repeated but unpredictable 

disturbances that prevent succession from reaching the climax community that might be expected for the climate of the area. A zootic or 

“animal” disclimax describes a community that is held at an earlier successional stage by some animal influence such as domestic livestock, 
for example; a grassland community that has been altered to woodland/shrubland by overgrazing. 
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in maintaining the structure and composition of the steady-state vegetation within this PNVT) will not 

restore or move the composition and structure of these woodlands on the A-SNFs to anything approaching 

their HRV, and therefore, will not likely prevent additional losses of soil and site productivity or to reduce 

the fire severity or change fire frequency. There has been a steady-state shift in herbaceous understory 

vegetation structure and composition from tall- and mid-grass cool-season species to mid- and short-grass 

warm-season species. This PNVT contributes roughly 20 percent of the A-SNFs’ acres and is continuing 

to expand its range into neighboring grassland communities. In addition, invasive plants will continue to 

displace native species and disrupt and/or modify ecological processes within these communities. There is 

a need for change to prevent, eradicate and/or control invasive plant infestations to avert the loss of 

biological diversity, disruption and/or modification ecological processes within these woodlands. 

 

Because of the degree of departure and proportion of this PNVT off-forest; the A-SNFs provide a notable 

contribution to the sustainability of this woodland PNVT. Desired changes include management activities 

that also influence understory herbaceous species cover and species richness that is more closely 

associated with HRV by: 

 

 Stabilizing soils and re-establish dominance of the native plant communities on moderate to high 

severity burn areas 

 Reducing overstory density to restore open woodland conditions 

 Reducing grazing pressure 

 Restoring understory herbaceous vegetation to moderately-high to high ecological condition 

 Restoring dominance of seral fire-adapted species 

 Promoting regeneration of shade intolerant seral species 

 Reducing understory and overstory dominance of shade tolerant species 

 Restoring frequent surface fire as a functional ecological process 

 Preventing, controlling and eradicating invasive plants 

 

There is also a need to maintain or improve ecosystem conditions to be resistant to and resilient in 

response to climate change. 

 

 
Piñon-Juniper Woodland PNVT  

 
When assessing threats and risks to piñon-juniper woodland it is necessary to evaluate the relationship 

between current departure from HRV and trend in relation to HRV (Appendix E table 11). In this case, 

assess the legacy of past management or deviation from ongoing management activities, evaluate 

threats/risks and system reversibility. In relation to HRV, departure is low; however, the current trend is 

toward from HRV; risks are addressed. Continue current management; however, restoration opportunities 

should be identified for this PNVT. 

 
In regards to the current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of 

the lands capable
37

 of supporting livestock grazing, piñon-juniper woodland PNVT ranks 1
st
 out of the 14 

PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 91 percent 

(Appendix D - addendum figure 12). 

 

Threats: Quite possibly, the most important and far reaching threats under agency authority for piñon-

juniper woodland include managing the legacy of past and current livestock grazing/browsing and fire 

suppression. According to Gori and Bate (2007), the cessation of widespread fires in the piñon-juniper 

woodlands in the late 1880s has been attributed to the lack of fine fuels available due to heavy livestock 
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grazing (McPherson and Wright, 1990; Bahre, 1991; Swetnam et al., 1992; Swetnam and Baisan, 1996; 

Swetnam and Betancourt, 1998; Fulé et al., 2005), and the introduction of invasive plants. 

 

The most important threats, based on high likelihood of occurrence and high threat severity, under Forest 

Service management authority to piñon-juniper woodland include (Appendix E table 12) fire suppression, 

human-caused fires and roads, highways and utility corridors. These threats types include modification of 

natural processes, transportation and habitat conversion which have negative consequences to ecological 

composition, structure, function and processes. Other anthropogenic threats include feral equine, wild 

ungulate and livestock grazing/browsing, and off highway vehicles (OHV); invasive plants are an 

additional threat. The most important threat, based on high likelihood of occurrence and high threat 

severity outside of agency authority is climate change, and this is likely to intensify (Beschta et al., 2013) 

and be compounding all other identified threats. According to Barger et al. (2009), given future climate 

projections of increasing temperature and more extended drought periods, regeneration of piñon 

populations following the recent dieback throughout the Southwest may be slow. Moreover, prolonged 

drought combined with potentially slow regeneration for piñon under future climate scenarios could result 

in substantial declines in piñon populations across the Southwest. Robles and Enquist (2010) have 

identified piñon-juniper woodland as one of the most vulnerable habitats to climate change in the 

Southwest, based on temperature change and the number of species of conservation concern. According 

to Clifford et al. (2011), regional-scale climatic influences may be more important than land use legacies 

in controlling tree cover of semiarid woodlands over long time scales. Climate-related changes can not 

only affect public-land ecosystems directly, but may exacerbate the aggregate effects of non-climatic 

stressors, such as habitat modification and pollution caused by logging, mining, grazing, roads, water 

diversions, and recreation (Root et al., 2003; CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). 

Other threats outside Forest Service management authority include insect, disease, parasites and/or 

pathogens outbreaks (epidemic), wild ungulate grazing/browsing, and urban development. These threats 

types include habitat conversion and invasive species which have negative consequences to ecological 

composition, structure, function and processes. Excessive ungulate grazing/browsing, uncharacteristic 

erosion and sedimentation are additional threats. 
 

Appendix E table 11. Recommended actions in evaluating threats/risks for the piñon-juniper woodland PNVT 
in relation to its low woody overstory vegetation departure from HRV and current trend toward HRV 

Current Departure from 
HRV1 is 26 Percent 

Piñon-Juniper Woodland PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV2 
away from HRV 
(or unknown) 

Significant (LOW, 

moderate, high or severe) 

Legacy of past management or 

deviation from ongoing activities; 

evaluate threats/risks and system 
reversibility 

Risk addressed; continue current 

management and identify 

restoration opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 

HRV) 

No risk; continue current 

management 

No risk; continue current 

management 

Potential risk; evaluate magnitude of 

future deviations, threats and system 
reversibility 

1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 
4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

2 
See figure 14; under current management (Alternative A), within the 15-year planning period, movement is towards HRV 

 

Risks: The above threats pose the following risks, many of these risks when functioning together are 

additive and have compounding affects with negative consequences to ecological composition, structure, 

function and processes. Specifically by affecting vegetation health (atypical composition, structure and 

function), soil compaction, erosion, sedimentation and loss of soil fertility, altered watershed and 

hydrologic functions, reduced water quality and quantity, riparian, aquatic and terrestrial locales loss, 

degradation and fragmentation of these habitats within this PNVT, altered fire regime, introduction and 

spread of invasive plants, modification of natural processes, change in ecological potentials, species 
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extinction or reduction in population(s) and/or habitat(s), uncharacteristic wildfire, and inability to re-

establish natural wildfire processes. 

 

Again, the decline in herbaceous cover due to livestock grazing in concert with the disruption of the fire 

regime has been cited in a number of studies as the primary causative factor for the observed increase in 

tree densities in many piñon-juniper woodlands over the last 120 years (Brown, 1950; Bahre and Shelton, 

1993; Bock and Bock, 1993; Briggs et al., 2002b). Subtle shifts in herbaceous composition also occurred 

with grazing, with warm-season perennial grasses being favored at the expense of cool-season species 

(Jameson et al., 1962; Arnold et al., 1964; Baxter, 1977). Ungulate herbivory can alter vegetation 

composition, structure and function, as well as cause soil compaction and erosion, loss of soil 

microorganisms, reduction of moisture infiltration rates and increased runoff (Stoddart and Smith, 1955; 

Klemmedson, 1956; Ellison, 1960; Heady, 1975; Stoddart et al., 1975; Wood, 1980; Holechek et al., 

1998; Heitschmidt and Stuth, 1991; Fleischner, 1994; Belsky et al., 1999; Jamison and Raish, 2000; 

among others). Jones (2000) found that livestock grazing had significantly detrimental impacts on soils, 

litter cover, and biomass. The decline in herbaceous cover along with the direct effects of livestock 

grazing on soil compaction have also led to increased soil erosion rates at many sites (Baxter, 1977; 

Carrara and Carroll, 1979; Gottfried et al., 1995; Ernst and Pieper, 1996; Wilcox et al., 1996; Bogan et al., 

1998; Allen, 2001; Wood and Javed, 2001; Huffman et al., 2006b; among others). When erosion is 

severe, changes in the physical properties of soils and in the distribution and abundance of limiting 

nutrients can impede the re-establishment of herbaceous vegetation even when livestock grazing is 

eliminated (Koniak and Everett; 1982; Klopatek; 1987; Klopatek and Klopatek; 1987; Klopatek et al., 

1990; Laycock; 1991; Gottfried et al., 1995; Davenport et al., 1998; Breshears and Barnes; 1999; Allen; 

2001; among others).  

 

Alternative hypotheses implicating livestock grazing (without fire regime disruption), drought and climate 

variation in the post-settlement loss of grass cover, tree increases, and increased soil erosion have also 

been proposed (Floyd et al., 2000 and 2004; Romme et al., 2003). Additional studies are needed to 

unravel the effects of these factors on the historical fire regime and on post-settlement structural changes 

in the piñon-juniper woodland. Most piñon-juniper woodlands in the Southwest have high soil erosion 

potential (i.e. erosion rates are more sensitive to changing vegetative cover and can cross a threshold more 

easily than in regions with lower intensity precipitation events) (Gori and Bate, 2007). In addition, there 

has been a loss of cool season perennial grasses which historically predominate in the herbaceous layer 

where winter rainfall exceeded summer (Ernest et al., 1993). It has also been reported (Brockway et al., 

2002), that a combination of frequent fire and competition from cool-season grasses effectively exclude 

juniper during the critical period of seedling establishment. 
 

Reversibility: Some threats/risks are not reversible under Forest Service authority such as urban 

development. Even though this threat/risk is not within agency authority, the forests have a responsibility 

to assess, address, develop and implement appropriate management responses that mitigate undesirable 

consequences to National Forest System Lands. On the other hand, some threats/risks may be reversible 

such as, epidemic insect, disease and parasites and/or pathogens outbreaks depending on spatial scale. 

With uncharacteristic erosion – there may be irreversible conditions – soil loss, uncharacteristic 

succession, habitat modification, loss and/or fragmentation (reduces species’ population and/or viability). 

Some effects of infestations by invasive plants and areas of infestation are reversible depending on 

species and spatial scale. Risks from fire suppression and human-caused fires can be minimized and in 

many cases reversed. Some effects of livestock grazing and OHVs are also reversible depending on 

severity of change and spatial scale. According to Loeser et al. (2007), changes in climate affecting 

precipitation, may cause some ecological alterations to be persistent. 
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Appendix E table 12. A-SNFs’ risks to the piñon-juniper woodland PNVT based on identified threats. Threats are categorized as either under agency 
management authority or outside agency management authority as well as threat type and estimated risk of high (H) or moderate (M) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Fire suppression policy Modification of natural processes H H     
Forest management practices (vegetation 

treatments) 

Consumptive biological use M M     

Human-caused fire Habitat conversion H H     
Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Off-highway vehicles (OHVs) Non-consumptive biological use M H     
Roads, highways and utility corridors Transportation/habitat conversion H H     

Outside Agency Management Authority       

Climate change Modification of natural processes/habitat 

conversion 

H H     

Drought Habitat conversion M M     
Insect, disease, parasites and/or pathogens 

outbreaks (epidemic) 

Invasive species/habitat conversion H H     

Uncharacteristic erosion Habitat conversion M H     
Uncharacteristic sedimentation Habitat conversion M H     
Urban development Habitat conversion H H     

Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3     

Total (under/outside agency management authority)   8/7 7/7 7/7 7/6 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 

biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags 
and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions within this PNVT 
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Opportunities: Vegetation treatments and silvicultural opportunities that restore and promote woodland 

vegetative structure and composition that approximates HRV to promote stands of larger trees in more 

open canopy configuration and reduction in the small sized trees with closed canopies.; manage fire as an 

integral component of ecosystem sustainability; restoration of natural processes and existing conditions 

that have been compromised by the legacy of livestock management and fire suppression. Evaluate the 

ecological costs and appropriateness of livestock grazing within this woodland PNVT given the extensive 

amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological 

status (roughly 90 percent) not meeting desired conditions. Continuing livestock grazing use should be 

assessed to determine if it is consistent with ecological recovery, particularly as the climate shifts (Karr 

and Rossano, 2001; Karr, 2004; LaPaix et al., 2009; Beschta et al., 2013) to reduce or eliminate cascading 

effects (Kondolf, 1994; Rhodes et al.,1994; Beschta et al., 2013), and to be compatible with maintaining 

or recovering key ecological functions and native species and habitats (Beschta et al., 2013). In addition, 

implement the recommended guidelines for restocking burned area (USFS, 2008c) as the consequence of 

fire. 

 

Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 

 
Ecological Need for Change in Management Activities 

 

Emerging and related concerns are the homogenization of the flora of this PNVT. The diversity of native 

plants contributes to the maintenance and enhancement of above- and belowground biological interactions 

that keep ecological interactions intact (Printz et al., 2014). Disruptions in plant diversity by loss of 

species that are potentially important to the site and the threat to native species posed by exotic species 

that spread in response to human activities create a host of issues related to ecosystem health. There is a 

need for ecological change within this PNVT so that it is more resistant (withstand and maintain normal 

function) and resilient (recover from) to disturbances within its HRV. Resiliency requires forest 

characteristics such as fuel loading, species composition and stand structures be compatible with 

restoration of frequent surface fire functional processes. There is a need for ecological change because 

this PNVT has experienced similar stand structural shifts as in the ponderosa pine and dry mixed conifer 

forest PNVTs. More woody stems per acre have resulted in decreased herbaceous vegetation, increased 

bare ground with subsequent reductions in organic matter, soil fertility and concurrent increases in 

erosion and sedimentation. 

 

There is an ecological need to restore composition and structure and sustain ecological processes in this 

woodland community. Within the piñon-juniper woodland there is an over representation of young-aged 

woody species with a closed canopy aspect. The current type and rate of management activities (where 

recurring disturbances, such as grazing (e.g., zootic disclimax) exert the predominant influence in 

maintaining the structure and composition of the steady-state vegetation within this PNVT) will not 

restore or move the composition and structure of these woodlands on the A-SNFs to anything 

approaching their HRV, and therefore, will not likely prevent additional losses of soil and site 

productivity or to reduce the fire severity or change fire frequency. There has been a steady-state shift in 

herbaceous understory vegetation structure and composition from tall- and mid-grass cool-season species 

to mid- and short-grass warm-season species. This PNVT contributes roughly 12 percent of the A-SNFs’ 
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acres and is continuing to expand its range into neighboring grassland communities. In addition, invasive 

plants will continue to displace native species and disrupt and/or modify ecological processes within these 

communities. There is a need for change to prevent, eradicate and/or control invasive plant infestations to 

avert the loss of biological diversity, disruption and/or modification ecological processes within these 

woodlands. 

 

Because of the degree of departure and proportion of this PNVT off-forest; the A-SNFs provide a notable 

contribution to the sustainability of this woodland PNVT. Desired changes include management activities 

that also influence understory herbaceous species cover and species richness that is more closely 

associated with HRV by: 

 

 Stabilizing soils and re-establish dominance of the native plant communities on moderate to high 

severity burn areas 

 Reducing overstory density to restore open woodland conditions 

 Reducing grazing pressure 

 Restoring understory herbaceous vegetation to moderately-high to high ecological condition 

 Restoring dominance of seral fire-adapted species 

 Promoting regeneration of shade intolerant seral species 

 Reducing understory and overstory dominance of shade tolerant species 

 Restoring frequent surface fire as a functional ecological process 

 Preventing, controlling and eradicating invasive plants 

 

There is also a need to maintain or improve ecosystem conditions to be resistant to and resilient in 

response to climate change. 

 

 

Threat/Risk Assessment for Grassland PNVTs 
 
 
Great Basin Grassland PNVT  

 
When assessing threats and risks to Great Basin grassland it is necessary to evaluate the relationship 

between current departure from HRV and trend in relation to HRV (Appendix E table 13). In this case, 

assess the legacy of past management or deviation from ongoing management activities, evaluate 

threats/risks and system reversibility. In relation to HRV, departure is high, and the current trend is away 

from HRV; risks are not addressed. Discontinue current management and identify restoration 

opportunities for this PNVT. 

 
In regards to the current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of 

the lands capable
37

 of supporting livestock grazing, Great Basin grassland ranks 2
nd

 out of the 14 PNVTs 

in the amount of capable grazing lands not meeting desired conditions, roughly 87 percent (Appendix D - 

addendum figure 16). 

 

Threats: Noss et al. (1995) conclude that grasslands were among the most endangered ecosystems in the 

U.S., and that of those ecotypes that were most severely degraded, grasslands suffered areal losses that 

were threefold greater than any other ecosystem. The most important threats, based on high likelihood of 

occurrence and high threat severity, under Forest Service management authority to Great Basin grassland 

include (Appendix E table 14) fire suppression, woody species encroachment and establishment, human-

caused fires and roads, highways and corridors. These threats types include modification of natural 
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processes and habitat conversion which have negative consequences to ecological composition, structure, 

function and processes. Other include feral equine, wild ungulate and livestock grazing/browsing, and off 

highway vehicles (OHV); invasive plants are an additional threat. The most important threat, based on 

high likelihood of occurrence and high threat severity outside of agency authority is climate change, and 

this is likely to intensify (Beschta et al., 2013) and be compounding all other identified threats. Climate-

related changes can not only affect public-land ecosystems directly, but may exacerbate the aggregate 

effects of non-climatic stressors, such as habitat modification and pollution caused by logging, mining, 

grazing, roads, water diversions, and recreation (Root et al., 2003; CEQ, 2010; Barnosky et al., 2012; 

Beschta et al., 2013). Other threats outside Forest Service management authority include urban 

development, wild ungulate grazing/browsing, uncharacteristic erosion, sedimentation and wildfire. These 

threats types include habitat conversion and consumptive biological uses which have negative 

consequences to ecological composition, structure, function and processes. Drought is an additional 

threat. 
 

Appendix E table 13. Recommended actions in evaluating threats/risks for the Great Basin grassland PNVT 
in relation to its high woody overstory vegetation departure from HRV and current trend away from HRV 

Current Departure from 
HRV1 is 67 Percent 

Great Basin Grassland PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV 
away from HRV 
(or unknown)2 

Significant (low, moderate, 

HIGH or severe) 

Legacy of past management or 

deviation from ongoing activities; 

evaluate threats/risks and system 
reversibility 

Risk addressed; continue current 

management and identify restoration 

opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 

HRV) 

No risk; continue current 

management 

No risk; continue current 

management 

Potential risk; evaluate magnitude of 

future deviations, threats and system 
reversibility 

1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 
4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

2 See figure 17; under current management (Alternative A), within the 15-year planning period, movement is away from HRV 

 

Risks: The above threats pose the following risks with negative consequences to ecological composition, 

structure, function and processes. Specifically by affecting vegetation health (atypical composition, 

structure and function), soil compaction, erosion, sedimentation and loss of soil fertility, altered 

watershed and hydrologic functions, reduced water quality and quantity, riparian, aquatic and terrestrial 

locales loss, degradation and fragmentation of these habitats within this PNVT, altered fire regime, 

introduction and spread of invasive plants, modification of natural processes, change in ecological 

potentials, species extinction or reduction in population(s) and/or habitat(s), uncharacteristic wildfire, and 

inability to re-establish natural wildfire processes. 

 

According to Gori and Enquist (2003) and Enquist and Gori (2005), changes in the structure and function 

of grassland systems have been noted as the primary cause of the loss of native diversity within 

grasslands (Stacey 1995). Finch (2004) identified and summarized the major threats to grassland 

biological diversity as the loss of natural fire cycles, overgrazing by livestock (Fleischner et al., 1994), 

prairie dog eradication, exotic grasses, shrub encroachment, erosion, and habitat fragmentation. The 

Arizona Statewide Grasslands Assessment (Gori and Enquist, 2003; Enquist and Gori, 2005) documented 

several of these factors as threats to grasslands on the A-SNFs. In particular, over 70 percent of grasslands 

on the A-SNFs whose current condition were assessed are woody species invaded.  

 

Reversibility: Some threats/risks are not reversible under Forest Service authority such as: drought, 

uncharacteristic erosion and sedimentation and excessive ungulate grazing. Even though these 

threats/risks are not within agency authority, the forests have a responsibility to assess, address, develop 

and implement appropriate management responses that mitigate undesirable consequences to National 

Forest System Lands. On the other hand, some threats/risks are reversible such as: potential decline from 
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uncharacteristic erosion may be partially reversible depending on scale. With uncharacteristic fires – there 

may be irreversible conditions - soil loss, uncharacteristic succession, habitat modification/loss/ 

fragmentation (reduces species’ population and/or viability), Some effects of infestations by invasive 

plants and areas of infestation are reversible depending on species and spatial scale, Risks from fire 

suppression, human-caused fires and roads, highways and corridors can be minimized and in many cases 

be reversed, Some effects of livestock grazing/browsing are reversible depending on severity of change 

and spatial scale. However, according to Loeser et al. (2007), changes in climate affecting precipitation, 

may cause some ecological alterations to be persistent. 
 

There is increasing evidence that climate change is resulting in more ecosystems crossing thresholds of 

change (CCSP, 2009; Bush et al., 2010). Woody species encroachment and establishment into the Great 

Basin grasslands has been extensive spatially. It is estimated that roughly 68 percent or over 120,800 

acres have been invaded, to a lesser or greater degree. Roughly 70 percent or over 84,500 acres may not 

be restorable to their former grassland state depending on the severity of change (presence of woody 

species, loss of soil, productivity and production potential). 

 

Opportunities: Vegetation treatments and silvicultural opportunities that restore and promote grassland 

vegetative structure and composition that approximates HRV; manage fire as an integral component of 

ecosystem sustainability; restoration of natural processes and existing conditions that have been 

compromised by the legacy of livestock management. Evaluate the ecological costs and appropriateness 

of livestock grazing within this grassland PNVT given the extensive amount of herbaceous understory 

vegetation acres classified as being in low to moderately-low ecological status (roughly 90 percent) not 

meeting desired conditions. Continuing livestock grazing use should be assessed to determine if it is 

consistent with ecological recovery, particularly as the climate shifts (Karr and Rossano, 2001; Karr, 

2004; LaPaix et al., 2009; Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 1994; 

Rhodes et al.,1994; Beschta et al., 2013), and to be compatible with maintaining or recovering key 

ecological functions and native species and habitats (Beschta et al., 2013). In addition, implement the 

recommended guidelines for restocking burned area (USFS, 2008c) as the consequence of fire. As noted 

by Finch (2004), maintaining grasslands at sufficient scales is vital for supporting grassland-dependent 

species, as habitat fragmentation has detrimental effects on grassland biological diversity. These grassland 

areas provide a valuable opportunity to manage grasslands on the forests, and to partner with adjacent 

landowners, to restore grassland function and structure at sufficient scales to ensure the sustainability of 

species that depend on this system. 

 

Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 
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Appendix E table 14. A-SNFs’ risks to the Great Basin grassland PNVT based on identified threats. Threats are categorized as either under agency 
management authority or outside agency management authority as well as threat type and estimated risk of high (H) or moderate (M) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Fire suppression policy Modification of natural processes H H     
Human-caused fire Habitat conversion H H     
Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Off-highway vehicles (OHVs) Non-consumptive biological use M H     
Roads, highways and utility corridors Transportation/habitat conversion H H     
Woody species encroachment 

 and establishment 

Modification of natural processes/habitat 

conversion 

H H3 
    

Outside Agency Management Authority       

Climate change Modification of natural processes/habitat 

conversion 

H H     

Drought Habitat conversion M M     
Excessive ungulate grazing/browsing Consumptive biological use M H     
Uncharacteristic erosion Habitat conversion M H     
Uncharacteristic sedimentation Habitat conversion M H     
Uncharacteristic wildfire Habitat conversion M H     
Urban development Habitat conversion H H     

Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Total (under/outside agency management authority)   8/8 7/8 8/8 8/7 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 

Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 
biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags 
and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions within this PNVT 
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Ecological Need for Change in Management Activities 

 

Encroachment of woody tree species is so extensive; that while standing within many areas of this PNVT 

actually gives one the impression of being in a piñon-juniper woodland rather than a grassland. Emerging 

and related concerns are the homogenization of the flora of this PNVT and the loss of diversity and the 

threat to native species posed by exotic species that spread in response to human activities. There is an 

ecological need to restore composition and structure and sustain ecological processes in this woodland 

community. Restoration of conditions such that the Great Basin grassland is resistant and resilient to 

disturbances within its HRV. The Arizona Statewide Grassland Assessment (Gori and Enquist, 2003; 

Enquist and Gori, 2005) identified approximately 346,700 acres of extant and historic grasslands on the 

A-SNFs consisting of both the Great Basin and semi-desert grasslands (Appendix E table 15), 

representing approximately 14 percent of the Forests. An additional 23,600 acres of historic grassland 

were identified, but no locations were given; however, the current condition of these grasslands was not 

determined and these acres are not included in percentage calculations. Overall, the A-SNFs manage 

roughly 18 percent of all grasslands, 23 percent of restorable grasslands, and 40 percent of former 

grasslands that occur on National Forests in Arizona. The majority (70 percent) of grasslands on the A-

SNFs are in restorable native condition, with the remainder (30 percent) in former grassland condition. 

 
Appendix E table 15. Acres of Great Basin grassland PNVT in two condition types, restorable and non-
restorable occurring on three ranger districts on the A-SNFs (adopted and modified from Gori and Enquist, 
2003; Schussman and Gori, 2004; Enquist and Gori, 2005; Vander Lee et al., 2006) 

Ranger District  

Great Basin Grassland PNVT 

restorable1 non-restorable (former grassland)1 total 

acres percent2 acres percent2 acres percent3 

Black Mesa  105,617 100 0 0 105,617 57 

Lakeside  23,164 31 52,785 70 75,949 41 

Springerville  0 0 3,956 100 3,956 2 

Total  128,782 - 56,741 - 185,523 100 
1 

Based on data from Gori and Enquist (2003) 
2 Percent of total grasslands on each ranger district in that grassland condition type  
3 Percent of total grasslands on A-SNFs on each ranger district 

 

The largest proportion of identified Great Basin grassland occurs on the Black Mesa RD followed by the 

Lakeside RD. According to Gori and Enquist (2003), all of the grasslands on the Black Mesa RD were 

identified as being in restorable native condition, meaning that they have been encroached by woody 

species, but have the potential to be restored to open native condition. This area of restorable grasslands is 

the largest contiguous area on National Forests in Arizona with this potential. On the Lakeside RD, a 

large proportion of grasslands has woody species encroachment, and has likely undergone a type 

conversion with little potential to be restored to open native grassland condition. 

 

A key characteristic of these encroached grasslands are their potential for restoration. However, without 

drastic measures such as mechanical removal of shrubs, it is unlikely that management of fire and grazing 

regimes alone will be sufficient to restore historic grass dominance (Briggs et al., 2005). The potential to 

restore woody encroached grasslands is affected by a complex web of interacting physical and biological 

factors that include soil, climate, topography, grazing, invasive plants, and fire. Woody cover can be 

reduced with prescribed burns when sufficient fuels are present to carry a fire of adequate intensity (Gori 

and Backer, 2005). Often, the fuels required to allow fires of adequate intensity to achieve this goal are 

lacking, and areas must be rested from grazing to allow fuels to accumulate. The number of growing 

seasons of rest needed to accumulate these fuels varies from site to site. 
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Approximately 129,866 acres (70%) of the Great Basin grasslands on the A-SNFs have exceeded a 

threshold of woody canopy cover between 10 and 30 percent and another 33,394 acres (18%) have 

exceeded a threshold of woody canopy cover greater than 30 percent. These numbers indicate a type 

conversion from grassland to shrub/woodland. This transition can result in a likely permanent loss of 

grassland systems and the species that depend on them. Even given long periods (50 years) of grazing 

rest, it is unlikely that some of these former grasslands can be restored to open native conditions 

(Hennessy et al., 1983). While increases in perennial grass cover may occur (Valone et al., 2002) at 

certain sites based upon soil type, erosion, levels of soil trampling and compaction and shrub species 

composition, it is unlikely that these sites will accumulate sufficient fine fuels to carry a fire intense 

enough to reduce shrub cover and restore open grassland conditions. 

 

Because of the degree of departure and proportion of this PNVT off-forest; the A-SNFs provide a notable 

contribution to the sustainability of this woodland PNVT. Desired changes include management activities 

that also influence understory herbaceous species cover and species richness that is more closely 

associated with HRV by: 

 

 Stabilizing soils and re-establish dominance of the native plant communities on moderate to high 

severity burn areas 

 Restoring herbaceous vegetation to moderately-high to high ecological condition 

 Reducing grazing pressure 

 Reducing overstory density to restore open grassland conditions 

 Restoring dominance of seral fire-adapted species 

 Promoting regeneration of shade intolerant seral species 

 Restoring frequent surface fire as a functional ecological process 

 Preventing, controlling and eradicating invasive plants 

 

There is also a need to maintain or improve ecosystem conditions to be resistant to and resilient in 

response to climate change. 

 
 
Semi-desert Grassland PNVT 

 
When assessing threats and risks to semi-desert grassland it is necessary to evaluate the relationship 

between current departure from HRV and trend in relation to HRV (Appendix E table 16). In this case, 

assess the legacy of past management or deviation from ongoing management activities, evaluate 

threats/risks and system reversibility. In relation to HRV, departure is high, and the current trend is away 

from HRV; risks are not addressed. Discontinue current management and identify restoration 

opportunities for this PNVT. 

 

In regards to the current herbaceous understory vegetation ecological status
34

 and range condition
35, 36

 of 

the lands capable
37

 of supporting livestock grazing, semi-desert grassland PNVT ranks 9
th
 out of the 14 

PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 52 percent 

(Appendix D - addendum figure 17). 
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Appendix E table 16. Recommended actions in evaluating threats/risks for the semi-desert grassland PNVT 
in relation to its high woody overstory vegetation departure from HRV and current trend away from HRV 

Current Departure from 
HRV1 is 79 Percent 

Semi-desert Grassland PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV 
away from HRV 
(or unknown)2 

Significant (low, moderate, 
HIGH or severe) 

Legacy of past management or 
deviation from ongoing activities; 

evaluate threats/risks and system 

reversibility 

Risk addressed; continue current 
management and identify restoration 

opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 
HRV) 

No risk; continue current 
management 

No risk; continue current 
management 

Potential risk; evaluate magnitude of 
future deviations, threats and system 

reversibility 
1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 

4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 
2 See figure 18; under current management (Alternative A), within the 15-year planning period, movement away from HRV 

 

Threats: Noss et al. (1995) concluded that grasslands were among the most endangered ecosystems in the 

U.S., and that of those ecotypes that were most severely degraded, grasslands suffered areal losses that 

were threefold greater than any other ecosystem. The most important threats, based on high likelihood of 

occurrence and high threat severity, under Forest Service management authority to semi-desert grassland 

include (Appendix E table 17) fire suppression, woody species encroachment and establishment, human-

caused fires and roads, highways and corridors. These threats types include modification of natural 

processes and habitat conversion which have negative consequences to ecological composition, structure, 

function and processes. Other anthropogenic threats include feral equine, wild ungulate and livestock 

grazing, and off highway vehicles (OHV); invasive plants are an additional threat. The most important 

threat, based on high likelihood of occurrence and high threat severity outside of agency authority is 

climate change, and this is likely to intensify (Beschta et al., 2013) and be compounding all other 

identified threats. Climate-related changes can not only affect public-land ecosystems directly, but may 

exacerbate the aggregate effects of non-climatic stressors, such as habitat modification and pollution 

caused by logging, mining, grazing, roads, water diversions, and recreation (Root et al., 2003; CEQ, 

2010; Barnosky et al., 2012; Beschta et al., 2013). Other threats outside Forest Service management 

authority include urban development, wild ungulate grazing/browsing, uncharacteristic erosion, 

sedimentation and wildfire. These threats types include habitat conversion and consumptive biological 

uses which have negative consequences to ecological composition, structure, function and processes. 

Drought is an additional threat. 

 

Risks: The above threats pose the following risks with negative consequences to ecological composition, 

structure, function and processes. Specifically by affecting vegetation health (atypical composition, 

structure and function), soil compaction, erosion, sedimentation and loss of soil fertility, altered 

watershed and hydrologic functions, reduced water quality and quantity, riparian, aquatic and terrestrial 

locales loss, degradation and fragmentation of these habitats within this PNVT, altered fire regime, 

introduction and spread of invasive plants, modification of natural processes, change in ecological 

potentials, species extinction or reduction in population(s) and/or habitat(s), uncharacteristic wildfire, and 

inability to re-establish natural wildfire processes. 
 

According to Gori and Enquist (2003), changes in the structure and function of grassland systems have 

been noted as the primary cause of the loss of native diversity within grasslands (Stacey, 1995). Finch 

(2004) identified and summarized the major threats to grassland biological diversity as the loss of natural 

fire cycles, overgrazing by livestock (Fleischner et al., 1994), prairie dog eradication, exotic grasses, 

shrub encroachment, erosion, and habitat fragmentation. The Arizona Statewide Grasslands Assessment 

(Gori and Enquist, 2003; Enquist and Gori, 2005) documented several of these factors as threats to 

grasslands on the A-SNFs. In particular, over 70 percent of grasslands on the A-SNFs whose current 

condition were assessed are encroached by woody species.  
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Reversibility: Some threats/risks are not reversible under Forest Service authority such as: drought, 

uncharacteristic erosion and sedimentation and excessive ungulate grazing. Even though these 

threats/risks are not within agency authority, the forests have a responsibility to assess, address, develop 

and implement appropriate management responses that mitigate undesirable consequences to National 

Forest System Lands. On the other hand, some threats/risks are reversible such as: potential decline from 

uncharacteristic erosion may be partially reversible depending on scale. With uncharacteristic fires – there 

may be irreversible conditions – soil loss, uncharacteristic succession, habitat modification/loss/ 

fragmentation (reduces species’ population and/or viability), Some effects of infestations by invasive 

plants and areas of infestation are reversible depending on species and spatial scale, Risks from fire 

suppression, human-caused fires and roads, highways and corridors can be minimized and in many cases 

be reversed, Some effects of livestock grazing/browsing are reversible depending on severity of change 

and spatial scale. However, according to Loeser et al. (2007), changes in climate affecting precipitation, 

may cause some ecological alterations to be persistent. Peters et al. (2012) suggest that a long-term 

decrease in precipitation will accelerate current desertification trends with continuing loss of grasslands. 

On the contrary, they also suggest that a multi-year increase in precipitation can act to: (1) decrease the 

rate of grassland to shrubland conversion, and (2) convert desertified shrublands to savannas containing 

mixtures of shrubs and grasses, and potentially a return to grasslands in the future. 

 

However, there is increasing evidence that climate change is resulting in more ecosystems crossing 

thresholds of change (CCSP, 2009; Bush et al., 2010). Woody species encroachment and establishment 

into the semi-desert grasslands has been extensive spatially. It is estimated that roughly 80 percent or over 

86,000 acres have been encroached, to a lesser or greater degree. Roughly 36 percent or nearly 38,500 

acres may not be restorable to their former grassland state depending on the severity of change (presence 

of woody species, loss of soil, productivity and production potential). 

 

Opportunities: Vegetation treatments and silvicultural opportunities that restore and promote grassland 

vegetative structure and composition that approximates HRV; manage fire as an integral component of 

ecosystem sustainability; restoration of natural processes and existing conditions that have been 

compromised by the legacy of livestock management. Evaluate the ecological costs and appropriateness 

of livestock grazing within this grassland PNVT given the extensive amount of herbaceous understory 

vegetation acres classified as being in low to moderately-low ecological status (roughly 60 percent) not 

meeting desired conditions. Continuing livestock grazing use should be assessed to determine if it is 

consistent with ecological recovery, particularly as the climate shifts (Karr and Rossano, 2001; Karr, 

2004; LaPaix et al., 2009; Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 1994; 

Rhodes et al.,1994; Beschta et al., 2013), and to be compatible with maintaining or recovering key 

ecological functions and native species and habitats (Beschta et al., 2013). In addition, implement the 

recommended guidelines for restocking burned area (USFS, 2008c) as the consequence of fire. As noted 

by Finch (2004), maintaining grasslands at sufficient scales is vital for supporting grassland-dependent 

species, as habitat fragmentation has detrimental effects on grassland biological diversity. These grassland 

areas provide a valuable opportunity to manage grasslands on the forests, and to partner with adjacent 

landowners, to restore grassland function and structure at sufficient scales to ensure the sustainability of 

species that depend on this system. 
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Appendix E table 17. A-SNFs’ risks to the semi-desert grassland PNVT based on identified threats. Threats are categorized as either under agency 
management authority or outside agency management authority as well as threat type and estimated risk of high (H) or moderate (M) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Fire suppression policy Modification of natural processes H H     
Human-caused fire Habitat conversion H H     
Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 
natural processes/habitat conversion 

H H3     

Off-highway vehicles (OHVs) Non-consumptive biological use M H     
Roads, highways and utility corridors Transportation/habitat conversion H H     
Woody species encroachment and establishment Modification of natural processes/habitat 

conversion 
H H3 

    

Outside Agency Management Authority       

Climate change Modification of natural processes/habitat 
conversion 

H H     

Drought Habitat conversion M M     
Uncharacteristic erosion Habitat conversion M H     
Uncharacteristic sedimentation Habitat conversion M H     
Uncharacteristic wildfire Habitat conversion M H     
Urban development Habitat conversion H H     

Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Total (under/outside agency management authority)   8/7 7/7 8/7 8/6 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 

biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags 
and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions within this PNVT 
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Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 

 
Ecological Need for Change in Management Activities 

 
Encroachment of woody tree species is so extensive; that while standing within many areas of this PNVT 

actually gives one the impression of being in a pine-oak woodland rather than a grassland. Emerging and 

related concerns are the homogenization of the flora of this PNVT and the loss of diversity and the threat 

to native species posed by exotic species that spread in response to human activities. There is an 

ecological need to restore composition and structure and sustain ecological processes in this woodland 

community; restoration of conditions such that the semi-desert grassland is resistant and resilient to 

disturbances within its HRV. Gori and Enquist (2003) identified approximately 346,700 acres of extant 

and historic grasslands on the A-SNFs consisting of both the semi-desert and Great Basin grasslands, 

representing approximately 14 percent of the Forests.  

  
A key characteristic of woody invaded grasslands is its restoration potential. However, without drastic 

measures such as mechanical removal of shrubs, it is unlikely that management of fire and grazing 

regimes alone will be sufficient to restore historic grass dominance (Briggs et al., 2005). The potential to 

restore woody-invaded grasslands is affected by a complex web of interacting physical and biological 

factors that include climate, topography, grazing, invasive plants, and fire. Woody cover can be reduced 

with prescribed burns when sufficient fuels are present to carry a fire of adequate intensity (Gori and 

Backer 2005). Often, the fuels required to allow fires of adequate intensity to achieve this goal are 

lacking, and areas must be rested from grazing to allow fuels to accumulate. The number of growing 

seasons of rest needed to accumulate these fuels varies from site to site. 

 

According to Gori and Enquist (2003), approximately 30 percent of grasslands on the A-SNFs have 

exceeded a threshold of 35 percent woody cover that indicates a type conversion from grassland to 

shrub/woodland (Appendix E table 18). This transition can result in a likely permanent loss of grassland 

systems and the species that depend on them. Even given long periods (50 years) of grazing rest, it is 

unlikely that some of these former grasslands can be restored to open native conditions (Hennessy et al., 

1983). While increases in perennial grass cover may occur (Valone et al., 2002) at certain sites based 

upon soil type, erosion and shrub species composition, it is unlikely that these sites will accumulate 

sufficient fine fuels to carry a fire intense enough to reduce shrub cover and restore open grassland 

conditions.  

 

There is increasing evidence that climate change is resulting in more ecosystems crossing thresholds of 

change (CCSP, 2009; Bush et al., 2010). Approximately 23,529 acres (22%) of the semi-desert grasslands 

on the A-SNFs have exceeded a threshold of woody canopy cover between 10 and 30 percent and another 

60,963 acres (57%) have exceeded a threshold of woody canopy cover greater than 30 percent. These 

numbers indicate a type conversion from grassland to shrub/woodland. This transition can result in a 

likely permanent loss of grassland systems and the species that depend on them. Even given long periods 

(50 years) of grazing rest, it is unlikely that some of these former grasslands can be restored to open 

native conditions (Hennessy et al., 1983). While increases in perennial grass cover may occur (Valone et 

al., 2002) at certain sites based upon soil type, erosion, levels of soil trampling and compaction, and shrub 
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species composition, it is unlikely that these sites will accumulate sufficient fine fuels to carry a fire 

intense enough to reduce shrub cover and restore open grassland conditions. 

 
Appendix E table 18. Acres of semi-desert grassland PNVT in two condition types, restorable and non-
restorable occurring on the A-SNFs (adopted and modified from Gori and Enquist, 2003; Schussman and 
Gori, 2004; Enquist and Gori, 2005; Vander Lee et al., 2006) 

Clifton Ranger 
District  

Semi-desert Grassland PNVT 

restorable1 non-restorable (former grassland)1 total 

acres percent2 acres percent2 acres percent3 

Total 68,664 64.2 38,288 35.8 106,592 100.0 
1Based on data from Gori and Enquist (2003) 
2 

Percent of total grasslands on each ranger district in that grassland condition type  
3 Percent of total grasslands on A-SNFs on each ranger district 

 

Because of the degree of departure and proportion of this PNVT off-forest; the A-SNFs provide a notable 

contribution to the sustainability of this woodland PNVT. Desired changes include management activities 

that also influence understory herbaceous species cover and species richness that is more closely 

associated with HRV by: 

 

 Stabilizing soils and restoring ground cover 

 Restoring herbaceous vegetation to moderately-high to high ecological condition 

 Reducing grazing pressure 

 Reducing overstory density to restore open grassland conditions 

 Restoring dominance of seral fire-adapted species 

 Promoting regeneration of shade intolerant seral species 

 Restoring frequent surface fire as a functional ecological process 

 Preventing, controlling and eradicating invasive plants 

 

There is also a need to maintain or improve ecosystem conditions to be resistant to and resilient in 

response to climate change. 

 
 
Montane/Subalpine Grasslands PNVT  
 
When assessing threats and risks to montane/subalpine grasslands it is necessary to evaluate the 

relationship between current departure from HRV and trend in relation to HRV (Appendix E table 19). In 

this case, assess the legacy of past management or deviation from ongoing management activities, 

evaluate threats/risks and system reversibility. In relation to HRV, departure is moderate; however, the 

current trend is away from HRV; risks are not addressed. Discontinue current management and identify 

restoration opportunities for this PNVT. 

 

In regards to the current herbaceous understory vegetation ecological status
34

 and range condition
35, 36

 of 

the lands capable
37

 of supporting livestock grazing, montane/subalpine grasslands PNVT has the least out 

of the 14 PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 20 

percent (Appendix D - addendum figure 18). 
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Appendix E table 19. Recommended actions in evaluating threats/risks for the montane/subalpine grasslands 
PNVT in relation to its moderate woody overstory vegetation departure from HRV and current trend away 
from HRV 

Current Departure from 
HRV1 is 54 Percent 

Montane/Subalpine Grasslands PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV 
away from HRV 
(or unknown) 

Significant (low, 

MODERATE, high or severe) 

Legacy of past management or 

deviation from ongoing activities; 
evaluate threats/risks and system 

reversibility 

Risk addressed; continue current 

management and identify restoration 
opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 
HRV) 

No risk; continue current 
management 

No risk; continue current 
management 

Potential risk; evaluate magnitude of 
future deviations, threats and system 

reversibility 
1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 

4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

 

Threats: As mentioned previously, Noss et al. (1995) concluded that grasslands were among the most 

endangered ecosystems in the U.S., and that of those ecotypes that were most severely degraded, 

grasslands suffered areal losses that were threefold greater than any other ecosystem. The most important 

threats, based on high likelihood of occurrence and high threat severity, under Forest Service management 

authority to montane/subalpine grasslands include (Appendix E table 20) fire suppression, woody species 

encroachment and establishment, human-caused fires and roads, highways and corridors. These threats 

types include modification of natural processes and habitat conversion which have negative consequences 

to ecological composition, structure, function and processes. Other anthropogenic threats include feral 

equine, wild ungulate and livestock grazing, and off highway vehicles (OHV); invasive plants are an 

additional threat. The most important threat, based on high likelihood of occurrence and high threat 

severity outside of agency authority is climate change, and this is likely to intensify (Beschta et al., 2013) 

and be compounding all other identified threats. Climate-related changes can not only affect public-land 

ecosystems directly, but may exacerbate the aggregate effects of non-climatic stressors, such as habitat 

modification and pollution caused by logging, mining, grazing, roads, water diversions, and recreation 

(Root et al., 2003; CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). Other threats outside Forest 

Service management authority include urban development, wild ungulate grazing/browsing, 

uncharacteristic erosion, sedimentation and wildfire. These threats types include habitat conversion and 

consumptive biological uses which have negative consequences to ecological composition, structure, 

function and processes. 

 

The major anthropogenic processes that cause changes in high elevation grasslands include grazing by 

sheep and cattle, with the concomitant reduction in fire frequency, and the introduction of Rocky 

Mountain elk (White, 2002), all of which have led to increased encroachment by coniferous trees (Allen, 

1984; Moore and Huffman, 2004), and loss of soil, soil compaction, and soil productivity (White, 2002). 

Early settlers and their grazing animals also have likely introduced one or more non-native grass species 

(Allen, 1984), of which Kentucky bluegrass (Poa pratensis L.) and Canada bluegrass (P. compressa L.) 

have proven to be successful in out-competing and replacing native perennial bunchgrasses in wet 

meadows and other valley bottom grasslands. Long-term, chronically low to high levels of grazing by 

introduced herbivores have resulted in shifts in species composition away from palatable species to 

dominance by less palatable grasses and forbs (White, 2002), although the specific mechanisms and 

community composition changes have not been well described. The interaction of late 18
th
 century and 

early 19
th
 century grazing and fire suppression has led to tree encroachment of many, but not all high 

elevation grasslands. In some areas, tree encroachment appears to be correlated with changes in climate 

that occurred around the same time as changes in grazing practices (Dyer and Moffett, 1999). Many of the 

valley bottom grasslands have been impacted by the change in dominance from native perennial 

bunchgrasses to non-native Canada and Kentucky bluegrasses (Dick-Peddie, 1993) and low seral forb 

species (White,2002). 
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Risks: The above threats pose the following risks with negative consequences to ecological composition, 

structure, function and processes. Specifically by affecting vegetation health (atypical composition, 

structure and function), soil compaction, erosion, sedimentation and loss of soil fertility, altered 

watershed and hydrologic functions, reduced water quality and quantity, riparian, aquatic and terrestrial 

locales loss, degradation and fragmentation of these habitats within this PNVT, altered fire regime, 

introduction and spread of invasive plants, modification of natural processes, change in ecological 

potentials, species extinction or reduction in population(s) and/or habitat(s), uncharacteristic wildfire, and 

inability to re-establish natural wildfire processes. 

 

According to Gori and Enquist (2003), changes in the structure and function of grassland systems have 

been noted as the primary cause of the loss of native diversity within grasslands (Stacey, 1995). Finch 

(2004) identified and summarized the major threats to grassland biological diversity as the loss of natural 

fire cycles, overgrazing by livestock (Fleischner et al., 1994), prairie dog eradication, exotic grasses, 

shrub encroachment, erosion, and habitat fragmentation. 

 

Reversibility: Some threats/risks are not reversible under Forest Service authority such as: drought, 

uncharacteristic erosion and sedimentation and excessive ungulate grazing. Even though these 

threats/risks are not within agency authority, the forests have a responsibility to assess, address, develop 

and implement appropriate management responses that mitigate undesirable consequences to National 

Forest System Lands. On the other hand, some threats/risks are reversible such as: potential decline from 

uncharacteristic erosion may be partially reversible depending on scale. With uncharacteristic fires – there 

may be irreversible conditions – soil loss, uncharacteristic succession, habitat modification/loss/ 

fragmentation (reduces species’ population and/or viability), Some effects of infestations by invasive 

plants and areas of infestation are reversible depending on species and spatial scale, Risks from fire 

suppression, human-caused fires and roads, highways and corridors can be minimized and in many cases 

be reversed, Some effects of livestock grazing/browsing are reversible depending on severity of change 

and spatial scale. However, according to Loeser et al. (2007), changes in climate affecting precipitation, 

may cause some ecological alterations to be persistent.  

 

Woody species encroachment and establishment into the montane/subalpine grasslands has not been 

extensive spatially. It is estimated that roughly 10 percent or over 5,600 acres have been invaded, to a 

lesser or greater degree. There is no estimate of how many acres may not be restorable to their former 

grassland state depending on the severity of change (presence of woody species, loss of soil, productivity 

and production potential). 
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Appendix E table 20. A-SNFs’ risks to the montane/subalpine grasslands PNVT based on identified threats. Threats are categorized as either under 
agency management authority or outside agency management authority as well as threat type and estimated risk of high (H) or moderate (M) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 
natural processes/habitat conversion 

H M-H3 
    

Fire suppression policy Modification of natural processes H H     
Human-caused fire Habitat conversion H H     
Invasive plant species Modification of natural processes/habitat 

conversion 
H M     

Livestock grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3 
    

Off-highway vehicles (OHVs) Non-consumptive biological use M H     
Roads, highways and utility corridors Transportation/habitat conversion H H     
Woody species encroachment and establishment Modification of natural processes/habitat 

conversion 

H H3 
    

Outside Agency Management Authority       

Climate change Modification of natural processes/habitat 

conversion 

H H     

Drought Habitat conversion M M     
Uncharacteristic erosion Habitat conversion M H     
Uncharacteristic sedimentation Habitat conversion M H     
Uncharacteristic wildfire Habitat conversion M H     
Urban development Habitat conversion H H     

Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H M-H3 
    

Total (under/outside agency management authority)   8/8 7/8 8/8 8/7 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 

biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags 
and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions within this PNVT 
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Opportunities: Vegetation treatments and silvicultural opportunities that restore and promote grassland 

vegetative structure and composition that approximates HRV; manage fire as an integral component of 

ecosystem sustainability; restoration of natural processes and existing conditions that have been 

compromised by the legacy of livestock management. Evaluate the ecological costs and appropriateness 

of livestock grazing within this grassland PNVT given the extensive amount of herbaceous understory 

vegetation acres classified as being in low to moderately-low ecological status (roughly 20 percent) not 

meeting desired conditions. Continuing livestock grazing use should be assessed to determine if it is 

consistent with ecological recovery, particularly as the climate shifts (Karr and Rossano, 2001; Karr, 

2004; LaPaix et al., 2009; Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 1994; 

Rhodes et al.,1994; Beschta et al., 2013), and to be compatible with maintaining or recovering key 

ecological functions and native species and habitats (Beschta et al., 2013). In addition, implement the 

recommended guidelines for restocking burned area (USFS, 2008c) as the consequence of fire. As noted 

by Finch (2004), maintaining grasslands at sufficient scales is vital for supporting grassland-dependent 

species, as habitat fragmentation has detrimental effects on grassland biological diversity. These grassland 

areas provide a valuable opportunity to manage grasslands on the forests, and to partner with adjacent 

landowners, to restore grassland function and structure at sufficient scales to ensure the sustainability of 

species that depend on this system.  

 

Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 

 
Ecological Need for Change in Management Activities 

 

Emerging and related concerns are the homogenization of the flora of this PNVT and the loss of diversity 

and the threat to native species posed by exotic species that spread in response to human activities. There 

is an ecological need to restore composition and structure and sustain ecological processes in this 

grassland community; restoration of conditions such that the montane/subalpine grasslands are resistant 

and resilient to disturbances within its HRV. Fire management has led to uncharacteristic conditions and 

has moved this PNVT from a FRCC of I to II. Past and current wild and domestic ungulate herbivory 

management has led to uncharacteristic conditions. Substantial change has occurred across the 

Montane/subalpine grasslands where bare ground has increased, on average, nearly 116 percent (White, 

2002). Conversely, vegetation and litter cover have declined by nearly 39 and 29 percent, respectively. 

According to Smith and Wischmeier (1962) the amount and distribution of exposed soil is one of the most 

important contributors to site stability relative to site potential and is a direct indication of site 

susceptibility to accelerated wind or water erosion.  

 

A key characteristic of woody encroached grasslands is its restoration potential. The potential to restore 

woody-encroached grasslands is affected by a complex web of interacting physical and biological factors 

that include climate, topography, grazing, invasive plants, and fire. Woody cover can be reduced with 

prescribed burns when sufficient fuels are present to carry a fire of adequate intensity (Gori and Backer, 

2005). Often, the fuels required to allow fires of adequate intensity to achieve this goal are lacking, and 

areas must be rested from grazing to allow fuels to accumulate. The number of growing seasons of rest 

needed to accumulate these fuels varies from site to site. 
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According to Gori and Enquist (2003), approximately 30 percent of grasslands on the A-SNFs have 

exceeded a threshold of 35 percent woody cover that indicates a type conversion from grassland to 

shrub/woodland. This transition can result in a likely permanent loss of grassland systems and the species 

that depend on them. Even given long periods (50 years) of grazing rest, it is unlikely that some of these 

former grasslands can be restored to open native conditions (Hennessy et al., 1983). While increases in 

perennial grass cover may occur (Valone et al., 2002) at certain sites based upon soil type, erosion, levels 

of soil trampling and compaction, and shrub species composition, it is unlikely that these sites will 

accumulate sufficient fine fuels to carry a fire intense enough to reduce shrub cover and restore open 

grassland conditions.  

 

Changes in the structure and function of grassland systems have been noted as the primary cause of the 

loss of native diversity within grasslands (Stacey, 1995; Gori and Enquist, 2003; Enquist and Gori, 2005). 

Finch (2004) identified and summarized the major threats to grassland biological diversity as the loss of 

natural fire cycles, overgrazing by livestock (Fleischner et al., 1994), prairie dog eradication, exotic 

grasses, shrub encroachment, erosion, and habitat fragmentation. Gori and Enquist (2003), and Enquist 

and Gori (2005), documented several of these factors as threats to grasslands on the A-SNFs. In 

particular, over 70 percent of all grasslands on the A-SNFs whose current condition were assessed are 

woody species invaded.  

 

Because of the degree of departure and proportion of this PNVT off-forest; the A-SNFs provide a notable 

contribution to the sustainability of this woodland PNVT. Desired changes include management activities 

that also influence understory herbaceous species cover and species richness that is more closely 

associated with HRV by: 

 

 Stabilizing soils and re-establish dominance of the native plant communities on moderate to high 

severity burn areas 

 Restoring herbaceous vegetation to moderately-high to high ecological condition 

 Reducing grazing pressure 

 Reducing overstory density to restore open grassland conditions 

 Restoring dominance of seral fire-adapted species 

 Promoting regeneration of shade intolerant seral species 

 Restoring frequent surface fire as a functional ecological process 

 Preventing, controlling and eradicating invasive plants 

 

There is also a need to maintain or improve ecosystem conditions to be resistant to and resilient in 

response to climate change. 

 
 
Threat/Risk Assessment for Chaparral PNVT 
 
 
Interior Chaparral PNVT 
 
When assessing threats and risks to interior chaparral it is necessary to evaluate the relationship between 

current departure from HRV and trend in relation to HRV (Appendix E table 21). In this case, assess 

legacy of past management or deviation from ongoing management activities, evaluate threats/risks and 

system reversibility. In relation to HRV, there is no departure and the current trend is static; risks are 

addressed. Continue current management however, restoration opportunities should be identified for this 

PNVT. 
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Appendix E table 21. Recommended actions in evaluating threats/risks for the interior chaparral PNVT in 
relation to its non-significant woody overstory departure from HRV and current static trend in relation to HRV 

Current Departure from 
HRV1 is 8 Percent 

Interior Chaparral PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV 
away from HRV 
(or unknown) 

Significant (low, moderate, 
high or severe) 

Legacy of past management or 
deviation from ongoing activities; 

evaluate threats/risks and system 

reversibility 

Risk addressed; continue current 
management and identify restoration 

opportunities 

Potential for high risk; evaluate 
threats and system reversibility 

Non-significant (WITHIN 

HRV) 
No risk; continue current 

management 

No risk; continue current 

management 

Potential risk; evaluate magnitude of 

future deviations, threats and system 

reversibility 
1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 

4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

 
In regards to the current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of 

the lands capable
37

 of supporting livestock grazing, interior chaparral PNVT ranks 12
th
 out of the 14 

PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 40 percent 

(Appendix D - addendum figure 13). 

 

Threats: The most important threat, based on high likelihood of occurrence and high threat severity, under 

Forest Service management authority to interior chaparral is (Appendix E table 22) the potential for 

human-caused fires. This threat type presents the possibility for habitat conversion which have negative 

consequences to ecological composition, structure, function and processes. Other anthropogenic threats 

include feral equine, wild ungulate and livestock grazing/browsing, and off highway vehicles (OHV); 

invasive plants are an additional threat. The most important threat, based on high likelihood of occurrence 

and high threat severity outside of agency authority is climate change, and this is likely to intensify 

(Beschta et al., 2013) and be compounding all other identified threats. Climate-related changes can not 

only affect public-land ecosystems directly, but may exacerbate the aggregate effects of non-climatic 

stressors, such as habitat modification and pollution caused by logging, mining, grazing, roads, water 

diversions, and recreation (Root et al., 2003; CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). 

Other threats outside Forest Service management authority include uncharacteristic erosion and 

sedimentation, and wild ungulate grazing/browsing. These threats types result in habitat conversion which 

has negative consequences to ecological composition, structure, function and processes. 

 

Opportunities: Evaluate the ecological costs and appropriateness of livestock grazing within this 

chaparral PNVT given the extensive amount of herbaceous understory vegetation acres classified as being 

in moderately-low ecological status (roughly 45 percent) not meeting desired conditions. Continuing 

livestock grazing use should be assessed to determine if it is consistent with ecological recovery, 

particularly as the climate shifts (Karr and Rossano, 2001; Karr, 2004; LaPaix et al., 2009; Beschta et al., 

2013) to reduce or eliminate cascading effects (Kondolf, 1994; Rhodes et al.,1994; Beschta et al., 2013), 

and to be compatible with maintaining or recovering key ecological functions and native species and 

habitats (Beschta et al., 2013). In addition, implement the recommended guidelines for restocking burned 

area (USFS, 2008c) as the consequence of fire. 



 

558 

Appendix E table 22. A-SNFs’ risks to the interior chaparral PNVT based on identified threats. Threats are categorized as either under agency 
management authority or outside agency management authority as well as threat type and estimated risk of high (H) or moderate (M) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Feral equine-ungulate grazing/browsing Consumptive biological use/modification 

of natural processes/habitat conversion 

H M-H3     

Human-caused fire Habitat conversion H H     
Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification 

of natural processes/habitat conversion 

H M-H3     

Outside Agency Management Authority       

Climate change Modification of natural processes/habitat 

conversion 

H H     

Uncharacteristic erosion  Habitat conversion M H     
Uncharacteristic sedimentation Habitat conversion M H     
Wild ungulate grazing/browsing Consumptive biological use/modification 

of natural processes/habitat conversion 

H M-H3     

Total (under/outside agency management authority)   4/4 4/4 4/4 4/4 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions) 
2 

Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 
biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags 
and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions within this PNVT 
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Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation 

 

Risks: Under current management, risks to interior chaparral are addressed. 

 
Ecological Need for Change in Management Activities 

 

At this time, there is no ecological need to restore overstory composition and structure and sustain 

ecological processes in this PNVT. However, there is a need to restore understory vegetation to 

moderately-high to high ecological condition. In addition, in those areas burned by the 2011 Wallow Fire; 

there is a need to stabilize soils and restore ground cover to help maintain ecosystem conditions to be 

resistant to and resilient in response to management actions and climate change. 

 
 
Threat/Risk Assessment for Riparian Areas and Riparian Forest PNVTs 
 
 
Wetland/Cienega Riparian Areas PNVT 
 

When assessing threats and risks to wetland/cienega riparian areas it is necessary to evaluate the 

relationship between current departure from HRV and trend in relation to HRV (Appendix E table 23). In 

this case, assess legacy of past management or deviation from ongoing management activities, evaluate 

threats/risks and system reversibility. In relation to HRV, departure is low; however, the current trend is 

away from HRV; risks are not addressed. Discontinue current management and identify restoration 

opportunities for this PNVT. 

 
Appendix E table 23. Recommended actions in evaluating threats/risks for the wetland/cienega riparian areas 
PNVT in relation to its low woody overstory vegetation departure from HRV and current trend away from HRV 

Current Departure from 
HRV1 is 36 Percent 

Wetland/Cienega Riparian Areas PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV 
away from HRV 
(or unknown) 

Significant (LOW, 

moderate, high or severe 
departure) 

Legacy of past management or 

deviation from ongoing activities; 
evaluate threats/risks and system 

reversibility 

Risk addressed; continue current 

management and identify restoration 
opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 

HRV) 

No risk; continue current 

management 

No risk; continue current 

management 

Potential risk; evaluate magnitude of 

future deviations, threats and system 
reversibility 

1 
Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 
4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

 
In regards to the current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of 

the lands capable
37

 of supporting livestock grazing, wetland/cienega riparian areas PNVT ranks 10
th
 out of 

the 14 PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 48 percent 

(Appendix D - addendum figure 21). 
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Threats: The most important threats, based on high likelihood of occurrence and high threat severity, 

under Forest Service management authority to wetland/cienega riparian areas include (Appendix E table 

24) livestock grazing/browsing, fire suppression, inundation (diversions, dams and impoundments) and 

drying of the riparian communities below the impoundment and concurrently flooding those communities 

above the impoundment, human-caused fires and roads, highways and corridors. These threats types 

include modification of natural processes and habitat conversion which have negative consequences to 

ecological composition, structure, function and processes. Other anthropogenic threats include feral 

equine and wild ungulate grazing/browsing, and off highway vehicles (OHV); invasive plants are an 

additional threat. The most important threat, based on high likelihood of occurrence and high threat 

severity outside of agency authority is climate change, and this is likely to intensify (Beschta et al., 2013) 

and be compounding all other identified threats. Climate-related changes can not only affect public-land 

ecosystems directly, but may exacerbate the aggregate effects of non-climatic stressors, such as habitat 

modification and pollution caused by logging, mining, grazing, roads, water diversions, and recreation 

(Root et al., 2003; CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). Other threats outside Forest 

Service management authority include groundwater depletion/contamination. This threat type includes 

habitat conversion which has negative consequences to ecological composition, structure, function and 

processes. Uncharacteristic erosion, sedimentation and wildfire are additional threats. 

 

The major anthropogenic processes that cause changes in wetland/cienega riparian areas included grazing 

by sheep and cattle, and the introduction of Rocky Mountain elk (White, 2002), all of which have led to 

increased encroachment by coniferous trees, and loss of soil, soil compaction, and soil productivity, as 

well as herbaceous vegetation compositional changes (White, 2002). Early settlers and their grazing 

animals also have likely introduced one or more non-native grass species (Allen, 1984), of which 

Kentucky bluegrass (Poa pratensis L.) and Canada bluegrass (P. compressa L.) have proven to be 

successful in out-competing and replacing native perennial bunchgrasses in wet meadows and other 

valley bottom grasslands. Long-term, chronically low to high levels of grazing by introduced herbivores 

have resulted in shifts in species composition away from palatable species to dominance by less palatable 

grasses and forbs (White, 2002), although the specific mechanisms and community composition changes 

have not been well described. Many of the wetland/cienegas have been impacted by the change in 

dominance from native perennial bunchgrasses to non-native Canada and Kentucky bluegrasses, and both 

warm- and cool-season low seral forb species (White, 2002).  

 

Risks: The above threats pose the following risks with negative consequences to ecological composition, 

structure, function and processes. Specifically by loss of wetlands/cienegas themselves, as-well-as affects 

to vegetation health (atypical composition, structure and function), soil compaction, erosion, 

sedimentation and loss of soil fertility, altered watershed and hydrologic functions, reduced water quality 

and quantity, altered fire regime, introduction and spread of invasive plants, modification of natural 

processes, change in ecological potentials, species extinction or reduction in population(s) and/or 

habitat(s), uncharacteristic wildfire, and inability to re-establish natural wildfire processes. 
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Appendix E table 24. A-SNFs’ risks to the wetland/cienega riparian areas PNVT based on identified threats. Threats are categorized as either under 
agency management authority or outside agency management authority as well as threat type and estimated risk of high (H), moderate (M) or low (L) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Channelization Modification of natural processes/habitat 
conversion 

L H     

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Fire suppression Modification of natural processes H H     
Human-caused fire Habitat conversion H H     
Inundation (diversions, dams and 

impoundments)/de-watering 

Modification of natural processes/habitat 

conversion 

H H     

Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Off-highway vehicles (OHVs) Non-consumptive biological use M H     
Roads, highways and utility corridors Transportation/habitat conversion H H     

Outside Agency Management Authority       

Channelization Modification of natural processes/habitat 
conversion 

L H     

Climate change Modification of natural processes/habitat 

conversion 

H H     

Drought Habitat conversion M M     
Groundwater depletion/contamination Habitat conversion H H     
Inundation/de-watering Habitat conversion M M     

Uncharacteristic erosion  Habitat conversion M H     
Uncharacteristic sedimentation Habitat conversion M H     
Uncharacteristic wildfire Habitat conversion M H     
Water withdrawal Abiotic resource use L H    - 

Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Total (under/outside agency management authority)   9/9 8/9 7/8 9/8 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions) 
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C); vegetation structure (S); vegetation function (F); and/or ecological services (Sv). Composition (C) is 

the biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as 
snags and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions within this PNVT 
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Changes in the structure and function of wetland/cienega riparian areas have been noted as the primary 

cause of the loss of biological diversity within these systems. The causes of adverse change in the 

ecological character of these systems can be grouped in five broad categories (Abouguendia 2001): 

 

 stream channel morphology 

 hydrology and stream flow 

 water quality  

 riparian zone soils  

 riparian and aquatic organism  

 

Because riparian areas are relatively rare (in relation to other ecosystems on the A-SNFs), they have 

become a focal point for wild ungulate, livestock, and human activity. This affected riparian and stream 

habitats by reducing riparian vegetation cover or altering its structure and by physically altering soil or 

site properties. Such changes result in adverse impacts on hydrologic functioning of the riparian area. 

Healthy riparian vegetation and soils are important for hydrological processes including flow-energy 

dissipation, bank building, ground water storage, aquifer recharge, and flood control. Vegetation reduces 

stream velocity, thereby decreasing erosion and increasing deposition of materials on banks 

(Abouguendia, 2001). 

 

Reversibility: Some threats/risks are not reversible under Forest Service authority such as: 

uncharacteristic erosion and sedimentation, and excessive wild ungulate and domestic livestock grazing. 

Even though these threats/risks are not within agency authority, the forests have a responsibility to assess, 

address, develop and implement appropriate management responses that mitigate undesirable 

consequences to National Forest System Lands. On the other hand, some threats/risks are reversible such 

as: potential decline from uncharacteristic erosion may be partially reversible depending on scale. With 

uncharacteristic fires – there may be irreversible conditions – soil loss, uncharacteristic succession, 

Habitat modification/loss/fragmentation (reduces species’ population and/or viability), some effects of 

infestations by invasive plants and areas of infestation are reversible depending on species and spatial 

scale, Risks from fire suppression and human-caused fires can be minimized and in many cases be 

reversed. Some effects of livestock grazing/browsing are reversible depending on severity of change and 

spatial scale. However, according to Loeser et al. (2007), changes in climate affecting precipitation, may 

cause some ecological alterations to be persistent. 

 

Opportunities: Riparian ecosystems are naturally resilient, provide linear habitat connectivity, link 

aquatic and terrestrial ecosystems, and create thermal refugia for wildlife: all characteristics that can 

contribute to ecological adaptation to climate change (Seavy et al., 2009). Vegetation management that 

promotes structural composition that approximates HRV. Manage fire as an integral component of 

ecosystem sustainability; Restoration of natural processes and existing conditions that have been 

compromised by livestock grazing. Evaluate the ecological costs and appropriateness of livestock grazing 

within this riparian PNVT given the extensive amount of herbaceous understory vegetation acres 

classified as being in low to moderately-low ecological status (roughly 49 percent) not meeting desired 

conditions. Continuing livestock grazing use should be assessed to determine if it is consistent with 

ecological recovery, particularly as the climate shifts (Karr and Rossano, 2001; Karr, 2004; LaPaix et al., 

2009; Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 1994; Rhodes et al.,1994; 

Beschta et al., 2013), and to be compatible with maintaining or recovering key ecological functions and 

native species and habitats (Beschta et al., 2013). In addition, implement the recommended guidelines for 

restocking burned area (USFS, 2008c) as the consequence of fire. 

 

Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 
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evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 

 
Ecological Need for Change in Management Activities 

 

Heavy grazing in riparian areas has many effects and can compact the soil, reduce infiltration, and 

increase runoff, erosion, sediments, and nutrients (Hoorman and McCutcheon, 2005a and 2005b). 

Livestock compact soil by trampling it, making paths, or repeatedly congregating in the same areas. This 

reduces the ability of riparian areas to absorb and hold water, and breaks down streambanks. Vegetation 

removal leads to higher stream water temperature (Li et al., 1994). Higher water temperatures result due 

to a lack of shade. Unrestricted livestock will feed selectively on preferred lush forages in riparian areas, 

reducing the ability of these species to survive or reproduce. This creates bare areas and promotes the 

growth of weeds. Livestock also transport noxious weed seed and vegetative growth into riparian areas. 

 

Emerging and related concerns are the homogenization of the flora of this PNVT and the loss of diversity 

and the threat to native species posed by exotic species that spread in response to human activities. There 

is an ecological need to restore composition and structure and sustain ecological processes in this 

woodland community. The wetland/cienega riparian areas PNVT on the A-SNFs has the second greatest 

road density of any riparian PNVT; nearly 2.9 linear miles of road per one square mile. Rehabilitating 

land that has been roaded is difficult at best. Desired changes include management activities that 

influence herbaceous species cover and species richness more closely associated with proper functioning 

conditions by: 

 

 Maintain and/or improve hydrologic and hydraulic processes 

 Maintain and/or improve geomorphic processes  

 Maintain and/or improve physical and chemical characteristics 

 Maintain and/or improve biological community characteristics 

 Maintain and/or improving functions and dynamic equilibrium 

 Re-establish dominance of the native plant community 

 Restore herbaceous vegetation to moderately-high to high ecological condition 

 Reduce grazing pressure 

 Limit the presence of invasive plants 

 

 
Cottonwood-Willow Riparian Forest PNVT 
 
When assessing threats and risks to cottonwood-willow riparian forest it is necessary to evaluate the 

relationship between current departure from HRV and trend in relation to HRV (Appendix E table 25). In 

this case, assess the legacy of past management or deviation from ongoing management activities, 

evaluate threats/risks and system reversibility. In relation to HRV, there is no departure, however, the 

current trend is away from HRV; risks are not addressed. Discontinue current management and identify 

restoration opportunities for this PNVT. 

 
  



 

564 

Appendix E table 25. Recommended actions in evaluating threats/risks for the cottonwood-willow riparian 
forest PNVT in relation to its non-significant woody overstory vegetation departure from HRV and current 
trend away from HRV 

Current Departure from 
HRV1 is 20 Percent 

Cottonwood-Willow Riparian Forest PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV 
away from HRV 
(or unknown) 

Significant (low, moderate, 

high or severe departure) 

Legacy of past management or 

deviation from ongoing activities; 
evaluate threats/risks and system 

reversibility 

Risk addressed; continue current 

management and identify restoration 
opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (WITHIN 

HRV) 
No risk; continue current 
management 

No risk; continue current 
management 

Potential risk; evaluate magnitude 

of future deviations, threats and 

system reversibility 
1 

Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 
4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

 

In regards to the current herbaceous understory vegetation ecological status
34

 and range condition
35, 36

 of 

the lands capable
37

 of supporting livestock grazing, cottonwood-willow riparian forest PNVT ranks 3
rd

 

out of the 14 PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 86 

percent (Appendix D - addendum figure 22). 

 

Threats: The most important threats, based on high likelihood of occurrence and high threat severity, 

under Forest Service management authority to cottonwood-willow riparian forest include (Appendix E 

table 26) livestock grazing/browsing, fire suppression, inundation (diversions, dams and impoundments) 

and drying of the riparian communities below the impoundment and concurrently flooding those 

communities above the impoundment, human-caused fires and roads, highways and corridors. These 

threats types include modification of natural processes and habitat conversion which have negative 

consequences to ecological composition, structure, function and processes. Other anthropogenic threats 

include feral equine and wild ungulate grazing/browsing, OHVs and recreation. Invasive plants are an 

additional threat. The most important threat, based on high likelihood of occurrence and high threat 

severity outside of agency authority is climate change, and this is likely to intensify (Beschta et al., 2013) 

and be compounding all other identified threats. Climate-related changes can not only affect public-land 

ecosystems directly, but may exacerbate the aggregate effects of non-climatic stressors, such as habitat 

modification and pollution caused by logging, mining, grazing, roads, water diversions, and recreation 

(Root et al., 2003; CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). Other threats outside Forest 

Service management authority include groundwater depletion/contamination, wild ungulate 

grazing/browsing, and urban development. These threat types include habitat conversion which has 

negative consequences to ecological composition, structure, function and processes. Uncharacteristic soil 

compaction and erosion, sedimentation and wildfire are additional threats. 

 

Risks: The above threats pose the following risks with negative consequences to ecological composition, 

structure, function and processes. Specifically by loss of these riparian areas themselves, as-well-as 

affects to vegetation health (atypical composition, structure and function), soil compaction, erosion, 

sedimentation and loss of soil fertility, altered watershed and hydrologic functions, reduced water quality 

and quantity, altered fire regime, introduction and spread of invasive plants, modification of natural 

processes, change in ecological potentials, species extinction or reduction in population(s) and/or 

habitat(s), and inability to re-establish natural wildfire processes. 
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Appendix E table 26. A-SNFs’ risks to the cottonwood-willow riparian forest PNVT based on identified threats. Threats are categorized as either under 
agency management authority or outside agency management authority as well as threat type and estimated risk of high (H), moderate (M) or low (L) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Channelization Modification of natural processes/habitat 

conversion 

L H     

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Fire suppression Modification of natural processes H H     
Human-caused fire Habitat conversion H H     
Inundation (diversions, dams and 

impoundments)/de-watering 

Modification of natural processes/habitat 

conversion 

H H     

Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

M H3 
    

Off-highway vehicles (OHVs) Non-consumptive biological use M H     
Recreation activities Non-consumptive biological use M M     
Roads, highways and utility corridors Transportation/habitat conversion H H     

Outside Agency Management Authority       

Channelization Modification of natural processes/habitat 

conversion 

L H     

Climate change Modification of natural processes/habitat 

conversion 

H H     

Drought Habitat conversion M M     
Inundation/de-watering Habitat conversion M M     

Groundwater depletion/contamination Habitat conversion H H     
Uncharacteristic erosion  Habitat conversion M H     
Uncharacteristic sedimentation Habitat conversion M H     
Uncharacteristic wildfire Habitat conversion M H     
Urban development Habitat conversion H H     

Water withdrawal Abiotic resource use L H     

Wild ungulate grazing/browsing Consumptive biological use/modification of 
natural processes/habitat conversion 

H H3     

Total (under/outside agency management authority)   10/10 8/10 8/9 10/8 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is 

the biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as 
snags and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3
 Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions within this PNVT 



 

566 

Changes in the structure and function of cottonwood-willow riparian forests have been noted as the 

primary cause of the loss of biological diversity within these systems. The causes of adverse change in the 

ecological character of these systems can be grouped in five broad categories (Abouguendia 2001): 

 

 stream channel morphology 

 hydrology and stream flow 

 water quality  

 riparian zone soils  

 riparian and aquatic organism  

 

Because riparian areas are relatively rare (in relation to other ecosystems on the A-SNFs), they have 

become a focal point for wild ungulate, livestock, and human activity. This affected riparian and stream 

habitats by reducing riparian vegetation cover or altering its structure and by physically altering soil or 

site properties. Such changes result in adverse impacts on hydrologic functioning of the riparian area. 

Healthy riparian vegetation and soils are important for hydrological processes including flow-energy 

dissipation, bank building, ground water storage, aquifer recharge, and flood control. Vegetation reduces 

stream velocity, thereby decreasing erosion and increasing deposition of materials on banks 

(Abouguendia, 2001). 

 

Reversibility: Some threats/risks are not reversible under Forest Service authority such as: urban 

development, uncharacteristic erosion and sedimentation. Even though these threats/risks are not within 

agency authority, the forests have a responsibility to assess, address, develop and implement appropriate 

management responses that mitigate undesirable consequences to National Forest System Lands. On the 

other hand, some threats/risks are reversible such as: potential decline from uncharacteristic erosion may 

be partially reversible depending on scale. With OHVs – there may be irreversible conditions – soil loss, 

uncharacteristic succession, habitat modification/loss/fragmentation (reduces species’ population and/or 

viability), some effects of infestations by invasive plants and areas of infestation are reversible depending 

on species and spatial scale. Risks from fire suppression and human-caused fires can be minimized and in 

many cases be reversed. Some effects of livestock grazing/browsing are reversible depending on severity 

of change and spatial scale. However, according to Loeser et al. (2007), changes in climate affecting 

precipitation, may cause some ecological alterations to be persistent. 

 

Opportunities: Riparian ecosystems are naturally resilient, provide linear habitat connectivity, link 

aquatic and terrestrial ecosystems, and create thermal refugia for wildlife: all characteristics that can 

contribute to ecological adaptation to climate change (Seavy et al., 2009). Vegetation management that 

promotes structural composition that approximates HRV. Manage fire as an integral component of 

ecosystem sustainability; Restoration of natural processes and existing conditions that have been 

compromised by livestock grazing. Evaluate the ecological costs and appropriateness of livestock grazing 

within this riparian PNVT given the extensive amount of herbaceous understory vegetation acres 

classified as being in low to moderately-low ecological status (roughly 89 percent) not meeting desired 

conditions. Livestock grazing negatively affects water quality and seasonal quantity, stream channel 

morphology, hydrology, riparian zone soils, instream and streambank vegetation, and aquatic and riparian 

wildlife (Belsky et al., 1999). Continuing livestock grazing use should be assessed to determine if it is 

consistent with ecological recovery, particularly as the climate shifts (Karr and Rossano, 2001; Karr, 

2004; LaPaix et al., 2009; Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 1994; 

Rhodes et al.,1994; Beschta et al., 2013), and to be compatible with maintaining or recovering key 

ecological functions and native species and habitats (Beschta et al., 2013). In addition, implement the 

recommended guidelines for restocking burned area (USFS, 2008c) as the consequence of fire. 
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Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 

 
Ecological Need for Change in Management Activities 

 

Heavy grazing in riparian areas has many effects and can compact the soil, reduce infiltration, and 

increase runoff, erosion, sediments, and nutrients (Hoorman and McCutcheon, 2005a and 2005b). 

Livestock compact soil by trampling it, making paths, or repeatedly congregating in the same areas. This 

reduces the ability of riparian areas to absorb and hold water, and breaks down streambanks. Vegetation 

removal leads to higher stream water temperature (Li et al., 1994). Higher water temperatures result due 

to a lack of shade. Unrestricted livestock will feed selectively on preferred lush forages in riparian areas, 

reducing the ability of these species to survive or reproduce. This creates bare areas and promotes the 

growth of weeds. Livestock also transport noxious weed seed and vegetative growth into riparian areas. 

 

Emerging and related concerns are the homogenization of the flora of this PNVT and the loss of diversity 

and the threat to native species posed by exotic species that spread in response to human activities. There 

is an ecological need to restore composition and structure and sustain ecological processes in this 

woodland community. The cottonwood-willow riparian Forests PNVT on the A-SNFs has the third 

greatest road density of any riparian PNVT; nearly 2.6 linear miles of road per one square mile. 

Rehabilitating land that has been roaded is difficult at best. Desired changes include management 

activities that influence herbaceous species cover and species richness more closely associated with 

proper functioning conditions by: 

 

 Maintain and/or improve hydrologic and hydraulic processes 

 Maintain and/or improve geomorphic processes 

 Maintain and/or improve physical and chemical characteristics 

 Maintain and/or improve biological community characteristics 

 Maintain and/or improving functions and dynamic equilibrium 

 Re-establish dominance of the native plant community 

 Restore understory herbaceous vegetation to moderately-high to high ecological condition 

 Reduce grazing pressure 

 Limit the presence of invasive plants 

 
 
Mixed Broadleaf Deciduous Riparian Forest PNVT 

 
When assessing threats and risks to mixed broadleaf deciduous riparian forest it is necessary to evaluate 

the relationship between current departure from HRV and trend in relation to HRV (Appendix E table 

27). In this case, assess the legacy of past management or deviation from ongoing management activities, 

evaluate threats/risks and system reversibility. In relation to HRV, there is a low departure; however, the 

current trend is away from HRV; risks are not addressed. Discontinue current management and identify 

restoration opportunities for this PNVT. 
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Appendix E table 27. Recommended actions in evaluating threats/risks for the mixed broadleaf deciduous 
riparian forest PNVT in relation to its low woody overstory vegetation departure from HRV and current trend 
away from HRV 

Current Departure from 
HRV1 is 33 Percent 

Mixed Broadleaf Deciduous Riparian Forest PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV 
away from HRV 
(or unknown) 

Significant (LOW, moderate, 

high or severe departure) 

Legacy of past management or 

deviation from ongoing activities; 
evaluate threats/risks and system 

reversibility 

Risk addressed; continue current 

management and identify restoration 
opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 
HRV) 

No risk; continue current 
management 

No risk; continue current 
management 

Potential risk; evaluate magnitude of 
future deviations, threats and system 

reversibility 
1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 

4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

 

In regards to the current herbaceous understory vegetation ecological status
34

 and range condition
35, 36

 of 

the lands capable
37

 of supporting livestock grazing, mixed broadleaf deciduous riparian forest PNVT 

ranks 8
th
 out of the 14 PNVTs in the amount of capable grazing lands not meeting desired conditions, 

roughly 54 percent (Appendix D - addendum figure 23.) 

 

Threats: The most important threats, based on high likelihood of occurrence and high threat severity, 

under Forest Service management authority to mixed broadleaf deciduous riparian forest include 

(Appendix E table 28) livestock grazing/browsing, inundation (diversions, dams and impoundments) and 

drying of the riparian communities below the impoundment and concurrently flooding those communities 

above the impoundment, human-caused fires and roads, highways and corridors. These threats types 

include modification of natural processes and habitat conversion which have negative consequences to 

ecological composition, structure, function and processes. Other anthropogenic threats include feral 

equine and wild ungulate grazing/browsing, and OHVs; and invasive plants are an additional threat. The 

most important threat, based on high likelihood of occurrence and high threat severity outside of agency 

authority is climate change. Climate-related changes can not only affect public-land ecosystems directly, 

but may exacerbate the aggregate effects of non-climatic stressors, such as habitat modification and 

pollution caused by logging, mining, grazing, roads, water diversions, and recreation (Root et al., 2003; 

CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). Other threats outside Forest Service management 

authority include groundwater depletion/contamination, wild ungulate grazing/browsing, and urban 

development. These threat types include habitat conversion which has negative consequences to 

ecological composition, structure, function and processes. Uncharacteristic erosion and sedimentation are 

additional threats. 

 
Risks: The above threats pose the following risks with negative consequences to ecological composition, 

structure, function and processes. Specifically by loss of these riparian areas themselves, as-well-as 

affects to vegetation health (atypical composition, structure and function), soil compaction, erosion, 

sedimentation and loss of soil fertility, altered watershed and hydrologic functions, reduced water quality 

and quantity, altered fire regime, introduction and spread of invasive plants, modification of natural 

processes, change in ecological potentials, species extinction or reduction in population(s) and/or 

habitat(s), and inability to re-establish natural wildfire processes. 

 

Changes in the structure and function of mixed broadleaf deciduous riparian forests have been noted as 

the primary cause of the loss of biological diversity within these systems. The causes of adverse change in 

the ecological character of these systems can be grouped in five broad categories (Abouguendia, 2001): 

 

 stream channel morphology 
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 hydrology and stream flow 

 water quality  

 riparian zone soils  

 riparian and aquatic organism  

 

Because riparian areas are relatively rare (in relation to other ecosystems on the A-SNFs), they have 

become a focal point for wild ungulate, livestock, and human activity. This affected riparian and stream 

habitats by reducing riparian vegetation cover or altering its structure and by physically altering soil or 

site properties. Such changes result in adverse impacts on hydrologic functioning of the riparian area. 

Healthy riparian vegetation and soils are important for hydrological processes including flow-energy 

dissipation, bank building, ground water storage, aquifer recharge, and flood control. Vegetation reduces 

stream velocity, thereby decreasing erosion and increasing deposition of materials on banks 

(Abouguendia, 2001). 

 

Reversibility: Some threats/risks are not reversible under Forest Service authority such as: urban 

development, uncharacteristic erosion and sedimentation. Even though these threats/risks are not within 

agency authority, the forests have a responsibility to assess, address, develop and implement appropriate 

management responses that mitigate undesirable consequences to National Forest System Lands. On the 

other hand, some threats/risks are reversible such as: potential decline from uncharacteristic erosion may 

be partially reversible depending on scale. With OHVs – there may be irreversible conditions – soil 

compaction, soil erosion and soil loss, uncharacteristic succession, habitat modification, loss and/or 

fragmentation (reduces species’ population and/or viability), some effects of infestations by invasive 

plants and areas of infestation are reversible depending on species and spatial scale, risks from fire 

suppression and human-caused fires can be minimized and in many cases be reversed. Some effects of 

livestock grazing/browsing are reversible depending on severity of change and spatial scale. However, 

according to Loeser et al. (2007), changes in climate affecting precipitation, may cause some ecological 

alterations to be persistent. 

 

Opportunities: Riparian ecosystems are naturally resilient, provide linear habitat connectivity, link 

aquatic and terrestrial ecosystems, and create thermal refugia for wildlife: all characteristics that can 

contribute to ecological adaptation to climate change (Seavy et al., 2009). Vegetation management that 

promotes structural composition that approximates HRV. Manage fire as an integral component of 

ecosystem sustainability; restoration of natural processes and existing conditions that have been 

compromised by livestock grazing. Evaluate the ecological costs and appropriateness of livestock grazing 

within this riparian PNVT given the extensive amount of herbaceous understory vegetation acres 

classified as being in low to moderately-low ecological status (roughly 65 percent) not meeting desired 

conditions. Livestock grazing negatively affects water quality and seasonal quantity, stream channel 

morphology, hydrology, riparian zone soils, instream and streambank vegetation, and aquatic and riparian 

wildlife (Belsky et al., 1999). Continuing livestock grazing use should be assessed to determine if it is 

consistent with ecological recovery, particularly as the climate shifts (Karr and Rossano, 2001; Karr, 

2004; LaPaix et al., 2009; Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 1994; 

Rhodes et al.,1994; Beschta et al., 2013), and to be compatible with maintaining or recovering key 

ecological functions and native species and habitats (Beschta et al., 2013). In addition, implement the 

recommended guidelines for restocking burned area (USFS, 2008c) as the consequence of fire. 
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Appendix E table 28. A-SNFs’ risks to the mixed broadleaf deciduous riparian forest PNVT based on identified threats. Threats are categorized as either 
under agency management authority or outside agency management authority as well as threat type and estimated risk of high (H), moderate (M) or 
low (L) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Channelization Modification of natural processes/habitat 

conversion 

L H      

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 
natural processes/habitat conversion 

H H3     

Human-caused fire Habitat conversion H H     
Inundation (diversions, dams and 
impoundments)/de-watering 

Modification of natural processes/habitat 
conversion 

H H     

Invasive plant species Modification of natural processes/habitat 
conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Off-highway vehicles (OHVs) Non-consumptive biological use M H     
Recreation activities Non-consumptive biological use M M     
Roads, highways and utility corridors Transportation/habitat conversion H H     

Outside Agency Management Authority       

Channelization Modification of natural processes/habitat 

conversion 

L H     

Climate change Modification of natural processes/habitat 
conversion 

H H     

Drought Habitat conversion M M     
Groundwater depletion/contamination Habitat conversion H H     
Inundation/de-watering Habitat conversion M M     

Uncharacteristic erosion  Habitat conversion M H     
Uncharacteristic sedimentation Habitat conversion M H     
Urban development Habitat conversion H H     

Water withdrawal Abiotic resource use L H     

Wild ungulate grazing/browsing Consumptive biological use/modification of 
natural processes/habitat conversion 

H H3     

Total (under/outside agency management authority)   9/9 7/10 7/8 9/7 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions) 
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is the 

biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as snags 
and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 
Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions within this PNVT 
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Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 

 
Ecological Need for Change in Management Activities 

 

Heavy grazing in riparian areas has many effects and can compact the soil, reduce infiltration, and 

increase runoff, erosion, sediments, and nutrients (Hoorman and McCutcheon, 2005a and 2005b). 

Livestock compact soil by trampling it, making paths, or repeatedly congregating in the same areas. This 

reduces the ability of riparian areas to absorb and hold water, and breaks down streambanks. Vegetation 

removal leads to higher stream water temperature (Li et al., 1994). Higher water temperatures result due 

to a lack of shade. Unrestricted livestock will feed selectively on preferred lush forages in riparian areas, 

reducing the ability of these species to survive or reproduce. This creates bare areas and promotes the 

growth of weeds. Livestock also transport noxious weed seed and vegetative growth into riparian areas. 

 

Emerging and related concerns are the homogenization of the flora of this PNVT and the loss of diversity 

and the threat to native species posed by exotic species that spread in response to human activities. There 

is an ecological need to restore composition and structure and sustain ecological processes in this riparian 

community. The mixed broadleaf deciduous riparian forests PNVT on the A-SNFs has the fourth greatest 

road density of any riparian PNVT; nearly 1.8 linear miles of road per one square mile. Rehabilitating 

land that has been roaded is difficult at best. Desired changes include management activities that 

influence herbaceous species cover and species richness more closely associated with proper functioning 

conditions by: 

 

 Maintain and/or improve hydrologic and hydraulic processes 

 Maintain and/or improve geomorphic processes  

 Maintain and/or improve physical and chemical characteristics 

 Maintain and/or improve biological community characteristics 

 Maintain and/or improving functions and dynamic equilibrium 

 Re-establish dominance of the native plant community 

 Restore understory herbaceous vegetation to moderately-high to high ecological condition 

 Reduce grazing pressure 

 Limit the presence of invasive plants 

 

 
Montane Willow Riparian Forest PNVT 
 
When assessing threats and risks to montane willow riparian forest it is necessary to evaluate the 

relationship between current departure from HRV and trend in relation to HRV (Appendix E table 29). In 

this case, assess the legacy of past management or deviation from ongoing management activities, 

evaluate threats/risks and system reversibility. In relation to HRV, there is a low departure; however, the 

current trend is away from HRV; risks are not addressed. Discontinue current management and identify 

restoration opportunities for this PNVT. 
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Appendix E table 29. Recommended actions in evaluating threats/risks for the montane willow riparian forest 
PNVT in relation to its low woody overstory vegetation departure from HRV and current trend away from HRV 

Current Departure from 
HRV1 is 21 Percent 

Montane Willow Riparian Forest PNVT Trend in Relation to HRV 

static 
(neither towards nor away) 

towards HRV 
away from HRV 
(or unknown) 

Significant (LOW, 
moderate, high or severe 

departure) 

Legacy of past management or 
deviation from ongoing activities; 

evaluate threats/risks and system 

reversibility 

Risk addressed; continue current 
management and identify restoration 

opportunities 

Potential for high risk; evaluate 

threats and system reversibility 

Non-significant (within 

HRV) 

No risk; continue current 

management 

No risk; continue current 

management 

Potential risk; evaluate magnitude of 

future deviations, threats and system 

reversibility 
1 Departure is separated into 5 categories: 1. Within HRV (departure index of 0-20%); 2. low (departure index of 21-40%); 3. moderate (departure index of 41-60%); 

4. high (departure index of 61-80%); and 5. severe (departure index of 81-100%) 

 
In regards to the current herbaceous understory vegetation ecological status

34
 and range condition

35, 36
 of 

the lands capable
37

 of supporting livestock grazing, montane willow riparian forest PNVT ranks 5
th
 out of 

the 14 PNVTs in the amount of capable grazing lands not meeting desired conditions, roughly 80 percent 

(Appendix D - addendum figure 24.) 
 

Threats: The most important threats, based on high likelihood of occurrence and high threat severity, 

under Forest Service management authority to montane willow riparian forest include (Appendix E table 

30) livestock grazing/browsing, fire suppression, inundation (diversions, dams and impoundments) and 

drying of the riparian communities below the impoundment and concurrently flooding those communities 

above the impoundment, human-caused fires and roads, highways and corridors. These threats types 

include modification of natural processes and habitat conversion which have negative consequences to 

ecological composition, structure, function and processes. Other anthropogenic threats include feral 

equine and wild ungulate grazing/browsing, OHVs and recreation; and invasive plants are an additional 

threat. The most important threat, based on high likelihood of occurrence and high threat severity outside 

of agency authority is climate change, and this is likely to intensify (Beschta et al., 2013) and be 

compounding all other identified threats. Climate-related changes can not only affect public-land 

ecosystems directly, but may exacerbate the aggregate effects of non-climatic stressors, such as habitat 

modification and pollution caused by logging, mining, grazing, roads, water diversions, and recreation 

(Root et al., 2003; CEQ, 2010; Barnosky et al., 2012; Beschta et al., 2013). Other threats outside Forest 

Service management authority include groundwater depletion/contamination and urban development. 

These threat types include habitat conversion which has negative consequences to ecological 

composition, structure, function and processes. Uncharacteristic soil compaction, erosion and loss, 

sedimentation, wild ungulate grazing/browsing, and wildfire are additional threats. 

 

Risks: The above threats pose the following risks with negative consequences to ecological composition, 

structure, function and processes. Specifically by loss of these riparian areas themselves, as-well-as 

affects to vegetation health (atypical composition, structure and function), soil compaction, erosion, 

sedimentation and loss of soil fertility, altered watershed and hydrologic functions, reduced water quality 

and quantity, altered fire regime, introduction and spread of invasive plants, modification of natural 

processes, change in ecological potentials, species extinction or reduction in population(s) and/or 

habitat(s), and inability to re-establish natural wildfire processes. 

 

Changes in the structure and function of montane-willow riparian forests have been noted as the primary 

cause of the loss of biological diversity within these systems. The causes of adverse change in the 

ecological character of these systems can be grouped in five broad categories (Abouguendia, 2001): 
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 stream channel morphology 

 hydrology and stream flow 

 water quality  

 riparian zone soils  

 riparian and aquatic organism  

 

Because riparian areas are relatively rare (in relation to other ecosystems on the A-SNFs), they have 

become a focal point for wild ungulate, livestock, and human activity. This affected riparian and stream 

habitats by reducing riparian vegetation cover or altering its structure and by physically altering soil or 

site properties. Such changes result in adverse impacts on hydrologic functioning of the riparian area. 

Healthy riparian vegetation and soils are important for hydrological processes including flow-energy 

dissipation, bank building, ground water storage, aquifer recharge, and flood control. Vegetation reduces 

stream velocity, thereby decreasing erosion and increasing deposition of materials on banks 

(Abouguendia, 2001). 

 

Reversibility: Some threats/risks are not reversible under Forest Service authority such as: urban 

development, uncharacteristic erosion and sedimentation. Even though these threats/risks are not within 

agency authority, the forests have a responsibility to assess, address, develop and implement appropriate 

management responses that mitigate undesirable consequences to National Forest System Lands. On the 

other hand, some threats/risks are reversible such as: potential decline from uncharacteristic erosion may 

be partially reversible depending on scale. With OHVs – there may be irreversible conditions – soil loss, 

uncharacteristic succession, habitat modification/loss/fragmentation (reduces species’ population and/or 

viability), some effects of infestations by invasive plants and areas of infestation are reversible depending 

on species and spatial scale. Risks from fire suppression and human-caused fires can be minimized and in 

many cases be reversed. Some effects of livestock grazing/browsing are reversible depending on severity 

of change and spatial scale. However, according to Loeser et al. (2007), changes in climate affecting 

precipitation, may cause some ecological alterations to be persistent. 

 

Opportunities: Riparian ecosystems are naturally resilient, provide linear habitat connectivity, link aquatic 

and terrestrial ecosystems, and create thermal refugia for wildlife: all characteristics that can contribute to 

ecological adaptation to climate change (Seavy et al., 2009). Vegetation management that promotes 

structural composition that approximates HRV. Manage fire as an integral component of ecosystem 

sustainability; restoration of natural processes and existing conditions that have been compromised by 

livestock grazing. Evaluate the ecological costs and appropriateness of livestock grazing within this 

riparian PNVT given the extensive amount of herbaceous understory vegetation acres classified as being 

in low to moderately-low ecological status (roughly 89 percent) not meeting desired conditions. Livestock 

grazing negatively affects water quality and seasonal quantity, stream channel morphology, hydrology, 

riparian zone soils, instream and streambank vegetation, and aquatic and riparian wildlife (Belsky et al., 

1999). Continuing livestock grazing use should be assessed to determine if it is consistent with ecological 

recovery, particularly as the climate shifts (Karr and Rossano, 2001; Karr, 2004; LaPaix et al., 2009; 

Beschta et al., 2013) to reduce or eliminate cascading effects (Kondolf, 1994; Rhodes et al.,1994; Beschta 

et al., 2013), and to be compatible with maintaining or recovering key ecological functions and native 

species and habitats (Beschta et al., 2013). In addition, implement the recommended guidelines for 

restocking burned area (USFS, 2008c) as the consequence of fire. 
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Appendix E table 30. A-SNFs’ risks to the montane willow riparian forest PNVT based on identified threats. Threats are categorized as either under 
agency management authority or outside agency management authority as well as threat type and estimated risk of high (H), moderate (M) or low (L) 

Threat Threat Type 

Estimated Risk1 Risk Consequence to Ecological Characteristics2 

likelihood of 
occurrence 

severity 
composition 

(C) 
structure 

(S) 
function 

(F) 
services 

(Sv) 

Under Agency Management Authority       

Channelization Modification of natural processes/habitat 

conversion 

L H      

Feral equine-ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Fire suppression Modification of natural processes H H     
Human-caused fire Habitat conversion H H     
Inundation (diversions, dams and 

impoundments)/de-watering 

Modification of natural processes/habitat 

conversion 

H H     

Invasive plant species Modification of natural processes/habitat 

conversion 

H M     

Livestock grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

M H3 
    

Off-highway vehicles (OHVs) Non-consumptive biological use M H     
Recreation activities Non-consumptive biological use M M     

Roads, highways and utility corridors Transportation/habitat 
conversion 

H H     

Outside Agency Management Authority       

Channelization Modification of natural processes/habitat 

conversion 

L H     

Climate change Modification of natural processes/habitat 

conversion 

H H     

Drought Habitat conversion M M     
Inundation/de-watering Habitat conversion M M     

Groundwater depletion/contamination Habitat conversion H H     
Uncharacteristic erosion  Habitat conversion M H     
Uncharacteristic sedimentation Habitat conversion M H     

Uncharacteristic wildfire Habitat conversion M H     

Urban development Habitat conversion H H     
Water withdrawal Abiotic resource use L H      

Wild ungulate grazing/browsing Consumptive biological use/modification of 

natural processes/habitat conversion 

H H3     

Total (under/outside agency management authority)   10/10 8/10 8/8 10/7 
1 Estimated Risk is divided into Likelihood of Occurrence (defined as the probability of a significant departure from reference conditions) and Severity (defined as the magnitude of the departure from reference conditions)  
2 Risks are assessed as affecting changes in one or more of the following ecosystem characteristics: vegetation composition (C), vegetation structure (S); vegetation function (F) and/or ecological services (Sv). Composition (C) is 

the biological lements within the different levels of biological organizations, from genes and species to communities and ecosystems. Structure (S) is the organization and physical arrangement of biological elements such as 
snags and down woody debris, vertical and horizontal distribution of vegetation, stream habitat complexity, landscape pattern, and connectivity. Function (F) is the ecological processes, such as energy flow; nutrient cycling and 
retention; soil development and retention; predation and herbivory; and natural disturbances such as wind, fire, and floods. Services (Sv) are the provisioning services - such as clean air and fresh water, as well as energy, fuel, 
forage, fiber, and minerals; regulating services - such as longterm storage of carbon, climate regulation, water filtration, purification and storage, soil stabilization, flood control, and disease regulation; and supporting services - 
such as pollination, seed dispersal, soil formation, and nutrient cycling. Not all aspects of structure, composition, function and/or services may be affected because of the occurance of a threat or threat type 

3 Given the extensive amount of herbaceous understory vegetation acres classified as being in low to moderately-low ecological status not meeting desired conditions within this PNVT 
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Improved travel management, and road maintenance and design; and implementation of applicable BMPs. 

Implement aggressive invasive plant management; because, according to Jordan et al. (2008), recent 

evidence suggests that positive feedbacks between invasive plants and soils could contribute significantly 

to plant invasions (Corbin and D’Antonio, 2004; Ehrenfeld, 2004; Scott et al., 2001; Wolfe and 

Klironomos, 2005; Reinhart and Callaway, 2006; Eppstein and Molofsky, 2007), perhaps exemplifying 

‘ecological engineering’ by biological invaders (Cuddington and Hastings, 2004). Invasive species 

modify soils that they occupy (Ramakrishnan and Vitousek, 1989) in ways that increase their own fitness 

relative to that of native species (Vivrette and Muller, 1977; Jordan et al., 2008), and therefore, are more 

competitive in site occupation. 

 
Ecological Need for Change in Management Activities 

 

Heavy grazing in riparian areas has many effects and can compact the soil, reduce infiltration, and 

increase runoff, erosion, sediments, and nutrients (Hoorman and McCutcheon, 2005a and 2005b). 

Livestock compact soil by trampling it, making paths, or repeatedly congregating in the same areas. This 

reduces the ability of riparian areas to absorb and hold water, and breaks down streambanks. Vegetation 

removal leads to higher stream water temperature (Li et al., 1994). Higher water temperatures result due 

to a lack of shade. Unrestricted livestock will feed selectively on preferred lush forages in riparian areas, 

reducing the ability of these species to survive or reproduce. This creates bare areas and promotes the 

growth of weeds. Livestock also transport noxious weed seed and vegetative growth into riparian areas. 

 

Emerging and related concerns are the homogenization of the flora of this PNVT and the loss of diversity 

and the threat to native species posed by exotic species that spread in response to human activities. There 

is an ecological need to restore composition and structure and sustain ecological processes in this 

woodland community. The montane willow riparian forests PNVT on the A-SNFs has the greatest road 

density of any riparian PNVT; nearly 4.0 linear miles of road per one square mile. Rehabilitating land that 

has been roaded is difficult at best. Desired changes include management activities that influence 

herbaceous species cover and species richness more closely associated with proper functioning conditions 

by: 

 

 Maintain and/or improve hydrologic and hydraulic processes 

 Maintain and/or improve geomorphic processes  

 Maintain and/or improve physical and chemical characteristics 

 Maintain and/or improve biological community characteristics 

 Maintain and/or improving functions and dynamic equilibrium 

 Re-establish dominance of the native plant community 

 Reduce grazing pressure 

 Restore understory herbaceous vegetation to moderately-high to high ecological condition 

 Limit the presence of invasive plants 
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Appendix F - Proposed Management Treatments and Acreages by Alternative 
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Alternative A Treatment Types 

 

Appendix F table 1. Alternative A management treatment types, acres and percent of total PNVT treated annually, and number of years it would take to 
treat the entire PNVT at the annual rate for ponderosa pine, wet mixed conifer, dry mixed conifer and spruce-fir forests, and all A-SNFs forested PNVTs 
combined 

Alternative A Treatment Types1 

Alternative A Annual PNVT Acres Treated by Treatment Type All A-SNFs Modeled Forested 
PNVTs 

945,753 Acres 
ponderosa pine forest 

602,206 acres 
wet mixed conifer forest 

177,995 acres 
dry mixed conifer forest 

147,885 acres 
spruce-fir forest  

17,667 acres 

alternative A alternative A alternative A alternative A alternative A 

B Free thin all sizes to target BA  1,240   150   221   3   1,614  

C Thin from below to target BA  2,090   258   372   17   2,737  

D Thin under 16-inch diameter to BA  1,999   600   355   18   2,972  

E Group select with matrix thin  1,370   450   244   27   2,091  

F Shelterwood seed cut to target BA  420   20   74      514  

G Clearcut with legacy trees     34      10   44  

H Clearcut-Coppice     34      17   51  

I Plant Seedlings  450   325   100   5   880  

J RX FIRE ONLY low conditions  2,836   855   720   90   4,501  

K RX FIRE ONLY moderate conditions  316   96   80   10   502  

L RX FIRE ONLY high conditions                

M Thin under 9-inch diameter to BA     601   542   16   1,159  

Total Acres Treated  10,721   3,423   2,708   213   17,065  

Percent Acres Treated Annually  1.8   1.9   1.8   1.2   1.8  

Years to Treat Entire PNVT(s)  56   52   55   83   55  
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative A Treatment Types 

 

Appendix F table 2. Alternative A management treatment types, acres and percent of total PNVT treated annually (50-year average) as derived from 
VDDT modeling outputs, and number of years it would take to treat the entire PNVT at the annual rate for ponderosa pine, wet mixed conifer, dry mixed 
conifer and spruce-fir forests, and all A-SNFs forested PNVTs combined 

Alternative A Treatment Types1 

Alternative A Proposed 50-Year Average Annual PNVT Acres Treated by Treatment Type Based on VDDT Model Outputs All A-SNFs Modeled Forested 
PNVTs 

945,753 Acres 
ponderosa pine forest 

602,206 acres 
wet mixed conifer forest 

177,995 acres 
dry mixed conifer forest 

147,885 acres 
spruce-fir forest  

17,667 acres 

alternative A alternative A alternative A alternative A alternative A 

B Free thin all sizes to target BA  1,380   139   295   3   1,817  

C Thin from below to target BA  2,327   349   496   26   3,198  

D Thin under 16-inch diameter to BA  2,220   748   358   27   3,353  

E Group select with matrix thin  1,522   383   246   31   2,182  

F Shelterwood seed cut to target BA  467   12   75      554  

G Clearcut with legacy trees     19      14   33  

H Clearcut-Coppice     33      20   53  

I Plant Seedlings  105   42   18   1   166  

J RX FIRE ONLY low conditions  3,199   1,601   496   102   5,398  

K RX FIRE ONLY moderate conditions  352   101   55   11   519  

L RX FIRE ONLY high conditions                

M Thin under 9-inch diameter to BA     937   376   23   1,336  

Total Acres Treated  11,572   4,365   2,413   256   18,606  

Percent Acres Treated Annually  1.9   2.5   1.6   1.5   2.0  

Years to Treat Entire PNVT(s)  52   41   61   69   51  
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative B Treatment Types 

 

Appendix F table 3. Alternative B proposed management treatment types, acres and percent of total PNVT treated annually, and years it would take to 
treat the entire PNVT at the annual rate proposed for forested PNVTs; proposed high, average and low acre treatment objectives are presented for 
ponderosa pine, wet mixed conifer, dry mixed conifer and spruce-fir forests, and all A-SNFs forested PNVTs combined 

Alternative B Treatment Types1 

Alternative B Proposed Annual PNVT Acres Treated by Treatment Type All A-SNFs Modeled Forested 
PNVTs 

945,753 Acres 
ponderosa pine forest 

602,206 acres 
wet mixed conifer forest 

177,995 acres 
dry mixed conifer forest 

147,885 acres 
spruce-fir forest  

17,667 acres 

high average low high average low high average low high average low high average low 

B Free thin all sizes to target BA 2,814 1,605 396 94 54 14 110 65 19 3 3 0 3,021 1,725 429 

C Thin from below to target BA 2,042 1,165 287 94 54 13 70 40 9 2 2 0 2,208 1,259 309 

D Thin under 16-inch diameter to BA 
 

 
 

            

E Group select with matrix thin 4,807 2,742 677 2,000 1,143 286 1,585 906 227 70 40 10 8,462 4,831 1,200 

F Shelterwood seed cut to target BA 1,362 777 192 20 12 3 175 99 23    1,557 888 218 

G Clearcut with legacy trees 
 

 
 

93 53 13    3 2 1 96 55 14 

H Clearcut-Coppice 
 

 
 

93 53 13    3 2 1 96 55 14 

I Plant Seedlings 1,200 875 550 500 375 250 450 338 225 50 35 20 2,200 1,623 1,045 

J RX FIRE ONLY low conditions 3,858 2,205 551 1,107 620 132 693 396 99 201 115 28 5,859 3,335 810 

K RX FIRE ONLY moderate conditions 6,064 3,466 867 2,218 1,241 263 1,940 1,109 277 404 231 58 10,626 6,046 1,465 

L RX FIRE ONLY high conditions 1,102 630 158    277 159 40    1,379 789 198 

M Thin under 9-inch diameter to BA 
 

 
 

931  133 832 475 118 14  2 1,777 1,015 253 

Total Acres Treated 23,249 13,464 3,678 7,150 4,135 1,120 6,132 3,585 1,037 750 433 116 37,281 21,618 5,955 

Percent Acres Treated Annually 3.9 2.2 0.6 4.0 2.3 0.6 4.1 2.4 0.7 4.2 2.5 0.7 3.9 2.3 0.6 

Years to Treat Entire PNVT(s) 26 45 164 25 43 159 24 41 143 24 41 147 25 44 159 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative B Treatment Types 

 

Appendix F table 4. Alternative B proposed management treatment types, acres and percent treated annually (50-year average) as derived from VDDT 
modeling outputs, and years it would take to treat the entire PNVT at the annual rate for forested PNVTs; proposed high, average and low acre 
treatment objectives are presented for ponderosa pine, wet mixed conifer, dry mixed conifer and spruce-fir forests, and all A-SNFs forested PNVTs 
combined 

Alternative B Treatment Types1 

Alternative B Proposed 50-Year Average Annual PNVT Acres Treated by Treatment Type Based on VDDT Model Outputs All A-SNFs Modeled Forested 
PNVTs 

945,753 Acres 
ponderosa pine forest 

602,206 acres 
wet mixed conifer forest 

177,995 acres 
dry mixed conifer forest 

147,885 acres 
spruce-fir forest  

17,667 acres 

high average low high average low high average low high average low high average low 

B Free thin all sizes to target BA 3,6742 2,0652 4562 80 47 14 1822 1022 222 3 2 0 3,939 2,216 492 

C Thin from below to target BA 2,122 1,216 310 126 72 17 99 56 12 4 2 0 2,351 1,346 339 

D Thin under 16-inch diameter to BA             0 0 0 

E Group select with matrix thin 6,8543 3,8223 7913 1,608 903 198 1,8353 1,0453 2543 112 62 12 10,409 5,832 1,255 

F Shelterwood seed cut to target BA 1,556 881 205 12 7 2 184 104 24    1,752 992 231 

G Clearcut with legacy trees    43 25 8    4 3 1 47 28 9 

H Clearcut-Coppice    77 43 10    4 3 1 81 46 11 

I Plant Seedlings 260 192 123 73 52 31 93 71 49 6 4 2 432 319 205 

J RX FIRE ONLY low conditions 9,831 5,613 1,395 2,074 1,168 263 1,993 1,139 284 207 120 32 14,105 8,040 1,974 

K RX FIRE ONLY moderate conditions 1,0284 5884 1484 2,215 1,243 271 6644 3804 954 360 212 63 4,267 2,423 577 

L RX FIRE ONLY high conditions 2024 1164 304    1574 904 234    359 206 53 

M Thin under 9-inch diameter to BA    1,460 832 203 1,048 598 148 19 11 3 2,527 1,441 354 

Total Acres Treated 25,527 14,493 3,459 7,767 4,392 1,016 6,255 3,583 911 718 417 116 40,267 22,885 5,502 

Percent Acres Treated Annually 4.2 2.4 0.6 4.4 2.5 0.6 4.2 2.4 0.6 4.1 2.4 0.7 4.3 2.4 0.6 

Years to Treat Entire PNVT(s) 24 42 174 23 41 175 24 41 162 25 42 153 23 41 172 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types 
2 Based on specifically targeting closed canopy states F and G to maintain non-declining yield from suitable timber lands. 1982 Rule, Sec. 219.3 Definitions and terminology: Base sale schedule: A timber sale schedule formulated 

on the basis that the quantity of timber planned for sale and harvest for any future decade is equal to or greater than the planned sale and harvest for the preceding decade, and this planned sale and harvest for any decade is 
not greater than the long-term sustained yield capacity. Sale schedule: The quantity of timber planned for sale by time period from an area of suitable land covered by a forest plan. The first period, usually a decade, of the 
selected sale schedule provides the allowable sale quantity. Future periods are shown to establish that long-term sustained yield will be achieved and maintained 

3 Based on specifically targeting closed canopy states H, I, L and M to maintain non-declining yield from suitable timber lands 
4 Based on the removal of K RX FIRE ONLY moderate conditions, and L RX FIRE ONLY high conditions in all states within suitable timber lands 
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Alternative C Treatment Types 

 

Appendix F table 5. Alternative C proposed management treatment types, acres and percent of total PNVT treated annually, and years it would take to 
treat the entire PNVT at the annual rate proposed for forested PNVTs; proposed high, average and low acre treatment objectives are presented for 
ponderosa pine, wet mixed conifer, dry mixed conifer and spruce-fir forests, and all A-SNFs forested PNVTs combined 

Alternative C Treatment Types1 

Alternative C Proposed Annual PNVT Acres Treated by Treatment Type All A-SNFs Modeled Forested 
PNVTs 

945,753 Acres 
ponderosa pine forest 

602,206 acres 
wet mixed conifer forest 

177,995 acres 
dry mixed conifer forest 

147,885 acres 
spruce-fir forest  

17,667 acres 

high average low high average low high average low high average low high average low 

B Free thin all sizes to target BA 6,826 3,755 683 254 140 26 192 106 20 7 4 1 7,279 4,005 730 

C Thin from below to target BA 2,426 1,335 243 635 350 64 140 77 14 7 4 0 3,208 1,765 321 

D Thin under 16-inch diameter to BA 
 

 
 

            

E Group select with matrix thin 10,706 5,889 1,071 3,423 1,885 346 3,961 2,171 380 137 74 11 18,227 10,018 1,808 

F Shelterwood seed cut to target BA 4,297 2,363 429 211 116 21 660 360 60    5,168 2,839 510 

G Clearcut with legacy trees 
 

 
 

846 466 86    13 7 1 859 473 87 

H Clearcut-Coppice 
 

 
 

846 466 86    13 7 1 859 473 87 

I Plant Seedlings 1,400 1,100 800 700 575 450 500 383 265 10 8 5 2,610 2,065 1,520 

J RX FIRE ONLY low conditions 3,565 1,965 364 1,044 575 105 660 363 66 297 164 31 5,566 3,066 566 

K RX FIRE ONLY moderate conditions 5,602 3,087 571 2,091 1,150 208 1,848 1,017 185 596 329 62 10,137 5,582 1,026 

L RX FIRE ONLY high conditions 1,020 562 104    264 145 26    1,284 707 130 

M Thin under 9-inch diameter to BA 
 

 
 

1,100 601 102 1,207 675 142 31 17 2 2,338 1,292 246 

Total Acres Treated 35,842 20,054 4,265 11,150 6,322 1,494 9,432 5,295 1,158 1,111 616 114 57,535 32,283 7,031 

Percent Acres Treated Annually 6.0 3.3 0.7 6.3 3.6 0.8 6.4 3.6 0.8 6.3 3.5 0.6 6.1 3.4 0.7 

Years to Treat Entire PNVT(s) 17 30 141 16 28 119 16 28 128 16 29 155 16 29 135 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types 
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Alternative C Treatment Types 

 

Appendix F table 6. Alternative C proposed management treatment types, acres and percent treated annually (50-year average) as derived from VDDT 
modeling outputs, and years it would take to treat the entire PNVT at the annual rate for forested PNVTs; proposed high, average and low acre 
treatment objectives are presented for ponderosa pine, wet mixed conifer, dry mixed conifer and spruce-fir forests, and all A-SNFs forested PNVTs 
combined 

Alternative C Treatment Types1 

Alternative C Proposed 50-Year Average Annual PNVT Acres Treated by Treatment Type Based on VDDT Model Outputs All A-SNFs Modeled Forested 
PNVTs 

945,753 Acres 
ponderosa pine forest 

602,206 acres 
wet mixed conifer forest 

177,995 acres 
dry mixed conifer forest 

147,885 acres 
spruce-fir forest  

17,667 acres 

high average low high average low high average low high average low high average low 

B Free thin all sizes to target BA 7,150 3,958 766 228 126 25 246 136 26 6 4 1 7,630 4,224 818 

C Thin from below to target BA 2,181 1,219 256 902 494 85 193 106 19 13 7 0 3,289 1,826 360 

D Thin under 16-inch diameter to BA                

E Group select with matrix thin 10,602 5,883 1,163 2,613 1,423 233 3,807 2,097 387 232 123 14 17,254 9,526 1,797 

F Shelterwood seed cut to target BA 4,823 2,644 466 97 55 12 644 354 63    5,564 3,053 541 

G Clearcut with legacy trees    304 177 50    17 9 1 321 186 51 

H Clearcut-Coppice    650 358 67    16 9 1 666 367 68 

I Plant Seedlings 303 244 185 153 77 0 107 83 58 1 1 1 564 405 244 

J RX FIRE ONLY low conditions 3,873 2,139 406 1,906 1,057 208 844 465 85 301 169 36 6,924 3,830 735 

K RX FIRE ONLY moderate conditions 5,868 3,248 628 1,955 1,083 211 2,367 1,304 241 492 280 68 10,682 5,915 1,148 

L RX FIRE ONLY high conditions 1,089 600 112    628 344 60    1,717 944 172 

M Thin under 9-inch diameter to BA    1,636 895 154 1,586 890 193 42 23 3 3,264 1,808 350 

Total Acres Treated 35,890 19,935 3,981 10,443 5,744 1,044 10,423 5,778 1,132 1,121 623 124 57,877 32,080 6,281 

Percent Acres Treated Annually 6.0 3.3 0.7 5.9 3.2 0.6 7.0 3.9 0.8 6.3 3.5 0.7 6.1 3.4 0.7 

Years to Treat Entire PNVT(s) 17 30 151 17 31 170 14 26 131 16 28 142 16 29 151 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative D Treatment Types 

 

Appendix F table 7. Alternative D proposed management treatment types, acres and percent of total PNVT treated annually, and years it would take to 
treat the entire PNVT at the annual rate proposed for forested PNVTs; proposed high, average and low acre treatment objectives are presented for 
ponderosa pine, wet mixed conifer, dry mixed conifer and spruce-fir forests, and all A-SNFs forested PNVTs combined 

Alternative D Treatment Types1 

Alternative D Proposed Annual PNVT Acres Treated by Treatment Type All A-SNFs Modeled Forested 
PNVTs 

945,753 Acres 
ponderosa pine forest 

602,206 acres 
wet mixed conifer forest 

177,995 acres 
dry mixed conifer forest 

147,885 acres 
spruce-fir forest  

17,667 acres 

high average low high average low high average low high average low high average low 

B Free thin all sizes to target BA 77 44 11          77 44 11 

C Thin from below to target BA                

D Thin under 16-inch diameter to BA 8,987 5,168 1,348 1,973 987 0    31 18 5 10,991 6,172 1,353 

E Group select with matrix thin 331 191 50 80 40 0       411 231 50 

F Shelterwood seed cut to target BA 55 32 8          55 32 8 

G Clearcut with legacy trees                

H Clearcut-Coppice                

I Plant Seedlings 400 263 125    200 150 100    600 413 225 

J RX FIRE ONLY low conditions 7,718 4,439 1,160 2,214 1,273 332 1,400 805 210 321 185 48 11,653 6,702 1,750 

K RX FIRE ONLY moderate conditions 12,128 6,974 1,820 4,436 2,551 665 3,920 2,254 588 643 370 97 21,127 12,149 3,170 

L RX FIRE ONLY high conditions 2,205 1,268 330    339 211 83    2,544 1,479 413 

M Thin under 9-inch diameter to BA    798 613 428 1,207 784 360 5 3 1 2,010 1,400 789 

Total Acres Treated 31,901 18,377 4,852 9,501 5,463 1,425 7,066 4,204 1,341 1,000 576 151 49,468 28,619 7,769 

Percent Acres Treated Annually 5.3 3.1 0.8 5.3 3.1 0.8 4.8 2.8 0.9 5.7 3.3 0.9 5.2 3.0 0.8 

Years to Treat Entire PNVT(s) 19 33 124 19 33 125 21 35 110 18 31 117 19 33 122 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative D Treatment Types 

 

Appendix F table 8. Alternative D proposed management treatment types, acres and percent treated annually (50-year average) as derived from VDDT 
modeling outputs, and years it would take to treat the entire PNVT at the annual rate for forested PNVTs; proposed high, average and low acre 
treatment objectives are presented for ponderosa pine, wet mixed conifer, dry mixed conifer and spruce-fir forests, and all A-SNFs forested PNVTs 
combined 

Alternative D Treatment Types1 

Alternative D Proposed 50-Year Average Annual PNVT Acres Treated by Treatment Type Based on VDDT Model Outputs All A-SNFs Modeled Forested 
PNVTs 

945,753 Acres 
ponderosa pine forest 

602,206 acres 
wet mixed conifer forest 

177,995 acres 
dry mixed conifer forest 

147,885 acres 
spruce-fir forest  

17,667 acres 

high average low high average low high average low high average low high average low 

B Free thin all sizes to target BA 84 48 12          84 48 12 

C Thin from below to target BA                

D Thin under 16-inch diameter to BA 10,450 5,970 1,490 2,929 1,464 0    68 38 8 13,447 7,472 1,498 

E Group select with matrix thin 385 220 55 91 46 0       476 266 55 

F Shelterwood seed cut to target BA 64 36 9          64 36 9 

G Clearcut with legacy trees                

H Clearcut-Coppice                

I Plant Seedlings 116 75 34    44 36 28    160 111 62 

J RX FIRE ONLY low conditions 8,539 4,917 1,295 3,731 2,190 650 1,797 1,019 241 318 186 54 14,385 8,312 2,240 

K RX FIRE ONLY moderate conditions 13,167 7,585 2,004 4,450 2,570 690 5,028 2,853 677 608 356 104 23,253 13,364 3,475 

L RX FIRE ONLY high conditions 1,548 940 332    640 405 170    2,188 1,345 502 

M Thin under 9-inch diameter to BA    12,496 1,005 714 1,505 1,106 706 7 4 1 14,008 2,115 1,421 

Total Acres Treated 34,352 19,792 5,232 9,501 7,275 2,054 9,015 5,178 1,341 901 534 167 53,769 32,779 8,794 

Percent Acres Treated Annually 5.7 3.3 0.9 7.0 4.1 1.2 6.1 3.7 1.2 5.1 3.0 0.9 5.7 3.5 0.9 

Years to Treat Entire PNVT(s) 18 30 115 14 24 87 16 27 81 20 33 106 18 29 108 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative A Treatment Types 

 

Appendix F table 9. Alternative A management treatment types, acres and percent of total PNVT treated annually, and number of years it would take to 
treat the entire PNVT at the annual rate for Madrean pine-oak and piñon-juniper woodlands, and all A-SNFs woodland PNVTs combined 

Alternative A Treatment Types1 

Alternative A Annual PNVT Acres Treated by Treatment Type 
All A-SNFs Modeled Woodland PNVTs 

617,094 Acres Madrean pine-oak woodland 
 394,928 acres 

piñon-juniper woodland  
222,166 acres 

 alternative A   alternative A   alternative A  

B Free thin all sizes to target BA     180   180  

C Thin from below to target BA          

D Thin under 16-inch diameter to BA     150   150  

E Group select with matrix thin     40   40  

F Shelterwood seed cut to target BA          

G Clearcut with legacy trees     130   130  

H Clearcut-Coppice          

I Plant Seedlings          

J RX FIRE ONLY low conditions     81   81  

K RX FIRE ONLY moderate conditions  797   9   806  

L RX FIRE ONLY high conditions  266      266  

M Thin under 9-inch diameter to BA          

Total Acres Treated  1,063   590   1,653  

Percent Acres Treated Annually  0.3   0.3   0.3  

Years to Treat Entire PNVT(s)  372   377   373  
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative A Treatment Types 

 

Appendix F table 10. Alternative A management treatment types, acres and percent of total PNVT treated annually (50-year average) as derived from 
VDDT modeling outputs, and number of years it would take to treat the entire PNVT at the annual rate for Madrean pine-oak and piñon-juniper 
woodlands, and all A-SNFs woodland PNVTs combined 

Alternative A Treatment Types1 

Alternative A Proposed 50-Year Average Annual PNVT Acres Treated by Treatment Type Based on 
VDDT Model Outputs All A-SNFs Modeled Woodland PNVTs 

617,094 Acres Madrean pine-oak woodland 
 394,928 acres 

piñon-juniper woodland  
222,166 acres 

 alternative A   alternative A   alternative A  

B Free thin all sizes to target BA     176   176  

C Thin from below to target BA          

D Thin under 16-inch diameter to BA     147   147  

E Group select with matrix thin     38   38  

F Shelterwood seed cut to target BA          

G Clearcut with legacy trees     131   131  

H Clearcut-Coppice          

I Plant Seedlings          

J RX FIRE ONLY low conditions     81   81  

K RX FIRE ONLY moderate conditions  791   18   809  

L RX FIRE ONLY high conditions  257      257  

M Thin under 9-inch diameter to BA          

Total Acres Treated  1,048   591   1,639  

Percent Acres Treated Annually  0.3   0.3   0.3  

Years to Treat Entire PNVT(s)  377   377   377  
1 

See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative B Treatment Types 

 

Appendix F table 11. Alternative B proposed management treatment types, acres and percent of total PNVT treated annually, and years it would take to 
treat the entire PNVT at the annual rate proposed for forested PNVTs; proposed high, average and low acre treatment objectives are presented for 
Madrean pine-oak and piñon-juniper woodlands, and all A-SNFs woodland PNVTs combined 

Alternative B Treatment Types1 

Alternative B Proposed Annual PNVT Acres Treated by Treatment Type 
All A-SNFs Modeled Woodland PNVTs 

617,094 Acres Madrean pine-oak woodland 
 394,928 acres 

piñon-juniper woodland  
222,166 acres 

high average low high average low high average low 

B Free thin all sizes to target BA          

C Thin from below to target BA          

D Thin under 16-inch diameter to BA          

E Group select with matrix thin    2,341 1,561 780 2,341 1,561 780 

F Shelterwood seed cut to target BA          

G Clearcut with legacy trees          

H Clearcut-Coppice          

I Plant Seedlings          

J RX FIRE ONLY low conditions          

K RX FIRE ONLY moderate conditions 11,143 7,429 3,714 1,412 941 470 12,555 8,370 4,184 

L RX FIRE ONLY high conditions          

M Thin under 9-inch diameter to BA          

Total Acres Treated 11,143 7,429 3,714 3,753 2,502 1,250 14,896 9,930 4,964 

Percent Acres Treated Annually 2.8 1.9 0.9 1.7 1.1 0.6 2.4 1.6 0.8 

Years to Treat Entire PNVT(s) 35 53 106 59 89 178 41 62 124 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative B Treatment Types 

 

Appendix F table 12. Alternative B proposed management treatment types, acres and percent treated annually (50-year average) as derived from VDDT 
modeling outputs, and years it would take to treat the entire PNVT at the annual rate for forested PNVTs; proposed high, average and low acre 
treatment objectives are presented for Madrean pine-oak and piñon-juniper woodlands, and all A-SNFs woodland PNVTs combined 

Alternative B Treatment Types1 

Alternative B Proposed 50-Year Average Annual PNVT Acres Treated by Treatment Type Based on 
VDDT Model Outputs All A-SNFs Modeled Woodland PNVTs 

617,094 Acres Madrean pine-oak woodland 
 394,928 acres 

piñon-juniper woodland  
222,166 acres 

high average low high average low high average low 

B Free thin all sizes to target BA          

C Thin from below to target BA          

D Thin under 16-inch diameter to BA          

E Group select with matrix thin    2,149 1,444 738 2,149 1,444 738 

F Shelterwood seed cut to target BA          

G Clearcut with legacy trees          

H Clearcut-Coppice          

I Plant Seedlings          

J RX FIRE ONLY low conditions          

K RX FIRE ONLY moderate conditions 7,784 5,538 3,292 1,930 1,387 843 9,714 6,925 4,135 

L RX FIRE ONLY high conditions          

M Thin under 9-inch diameter to BA          

Total Acres Treated 7,784 5,538 3,292 4,078 2,830 1,581 11,862 8,368 4,873 

Percent Acres Treated Annually 2.0 1.4 0.8 1.8 1.3 0.7 1.9 1.4 0.8 

Years to Treat Entire PNVT(s) 51 71 120 54 79 141 52 74 127 
1 

See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative C Treatment Types 

 

Appendix F table 13. Alternative C proposed management treatment types, acres and percent of total PNVT treated annually, and years it would take to 
treat the entire PNVT at the annual rate proposed for forested PNVTs; proposed high, average and low acre treatment objectives are presented for 
Madrean pine-oak and piñon-juniper woodlands, and all A-SNFs woodland PNVTs combined 

Alternative C Treatment Types1 

Alternative C Proposed Annual PNVT Acres Treated by Treatment Type 
All A-SNFs Modeled Woodland PNVTs 

617,094 Acres Madrean pine-oak woodland 
 394,928 acres 

piñon-juniper woodland  
222,166 acres 

high average low high average low high average low 

B Free thin all sizes to target BA    383 240 96 383 240 96 

C Thin from below to target BA          

D Thin under 16-inch diameter to BA          

E Group select with matrix thin    3,830 2,394 957 3,830 2,394 957 

F Shelterwood seed cut to target BA          

G Clearcut with legacy trees          

H Clearcut-Coppice          

I Plant Seedlings          

J RX FIRE ONLY low conditions          

K RX FIRE ONLY moderate conditions 5,000 3,125 1,250 600 375 150 11,743 7,804 3,864 

L RX FIRE ONLY high conditions          

M Thin under 9-inch diameter to BA          

Total Acres Treated 5,000 3,125 1,250 4,813 3,008 1,203 15,956 10,437 4,917 

Percent Acres Treated Annually 1.3 0.8 0.3 2.2 1.4 0.5 2.6 1.7 0.8 

Years to Treat Entire PNVT(s) 79 126 316 46 74 185 39 59 126 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative C Treatment Types 

 

Appendix F table 14. Alternative C proposed management treatment types, acres and percent treated annually (50-year average) as derived from VDDT 
modeling outputs, and years it would take to treat the entire PNVT at the annual rate for forested PNVTs; proposed high, average and low acre 
treatment objectives are presented for Madrean pine-oak and piñon-juniper woodlands, and all A-SNFs woodland PNVTs combined 

Alternative C Treatment Types1 

Alternative C Proposed 50-Year Average Annual PNVT Acres Treated by Treatment Type Based on 
VDDT Model Outputs All A-SNFs Modeled Woodland PNVTs 

617,094 Acres Madrean pine-oak woodland 
 394,928 acres 

piñon-juniper woodland  
222,166 acres 

high average low high average low high average low 

B Free thin all sizes to target BA    369 240 95 369 240 95 

C Thin from below to target BA          

D Thin under 16-inch diameter to BA          

E Group select with matrix thin    3,436 2,394 908 3,436 2,394 908 

F Shelterwood seed cut to target BA          

G Clearcut with legacy trees          

H Clearcut-Coppice          

I Plant Seedlings          

J RX FIRE ONLY low conditions          

K RX FIRE ONLY moderate conditions 3,834 2,518 1,202 931 375 289 4,765 2,893 1,491 

L RX FIRE ONLY high conditions          

M Thin under 9-inch diameter to BA          

Total Acres Treated 3,834 2,518 1,202 4,736 3,014 1,292 8,570 5,532 2,494 

Percent Acres Treated Annually 1.0 0.6 0.3 2.1 1.4 0.6 1.4 0.9 0.4 

Years to Treat Entire PNVT(s) 103 157 329 47 74 172 72 112 247 
1 

See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  

  



 

  591 

Alternative D Treatment Types 

 

Appendix F table 15. Alternative D proposed management treatment types, acres and percent of total PNVT treated annually, and years it would take to 
treat the entire PNVT at the annual rate proposed for forested PNVTs; proposed high, average and low acre treatment objectives are presented for 
Madrean pine-oak and piñon-juniper woodlands, and all A-SNFs woodland PNVTs combined 

Alternative D Treatment Types1 

Alternative D Proposed Annual PNVT Acres Treated by Treatment Type 
All A-SNFs Modeled Woodland PNVTs 

617,094 Acres Madrean pine-oak woodland 
 394,928 acres 

piñon-juniper woodland  
222,166 acres 

high average low high average low high average low 

B Free thin all sizes to target BA          

C Thin from below to target BA          

D Thin under 16-inch diameter to BA    3,884 2,266 647 3,884 2,266 647 

E Group select with matrix thin    158 92 26 158 92 26 

F Shelterwood seed cut to target BA          

G Clearcut with legacy trees          

H Clearcut-Coppice          

I Plant Seedlings          

J RX FIRE ONLY low conditions          

K RX FIRE ONLY moderate conditions 22,335 13,029 3,722 3,443 2,009 575 25,778 15,038 4,297 

L RX FIRE ONLY high conditions          

M Thin under 9-inch diameter to BA          

Total Acres Treated 22,335 13,029 3,722 7,485 4,367 1,248 29,820 17,395 4,970 

Percent Acres Treated Annually 5.7 3.3 0.9 3.4 2.0 0.6 4.8 2.8 0.8 

Years to Treat Entire PNVT(s) 18 30 106 30 51 178 21 35 124 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types 
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Alternative D Treatment Types 

 

Appendix F table 16. Alternative D proposed management treatment types, acres and percent treated annually (50-year average) as derived from VDDT 
modeling outputs, and years it would take to treat the entire PNVT at the annual rate for forested PNVTs; proposed high, average and low acre 
treatment objectives are presented for Madrean pine-oak and piñon-juniper woodlands, and all A-SNFs woodland PNVTs combined 

Alternative D Treatment Types1 

Alternative D Proposed 50-Year Average Annual PNVT Acres Treated by Treatment Type Based on 
VDDT Model Outputs All A-SNFs Modeled Woodland PNVTs 

617,094 Acres Madrean pine-oak woodland 
 394,928 acres 

piñon-juniper woodland  
222,166 acres 

high average low high average low high average low 

B Free thin all sizes to target BA          

C Thin from below to target BA          

D Thin under 16-inch diameter to BA    3,612 2,121 630 3,612 2,121 630 

E Group select with matrix thin    135 80 24 135 80 24 

F Shelterwood seed cut to target BA          

G Clearcut with legacy trees          

H Clearcut-Coppice          

I Plant Seedlings          

J RX FIRE ONLY low conditions          

K RX FIRE ONLY moderate conditions 11,945 7,614 3,282 3,047 2,021 995 14,992 9,635 4,277 

L RX FIRE ONLY high conditions          

M Thin under 9-inch diameter to BA          

Total Acres Treated 11,945 7,614 3,282 6,794 4,222 1,650 18,739 11,836 4,932 

Percent Acres Treated Annually 3.0 1.9 0.8 3.1 1.9 0.6 3.0 1.9 0.8 

Years to Treat Entire PNVT(s) 33 52 120 33 53 178 33 52 125 
1 

See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types 
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Appendix F table 17. Alternative A management treatment types, acres and percent of total PNVT treated annually, and number of years it would take to 
treat the entire PNVT at the annual rate for Great Basin and semi-desert grasslands, and all A-SNFs modeled grasslands PNVTs combined, and all A-
SNFs modeled PNVTs combined 

Alternative A Treatment Types1 

Alternative A Annual PNVT Acres Treated by Treatment Type 
All A-SNFs Modeled Grassland PNVTs 

292,475 Acres 
All A-SNFs Modeled PNVTs 

1,855,322 Acres Great Basin grassland 
 185,523 acres 

semi-desert grassland 
 106,952 acres 

alternative A alternative A alternative A alternative A 

B Free thin all sizes to target BA           1,794  

C Thin from below to target BA           2,737  

D Thin under 16-inch diameter to BA           3,122  

E Group select with matrix thin           2,131  

F Shelterwood seed cut to target BA           514  

G Clearcut with legacy trees  250      250   424  

H Clearcut-Coppice           301  

I Plant Seedlings           880  

J RX FIRE ONLY low conditions           5,038  

K RX FIRE ONLY moderate conditions  41   27   68   1,513  

L RX FIRE ONLY high conditions           293  

M Thin under 9-inch diameter to BA           1,159  

Total Acres Treated  291   27   568   19,286  

Percent Acres Treated Annually  0.2   < 0.1   0.2   1.0  

Years to Treat Entire PNVT(s)  638   3,961   515   96  
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative A Treatment Types 

 

Appendix F table 18. Alternative A management treatment types, acres and percent of total PNVT treated annually (50-year average) as derived from 
VDDT modeling outputs, and number of years it would take to treat the entire PNVT at the annual rate for Great Basin and semi-desert grasslands, and 
all A-SNFs modeled grassland PNVTs combined, and all A-SNFs modeled PNVTs combined 

Alternative A Treatment Types1 

Alternative A Proposed 50-Year Average Annual PNVT Acres Treated by 
Treatment Type Based on VDDT Model Outputs All A-SNFs Modeled Grassland PNVTs 

292,475 Acres 
All A-SNFs Modeled PNVTs 

1,855,322 Acres Great Basin grassland 
 185,523 acres 

semi-desert grassland 
 106,952 acres 

alternative A alternative A alternative A alternative A 

B Free thin all sizes to target BA           2,169  

C Thin from below to target BA           3,198  

D Thin under 16-inch diameter to BA           3,647  

E Group select with matrix thin           2,258  

F Shelterwood seed cut to target BA           554  

G Clearcut with legacy trees  235      250   795  

H Clearcut-Coppice           53  

I Plant Seedlings           166  

J RX FIRE ONLY low conditions           5,560  

K RX FIRE ONLY moderate conditions  39   29   68   2,273  

L RX FIRE ONLY high conditions           514  

M Thin under 9-inch diameter to BA           1,336  

Total Acres Treated  273   29   568   22,770  

Percent Acres Treated Annually  0.1   < 0.1   0.2   1.2  

Years to Treat Entire PNVT(s)  680   3,658   515   81  
1 

See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative B Treatment Types 

 

Appendix F table 19. Alternative B proposed management treatment types, acres and percent of total PNVT treated annually, and years it would take to 
treat the entire PNVT at the annual rate proposed for forested PNVTs; proposed high, average and low acre treatment objectives are presented for 
Great Basin and semi-desert grasslands, and all A-SNFs modeled grassland PNVTs combined, and all A-SNFs modeled PNVTs combined 

Alternative B Treatment Types1 

Alternative B Proposed Annual PNVT Acres Treated by Treatment Type 
All A-SNFs Modeled Grassland PNVTs 

292,475 Acres 
All A-SNFs Modeled PNVTs 

1,855,322 Acres Great Basin grassland 
 185,523 acres 

semi-desert grassland 
 106,952 acres 

high average low high average low high average low high average low 

B Free thin all sizes to target BA          3,021 1,727 429 

C Thin from below to target BA          2,208 1,260 309 

D Thin under 16-inch diameter to BA             

E Group select with matrix thin          13,144 7,953 2,760 

F Shelterwood seed cut to target BA          1,557 888 218 

G Clearcut with legacy trees 10,269 7,702 5,135    10,269 7,702 5,135 96 55 14 

H Clearcut-Coppice 
 

        96 55 14 

I Plant Seedlings 
 

        2,200 1,623 1,045 

J RX FIRE ONLY low conditions 
 

        5,859 3,335 810 

K RX FIRE ONLY moderate conditions 10,000 7,500 5,000 2,000 1,667 1,333 12,000 9,167 6,333 35,736 22,786 9,833 

L RX FIRE ONLY high conditions    1,000 834 667 1,000 834 667 1,379 789 198 

M Thin under 9-inch diameter to BA          1,777 475 253 

Total Acres Treated 20,269 15,202 10,135 3,000 2,500 2,000 23,269 17,703 12,135 67,073 40,943 15,883 

Percent Acres Treated Annually 10.9 8.2 5.5 2.8 2.3 1.9 8.0 6.1 4.1 3.6 2.2 0.9 

Years to Treat Entire PNVT(s) 9 12 18 36 43 53 13 17 24 28 45 117 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative B Treatment Types 

 

Appendix F table 20. Alternative B proposed management treatment types, acres and percent treated annually (50-year average) as derived from VDDT 
modeling outputs, and years it would take to treat the entire PNVT at the annual rate for forested PNVTs; proposed high, average and low acre 
treatment objectives are presented for Great Basin and semi-desert grasslands, and all A-SNFs modeled grassland PNVTs combined, and all A-SNFs 
modeled PNVTs combined 

Alternative B Treatment Types1 

Alternative B Proposed 50-Year Average Annual PNVT Acres Treated by 
Treatment Type Based on VDDT Model Outputs All A-SNFs Modeled Grassland PNVTs 

292,475 Acres 
All A-SNFs Modeled PNVTs 

1,855,322 Acres Great Basin grassland 
 185,523 acres 

semi-desert grassland 
 106,952 acres 

high average low high average low high average low high average low 

B Free thin all sizes to target BA          3,939 2,216 492 

C Thin from below to target BA          2,351 1,346 339 

D Thin under 16-inch diameter to BA             

E Group select with matrix thin          12,558 7,276 1,993 

F Shelterwood seed cut to target BA          1,752 992 231 

G Clearcut with legacy trees 2,906 2,687 2,467    2,906 2,687 2,467 2,953 2,715 2,476 

H Clearcut-Coppice 
 

        81 46 11 

I Plant Seedlings 
 

        432 319 205 

J RX FIRE ONLY low conditions 
 

        14,105 8,040 1,974 

K RX FIRE ONLY moderate conditions 2,830 2,616 2,402 1,577 1,369 1,162 4,407 3,985 3,564 18,388 13,333 8,276 

L RX FIRE ONLY high conditions    788 685 581 788 685 581 1,147 891 634 

M Thin under 9-inch diameter to BA          2,527 1,441 354 

Total Acres Treated 5,737 5,303 4,869 2,365 2,054 1,743 8,101 7,357 6,612 60,231 38,610 16,987 

Percent Acres Treated Annually 3.1 2.9 2.6 2.2 1.9 1.6 2.8 2.5 2.3 3.2 2.1 0.9 

Years to Treat Entire PNVT(s) 32 35 38 45 52 61 36 40 44 31 48 109 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Appendix F table 21. Alternative C proposed management treatment types, acres and percent of total PNVT treated annually, and years it would take to 
treat the entire PNVT at the annual rate proposed for forested PNVTs; proposed high, average and low acre treatment objectives are presented for 
Great Basin and semi-desert grasslands, and all A-SNFs modeled grassland PNVTs combined, and all A-SNFs modeled PNVTs combined 

Alternative C Treatment Types1 

Alternative C Proposed Annual PNVT Acres Treated by Treatment Type 
All A-SNFs Modeled Grassland PNVTs 

292,475 Acres 
All A-SNFs Modeled PNVTs 

1,855,322 Acres Great Basin grassland 
 185,523 acres 

semi-desert grassland 
 106,952 acres 

high average low high average low high average low high average low 

B Free thin all sizes to target BA          7,662 4,245 826 

C Thin from below to target BA          3,208 1,769 321 

D Thin under 16-inch diameter to BA             

E Group select with matrix thin          22,057 12,413 2,765 

F Shelterwood seed cut to target BA          5,168 2,839 510 

G Clearcut with legacy trees  250      250  859 723 87 

H Clearcut-Coppice          859 723 87 

I Plant Seedlings          2,610 2,066 1,520 

J RX FIRE ONLY low conditions          5,566 3,067 566 

K RX FIRE ONLY moderate conditions  41   27   68  15,737 9,151 2,426 

L RX FIRE ONLY high conditions          1,284 707 130 

M Thin under 9-inch diameter to BA          2,338 1,293 246 

Total Acres Treated  291   27   568  67,348 38,996 9,484 

Percent Acres Treated Annually  0.2   < 0.1   0.2  3.6 2.1 0.5 

Years to Treat Entire PNVT  638   3,961   515  28 48 196 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative C Treatment Types 

 

Appendix F table 22. Alternative C proposed management treatment types, acres and percent treated annually (50-year average) as derived from VDDT 
modeling outputs, and years it would take to treat the entire PNVT at the annual rate for forested PNVTs; proposed high, average and low acre 
treatment objectives are presented for Great Basin and semi-desert grasslands, and all A-SNFs modeled grassland PNVTs combined, and all A-SNFs 
modeled PNVTs combined 

Alternative C Treatment Types1 

Alternative C Proposed 50-Year Average Annual PNVT Acres Treated by 
Treatment Type Based on VDDT Model Outputs All A-SNFs Modeled Grassland PNVTs 

292,475 Acres 
All A-SNFs Modeled PNVTs 

1,855,322 Acres Great Basin grassland 
 185,523 acres 

semi-desert grassland 
 106,952 acres 

high average low high average low high average low high average low 

B Free thin all sizes to target BA          7,999 4,464 913 

C Thin from below to target BA          3,289 1,826 360 

D Thin under 16-inch diameter to BA             

E Group select with matrix thin          20,690 11,920 2,705 

F Shelterwood seed cut to target BA          5,564 3,053 541 

G Clearcut with legacy trees  47      47  321 233 51 

H Clearcut-Coppice          666 367 68 

I Plant Seedlings          564 405 244 

J RX FIRE ONLY low conditions          6,924 3,830 735 

K RX FIRE ONLY moderate conditions  8   29   37  15,447 8,845 2,639 

L RX FIRE ONLY high conditions          1,717 944 172 

M Thin under 9-inch diameter to BA          3,264 1,808 350 

Total Acres Treated  56   29   84  66,447 37,697 8,775 

Percent Acres Treated Annually  < 0.1   < 0.1   < 0.1  3.6 2.0 0.5 

Years to Treat Entire PNVT  3,313   3,961   3,658  28 49 211 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Appendix F table 23. Alternative D proposed management treatment types, acres and percent of total PNVT treated annually, and years it would take to 
treat the entire PNVT at the annual rate proposed for forested PNVTs; proposed high, average and low acre treatment objectives are presented for 
Great Basin and semi-desert grasslands, and all A-SNFs modeled grassland PNVTs combined, and all A-SNFs modeled PNVTs combined 

Alternative D Treatment Types1 

Alternative D Proposed Annual PNVT Acres Treated by Treatment Type 
All A-SNFs Modeled Grassland PNVTs 

292,475 Acres 
All A-SNFs Modeled PNVTs 

1,855,322 Acres Great Basin grassland 
 185,523 acres 

semi-desert grassland 
 106,952 acres 

high average low high average low high average low high average low 

B Free thin all sizes to target BA          77 44 11 

C Thin from below to target BA             

D Thin under 16-inch diameter to BA          14,875 3,271 2,000 

E Group select with matrix thin          569 323 76 

F Shelterwood seed cut to target BA          55 32 8 

G Clearcut with legacy trees 6,161 4,621 3,081    6,161 4,621 3,081 6,161 4,621 3,081 

H Clearcut-Coppice             

I Plant Seedlings          600 413 225 

J RX FIRE ONLY low conditions          11,653 6,702 1,750 

K RX FIRE ONLY moderate conditions 14,000 10,500 7,000 2,000 1,667 1,333 16,000 12,167 8,333 62,905 39,354 15,800 

L RX FIRE ONLY high conditions    1,000 834 667 1,000 834 667 3,544 2,313 1,080 

M Thin under 9-inch diameter to BA          2,010 1,400 789 

Total Acres Treated 20,161 15,121 10,081 3,000 2,500 2,000 23,161 17,621 12,081 102,449 58,473 24,820 

Percent Acres Treated Annually 10.9 8.2 5.4 2.8 2.3 1.9 7.9 6.0 4.1 5.5 3.2 1.3 

Years to Treat Entire PNVT(s) 9 12 18 36 43 53 13 17 24 18 32 75 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Alternative D Treatment Types 

 

Appendix F table 24. Alternative D proposed management treatment types, acres and percent treated annually (50-year average) as derived from VDDT 
modeling outputs, and years it would take to treat the entire PNVT at the annual rate for forested PNVTs; proposed high, average and low acre 
treatment objectives are presented for Great Basin and semi-desert grasslands, and all A-SNFs modeled grassland PNVTs combined, and all A-SNFs 
modeled PNVTs combined 

Alternative D Treatment Types1 

Alternative D Proposed 50-Year Average Annual PNVT Acres Treated by 
Treatment Type Based on VDDT Model Outputs All A-SNFs Modeled Grassland PNVTs 

292,475 Acres 
All A-SNFs Modeled PNVTs 

1,855,322 Acres Great Basin grassland 
 185,523 acres 

semi-desert grassland 
 106,952 acres 

high average low high average low high average low high average low 

B Free thin all sizes to target BA          84 48 12 

C Thin from below to target BA          0 0 0 

D Thin under 16-inch diameter to BA          17,059 9,593 2,128 

E Group select with matrix thin          611 346 79 

F Shelterwood seed cut to target BA          64 36 9 

G Clearcut with legacy trees 1,935 1,729 1,522    1,935 1,729 1,522 1,935 1,729 1,522 

H Clearcut-Coppice          0 0 0 

I Plant Seedlings          160 111 62 

J RX FIRE ONLY low conditions          14,385 8,312 2,240 

K RX FIRE ONLY moderate conditions 4,398 3,927 3,457 1,577 1,370 1,162 5,975 5,297 4,619 44,220 28,296 12,371 

L RX FIRE ONLY high conditions    788 685 581 788 685 581 2,976 2,030 1,083 

M Thin under 9-inch diameter to BA          14,008 2,115 1,421 

Total Acres Treated 6,333 5,656 4,979 2,365 2,054 1,743 8,698 7,711 6,722 81,206 52,325 20,448 

Percent Acres Treated Annually 3.4 3.0 2.7 2.2 2.3 1.9 3.0 2.6 2.3 4.4 2.8 1.1 

Years to Treat Entire PNVT(s) 29 33 37 45 43 52 34 38 44 23 35 91 
1 See the Silviculturalist (B,C,D,E,F,G,H,I,M) and Fire (J,K,L) Specialists’ reports for a description of their respective treatment types  
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Appendix G - Tabular Summations of the 15-Year Planning Period and 50-Year 

Modeling Period Comparisons of the Environmental Consequences to the 
Vegetation Indicator Variables and Elements Between the Proposed High, 

Average, and Low Acre Treatment Objectives for Alternatives B, C and D, and 
Alternative A 
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All A-SNFs PNVTs 
 

 

15-Year Planning Period Proposed High Acre Treatment Objectives 
 

 
Appendix G table 1. Tabular summation and alternative ranking

1
 of the 15-year planning period comparisons of the environmental consequences to the 

vegetation indicator variables and elements between the proposed high acre treatment objectives for alternatives B, C and D, and alternative A 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed High Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 

Toward Indicator 
Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Indicator and Elements - Vegetation Movement Toward DC And HRV DC HRV DC HRV DC HRV DC HRV DC HRV 
Ponderosa pine forest PNVT 1 1 2 3 4 4 3 2 C, D, B, A C, B, D, A 

Wet mixed conifer forest PNVT 4 3 2 4 1 1 3 2 A, D, B, C B, A, D, C 
Dry mixed conifer forest PNVT 1 1 3 3 4 4 2 2 C, B, D, A C, B, D, A 

Spruce-fir forest PNVT 2 2 3 3 4 3 3 4 C, B/D, A D, B/C, A 

All A-SNFs Modeled Forest PNVTs 2 3 3 3 4 4 1 2 C, B, A, D C, A/B, D 
Madrean pine-oak woodland PNVT 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 

Piñon-juniper woodland PNVT 2 2 3 3 4 4 3 3 C, B/D, A C, B/D, A 

All A-SNFs Modeled Woodland PNVTs 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 
Great Basin grassland PNVT 2 2 3 3 2 2 4 4 D, B, A/C D, B, A/C 

Semi-desert grassland PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Montane/subalpine grasslands PNVT 3 3 4 4 4 4 4 4 B/C/D, A B/C/D, A 

All A-SNFs Modeled Grassland PNVTs 2 2 3 3 2 2 4 4 D, B, A/C D, B, A/C 

All A-SNFs Modeled PNVTs 3 2 2 4 4 3 1 4 C, A, B, D A, C, B, D 
Interior chaparral PNVT 4 4 4 4 4 4 4 4 A/B/C/D A/B/C/D 

Wetland/cienega riparian areas PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Mixed broadleaf deciduous riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 
Montane willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Cottonwood-willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

All Riparian Areas/Forest PNVTS 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Overall Indicator Ranking - Vegetation Movement Toward DC and HRV 46/2.42 45/2.37 62/3.26 67/3.53 59/3.11 57/3.00 64/3.37 67/3.53 D, B, C, A B/D, C, A 
Indicator and Elements - Acres Of Old/Large Trees 

Ponderosa pine forest PNVT 3 2 1 4 D, A, B, C 

Wet mixed conifer forest PNVT 1 2 3 4 D, C, B, A 

Dry mixed conifer forest PNVT 1 2 3 4 D, C, B, A 
Spruce-fir forest PNVT 1 2 3 4 D, C, B, A 

Madrean pine-oak woodland PNVT 2 3 1 4 D, B, A, C 
Piñon-juniper woodland PNVT 1 2 3 4 D, C, B, A 

Overall Indicator Ranking - Acres of Old/Large Trees 9/1.50 13/2.17 14/2.33 24/4.00 D, C, B, A 
Indicator and Elements - Number Of Large Snags ( ≥ 18”) Per Acre 

Ponderosa pine forest PNVT 3 4 4 2 B/C, A, D 

Wet mixed conifer forest PNVT 4 3 2 1 A, B, C, D 
Dry mixed conifer forest PNVT 4 1 2 3 A, D, C, B 
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Appendix G table 1. Continued 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed High Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 

Toward Indicator 
Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Spruce-fir forest PNVT 4 3 2 1 A, B, C, D 
Madrean pine-oak woodland PNVT 4 4 4 4 A/B/C/D 

Piñon-juniper woodland PNVT 4 4 4 4 A/B/C/D 

Overall Indicator Ranking - Number of Snags per Acre 23/3.83 19/3.17 18/3.00 15/2.50 A, B, C, D 
Indicator and Elements - Tons of Coarse Woody Debris per Acre 

Ponderosa pine forest PNVT 2 3 4 1 C, B, A, D 

Wet mixed conifer forest PNVT 3 3 4 2 C, A/B, D 

Dry mixed conifer forest PNVT 2 4 3 1 B, C, A, D 

Spruce-fir forest PNVT 3 2 1 4 D, A, B, C 
Madrean pine-oak woodland PNVT 1 3 2 4 D, B, C, A 

Piñon-juniper woodland PNVT 4 4 4 4 A/B/C/D 

Overall Indicator Ranking - Tons of Coarse Woody Debris per Acre 15/2.50 19/3.17 18/3.00 16/2.67 B, C, D, A 
Indicator and Elements - Enhancement/Maintenance Of Aspen 
Enhancement/maintenance of aspen 4.00 4.00 4.00 4.00 A/B/C/D 

Indicator and Elements - Woody Overstory Canopy Cover/Herbaceous Understory Vegetation Relationship 
Ponderosa pine forest PNVT 1 3 4 2 C, B, D, A 

Dry mixed conifer forest PNVT 1 3 4 2 C, B, D, A 
All A-SNFs Modeled Naturally Open Canopy Forest PNVTs 1 3 4 2 C, B, D, A 

Wet mixed conifer forest PNVT 2 4 3 4 B/D, C, A 

Spruce-fir forest PNVT 1 4 2 3 B, D, C, A 

All A-SNFs Modeled Naturally Closed Canopy Forest PNVTs 2 4 3 4 B/D, C, A 

Madrean pine-oak woodland PNVT 1 3 2 4 D, B, C, A 

Piñon-juniper woodland PNVT 1 3 2 4 D, B, C, A 
All A-SNFs Modeled Woodland PNVTs 1 3 2 4 D, B, C, A 

Great Basin grassland PNVT 2 4 1 3 B, D, A, C 

Semi-desert grassland PNVT 3 4 2 4 B/D, A, C 
All A-SNFs Modeled Grassland PNVTs 2 4 2 3 B, D, A/C 

Overall Indicator Ranking - Vegetation Overstory Canopy Cover/ 
Herbaceous understory vegetation Relationship 

18/1.50 42/3.50 31/2.58 39/3.25 B, D, C, A 

Overall Alternative Comparison Ranking For All Indicators 
Total Score/Average Score 160/2.32 226/3.28 201/2.91 229/3.32 D, B, C, A 

1 Based on the results of analyses, each alternative was assigned a numerical value (1, 2, 3, or 4) depending on its overall movement toward desired conditions when compared to the other alternatives for each assessed 
indicator; one point was assigned for the least movement and four points were assigned for the greatest movement. Values were summed and an average determined. Each alternative was then ranked against each other 
alternative; results of that ranking are displayed in the column(s) on the left. Comparisons Example 1): C, B, A, D would be interpreted to mean that alternative C is better than alternatives B, A, and D; alternative B is poorer 
than alternative C but better than alternatives A and D; alternative A is poorer than alternatives C and B but better than alternative D; and alternative D is poorer than alternatives C, B and A. Comparisons Example 2): A, B/D, C 
would be interpreted to mean that alternative A is better than alternatives B, D and C; alternative B is poorer than alternative A but is equal to alternative D but is better than alternative C; alternative D is poorer than 
alternative A but is equal to alternative B but is better than alternative C; and alternative C is poorer than alternatives A, B and D. 

 

Overall, by the end of the 15-year planning period, when comparing the proposed high acre treatment objectives, alternative D provides the 

greatest composite movement towards all DCs; followed by alternatives B, C, and A, from greatest to least, respectively. 
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All PNVTs 
 

 

50-Year Modeling Period Proposed High Acre Treatment Objectives 
 

 
Appendix G table 2. Tabular summation and alternative ranking

1
 of the 50-year modeling period comparisons of the environmental consequences to 

the vegetation indicator variables and elements between the proposed high acre treatment objectives for alternatives B, C and D, and alternative A 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed High Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 

Toward Indicator 
Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Indicator and Elements - Vegetation Movement Toward DC And HRV DC HRV DC HRV DC HRV DC HRV DC HRV 
Ponderosa pine forest PNVT 2 1 4 3 3 2 2 4 B, C, A/D D, B, C, A 

Wet mixed conifer forest PNVT 4 4 2 3 1 2 3 3 A, D, B, C A, B/D, C 
Dry mixed conifer forest PNVT 1 2 4 4 3 3 2 3 B, C, D, A B, C, D, A 

Spruce-fir forest PNVT 2 2 3 3 4 4 4 3 C/D, B, A C, B/D, A 

All A-SNFs Modeled Forest PNVTs 4 3 3 2 2 2 1 4 A, B, C, D D, A, B/C 
Madrean pine-oak woodland PNVT 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 

Piñon-juniper woodland PNVT 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 

All A-SNFs Modeled Woodland PNVTs 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 
Great Basin grassland PNVT 2 2 3 3 2 2 4 4 D, B, A/C D, B, A/C 

Semi-desert grassland PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Montane/subalpine grasslands PNVT 3 3 4 4 4 4 4 4 B/C/D, A B/C/D, A 

All A-SNFs Modeled Grassland PNVTs 2 2 3 3 2 2 4 4 D, B, A/C D, B, A/C 

All A-SNFs Modeled PNVTs 1 1 3 3 2 2 4 4 D, B, C, A B, D, C, A 
Interior chaparral PNVT 4 4 4 4 4 4 4 4 A/B/C/D A/B/C/D 

Wetland/cienega riparian areas PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Mixed broadleaf deciduous riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 
Montane willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Cottonwood-willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

All Riparian Areas/Forest PNVTS 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Overall Indicator Ranking - Vegetation Movement Toward DC and HRV 46/2.42 45/2.37 66/3.47 65/3.42 51/2.68 51/2.68 68/3.58 73/3.84 D, B, C, A D, B, C, A 
Indicator and Elements - Acres Of Old/Large Trees 

Ponderosa pine forest PNVT 3 2 1 4 D, A, B, C 

Wet mixed conifer forest PNVT 1 3 2 4 D, B, C, A 

Dry mixed conifer forest PNVT 1 4 2 3 B, D, C, A 
Spruce-fir forest PNVT 1 2 4 3 C, D, B, A 

Madrean pine-oak woodland PNVT 4 3 1 2 A, B, D, C 
Piñon-juniper woodland PNVT 1 2 3 4 D, C, B, A 

Overall Indicator Ranking - Acres of Old/Large Trees 11/1.83 16/2.67 13/2.17 20/3.33 D, B, C, A 
Indicator and Elements - Number Of Large Snags (> 18”) Per Acre 

Ponderosa pine forest PNVT 2 3 4 1 C, B, A, D 

Wet mixed conifer forest PNVT 4 2 3 1 A, C, B, D 
Dry mixed conifer forest PNVT 4 1 2 3 A, D, C, B 
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Appendix G table 2. Continued 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed High Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 

Toward Indicator 
Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Spruce-fir forest PNVT 3 4 4 4 B/C/D, A 
Madrean pine-oak woodland PNVT 4 4 4 4 A/B/C/D 

Piñon-juniper woodland PNVT 4 4 4 4 A/B/C/D 

Overall Indicator Ranking - Number of Snags per Acre 21/3.50 18/3.00 21/3.50 17/2.83 A/C, B, D 
Indicator and Elements - Tons Of Coarse Woody Debris Per Acre 

Ponderosa pine forest PNVT 2 3 4 1 C, B, A, D 

Wet mixed conifer forest PNVT 3 2 4 1 C, A, B, D 

Dry mixed conifer forest PNVT 2 3 4 1 C, B, A, D 

Spruce-fir forest PNVT 4 3 2 1 A, B, C, D 
Madrean pine-oak woodland PNVT 1 3 2 4 D, B, C, A 

Piñon-juniper woodland PNVT 2 4 3 4 B/D, C, A 

Overall Indicator Ranking - Tons of Coarse Woody Debris per Acre 14/2.33 18/3.03 19/3.17 12/2.00 C, B, A, D 
Indicator and Elements - Enhancement/Maintenance Of Aspen 
Enhancement/maintenance of aspen 4.00 4.00 3.00 2.00 A/B, C, D 

Indicator and Elements - Woody Overstory Canopy Cover/Herbaceous Understory Vegetation Relationship 
Ponderosa pine forest PNVT 1 3 4 2 C, B, D, A 

Dry mixed conifer forest PNVT 2 4 4 3 B/C, D, A 
All A-SNFs Modeled Naturally Open Canopy Forest PNVTs 1 2 4 3 C, D, B, A 

Wet mixed conifer forest PNVT 1 3 2 4 D, B, C, A 

Spruce-fir forest PNVT 1 4 3 2 B, C, D, A 

All A-SNFs Modeled Naturally Closed Canopy Forest PNVTs 2 4 1 3 B, D, A, C 

Madrean pine-oak woodland PNVT 1 3 2 4 D, B, C, A 

Piñon-juniper woodland PNVT 1 3 2 4 D, B, C, A 
All A-SNFs Modeled Woodland PNVTs 3 2 1 4 D, A, B, C 

Great Basin grassland PNVT 2 3 1 4 D, B, A, C 

Semi-desert grassland PNVT 3 4 2 4 B/D, A, C 
All A-SNFs Modeled Grassland PNVTs 2 3 2 4 D, B, A/C 

Overall Indicator Ranking - Vegetation Overstory Canopy Cover/ 
Herbaceous understory vegetation Relationship 

20/1.67 38/3.17 28/2.33 41/3.42 D, B, C, A 

Overall Alternative Comparison Ranking For All Indicators 
Total Score/Average Score 161/2.33 225/3.26 186/2.70 233/3.38 D, B, C, A 

1 Based on the results of analyses, each alternative was assigned a numerical value (1, 2, 3, or 4) depending on its overall movement toward desired conditions when compared to the other alternatives for each assessed 
indicator; one point was assigned for the least movement and four points were assigned for the greatest movement. Values were summed and an average determined. Each alternative was then ranked against each other 
alternative; results of that ranking are displayed in the column(s) on the left. Comparisons Example 1): C, B, A, D would be interpreted to mean that alternative C is better than alternatives B, A, and D; alternative B is poorer 
than alternative C but better than alternatives A and D; alternative A is poorer than alternatives C and B but better than alternative D; and alternative D is poorer than alternatives C, B and A. Comparisons Example 2): A, B/D, C 
would be interpreted to mean that alternative A is better than alternatives B, D and C; alternative B is poorer than alternative A but is equal to alternative D but is better than alternative C; alternative D is poorer than 
alternative A but is equal to alternative B but is better than alternative C; and alternative C is poorer than alternatives A, B and D. 

 

Overall, at the end of the 50-year planning period, when comparing the proposed high acre treatment objectives, alternative D provides the 

greatest composite movement towards all DCs; followed by alternatives B, C, and A, from greatest to least, respectively. 
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All PNVTs 
 

 

15-Year Planning Period Proposed Average Acre Treatment Objectives 
 

 
Appendix G table 3. Tabular summation and alternative ranking

1
 of the 15-year planning period comparison

2
 of the environmental consequences to the 

vegetation indicator variables and elements between the proposed average acre treatment objectives for alternatives B, C and D, and alternative A 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed Average Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 

Toward Indicator 
Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Indicator and Elements - Vegetation Movement Toward DC And HRV DC HRV DC HRV DC HRV DC HRV DC HRV 
Ponderosa pine forest PNVT 2 2 3 3 4 4 1 1 C, B, A, D C, B, A, D 

Wet mixed conifer forest PNVT 4 4 2 4 1 2 3 3 A, D, B, C A/B, D, C 
Dry mixed conifer forest PNVT 2 2 3 3 4 4 1 1 C, B, A, D C, B, A, D 

Spruce-fir forest PNVT 2 3 3 4 4 4 4 4 C/D, B, A B/C/D, A 

All A-SNFs Modeled Forest PNVTs 2 3 3 3 4 4 1 2 C, B, A, D C, A/B, D 
Madrean pine-oak woodland PNVT 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 

Piñon-juniper woodland PNVT 2 2 3 3 4 4 4 4 C/D, B, A C/D, B, A 

All A-SNFs Modeled Woodland PNVTs 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 
Great Basin grassland PNVT 2 2 4 4 2 2 3 3 B, D, A/C B, D, A/C 

Semi-desert grassland PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Montane/subalpine grasslands PNVT 3 3 4 4 4 4 4 4 B/C/D, A B/C/D, A 

All A-SNFs Modeled Grassland PNVTs 2 2 4 4 2 2 3 3 B, D, A/C B, D, A/C 

All A-SNFs Modeled PNVTs 1 2 3 4 2 3 4 4 D, B, C, A B/D, C, A 
Interior chaparral PNVT 4 4 4 4 4 4 4 4 A/B/C/D A/B/C/D 

Wetland/cienega riparian areas PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Mixed broadleaf deciduous riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 
Montane willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Cottonwood-willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

All Riparian Areas/Forest PNVTS 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Overall Indicator Ranking - Vegetation Movement Toward DC and HRV 46/2.42 49/2.58 66/3.47 70/3.68 57/3.00 59/3.11 64/3.37 65/3.42 B, D, C, A B, D, C, A 
Indicator and Elements - Acres Of Old/Large Trees 

Ponderosa pine forest PNVT 3 2 1 4 D, A, B, C 
Wet mixed conifer forest PNVT 1 2 3 4 D, C, B, A 
Dry mixed conifer forest PNVT 1 4 3 2 B, C, D, A 

Spruce-fir forest PNVT 1 2 3 4 D, C, B, A 

Madrean pine-oak woodland PNVT 1 3 2 4 D, B, C, A 
Piñon-juniper woodland PNVT 2 1 3 4 D, C, A, B 

Overall Indicator Ranking - Acres of Old/Large Trees 9/1.50 14/2.33 15/2.50 22/3.67 D, C, B, A 
Indicator and Elements - Number Of Large Snags (> 18”) Per Acre 

Ponderosa pine forest PNVT 2 4 3 1 B, C, A, D 
Wet mixed conifer forest PNVT 4 3 2 1 A, B, C, D 

Dry mixed conifer forest PNVT 3 2 3 4 D, A/C, B 
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Appendix G table 3. Continued 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed Average Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 

Toward Indicator 
Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Spruce-fir forest PNVT 4 3 2 1 A, B, C, D 
Madrean pine-oak woodland PNVT 4 4 4 4 A/B/C/D 

Piñon-juniper woodland PNVT 4 4 4 4 A/B/C/D 

Overall Indicator Ranking - Number of Snags per Acre 21/3.50 20/3.33 18/3.00 15/2.50 A, B, C, D 
Indicator and Elements - Tons Of Coarse Woody Debris Per Acre 

Ponderosa pine forest PNVT 2 3 4 1 C, B, A, D 

Wet mixed conifer forest PNVT 2 3 4 1 C, B, A, D 

Dry mixed conifer forest PNVT 2 3 4 1 C, B, A, D 

Spruce-fir forest PNVT 4 3 2 1 A, B, C, D 
Madrean pine-oak woodland PNVT 1 3 2 4 D, B, C, A 

Piñon-juniper woodland PNVT 4 4 4 4 A/B/C/D 

Overall Indicator Ranking - Tons of Coarse Woody Debris per Acre 15/2.50 19/3.17 20/3.33 12/2.00 C, B, A, D 
Indicator and Elements - Enhancement/Maintenance Of Aspen 
Enhancement/maintenance of aspen 4.00 4.00 4.00 4.00 A/B/C/D 

Indicator and Elements - Woody Overstory Canopy Cover/Herbaceous Understory Vegetation Relationship 
Ponderosa pine forest PNVT 2 3 4 1 C, B, A, D 

Dry mixed conifer forest PNVT 2 3 4 4 C/D, B, A 
All A-SNFs Modeled Naturally Open Canopy Forest PNVTs 2 3 4 1 C, B, A, D 

Wet mixed conifer forest PNVT 4 4 3 4 A/B/D, C 

Spruce-fir forest PNVT 4 4 2 3 A/B, D, C 

All A-SNFs Modeled Naturally Closed Canopy Forest PNVTs 4 4 3 4 A/B/D, C 

Madrean pine-oak woodland PNVT 1 3 2 4 D, B, C, A 

Piñon-juniper woodland PNVT 1 3 2 4 D, B, C, A 
All A-SNFs Modeled Woodland PNVTs 1 3 2 4 D, B, C, A 

Great Basin grassland PNVT 2 4 2 3 B, D, A/C 

Semi-desert grassland PNVT 3 4 3 4 B/D, A/C 
All A-SNFs Modeled Grassland PNVTs 2 4 2 3 B, D, A/C 

Overall Indicator Ranking - Vegetation Overstory Canopy Cover/ 
Herbaceous understory vegetation Relationship 

28/2.33 42/3.50 33/2.75 39/3.25 B, D, C, A 

Overall Alternative Comparison Ranking For All Indicators 
Total Score/Average Score 172/2.49 235/3.41 206/3.99 221/3.20 B, D, C, A 

1 Based on the results of analyses, each alternative was assigned a numerical value (1, 2, 3, or 4) depending on its overall movement toward desired conditions when compared to the other alternatives for each assessed 
indicator; one point was assigned for the least movement and four points were assigned for the greatest movement. Values were summed and an average determined. Each alternative was then ranked against each other 
alternative; results of that ranking are displayed in the column(s) on the left. 

2 Comparisons Example 1): C, B, A, D would be interpreted to mean that alternative C is better than alternatives B, A, and D; alternative B is poorer than alternative C but better than alternatives A and D; alternative A is poorer 
than alternatives C and B but better than alternative D; and alternative D is poorer than alternatives C, B and A. Comparisons Example 2): A, B/D, C would be interpreted to mean that alternative A is better than alternatives B, D 
and C; alternative B is poorer than alternative A but is equal to alternative D but is better than alternative C; alternative D is poorer than alternative A but is equal to alternative B but is better than alternative C; and alternative 
C is poorer than alternatives A, B and D. 

 

Overall, by the end of the 15-year planning period, when comparing the proposed average acre treatment objectives, alternative B provides the 

greatest composite movement towards all DCs; followed by alternatives D, C, and A, from greatest to least, respectively. 
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All PNVTs 
 

 

50-Year Modeling Period Proposed Average Acre Treatment Objectives 
 

 
Appendix G table 4. Tabular summation and alternative ranking

1
 of the 50-year modeling period comparisons

2
 of the environmental consequences to 

the vegetation indicator variables and elements between the proposed average acre treatment objectives for alternatives B, C and D, and alternative A 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed Average Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 

Toward Indicator 
Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Indicator and Elements - Vegetation Movement Toward DC And HRV DC HRV DC HRV DC HRV DC HRV DC HRV 
Ponderosa pine forest PNVT 4 3 4 2 4 2 3 4 A/B/C, D D, A, B/C 

Wet mixed conifer forest PNVT 4 4 2 3 1 2 3 3 A, D, B, C A, B/D, C 
Dry mixed conifer forest PNVT 4 3 3 4 3 3 2 2 A, B, C, D B, A/C, D 

Spruce-fir forest PNVT 2 3 3 4 3 4 4 4 D, B/C, A B/C/D, A 

All A-SNFs Modeled Forest PNVTs 4 3 3 2 2 2 1 4 A, B, C, D D, A, B/C 
Madrean pine-oak woodland PNVT 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 

Piñon-juniper woodland PNVT 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 

All A-SNFs Modeled Woodland PNVTs 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 
Great Basin grassland PNVT 2 2 3 3 2 2 4 4 D, B, A/C D, B, A/C 

Semi-desert grassland PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Montane/subalpine grasslands PNVT 3 3 4 4 4 4 4 4 B/C/D, A B/C/D, A 

All A-SNFs Modeled Grassland PNVTs 2 2 3 3 2 2 4 4 D, B, A/C D, B, A/C 

All A-SNFs Modeled PNVTs 1 1 3 3 2 2 4 4 D, B, C, A B, D, C, A 
Interior chaparral PNVT 4 4 4 4 4 4 4 4 A/B/C/D A/B/C/D 

Wetland/cienega riparian areas PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Mixed broadleaf deciduous riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 
Montane willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Cottonwood-willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

All Riparian Areas/Forest PNVTS 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Overall Indicator Ranking - Vegetation Movement Toward DC and HRV 51/2.68 49/2.58 65/3.42 65/3.42 51/2.68 51/2.68 69/3.63 73/3.84 D, B, A/C D, B, C, A 
Indicator and Elements - Acres Of Old/Large Trees 

Ponderosa pine forest PNVT 3 2 1 4 D, A, B, C 

Wet mixed conifer forest PNVT 2 3 1 4 D, B, A, C 

Dry mixed conifer forest PNVT 1 4 2 3 B, D, C, A 
Spruce-fir forest PNVT 1 3 2 4 D, C, B, A 

Madrean pine-oak woodland PNVT 4 3 1 2 A, B, D, C 
Piñon-juniper woodland PNVT 1 2 3 4 D, C, B, A 

Overall Indicator Ranking - Acres of Old/Large Trees 12/2.00 17/2.83 10/1.67 21/3.50 D, B, A, C 
Indicator and Elements - Number Of Large Snags (> 18”) Per Acre 

Ponderosa pine forest PNVT 2 3 4 1 C, B, A, D 

Wet mixed conifer forest PNVT 3 3 4 2 C, A/B, D 
Dry mixed conifer forest PNVT 3 2 3 4 D, A/C, B 
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Appendix G table 4. Continued 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed Average Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 

Toward Indicator 
Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Spruce-fir forest PNVT 4 3 2 1 A, B, C, D 
Madrean pine-oak woodland PNVT 4 4 4 4 A/B/C/D 

Piñon-juniper woodland PNVT 4 4 4 4 A/B/C/D 

Overall Indicator Ranking - Number of Snags per Acre 20/3.33 19/3.17 21/3.50 16/2.67 A, C, B, D 
Indicator and Elements - Tons Of Coarse Woody Debris Per Acre 

Ponderosa pine forest PNVT 2 3 4 1 C, B, A, D 

Wet mixed conifer forest PNVT 2 3 4 1 C, B, A, D 

Dry mixed conifer forest PNVT 4 3 2 1 A, B, C, D 

Spruce-fir forest PNVT 4 3 2 1 A, B, C, D 
Madrean pine-oak woodland PNVT 1 3 2 4 D, B, C, A 

Piñon-juniper woodland PNVT 1 2 3 4 D, C, B, A 

Overall Indicator Ranking - Tons of Coarse Woody Debris per Acre 14/2.33 17/2.83 17/2.83 12/2.00 B/C, A, D 
Indicator and Elements - Enhancement/Maintenance Of Aspen 
Enhancement/maintenance of aspen 4.00 4.00 3.00 2.00 A/B, C, D 

Indicator and Elements - Woody Overstory Canopy Cover/Herbaceous Understory Vegetation Relationship 
Ponderosa pine forest PNVT 1 2 4 3 C, D, B, A 

Dry mixed conifer forest PNVT 2 3 2 4 D, B, A/C 
All A-SNFs Modeled Naturally Open Canopy Forest PNVTs 2 3 3 4 D, B/C, A 

Wet mixed conifer forest PNVT 3 4 2 3 B, A/D, C 

Spruce-fir forest PNVT 4 3 2 1 A, B, C, D 

All A-SNFs Modeled Naturally Closed Canopy Forest PNVTs 3 4 2 3 B, A/D, C 

Madrean pine-oak woodland PNVT 1 3 2 4 D, B, C, A 

Piñon-juniper woodland PNVT 1 3 2 4 D, B, C, A 
All A-SNFs Modeled Woodland PNVTs 3 2 1 4 D, A, B, C 

Great Basin grassland PNVT 2 3 2 4 D, B, A/C 

Semi-desert grassland PNVT 3 4 3 4 B/D, A/C 
All A-SNFs Modeled Grassland PNVTs 2 3 2 4 D, B, A/C 

Overall Indicator Ranking - Vegetation Overstory Canopy Cover/ 
Herbaceous understory vegetation Relationship 

27/2.25 37/3.08 27/2.25 42/3.50 D, B, A/C 

Overall Alternative Comparison Ranking For All Indicators 
Total Score/Average Score 177/2.57 224/3.25 180/2.61 235/3.41 D, B, C, A 

1 Based on the results of analyses, each alternative was assigned a numerical value (1, 2, 3, or 4) depending on its overall movement toward desired conditions when compared to the other alternatives for each assessed 
indicator; one point was assigned for the least movement and four points were assigned for the greatest movement. Values were summed and an average determined. Each alternative was then ranked against each other 
alternative; results of that ranking are displayed in the column(s) on the left. 

2 Comparisons Example 1): C, B, A, D would be interpreted to mean that alternative C is better than alternatives B, A, and D; alternative B is poorer than alternative C but better than alternatives A and D; alternative A is poorer 
than alternatives C and B but better than alternative D; and alternative D is poorer than alternatives C, B and A. Comparisons Example 2): A, B/D, C would be interpreted to mean that alternative A is better than alternatives B, D 
and C; alternative B is poorer than alternative A but is equal to alternative D but is better than alternative C; alternative D is poorer than alternative A but is equal to alternative B but is better than alternative C; and alternative 
C is poorer than alternatives A, B and D. 

 

Overall, at the end of the 50-year modeling period, when comparing the proposed average acre treatment objectives, alternative D provides the 

greatest composite movement towards all DCs; followed by alternatives B, C, and A, from greatest to least, respectively.
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All PNVTs 
 
 

15-Year Planning Period Proposed Low Acre Treatment Objectives 
 
 
Appendix G table 5. Tabular summation and alternative ranking

1
 of the 15-year planning period comparisons

2
 of the environmental consequences to 

the vegetation indicator variables and elements between the proposed low acre treatment objectives for alternatives B, C and D, and alternative A 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed Low Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 

Toward Indicator 
Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Indicator and Elements - Vegetation Movement Toward DC And HRV DC HRV DC HRV DC HRV DC HRV DC HRV 
Ponderosa pine forest PNVT 4 4 3 2 3 3 1 1 A, B/C, D A, C, B, D 

Wet mixed conifer forest PNVT 4 4 3 3 2 3 3 4 A, B/D, C A/D, B/C 
Dry mixed conifer forest PNVT 4 4 2 2 3 1 3 3 A, C/D, B A, D, B, C 

Spruce-fir forest PNVT 3 2 3 4 4 3 4 4 C/D, A, B B/D, C, A 

All A-SNFs Modeled Forest PNVTs 2 3 3 3 4 4 1 2 C, B, A, D C, A/B, D 
Madrean pine-oak woodland PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Piñon-juniper woodland PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

All A-SNFs Modeled Woodland PNVTs 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 
Great Basin grassland PNVT 2 2 4 4 2 2 3 3 B, D, A/C B, D, A/C 

Semi-desert grassland PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Montane/subalpine grasslands PNVT 3 3 4 4 4 4 4 4 B/C/D, A B/C/D, A 

All A-SNFs Modeled Grassland PNVTs 2 2 4 4 2 2 3 3 B, D, A/C B, D, A/C 

All A-SNFs Modeled PNVTs 1 2 4 4 2 3 3 4 B, D, C, A B/D, C, A 
Interior chaparral PNVT 4 4 4 4 4 4 4 4 A/B/C/D A/B/C/D 

Wetland/cienega riparian areas PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Mixed broadleaf deciduous riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 
Montane willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Cottonwood-willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

All Riparian Areas/Forest PNVTS 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Overall Indicator Ranking - Vegetation Movement Toward DC and HRV 56/2.95 57/3.05 70/3.68 70/3.68 57/3.00 56/2.95 65/3.42 68/3.58 B, D, C, A B, D, A, C 
Indicator and Elements - Acres Of Old/Large Trees 

Ponderosa pine forest PNVT 4 1 2 3 A, D, C, B 

Wet mixed conifer forest PNVT 4 1 3 2 A, C, D, B 

Dry mixed conifer forest PNVT 4 3 2 1 A, B, C, D 
Spruce-fir forest PNVT 4 2 1 3 A, D, B, C 

Madrean pine-oak woodland PNVT 3 1 2 4 D, B, C, A 
Piñon-juniper woodland PNVT 3 1 3 4 D, A, C, B 

Overall Indicator Ranking - Acres of Old/Large Trees 22/3.67 9/1.50 13/2.17 17/2.83 A, D, C, B 
Indicator and Elements - Number Of Large Snags (> 18”) Per Acre 

Ponderosa pine forest PNVT 2 4 4 3 B/C, D, A 

Wet mixed conifer forest PNVT 3 4 4 2 B/C, A, D 
Dry mixed conifer forest PNVT 1 2 3 4 D, C, B, A 
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Appendix G table 5. Continued 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed Low Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 

Toward Indicator 
Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Spruce-fir forest PNVT 2 4 3 2 B, C, A/D 
Madrean pine-oak woodland PNVT 4 4 4 4 A/B/C/D 

Piñon-juniper woodland PNVT 4 4 4 4 A/B/C/D 

Overall Indicator Ranking - Number of Snags per Acre 16/2.67 22/3.67 22/3.67 19/3.17 B/C, D, A 
Indicator and Elements - Tons Of Coarse Woody Debris Per Acre 

Ponderosa pine forest PNVT 2 4 3 1 B, C, A, D 

Wet mixed conifer forest PNVT 1 3 4 2 C, B, D, A 

Dry mixed conifer forest PNVT 4 3 2 2 A, B, C/D 

Spruce-fir forest PNVT 1 3 4 2 C, B, D, A 
Madrean pine-oak woodland PNVT 2 3 2 4 D, B, A/C 

Piñon-juniper woodland PNVT 4 4 4 4 A/B/C/D 

Overall Indicator Ranking - Tons of Coarse Woody Debris per Acre 14/2.33 20/3.33 19/3.17 15/2.50 B, C, D, A 
Indicator and Elements - Enhancement/Maintenance Of Aspen 
Enhancement/maintenance of aspen 4.00 4.00 4.00 4.00 A/B/C/D 

Indicator and Elements - Woody Overstory Canopy Cover/Herbaceous Understory Vegetation Relationship 
Ponderosa pine forest PNVT 4 3 3 2 A, B/C, D 

Dry mixed conifer forest PNVT 4 3 2 2 A, B, C/D 
All A-SNFs Modeled Naturally Open Canopy Forest PNVTs 2 4 4 3 B/C, D, A 

Wet mixed conifer forest PNVT 2 4 3 4 B/D, C, A 

Spruce-fir forest PNVT 3 4 4 4 B/C/D, A 

All A-SNFs Modeled Naturally Closed Canopy Forest PNVTs 2 4 3 4 B/D, C, A 

Madrean pine-oak woodland PNVT 3 4 2 4 B/D, A, C 

Piñon-juniper woodland PNVT 1 3 2 4 D, B, C, A 
All A-SNFs Modeled Woodland PNVTs 2 4 3 4 B/D, C, A 

Great Basin grassland PNVT 2 4 1 3 B, D, A, C 

Semi-desert grassland PNVT 1 4 2 3 B, D, C, A 
All A-SNFs Modeled Grassland PNVTs 2 4 2 3 B, D, A/C 

Overall Indicator Ranking - Vegetation Overstory Canopy Cover/ 
Herbaceous understory vegetation Relationship 

28/2.33 45/3.75 31/2.58 40/3.33 B, D, C, A 

Overall Alternative Comparison Ranking For All Indicators 
Total Score/Average Score 197/2.86 240/3.48 202/2.93 228/3.30 B, D, C, A 

1 Based on the results of analyses, each alternative was assigned a numerical value (1, 2, 3, or 4) depending on its overall movement toward desired conditions when compared to the other alternatives for each assessed 
indicator; one point was assigned for the least movement and four points were assigned for the greatest movement. Values were summed and an average determined. Each alternative was then ranked against each other 
alternative; results of that ranking are displayed in the column(s) on the left. 

2 Comparisons Example 1): C, B, A, D would be interpreted to mean that alternative C is better than alternatives B, A, and D; alternative B is poorer than alternative C but better than alternatives A and D; alternative A is poorer 
than alternatives C and B but better than alternative D; and alternative D is poorer than alternatives C, B and A. Comparisons Example 2): A, B/D, C would be interpreted to mean that alternative A is better than alternatives B, D 
and C; alternative B is poorer than alternative A but is equal to alternative D but is better than alternative C; alternative D is poorer than alternative A but is equal to alternative B but is better than alternative C; and alternative 
C is poorer than alternatives A, B and D. 

 

Overall, by the end of the 15-year planning period, when comparing the proposed low acre treatment objectives, alternative B provides the 

greatest composite movement towards all DCs; followed by alternatives D, C, and A, from greatest to least, respectively. 
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All PNVTs 
 
 

50-Year Modeling Period Proposed Low Acre Treatment Objectives 
 
 
Appendix G table 6. Tabular summation and alternative ranking

1
 of the 50-year modeling period comparisons

2
 of the environmental consequences to 

the vegetation indicator variables and elements between the proposed low acre treatment objectives for alternatives B, C and D, and alternative A 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed Low Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 
Toward the Indicator 

Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Indicator and Elements - Vegetation Movement Toward DC And HRV DC HRV DC HRV DC HRV DC HRV DC HRV 
Ponderosa pine forest PNVT 4 4 1 1 3 3 2 3 A, C, D, B A, C/D, B 

Wet mixed conifer forest PNVT 4 4 2 2 1 2 3 3 A, D, B, C A, D, B/C 
Dry mixed conifer forest PNVT 4 4 3 3 2 2 1 1 A, B, C, D A, B, C, D 

Spruce-fir forest PNVT 3 3 3 4 2 4 4 3 D, A/B, C B/C, A/D 

All A-SNFs Modeled Forest PNVTs 4 3 3 2 2 2 1 4 A, B, C, D D, A, B/C 
Madrean pine-oak woodland PNVT 2 2 4 4 3 3 4 4 B/D, C, A B/D, C, A 

Piñon-juniper woodland PNVT 1 1 3 3 2 2 4 4 D, B, C, A D, B, C, A 

All A-SNFs Modeled Woodland PNVTs 1 2 3 4 2 3 4 4 D, B, C, A B/D, C, A 
Great Basin grassland PNVT 2 2 4 4 2 2 3 3 B, D, A/C B, D, A/C 

Semi-desert grassland PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Montane/subalpine grasslands PNVT 3 3 4 4 4 4 4 4 B/C/D, A B/C/D, A 

All A-SNFs Modeled Grassland PNVTs 2 2 4 4 2 2 3 3 B, D, A/C B, D, A/C 

All A-SNFs Modeled PNVTs 2 2 4 4 3 3 4 4 B/D, C, A B/D, C, A 
Interior chaparral PNVT 4 4 4 4 4 4 4 4 A/B/C/D A/B/C/D 

Wetland/cienega riparian areas PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Mixed broadleaf deciduous riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 
Montane willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Cottonwood-willow riparian forest PNVT 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

All Riparian Areas/Forest PNVTS 3 3 4 4 3 3 4 4 B/D, A/C B/D, A/C 

Overall Indicator Ranking - Vegetation Movement Toward DC and HRV 54/2.84 54/2.84 66/3.47 67/3.53 50/2.63 54/2.84 65/3.42 68/3.58 B, D, A, C D, B, A/C 
Indicator and Elements - Acres Of Old/Large Trees 

Ponderosa pine forest PNVT 4 1 2 3 A, D, C, B 

Wet mixed conifer forest PNVT 4 2 1 3 A, D, B, C 

Dry mixed conifer forest PNVT 3 4 2 1 B, A, C, D 
Spruce-fir forest PNVT 2 1 3 4 D, C, A, B 

Madrean pine-oak woodland PNVT 1 2 4 3 C, D, B, A 
Piñon-juniper woodland PNVT 2 3 1 4 D, B, A, C 

Overall Indicator Ranking - Acres of Old/Large Trees 16/2.67 13/2.17 13/2.17 18/3.00 D, A, B/C 
Indicator and Elements - Number Of Snags (> 18”) Per Acre 

Ponderosa pine forest PNVT 1 4 3 2 B, C, D, A 

Wet mixed conifer forest PNVT 2 4 4 3 B/C, D, A 
Dry mixed conifer forest PNVT 2 1 3 4 D, C, A, B 
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Appendix G table 6. Continued 

Indicator Variables and Elements 
Alternative A 

(current) 

Proposed Low Acre Treatment Objectives 
Alternative Ranking in 
Relation to Movement 
Toward the Indicator 

Variables and Elements 
(from greatest to least) 

alternative B 
(preferred) 

alternative C alternative D 

Spruce-fir forest PNVT 4 4 3 2 A/B, C, D 
Madrean pine-oak woodland PNVT 4 4 4 4 A/B/C/D 

Piñon-juniper woodland PNVT 4 4 4 4 A/B/C/D 

Overall Indicator Ranking - Number of Snags per Acre 17/2.83 21/3.50 21/3.50 19/3.17 B/C, D, A 
Indicator and Elements - Tons Of Coarse Woody Debris Per Acre 

Ponderosa pine forest PNVT 3 4 4 2 B/C, A, D 

Wet mixed conifer forest PNVT 1 3 4 2 C, B, D, A 

Dry mixed conifer forest PNVT 4 3 2 1 A, B, C, D 

Spruce-fir forest PNVT 3 4 3 2 B, A/C, D 
Madrean pine-oak woodland PNVT 2 4 3 4 B/D, C, A 

Piñon-juniper woodland PNVT 1 3 2 4 D, B, C, A 

Overall Indicator Ranking - Tons of Coarse Woody Debris per Acre 14/2.33 21/3.50 18/3.00 15/2.50 B, C, D, A 
Indicator and Elements - Enhancement/Maintenance Of Aspen 
Enhancement/maintenance of aspen 4.00 4.00 4.00 4.00 A/B/C/D 

Indicator and Elements - Woody Overstory Canopy Cover/Herbaceous Understory Vegetation Relationship 
Ponderosa pine forest PNVT 4 2 3 1 A, C, B, D 

Dry mixed conifer forest PNVT 4 3 2 1 A, B, C, D 
All A-SNFs Modeled Naturally Open Canopy Forest PNVTs 4 3 3 2 A, B/C, D 

Wet mixed conifer forest PNVT 2 4 3 4 B/D, C, A 

Spruce-fir forest PNVT 2 4 4 3 B/C, D, A 

All A-SNFs Modeled Naturally Closed Canopy Forest PNVTs 3 4 4 4 B/C/D, A 

Madrean pine-oak woodland PNVT 1 3 2 4 D, B, C, A 

Piñon-juniper woodland PNVT 1 3 2 4 D, B, C, A 
All A-SNFs Modeled Woodland PNVTs 3 2 1 4 D, A, B, C 

Great Basin grassland PNVT 2 4 1 3 B, D, A, C 

Semi-desert grassland PNVT 3 4 2 4 B/D, A, C 
All A-SNFs Modeled Grassland PNVTs 2 4 2 3 B, D, A/C 

Overall Indicator Ranking - Vegetation Overstory Canopy Cover/ 
Herbaceous understory vegetation Relationship 

31/2.58 40/3.33 29/2.42 37/3.08 B, D, A, C 

Overall Alternative Comparison Ranking For All Indicators 
Total Score/Average Score 190/2.75 232/3.36 188/2.72 224/3.25 B, D, A, C 

1 Based on the results of analyses, each alternative was assigned a numerical value (1, 2, 3, or 4) depending on its overall movement toward desired conditions when compared to the other alternatives for each assessed 
indicator; one point was assigned for the least movement and four points were assigned for the greatest movement. Values were summed and an average determined. Each alternative was then ranked against each other 
alternative; results of that ranking are displayed in the column(s) on the left. 

2 Comparisons Example 1): C, B, A, D would be interpreted to mean that alternative C is better than alternatives B, A, and D; alternative B is poorer than alternative C but better than alternatives A and D; alternative A is poorer 
than alternatives C and B but better than alternative D; and alternative D is poorer than alternatives C, B and A. Comparisons Example 2): A, B/D, C would be interpreted to mean that alternative A is better than alternatives B, D 
and C; alternative B is poorer than alternative A but is equal to alternative D but is better than alternative C; alternative D is poorer than alternative A but is equal to alternative B but is better than alternative C; and alternative 
C is poorer than alternatives A, B and D. 

 

Overall, at the end of the 50-year modeling period, when comparing the proposed low acre treatment objectives, alternative B provides the 

greatest composite movement towards all DCs; followed by alternatives D, A, and C, from greatest to least, respectively. 
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Appendix H - Comparisons of the Percent Departures from DC and HRV by 

Alternative Proposed High, Average, and Low Acre Treatment Objectives and 
Alternative A, by the end of the 15-Year Planning Period and the 50-Year Modeling 

Period 
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All A-SNFs Modeled PNVTs 
 
 
15-Year Planning Period Proposed High Acre Treatment Objectives 

 
Appendix H table 1. Comparisons of the percent departures from DC and HRV at the end of the 15-year planning period, by alternative proposed high 
acre treatment objectives and alternative A (the lower the departure

1
 value the closer to DC and HRV)

 

Alternative 

Forested PNVT Group Woodland PNVT Group Grassland PNVT Group 

All A-SNFs 
Modeled 

PNVTs 
ponderosa 
pine forest 

wet mixed 
conifer forest 

dry mixed 
conifer forest 

spruce-fir 
forest 

all A-SNFs 
modeled 
forested 
PNVTs 

Madrean pine-
oak woodland 

piñon-juniper 
woodland 

all A-SNFs 
modeled 

woodland 
PNVTs 

Great Basin 
grassland 

semi-desert 
grassland 

all A-SNFs 
modeled 
grassland 

PNVTs 

DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV 

Current 
Condition 

77H 94S 54M 61H 67H 77H 59M 62H 71H 85S 61H 72H 28L 28L 49M 56M 67H 67H 79H 79H 71H 71H 64H 73H 

A 65H 84S 49M 46M 57M 54M 68H 58M 61H 71H 59M 70H 21L 21L 45M 52M 63H 63H 84S 84S 71H 71H 57M 65H 

B 
High 

58M 80H 52M 44M 53M 48M 64H 54M 56M 68H 41M 52M 19N 19N 33L 40L 9N 9N 66H 66H 30L 30L 44M 52M 

C 
High 

52M 75H 56M 51M 49M 44M 63H 54M 52M 65H 50M 61H 18N 18N 38L 45M 63H 63H 84S 84S 71H 71H 51M 60H 

D 
High 

61H 82S 50M 47M 56M 52M 64H 53M 58M 70H 28L 38L 19N 19N 25L 31L 8N 8N 66H 66H 29L 29L 43M 51M 

1 Departure Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-100% = severe departureS) 

 

Appendix H table 1, overall summary at the end of the 15-year planning period for the proposed high acre treatments for alternatives B, C and D, 

and alternative A; from greatest movement toward DC and HRV to the least movement toward DC and HRV: 

 

 Ponderosa pine forest PNVT 

Greatest movement toward DC: alternatives C, then B, D, and lastly A 

Greatest movement toward HRV: alternatives C, then B, D, and lastly A 

 

 Wet mixed conifer forest PNVT 

Greatest movement toward DC: alternatives A, then D, B, and lastly C 

Greatest movement toward HRV: alternatives B, then A, D, and lastly C 
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 Dry mixed conifer forest PNVT 

Greatest movement toward DC: alternatives C, then B, D, and lastly A 

Greatest movement toward HRV: alternatives C, then B, D, and lastly A  

 

 Spruce-fir forest PNVT 

Greatest movement toward DC: alternatives C, then equally B and D, and lastly A 

Greatest movement toward HRV: alternatives D, then equally B and C, and lastly A 

 

 All A-SNFs Modeled Forested PNVTs combined 

Greatest movement toward DC: alternatives C, then B, D, and lastly A 

Greatest movement toward HRV: alternatives C, then B, D, and lastly A 

 

 Madrean pine-oak woodland PNVT 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 Piñon-juniper woodland PNVT 

Greatest movement toward DC: alternatives C, then equally B and D, and lastly A 

Greatest movement toward HRV: alternatives C, then equally B and D, and lastly A 

 

 All A-SNFs Modeled Woodland PNVTs combined 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 Great Basin grassland PNVT 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 Semi-desert grassland PNVT 

Greatest movement toward DC: alternatives equally B and D, and then equally C and A 

Greatest movement toward HRV: alternatives equally B and D, then C, and lastly A 

 

 All A-SNFs Modeled Grassland PNVTs combined 

Greatest movement toward DC: alternatives D, then B, and lastly equally C and A 

Greatest movement toward HRV: alternatives D, then B, and lastly equally C and A 

 

 All A-SNFs Modeled PNVTs combined 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 
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All A-SNFs Modeled PNVTs 
 
 
50-year Modeling Period Proposed High Acre Treatment Objectives 
 
 
Appendix H table 2. Comparisons of the percent departures from DC and HRV at the end of the 50-year modeling period, by alternative proposed high 

acre treatment objectives and alternative A (the lower the departure
1
 value the closer to DC and HRV)

 

Alternative 

Forested PNVT Group Woodland PNVT Group Grassland PNVT Group 

All A-SNFs 
Modeled 

PNVTs 
ponderosa 
pine forest 

wet mixed 
conifer forest 

dry mixed 
conifer forest 

spruce-fir 
forest 

all A-SNFs 
modeled 
forested 
PNVTs 

Madrean pine-
oak woodland 

piñon-juniper 
woodland 

all A-SNFs 
modeled 

woodland 
PNVTs 

Great Basin 
grassland 

semi-desert 
grassland 

all A-SNFs 
modeled 
grassland 

PNVTs 

DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV 

Current 
Condition 

77H 94S 54M 61H 67H 77H 59M 62H 71H 85S 61H 72H 28L 28L 49M 56M 67H 67H 79H 79H 71H 71H 64H 73H 

A 54M 71M 45M 43M 47M 47M 65H 54M 51M 62H 56M 67H 41M 41M 51M 57M 68H 68H 94S 94S 78H 78H 55M 63H 

B 

High 
46M 69H 51M 45M 43M 39L 61H 53M 49M 60M 30L 40L 15N 15N 25L 31L 22L 22L 52M 52M 33L 33L 38M 46M 

C 

High 
48M 70H 59M 51M 44M 40L 60M 52M 50M 62H 40L 51M 25L 25L 35L 41M 68H 68H 94S 94S 78H 78H 49M 57M 

D 

High 
54M 55M 49M 45M 45M 44M 60M 53M 52M 51M 19N 29L 10N 10N 16N 22L 16N 16N 52M 52M 29L 29L 36L 38M 

1 Departure Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-100% = severe departureS) 

 

Appendix H table 2, overall summary at the end of the 50-year modeling period for the proposed high acre treatments for alternatives B, C and D, 

and alternative A; from greatest movement toward DC and HRV to the least movement toward DC and HRV: 

 

 Ponderosa pine forest PNVT 

Greatest movement toward DC: alternatives B, then C, and lastly equally D and A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 Wet mixed conifer forest PNVT 

Greatest movement toward DC: alternatives A, then D, B, and lastly C 

Greatest movement toward HRV: alternatives A, then equally B and D, and lastly C 
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 Dry mixed conifer forest PNVT 

Greatest movement toward DC: alternatives B, then C, D, and lastly A 

Greatest movement toward HRV: alternatives B, then C, D, and lastly A 
 

 Spruce-fir forest PNVT 

Greatest movement toward DC: alternatives equally C and D, then B, and lastly A 

Greatest movement toward HRV: alternatives C, then equally B and D, and lastly A 

 

 All A-SNFs Modeled Forested PNVTs combined 

Greatest movement toward DC: alternatives B, then C, A, and lastly D 

Greatest movement toward HRV: alternatives D, B, and then equally A and C 

 

 Madrean pine-oak woodland PNVT 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 Piñon-juniper woodland PNVT 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 All A-SNFs Modeled Woodland PNVTs combined 

Greatest movement toward DC: alternatives D, B then, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and A 

 

 Great Basin grassland PNVT 

Greatest movement toward DC: alternatives D, then B, and equally C and A 

Greatest movement toward HRV: alternatives D, then B, and equally C and A 

 

 Semi-desert grassland PNVT 

Greatest movement toward DC: alternatives equally B and D, and then equally A and C; 

Greatest movement toward HRV: alternatives equally B and D, and then equally A and C. 

 

 All A-SNFs Modeled Grassland PNVTs combined 

Greatest movement toward DC: alternatives D, then B, and lastly equally A and C; 

Greatest movement toward HRV: alternatives D, then B, and lastly equally A and C. 

 

 All A-SNFs Modeled PNVTs combined 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 
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All A-SNFs Modeled PNVTs 
 
 
15-Year Planning Period Proposed Average Acre Treatment Objectives 
 
 

Appendix H table 3. Comparisons of the percent departures from DC and HRV at the end of the 15-year planning period, by alternative proposed 
average acre treatment objectives and alternative A (the lower the departure

1
 value the closer to DC and HRV)

 

Alternative 

Forested PNVT Group Woodland PNVT Group Grassland PNVT Group 

All A-SNFs 
Modeled 

PNVTs 
ponderosa 
pine forest 

wet mixed 
conifer forest 

dry mixed 
conifer forest 

spruce-fir 
forest 

all A-SNFs 
modeled 
forested 
PNVTs 

Madrean pine-
oak woodland 

piñon-juniper 
woodland 

all A-SNFs 
modeled 

woodland 
PNVTs 

Great Basin 
grassland 

semi-desert 
grassland 

all A-SNFs 
modeled 
grassland 

PNVTs 

DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV 

Current 
Condition 

77H 94S 54M 61H 67H 77H 59M 62H 71H 85S 61H 72H 28L 28L 49M 56M 67H 67H 79H 79H 71H 71H 64H 73H 

A 65H 84S 49M 46M 57M 54M 68H 58M 61H 71H 59M 70H 21L 21L 45M 52M 63H 63H 84S 84S 71H 71H 57M 65H 

B 

Average 
63H 83S 53M 46M 56M 52M 66H 55M 60M 71H 47M 58M 20N 20N 37L 44M 17N 17N 68H 68H 36L 36L 49M 56M 

C 

Average 
60M 81S 56M 49M 54M 51M 65H 55M 58M 70H 55M 66H 19N 19N 42M 49M 63H 63H 84S 84S 71H 71H 55M 63H 

D 

Average 
66H 85S 52M 47M 59M 56M 65H 55M 62H 73H 41M 51M 19N 19N 33L 39L 19N 19N 68H 68H 37L 37L 48M 56M 

1 Departure Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-100% = severe departureS) 

 

Appendix H table 3, overall summary at the end of the 15-year planning period for the proposed average acre treatments for alternatives B, C and 

D, and alternative A; from greatest movement toward DC and HRV to the least movement toward DC and HRV: 

 

 Ponderosa pine forest PNVT 

Greatest movement toward DC: alternatives C, then B, A, and lastly D 

Greatest movement toward HRV: alternatives C, then B, A, and lastly D 

 

 Wet mixed conifer forest PNVT 

Greatest movement toward DC: alternatives A, then D, B, and lastly C 

Greatest movement toward HRV: alternatives equally A and B, then D, and lastly C 
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 Dry mixed conifer forest PNVT 

Greatest movement toward DC: alternatives C, then B, A, and lastly D 

Greatest movement toward HRV: alternatives C, then B, A, and lastly D 

 

 Spruce-fir forest PNVT 

Greatest movement toward DC: alternatives equally C and D, then B, and lastly A 

Greatest movement toward HRV: alternatives equally B, C and D, and lastly A 

 

 All A-SNFs Modeled Forested PNVTs combined 

Greatest movement toward DC: alternatives C, then B, A, and lastly D 

Greatest movement toward HRV: alternatives C, then equally A and B, and lastly D 

 

 Madrean pine-oak woodland PNVT 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 Piñon-juniper woodland PNVT 

Greatest movement toward DC: alternatives equally C and D, then B, and lastly A 

Greatest movement toward HRV: alternatives equally C and D, then B, and lastly A 

 

 All A-SNFs Modeled Woodland PNVTs combined 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 Great Basin grassland PNVT 

Greatest movement toward DC: alternatives B, then D, and lastly equally A and C 

Greatest movement toward HRV: alternatives B, then D, and lastly equally A and C 

 

 Semi-desert grassland PNVT 

Greatest movement toward DC: alternatives equally B and D, and then equally A and C 

Greatest movement toward HRV: alternatives equally B and D, and then equally A and C 

 

 All A-SNFs Modeled Grassland PNVTs combined 

Greatest movement toward DC: alternatives B, then C, and lastly equally A and C 

Greatest movement toward HRV: alternatives B, then C, and lastly equally A and C 

 

 All A-SNFs Modeled PNVTs combined 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives equally B and D, then C, and lastly A 
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All A-SNFs Modeled PNVTs 
 
 
50-year Modeling Period Proposed Average Acre Treatment Objectives 
 
 
Appendix H table 4. Comparisons of the percent departures from DC and HRV at the end of the 50-year modeling period, by alternative proposed 
average acre treatment objectives and alternative A (the lower the departure

1
 value the closer to DC and HRV)

 

Alternative 

Forested PNVT Group Woodland PNVT Group Grassland PNVT Group 

All A-SNFs 
Modeled 

PNVTs 
ponderosa 
pine forest 

wet mixed 
conifer forest 

dry mixed 
conifer forest 

spruce-fir 
forest 

all A-SNFs 
modeled 
forested 
PNVTs 

Madrean pine-
oak woodland 

piñon-juniper 
woodland 

all A-SNFs 
modeled 

woodland 
PNVTs 

Great Basin 
grassland 

semi-desert 
grassland 

all A-SNFs 
modeled 
grassland 

PNVTs 

DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV 

Current 
Condition 

77H 94S 54M 61H 67H 77H 59M 62H 71H 85S 61H 72H 28L 28L 49M 56M 67H 67H 79H 79H 71H 71H 64H 73H 

A 54M 71H 45M 43M 47M 47M 65H 54M 51M 62H 56M 67H 41M 41M 51M 57M 68H 68H 94S 94S 78H 78H 55M 63H 

B 

Average 
54M 74H 53M 45M 48M 46M 63H 53M 53M 64H 38L 48M 22L 22L 32L 38L 20N 20N 58M 58M 34L 34L 43M 51M 

C 

Average 
54M 74H 57M 48M 48M 47M 63H 53M 54M 64H 47M 57M 30L 30L 41M 47M 68H 68H 94S 94S 78H 78H 53M 61H 

D 

Average 
57M 66H 51M 45M 49M 49M 62H 53M 55M 59M 32L 42M 19N 19N 27L 34L 18N 18N 58M 58M 33L 33L 42M 46M 

1 Departure Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-100% = severe departureS) 

 

Appendix H table 4, overall summary at the end of the 50-year modeling period for the proposed average acre treatments for alternatives B, C and 

D, and alternative A; from greatest movement toward DC and HRV to the least movement toward DC and HRV: 

 

 Ponderosa pine forest PNVT 

Greatest movement toward DC: alternatives equally A, then B and C, and lastly D 

Greatest movement toward HRV: alternatives D, A, and then equally B and C 

 

 Wet mixed conifer forest PNVT 

Greatest movement toward DC: alternatives A, then D, B, and lastly C 

Greatest movement toward HRV: alternatives A, then equally B and D, and lastly C 
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 Dry mixed conifer forest PNVT 

Greatest movement toward DC: alternatives A, then equally B and C, and lastly A 

Greatest movement toward HRV: alternatives B, then equally A and C, and lastly D 

 

 Spruce-fir forest PNVT 

Greatest movement toward DC: alternatives D, then equally B and C, and lastly A 

Greatest movement toward HRV: alternatives equally B, C and D, and lastly A 

 

 All A-SNFs Modeled Forested PNVTs 

Greatest movement toward DC: alternatives A, then B, C, and lastly D 

Greatest movement toward HRV: alternatives D, then A and lastly equally B and C 

 

 Madrean pine-oak woodland PNVT 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 Piñon-juniper woodland PNVT 

Greatest movement toward DC: alternatives D, then B, C and lastly A 

Greatest movement toward HRV: alternatives D, then B, C and lastly A 

 

 All A-SNFs Modeled Woodland PNVTs 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 Great Basin grassland PNVT 

Greatest movement toward DC: alternatives D, B then, and lastly equally A and C 

Greatest movement toward HRV: alternatives D, then B, and lastly equally A and C 

 

 Semi-desert grassland PNVT 

Greatest movement toward DC: alternatives equally B and D, and then equally A and C 

Greatest movement toward HRV: alternatives equally B and D, and then equally A and C 

 

 All A-SNFs Modeled Grassland PNVTs 

Greatest movement toward DC: alternatives D, then B, and lastly equally A and C 

Greatest movement toward HRV: alternatives D, then B, and lastly equally A and C 

 

 All A-SNFs Modeled PNVTs 

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 
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All A-SNFs Modeled PNVTs 
 
 
15-Year Planning Period Proposed Low Acre Treatment Objectives 
 
 
Appendix H table 5. Comparisons of the percent departures from DC and HRV at the end of the 15-year planning period, by alternative proposed low 
acre treatment objectives and alternative A (the lower the departure

1
 value the closer to DC and HRV)

 

Alternative 

Forested PNVT Group Woodland PNVT Group Grassland PNVT Group 

All A-SNFs 
Modeled 

PNVTs 
ponderosa 
pine forest 

wet mixed 
conifer forest 

dry mixed 
conifer forest 

spruce-fir 
forest 

all A-SNFs 
modeled 
forested 
PNVTs 

Madrean pine-
oak woodland 

piñon-juniper 
woodland 

all A-SNFs 
modeled 

woodland 
PNVTs 

Great Basin 
grassland 

semi-desert 
grassland 

all A-SNFs 
modeled 
grassland 

PNVTs 

DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV 

Current 
Condition 

77H 94S 54M 61H 67H 77H 59M 62H 71H 85S 61H 72H 28L 28L 49M 56M 67H 67H 79H 79H 71H 71H 64H 73H 

A 65H 84S 49M 46M 57M 54M 68H 58M 61H 71H 59M 70H 21L 21L 45M 52M 63H 63H 84S 84S 71H 71H 57M 65H 

B 

Low 
69H 87S 54M 47M 60M 57M 68H 56M 64H 74H 54M 65H 20N 20N 42M 49M 24L 24L 70H 70H 41M 41L 53M 61H 

C 

Low 
69M 86S 55M 47M 59M 58M 67H 57M 64H 74H 59M 70H 21L 21L 45M 52M 63H 63H 84S 84S 71H 71H 59M 66H 

D 

Low 
70H 87S 54M 46M 62H 59M 67H 56M 66H 74H 54M 65H 20N 20N 42M 49M 29L 29L 70H 70H 44M 44L 54M 61H 

1 Departure Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-100% = severe departureS) 

 

Appendix H table 5, overall summary at the end of the 15-year planning period for the proposed low acre treatments for alternatives B, C and D, 

and alternative A; from greatest movement toward DC and HRV to the least movement toward DC and HRV: 

 

 Ponderosa pine forest PNVT 

Greatest movement toward DC: alternatives A, then equally B and C, and lastly D 

Greatest movement toward HRV: alternatives A, then equally B and D, and lastly C 

 

 Wet mixed conifer forest PNVT 

Greatest movement toward DC: alternatives A, then equally B and D, and lastly C  

Greatest movement toward HRV: alternatives equally A and D, and then equally B and C 
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 Dry mixed conifer forest PNVT 

Greatest movement toward DC: alternatives A, then C, B, and lastly D 

Greatest movement toward HRV: alternatives A, then B, C, and lastly D 

 

 Spruce-fir forest PNVT 

Greatest movement toward DC: alternatives equally C and D, and then equally A and B  

Greatest movement toward HRV: alternatives equally B and D, then C, and lastly A 

 

 All A-SNFs Modeled Forested PNVTs  

Greatest movement toward DC: alternatives A, then equally B and C, and lastly D 

Greatest movement toward HRV: alternatives A, and then equally B, C and D 

 

 Madrean pine-oak woodland PNVT  

Greatest movement toward DC: alternatives equally B and D, and then equally A and C 

Greatest movement toward HRV: alternatives equally B and D, and then equally A and C 

 

 Piñon-juniper woodland PNVT  

Greatest movement toward DC: alternatives equally C and D, then B, and lastly A 

Greatest movement toward HRV: alternatives equally C and D, then B, and lastly A 

 

 All A-SNFs Modeled Woodland PNVTs  

Greatest movement toward DC: alternatives equally B and D, and then equally A and C 

Greatest movement toward HRV: alternatives equally B and D, and then equally A and C 

 

 Great Basin grassland PNVT  

Greatest movement toward DC: alternatives B, then D, and lastly equally A and C 

Greatest movement toward HRV: alternatives B, then D, and lastly equally A and C 

 

 Semi-desert grassland PNVT  

Greatest movement toward DC: alternatives equally B and D, and then equally A and C 

Greatest movement toward HRV: alternatives equally B and D, and then equally A and C 

 

 All A-SNFs Modeled Grassland PNVTs  

Greatest movement toward DC: alternatives B, then D, and lastly equally A and C 

Greatest movement toward HRV: alternatives B, then C, and lastly equally A and C 

 

 All A-SNFs Modeled PNVTs  
Greatest movement toward DC: alternatives B, then D, A, and lastly C 
Greatest movement toward HRV: alternatives equally B and D, then C, and lastly A
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All A-SNFs Modeled PNVTs 
 
 
50-Year Modeling Period Proposed Low Acre Treatment Objectives 
 
 
Appendix H table 6. Comparisons of the departures from DC and HRV at the end of the 50-year modeling period, by alternative proposed low acre 
treatment objectives and alternative A (the lower the departure

1
 value the closer to DC and HRV)

 

Alternative 

Forested PNVT Group Woodland PNVT Group Grassland PNVT Group 

All A-SNFs 
Modeled 

PNVTs 
ponderosa 
pine forest 

wet mixed 
conifer forest 

dry mixed 
conifer forest 

spruce-fir 
forest 

all A-SNFs 
modeled 
forested 
PNVTs 

Madrean pine-
oak woodland 

piñon-juniper 
woodland 

all A-SNFs 
modeled 

woodland 
PNVTs 

Great Basin 
grassland 

semi-desert 
grassland 

all A-SNFs 
modeled 
grassland 

PNVTs 

DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV DC HRV 

Current 
Condition 

77H 94S 54M 61H 67H 77H 59M 62H 71H 85S 61H 72H 28L 28L 49M 56M 67H 67H 79H 79H 71H 71H 64H 73H 

A 54M 71H 45M 43M 47M 47M 65H 54M 51M 62H 56M 67H 41M 41M 51M 57M 68H 68H 94S 94S 78H 78H 55M 63H 

B 

Low 
62H 80H 54M 45M 51M 50M 65H 53M 58M 67H 45M 56M 30L 30L 40L 46M 19N 19N 63H 63H 35L 35L 48M 55M 

C 

Low 
59M 77H 55M 45M 52M 53M 65H 53M 57M 67H 53M 64H 36L 36L 47M 54M 68H 68H 94S 94S 78H 78H 57M 64H 

D 

Low 
60M 77H 53M 44M 54M 55M 64H 54M 58M 67H 45M 56M 28L 28L 39L 46M 20N 20N 63H 63H 36L 36L 48M 55M 

1 Departure Ratings: (0-20% = no departureN); (21-40% = low departureL); (41-60% = moderate departureM); (61-80% = high departureH); and (81-100% = severe departureS) 

 

Appendix H table 6, overall summary at the end of the 50-year modeling period for the proposed low acre treatments for alternatives B, C and D, 

and alternative A; from greatest movement toward DC and HRV to the least movement toward DC and HRV: 

 

 Ponderosa pine forest PNVT  

Greatest movement toward DC: alternatives A, then C, D, and lastly B 

Greatest movement toward HRV: alternatives A, then equally C and D, and lastly B 

 

 Wet mixed conifer forest PNVT  

Greatest movement toward DC: alternatives A, then D, B, and lastly C  

Greatest movement toward HRV: alternatives A, then D, and lastly equally B and C 
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 Dry mixed conifer forest PNVT 

Greatest movement toward DC: alternatives A, then B, C, and lastly D 

Greatest movement toward HRV: alternatives A, then B, C, and lastly D 

 

 Spruce-fir forest PNVT  

Greatest movement toward DC: alternatives D, and then equally A, B and C 

Greatest movement toward HRV: alternatives equally B and C, and then equally A and D 

 

 All A-SNFs Modeled Forested PNVTs  

Greatest movement toward DC: alternatives A, then C and lastly equally B and D  

Greatest movement toward HRV: alternatives A, and then equally B, C and D 

 

 Madrean pine-oak woodland PNVT  

Greatest movement toward DC: alternatives equally B and D, then C and lastly A  

Greatest movement toward HRV: alternatives equally B and D, then C and lastly A 

 

 Piñon-juniper woodland PNVT  

Greatest movement toward DC: alternatives D, then B, C, and lastly A  

Greatest movement toward HRV: alternatives D, then B, C, and lastly A 

 

 All A-SNFs Modeled Woodland PNVTs  

Greatest movement toward DC: alternatives D, then B, C, and lastly A 

Greatest movement toward HRV: alternatives equally B and D, then C, and lastly A 

 

 Great Basin grassland PNVT  

Greatest movement toward DC: alternatives B, then D, and lastly equally A and C 

Greatest movement toward HRV: alternatives B, then D, and lastly equally A and C 

 

 Semi-desert grassland PNVT  

Greatest movement toward DC: alternatives equally B and D, and then equally A and C  

Greatest movement toward HRV: alternatives equally B and D, and then equally A and C 

 

 All A-SNFs Modeled Grassland PNVTs  

Greatest movement toward DC: alternatives B, then D, and lastly equally A and C  

Greatest movement toward HRV: alternatives B, then C, and lastly equally A and C 

 

 All A-SNFs Modeled PNVTs  
Greatest movement toward DC: alternatives equally B and D, then A, and lastly C 
Greatest movement toward HRV: alternatives equally B and D, and C, then lastly A 
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Appendix I - Comparisons, Based on the Proposed High, Average, and Low 

Acre Treatment Objectives for Alternatives B, C and D, and Alternative A, by the 
end of the 15-Year Planning Period and the 50-Year Modeling Period, of the 

Percentage and Acreage Changes in Closed Woody Canopy Cover 
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All A-SNFs Modeled Forested PNVTs 
 
 
15-Year Planning Period and the 50-Year Modeling Period Proposed High Acre Treatment Objectives 
 
 
Appendix I table 1. Comparisons, based on the proposed high acre treatment objectives for alternatives B, C and D, and alternative A, by the end of the 
15-year planning period and the 50-year modeling period, of the percentage and acreage changes in closed woody canopy cover

1
 within the historically 

open forest (ponderosa pine forest (PPF) and dry mixed conifer forest (DMCF)) PNVTs, and the historically closed forest (wet mixed conifer forest 
(WMCF) and spruce-fir forest (SFF)) PNVTs on the A-SNFs 

Years 

Percent and Acreage Display the Amount of Change within Each PNVT that has Closed Woody Canopy Cover Greater than 30 Percent  
(arrows indicate direction of change in woody canopy cover; ↑ increase, ↓ decrease, or ↔ no change) 

alternative A 
percent and (acreage) 

proposed high treatment objectives 

alternative B 
percent and (acreage) 

alternative C 
percent and (acreage) 

alternative D 
percent and (acreage) 

Ponderosa pine forest PNVT current conditions: 602,206 acres of which 68% or 410,912 acres with woody canopy cover > 30% 

15 10%↓ (370,119 acres) 21%↓ (324,218 acres) 38%↓ (254,139 acres) 14%↓ (351,946 acres) 

50 16%↓ (343,281 acres) 29%↓ (291,511 acres) 40%↓ (245,091 acres) 37%↓ (258,284 acres) 

Dry mixed conifer forest PNVT current conditions: 147,885 acres of which 61% or 90,210 acres with woody canopy cover > 30% 

15 23%↑ (110,914 acres) 11%↑ (100,562 acres) 7%↑ (96,125 acres) 18%↑ (106,477 acres) 

50 21%↑ (109,435 acres) 10%↑ (99,083 acres) 10%↑ (99,083 acres) 16%↑ (104,998 acres) 

All A-SNFs Modeled Open canopy forest types (PPF+DMCF): 750,091 acres of which 67% or 501,122 acres with woody canopy cover > 30% 

15 4%↓ (481,033 acres) 15%↓ (424,779 acres) 30%↓ (350,264 acres) 9%↓ (458,423 acres) 

50 10%↓ (452,716 acres) 22%↓ (390,594 acres) 31%↓ (344,174 acres) 28%↓ (363,282 acres) 

Wet mixed conifer forest PNVT current conditions: 177,995 acres of which 61% or 101,457 acres with woody canopy cover > 30% 

15 12%↑ (113,917 acres) 11%↑ (112,137 acres) 2%↓ (99,677 acres) 11%↑ (112,137 acres) 

50 18%↑ (119,257 acres) 18%↑ (119,257 acres) 9%↑ (110,357 acres) 16%↑ (117,477 acres) 

Spruce-fir forest PNVT current conditions: 17,667 acres of which 61% or 10,777 acres with woody canopy cover > 30% 

15 11%↑ (12,014 acres) 8%↑ (11,660 acres) 5%↑ (11,307 acres) 7%↑ (11,484 acres) 

50 2%↑ (10,954 acres) 10%↓ (9,717 acres) 11%↓ (9,540 acres) 15%↓ (9,187 acres) 

All A-SNFs Modeled Closed canopy forest types (WMCF+SFF): 195,662 acres of which 57% or 112,234 acres with woody canopy cover > 30% 

15 12%↑ (125,930 acres) 10%↑ (123,797 acres) 1%↓ (110,984 acres) 10%↑ (123,620 acres) 

50 16%↑ (130,210 acres) 15%↑ 128,974 acres) 7%↑ (119,897 acres) 15%↑ (126,664 acres) 
1 Woody canopy closure classes are: 0 to < 10% is defined as very open canopy; ≥ 10 to ≤ 30% is defined as open canopy; and > 30% is defined as closed canopy. Under HRV and for DC ponderosa pine and dry mixed conifer 

forests should exhibit open canopies (≥ 10 to ≤ 30% woody canopy cover). Therefore, the lower the amounts of closed woody canopy cover, the closer these two PNVTs are to their HRV and forest plan DCs. Under HRV and for 
DC wet mixed conifer and spruce-fir forests should exhibit closed canopies (> 30% woody canopy cover). Therefore, the higher the amount of closed woody canopy cover, the closer these two PNVTs are to their HRV and forest 
plan DCs 
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Appendix I table 1, overall summary of the proposed high acre treatment objectives for alternatives B, C 

and D, and alternative A, by the end of the 15-year planning period and the 50-year modeling period for 

most open canopy for ponderosa pine and dry mixed conifer forest PNVTs (greatest to least); and most 

closed canopy for wet mixed conifer and spruce-fir forest PNVTs (greatest to least): 

 

 Ponderosa pine forest PNVT 

Most open canopy at the end of the 15-year planning period: alternatives C, then B, D, and lastly A 

Most open canopy at the end of the 50-year modeling period: alternatives C, then D, B, and lastly A 

 

 Dry mixed conifer forest PNVT 

Most open canopy at the end of the 15-year planning period: alternatives C, then B, D, and lastly A 

Most open canopy at the end of the 50-year modeling period: alternatives equally B and C, then D, 

and lastly A 

 

 All A-SNFs Modeled Open (Ponderosa pine and Dry mixed conifer) Forested PNVTs 

Most open canopy at the end of the 15-year planning period: alternatives C, then B, D, and lastly A 

Most open canopy at the end of the 50-year modeling period: alternatives C, then D, B, and lastly A 

 

 Wet mixed conifer forest PNVT 

Most closed canopy at the end of the 15-year planning period: alternatives A, then equally B and D, 

and lastly C 

Most closed canopy at the end of the 50-year modeling period: alternatives equally A and B, then D, 

and lastly C 

 

 Spruce-fir forest PNVT 

Most closed canopy at the end of the 15-year planning period: alternatives A, then B, D, and lastly C 

Most closed canopy at the end of the 50-year modeling period: alternatives A, then B, C, and lastly D 

 

 All A-SNFs Modeled Closed (Wet mixed conifer and Spruce-fir) Forested PNVTs 

Most closed canopy at the end of the 15-year planning period: alternatives A, then equally B and D, 

and lastly C 

Most closed canopy at the end of the 50-year modeling period: alternatives A, then equally B and D, 

and lastly C 
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All A-SNFs Modeled Forested PNVTs 
 
 
15-Year Planning Period and the 50-Year Modeling Period Proposed Average Acre Treatment Objectives 
 
 
Appendix I table 2. Comparisons, based on the proposed average acre treatment objectives for alternatives B, C and D, and alternative A, by the end of 
the 15-year planning period and the 50-year modeling period, of the percentage and acreage changes in closed woody canopy cover

1
 within the 

historically open forest (ponderosa pine forest (PPF) and dry mixed conifer forest (DMCF)) PNVTs, and the historically closed forest (wet mixed conifer 
forest (WMCF) and spruce-fir forest (SFF)) PNVTs on the A-SNFs 

Years 

Percent and Acreage Display the Amount of Change within Each PNVT that has Closed Woody Canopy Cover Greater than 30 Percent  
(arrows indicate direction of change in woody canopy cover; ↑ increase, ↓ decrease, or ↔ no change) 

alternative A 
percent and (acreage) 

proposed average treatment objectives 

alternative B 
percent and (acreage) 

alternative C 
percent and (acreage) 

alternative D 
percent and (acreage) 

Ponderosa pine forest PNVT current conditions: 602,206 acres of which 68% or 410,912 acres with woody canopy cover > 30% 

15 10%↓ (370,119 acres) 13%↓ (359,445 acres) 21%↓ (324,765 acres) 8%↓ (378,270 acres) 

50 16%↓ (343,281 acres) 18%↓ (338,631 acres) 24%↓ (312,530 acres) 21%↓ (324,026 acres) 

Dry mixed conifer forest PNVT current conditions: 147,885 acres of which 61% or 90,210 acres with woody canopy cover > 30% 

15 23%↑ (110,914 acres) 20%↑ (107,956 acres) 19%↑ (107,217 acres) 25%↑ (112,393 acres) 

50 21%↑ (109,435 acres) 20%↑ (107,695 acres) 22%↑ (110,174 acres) 26%↑ (113,871 acres) 

All A-SNFs Modeled Open canopy forest types (PPF+DMCF): 750,091 acres of which 67% or 501,122 acres with woody canopy cover > 30% 

15 4%↓ (481,033 acres) 7%↓ (467,401 acres) 14%↓ (431,982 acres) 2%↓ (490,662 acres) 

50 10%↓ (452,716 acres) 11%↓ (447,327 acres) 16%↓ (422,704 acres) 13%↓ (437,897 acres) 

Wet mixed conifer forest PNVT current conditions: 177,995 acres of which 61% or 101,457 acres with woody canopy cover > 30% 

15 12%↑ (113,917 acres) 12%↑ (113,917 acres) 5%↑ (106,797 acres) 12%↑ (113,917 acres) 

50 18%↑ (119,257 acres) 19%↑ (121,037 acres) 14%↑ (115,697 acres) 18%↑ (120,147 acres) 

Spruce-fir forest PNVT current conditions: 17,667 acres of which 61% or 10,777 acres with woody canopy cover > 30% 

15 11%↑ (12,014 acres) 11%↑ (11,925 acres) 9%↑ (11,749 acres) 10%↑ (11,837 acres) 

50 2%↑ (10,954 acres) 3%↓ (10,424 acres) 4%↓ (10,335 acres) 7%↓ (9,982 acres) 

All A-SNFs Modeled Closed canopy forest types (WMCF+SFF): 195,662 acres of which 57% or 112,234 acres with woody canopy cover > 30% 

15 12%↑ (125,930 acres) 12%↑ (125,842 acres) 6%↑ (118,546 acres) 12%↑ (125,754 acres) 

50 16%↑ (130,210 acres) 17%↑ (131,460 acres) 12%↑ (126,032 acres) 16%↑ (130,128 acres) 
1 Woody canopy closure classes are: 0 to < 10% is defined as very open canopy; ≥ 10 to ≤ 30% is defined as open canopy; and > 30% is defined as closed canopy. Under HRV and for DC ponderosa pine and dry mixed conifer forests 

should exhibit open canopies (≥ 10 to ≤ 30% woody canopy cover). Therefore, the lower the amounts of closed woody canopy cover, the closer these two PNVTs are to their HRV and forest plan DCs. Under HRV and for DC wet 
mixed conifer and spruce-fir forests should exhibit closed canopies (> 30% woody canopy cover). Therefore, the higher the amount of closed woody canopy cover, the closer these two PNVTs are to their HRV and forest plan DCs 
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Appendix I table 2, overall summary of the proposed average acre treatment objectives for alternatives B, 

C and D, and alternative A, by the end of the 15-year planning period and the 50-year modeling period for 

most open canopy for ponderosa pine and dry mixed conifer forest PNVTs (greatest to least); and most 

closed canopy for wet mixed conifer and spruce-fir forest PNVTs (greatest to least): 

 

 Ponderosa pine forest PNVT 

Most open canopy at the end of the 15-year planning period: alternatives C, then B, A and lastly D  

Most open canopy at the end of the 50-year modeling period: alternatives C, then D, B, and lastly A 

 

 Dry mixed conifer forest PNVT 

Most open canopy at the end of the 15-year planning period: alternatives C, then B, A and lastly D 

Most open canopy at the end of the 50-year modeling period: alternatives B, then A, C, and lastly D 

 

 All A-SNFs Modeled Open (Ponderosa pine and Dry mixed conifer) Forested PNVTs 

Most open canopy at the end of the 15-year planning period: alternatives C, then B, and lastly equally 

A and D 

Most open canopy at the end of the 50-year modeling period: alternatives C, then D, B, and lastly A 

 

 Wet mixed conifer forest PNVT 

Most closed canopy at the end of the 15-year planning period: alternatives equally A, B and D, and 

lastly C 

Most closed canopy at the end of the 50-year modeling period: alternatives B, then equally A and D, 

and lastly C 

 

 Spruce-fir forest PNVT 
Most closed canopy at the end of the 15-year planning period: alternatives equally A and B, then D, 

and lastly C 
Most closed canopy at the end of the 50-year modeling period: alternatives A, then B, C, and lastly D  
 

 All A-SNFs Modeled Closed (Wet mixed conifer and Spruce-fir) Forested PNVTs 

Most closed canopy at the end of the 15-year planning period: alternatives equally A, B and D, and 

lastly C  

Most closed canopy at the end of the 50-year modeling period: alternatives B, equally A and D, and 

lastly C 
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All A-SNFs Modeled Forested PNVTs 
 
 
15-Year Planning Period and the 50-Year Modeling Period Proposed Low Acre Treatment Objectives 
 
 
Appendix I table 3. Comparisons, based on the proposed low acre treatment objectives for alternatives B, C and D, and alternative A, by the end of the 
15-year planning period and the 50-year modeling period, of the percentage and acreage changes in closed woody canopy cover

1
 within the historically 

open forest (ponderosa pine forest (PPF) and dry mixed conifer forest (DMCF)) PNVTs, and the historically closed forest (wet mixed conifer forest 
(WMCF) and spruce-fir forest (SFF)) PNVTs on the A-SNFs 

Years 

Percent and Acreage Display the Amount of Change within Each PNVT that has Closed Woody Canopy Cover Greater than 30 Percent 
(arrows indicate direction of change in woody canopy cover; ↑ increase, ↓ decrease, or ↔ no change) 

alternative A 
percent and (acreage) 

proposed low treatment objectives 

alternative B 
percent and (acreage) 

alternative C 
percent and (acreage) 

alternative D 
percent and (acreage) 

Ponderosa pine forest PNVT current conditions: 602,206 acres of which 68% or 410,912 acres with woody canopy cover > 30% 

15 10%↓ (370,119 acres) 4%↓ (394,673 acres) 4%↓ (395,392 acres) 2%↓ (404,593 acres) 

50 16%↓ (343,281 acres) 6%↓ (385,752 acres) 8%↓ (379,968 acres) 5%↓ (389,767 acres) 

Dry mixed conifer forest PNVT current conditions: 147,885 acres of which 61% or 90,210 acres with woody canopy cover > 30% 

15 23%↑ (110,914 acres) 28%↑ (115,350 acres) 31%↑ (118,308 acres) 31%↑ (118,308 acres) 

50 21%↑ (109,435 acres) 31%↑ (118,308 acres) 34%↑ (121,266 acres) 36%↑ (122,745 acres) 

All A-SNFs Modeled Open canopy forest types (PPF+DMCF): 750,091 acres of which 67% or 501,122 acres with woody canopy cover > 30% 

15 4%↓ (481,033 acres) 2%↑ (510,023 acres) 3%↑ (513,700 acres) 4%↑ (522,901 acres) 

50 10%↓ (452,716 acres) 1%↑ (504,060 acres) 0%↔ (501,234 acres) 2%↑ (512,512 acres) 

Wet mixed conifer forest PNVT current conditions: 177,995 acres of which 61% or 101,457 acres with woody canopy cover > 30% 

15 12%↑ (113,917 acres) 14%↑ (115,697 acres) 12%↑ (113,917 acres) 14%↑ (115,697 acres) 

50 18%↑ (119,257 acres) 21%↑ (122,817 acres) 19%↑ (121,037 acres) 21%↑ (122,817 acres) 

Spruce-fir forest PNVT current conditions: 17,667 acres of which 61% or 10,777 acres with woody canopy cover > 30% 

15 11%↑ (12,014 acres) 13%↑ (12,190 acres) 13%↑ (12,190 acres) 13%↑ (12,190 acres) 

50 2%↑ (10,954 acres) 3%↑ (11,130 acres) 3%↑ (11,130 acres) 0%↔ (10,777 acres) 

All A-SNFs Modeled Closed canopy forest types (WMCF+SFF): 195,662 acres of which 57% or 112,234 acres with woody canopy cover > 30% 

15 12%↑ (125,930 acres) 14%↑ (127,887 acres) 12%↑ (126,107 acres) 14%↑ (127,887 acres) 

50 16%↑ (130,210 acres) 19%↑ (133,947 acres) 18%↑ (132,167 acres) 19%↑ (133,593 acres) 
1 Woody canopy closure classes are: 0 to < 10% is defined as very open canopy; ≥ 10 to ≤ 30% is defined as open canopy; and > 30% is defined as closed canopy. Under HRV and for DC ponderosa pine and dry mixed conifer forests 

should exhibit open canopies (≥ 10 to ≤ 30% woody canopy cover). Therefore, the lower the amounts of closed woody canopy cover, the closer these two PNVTs are  to their HRV and forest plan DCs. Under HRV and for DC wet 
mixed conifer and spruce-fir forests should exhibit closed canopies (> 30% woody canopy cover). Therefore, the higher the amount of closed woody canopy cover, the closer these two PNVTs are to their HRV and forest plan DCs 
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Appendix I table 3, overall summary of the proposed low acre treatment objectives for alternatives B, C 

and D, and alternative A, by the end of the 15-year planning period and the 50-year modeling period for 

most open canopy for ponderosa pine and dry mixed conifer forest PNVTs (greatest to least); and most 

closed canopy for wet mixed conifer and spruce-fir forest PNVTs (greatest to least): 

 

 Ponderosa pine forest PNVT 

Most open canopy at the end of the 15-year planning period: alternatives A, then equally B and D, 

and lastly C 

Most open canopy at the end of the 50-year modeling period: alternatives A, then C, B, and lastly D 

 

 Dry mixed conifer forest PNVT 

Most open canopy at the end of the 15-year planning period: alternatives A, then B, and lastly equally 

C and D  

Most open canopy at the end of the 50-year modeling period: alternatives A, then B, C, and lastly D 

 

 All A-SNFs Modeled Open (Ponderosa pine and Dry mixed conifer) Forested PNVTs 

Most open canopy at the end of the 15-year planning period: alternatives A, then B, C, and lastly D  

Most open canopy at the end of the 50-year modeling period: alternatives A, then C, B, and lastly D 

 

 Wet mixed conifer forest PNVT 

Most closed canopy at the end of the 15-year planning period: alternatives equally B and D, then A 

and lastly C  

Most closed canopy at the end of the 50-year modeling period: alternatives equally B and D, then A, 

and lastly C 

 

 Spruce-fir forest PNVT 
Most closed canopy at the end of the 15-year planning period: alternatives equally B, C and D, and 

then A 
Most closed canopy at the end of the 50-year modeling period: alternatives equally B and D, then A, 

and lastly C  
 

 All A-SNFs Modeled Closed (Wet mixed conifer and Spruce-fir) Forested PNVTs 

Most closed canopy at the end of the 15-year planning period: alternatives equally B and D, and then 

equally A and C  

Most closed canopy at the end of the 50-year modeling period: alternatives equally B and D, then C, 

and lastly A 
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All A-SNFs Modeled Woodland and Grassland PNVTs 
 
 
15-Year Planning Period and the 50-Year Modeling Period Proposed High Acre Treatment Objectives 
 
 
Appendix I table 4. Comparisons, based on the proposed high acre treatment objectives for alternatives B, C and D, and alternative A, by the end of the 
15-year planning period and the 50-year modeling period, of the percentage and acreage changes in closed woody canopy cover

1
 within the historically 

open woodland (Madrean pine-oak woodland (MPOW) and piñon-juniper woodland (PJW)) PNVTs, and very open grassland (Great Basin grassland 
(GBG) and semi-desert grassland (SDG)) PNVTs on the A-SNFs 

Years 

Percent and Acreage Display Amount of Change Within Each PNVT that has Closed Woody Canopy Cover Greater than 30 Percent in Woodland PNVTs and Greater than 10 Percent in 
Grassland PNVTs 

(arrows indicate direction of change in woody canopy cover; ↑ increase, ↓ decrease, or ↔ no change) 

alternative A 
percent and (acreage) 

proposed high treatment objectives 

alternative B 
percent and (acreage) 

alternative C 
percent and (acreage) 

alternative D 
percent and (acreage) 

Madrean pine-oak woodland PNVT current conditions: 394,927 acres of which 78% or 308,043 acres with woody canopy cover > 30% 

15 3%↓ (300,145 acres) 24%↓ 233,007 acres) 17%↓ (256,703 acres) 44%↓ (173,768 acres) 

50 6%↓ (288,297 acres) 45%↓ (169,819 acres) 38%↓ (189,565 acres) 63%↓ (114,529 acres) 

Piñon-juniper woodland PNVT current conditions: 222,166 acres of which 22% or 48,877 acres with woody canopy cover > 30% 

15 82%↑ (88,866 acres) 36%↑ (66,650 acres) 45%↑ (71,093 acres) 0%↔ (48,877 acres) 

50 191%↑ (142,186 acres) 82%↑ (88,866 acres) 118%↑ (106,640 acres) 5%↑ (51,098 acres) 

All A-SNFs Modeled Open Woodland types total current conditions (MPOW+PJW): 617,093 acres of which 58% or 356,920 acres with woody canopy cover > 30% 

15 9%↑ (389,011 acres) 16%↓ (299,657 acres) 8%↑ (327,796 acres) 38%↓ (222,644 acres) 

50 21%↑ (430,483 acres) 28%↓ (258,685 acres) 17%↓ (296,205 acres) 54%↓ (165,627 acres) 

Great Basin grassland PNVT current conditions: 185,523 acres of which 89% or 165,190 acres with woody canopy cover > 10% 

15 5%↓ (157,757 acres) 75%↓ (40,815 acres) 7%↓ (153,984 acres) 70%↓ (50,091 acres) 

50 2%↓ (162,647 acres) 55%↓ (74,209 acres) 8%↓ (152,129 acres) 61%↓ (64,933 acres) 

Semi-desert grassland PNVT current conditions: 106,952 acres of which 79% or 84,492 acres with woody canopy cover > 10% 

15 6%↑ (89,840 acres) 19%↓ (68,449 acres) 4%↑ (87,701 acres) 19%↓ (68,449 acres) 

50 19%↑ (100,535 acres) 37%↓ (53,476 acres) 16%↑ (98,396 acres) 37%↓ (53,476 acres) 

All A-SNFs Modeled Very Open Grassland types total current conditions (GBG+SDG): 292,475 acres of which 85% or 249,682 acres with woody canopy cover > 10% 

15 1%↓ (246,597 acres) 56%↓ (109,264 acres) 3%↓ (241,685 acres) 53%↓ (118,540 acres) 

50 5%↑ (263,182 acres) 49%↓ (127,685 acres) 0%↔ (250,525 acres) 53%↓ (118,409 acres) 
1 Woody canopy closure classes are: 0 to < 10% is defined as very open canopy; ≥ 10 to ≤ 30% is defined as open canopy; and > 30% is defined as closed canopy. Under HRV and for DC Madrean pine-oak and piñon-juniper 

woodlands should exhibit open canopies (≥ 10 to ≤ 30% woody canopy cover). Under HRV and for DC Great Basin and semi-desert grasslands should exhibit very open canopies (0 to ≤ 10% woody canopy cover); grasslands, by 
definition, should not be dominated by woody species canopy cover. Therefore, the lower the amounts of closed woody canopy cover, the closer these four PNVTs are to their HRV and forest plan DCs 
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Appendix I table 4, overall summary of the proposed high acre treatment objectives for alternatives B, C 

and D, and alternative A, by the end of the 15-year planning period and the 50-year modeling period most 

open canopy for Madrean pine-oak and piñon-juniper woodland PNVTs, and Great Basin and semi-desert 

grassland PNVTs (greatest to least): 

 

 Madrean pine-oak woodland PNVT 

Most open canopy at the end of the 15-year planning period: alternatives D, then B, C, and lastly A  

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 Piñon-juniper woodland PNVT 

Most open canopy at the end of the 15-year planning period: alternatives D, then B, C, and lastly A  

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 All A-SNFs Modeled Open Woodland PNVTs 

Most open canopy at the end of the 15-year planning period: alternatives D, then B, A, and lastly C  

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 Great Basin grassland PNVT 

Most open canopy at the end of the 15-year planning period: alternatives D, then B, C, and lastly A  

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 Semi-desert grassland PNVT 
Most open canopy at the end of the 15-year planning period: alternatives equally B and D, then C, 

and lastly A 
Most open canopy at the end of the 50-year modeling period: alternatives equally B and D, then C, 

and lastly A  
 

 All A-SNFs Modeled Very Open Grassland PNVTs 
Most open canopy at the end of the 15-year planning period: alternatives B then D, C, and lastly A 
Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 
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All A-SNFs Modeled Woodland and Grassland PNVTs 
 
 
15-Year Planning Period and the 50-Year Modeling Period Proposed Average Acre Treatment Objectives 
 
 
Appendix I table 5. Comparisons, based on the proposed average acre treatment objectives for alternatives B, C and D, and alternative A, by the end of 
the 15-year planning period and the 50-year modeling period, of the percentage and acreage changes in closed woody canopy cover

1
 within the 

historically open woodland (Madrean pine-oak woodland (MPOW) and piñon-juniper woodland (PJW)) PNVTs, and very open grassland (Great Basin 
grassland (GBG) and semi-desert grassland (SDG)) PNVTs on the A-SNFs 

Years 

Percent and Acreage Display Amount of Change Within Each PNVT that has Closed Woody Canopy Cover Greater than 30 Percent in Woodland PNVTs and Greater than 10 Percent in 
Grassland PNVTs 

(arrows indicate direction of change in woody canopy cover; ↑ increase, ↓ decrease, or ↔ no change) 

alternative A 
percent and (acreage) 

proposed average treatment objectives 

alternative B 
percent and (acreage) 

alternative C 
percent and (acreage) 

alternative D 
percent and (acreage) 

Madrean pine-oak woodland PNVT current conditions: 394,927 acres of which 78% or 308,043 acres with woody canopy cover > 30% 

15 3%↓ (300,145 acres) 15%↓ (260,652 acres) 8%↓ (282,373 acres) 25%↓ (231,032 acres) 

50 6%↓ (288,297 acres) 33%↓ (207,337 acres) 24%↓ (233,007 acres) 42%↓ (177,717 acres) 

Piñon-juniper woodland PNVT current conditions: 222,166 acres of which 22% or 48,877 acres with woody canopy cover > 30% 

15 82%↑ (88,866 acres) 52%↑ (74,426 acres) 61%↑ (78,869 acres) 32%↑ (64,428 acres) 

50 191%↑ (142,186 acres) 116%↑ (105,529 acres) 145%↑ (119,970 acres) 70%↑ (83,312 acres) 

All A-SNFs Modeled Open Woodland types total current conditions (MPOW+PJW): 617,093 acres of which 58% or 356,920 acres with woody canopy cover > 30% 

15 9%↑ (389,011 acres) 6%↓ (335,077 acres) 1%↑ (361,242 acres) 17%↓ (295,460 acres) 

50 21%↑ (430,483 acres) 12%↓ (312,866 acres) 1%↓ (352,977 acres) 27%↓ (261,029 acres) 

Great Basin grassland PNVT current conditions: 185,523 acres of which 89% or 165,190 acres with woody canopy cover > 10% 

15 5%↓ (157,757 acres) 63%↓ (61,223 acres) 7%↓ (153,984 acres) 57%↓ (70,499 acres) 

50 2%↓ (162,647 acres) 56%↓ (73,282 acres) 8%↓ (152,129 acres) 58%↓ (69,571 acres) 

Semi-desert grassland PNVT current conditions: 106,952 acres of which 79% or 84,492 acres with woody canopy cover > 10% 

15 6%↑ (89,840 acres) 16%↓ (70,588 acres) 4%↑ (87,701 acres) 16%↓ (70,588 acres) 

50 19%↑ (100,535 acres) 30%↓ (59,358 acres) 16%↑ (98,398 acres) 30%↓ (59,358 acres) 

All A-SNFs Modeled Very Open Grassland types total current conditions (GBG+SDG): 292,475 acres of which 85% or 249,682 acres with woody canopy cover > 10% 

15 1%↓ (246,597 acres) 47%↓ (131,811 acres) 3%↓ (241,685 acres) 43%↓ (141,087 acres) 

50 5%↑ (263,182 acres) 47%↓ (132,640 acres) 0%↔ (250,525 acres) 48%↓ (128,929 acres) 
1 Woody canopy closure classes are: 0 to < 10% is defined as very open canopy; ≥ 10 to ≤ 30% is defined as open canopy; and > 30% is defined as closed canopy. Under HRV and for DC Madrean pine-oak and piñon-juniper 

woodlands should exhibit open canopies (≥ 10 to ≤ 30% woody canopy cover). Under HRV and for DC Great Basin and semi-desert grasslands should exhibit very open canopies (0 to ≤ 10% woody canopy cover); grasslands, by 
definition, should not be dominated by woody species canopy cover. Therefore, the lower the amounts of closed woody canopy cover, the closer these four PNVTs are to their HRV and forest plan DCs 

 



 

637 

Appendix I table 5, overall summary of the proposed average acre treatment objectives for alternatives B, 

C and D, and alternative A, by the end of the 15-year planning period and the 50-year modeling period 

most open canopy for Madrean pine-oak and piñon-juniper woodland PNVTs, and Great Basin and semi-

desert grassland PNVTs (greatest to least): 

 

 Madrean pine-oak woodland PNVT 

Most open canopy at the end of the 15-year planning period: alternatives D, then B, C, and lastly A  

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 Piñon-juniper woodland PNVT 

Most open canopy at the end of the 15-year planning period: alternatives D, then B, C, and lastly A  

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 All A-SNFs Modeled Open Woodland PNVTs 

Most open canopy at the end of the 15-year planning period: alternatives D, then B, C, and lastly A 

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 Great Basin grassland PNVT 

Most open canopy at the end of the 15-year planning period: alternatives B, then D, C, and lastly A 

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 Semi-desert grassland PNVT 
Most open canopy at the end of the 15-year planning period: alternatives B, then D, C, and lastly A 
Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 All A-SNFs Modeled Very Open Grassland PNVTs 
Most open canopy at the end of the 15-year planning period: alternatives B, then D, C, and lastly A  
Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A
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Modeled Woodland and Grassland PNVTs 
 
 
15-Year Planning Period and the 50-Year Modeling Period Proposed Low Acre Treatment Objectives 
 
 
Appendix I table 6. Comparisons, based on the proposed low acre treatment objectives for alternatives B, C and D, and alternative A, by the end of the 
15-year planning period and the 50-year modeling period, of the percentage and acreage changes in closed woody canopy cover

1
 within the historically 

open woodland (Madrean pine-oak woodland (MPOW) and piñon-juniper woodland (PJW)) PNVTs, and very open grassland (Great Basin grassland 
(GBG) and semi-desert grassland (SDG)) PNVTs on the A-SNFs 

Years 

Percent and Acreage Display Amount of Change Within Each PNVT that has Closed Woody Canopy Cover Greater than 30 Percent in Woodland PNVTs and Greater than 10 Percent in 
Grassland PNVTs  

(arrows indicate direction of change in woody canopy cover; ↑ increase, ↓ decrease, or ↔ no change) 

alternative A 
percent and (acreage) 

proposed low treatment objectives 

alternative B 
percent and (acreage) 

alternative C 
percent and (acreage) 

alternative D 
percent and (acreage) 

Madrean pine-oak woodland PNVT current conditions: 394,927 acres of which 78% or 308,043 acres with woody canopy cover > 30% 

15 3%↓ (300,145 acres) 6%↓ 288,297 acres) 0%↓ (308,043 acres) 6%↓ (288,297 acres) 

50 6%↓ (288,297 acres) 21%↓ (244,855acres) 10%↓ (276,449 acres) 22%↓ (240,905 acres) 

Piñon-juniper woodland PNVT current conditions: 222,166 acres of which 22% or 48,877 acres with woody canopy cover > 30% 

15 82%↑ (88,866 acres) 68%↑ 82,201 acres) 77%↑ (86,645 acres) 64%↑ (79,980 acres) 

50 191%↑ (142,186 acres) 150%↑ (122,191 acres) 173%↑ (133,300 acres) 136%↑ (115,526 acres) 

All A-SNFs Modeled Open Woodland types total current conditions (MPOW+PJW): 617,093 acres of which 58% or 356,920 acres with woody canopy cover > 30% 

15 9%↑ (389,011 acres) 4%↑ (370,498 acres) 11%↑ (394,688 acres) 3%↑ (368,276 acres) 

50 21%↑ (430,483 acres) 3%↑ (367,046 acres) 15%↑ (409,749 acres) 0%↔ (356,432 acres) 

Great Basin grassland PNVT current conditions: 185,523 acres of which 89% or 165,190 acres with woody canopy cover > 10% 

15 5%↓ (157,757 acres) 51%↓ (81,630 acres) 7%↓ (153,984 acres) 45%↓ (90,906 acres) 

50 2%↓ (162,647 acres) 56%↓ (72,354 acres) 8%↓ (152,129 acres) 55%↓ (74,209 acres) 

Semi-desert grassland PNVT current conditions: 106,952 acres of which 79% or 84,492 acres with woody canopy cover > 10% 

15 6%↑ (89,840 acres) 14%↓ (72,727 acres) 4%↑ (87,701 acres) 14%↓ (72,727 acres) 

50 19%↑ (100,535 acres) 23%↓ (65,241 acres) 16%↑ (98,396 acres) 23%↓ (65,241 acres) 

All A-SNFs Modeled Very Open Grassland types total current conditions (GBG+SDG): 292,475 acres of which 85% or 249,682 acres with woody canopy cover > 10% 

15 1%↓ (246,597 acres) 38%↓ (154,357 acres) 3%↓ (241,685 acres) 34%↓ (163,634 acres) 

50 5%↑ (263,182 acres) 45%↓ (137,595 acres) 0%↔ (250,525 acres) 44%↓ (139,450 acres) 
1 Woody canopy closure classes are: 0 to < 10% is defined as very open canopy; ≥ 10 to ≤ 30% is defined as open canopy; and > 30% is defined as closed canopy. Under HRV and for DC Madrean pine-oak and piñon-juniper 

woodlands should exhibit open canopies (≥ 10 to ≤ 30% woody canopy cover). Under HRV and for DC Great Basin and semi-desert grasslands should exhibit very open canopies (0 to ≤ 10% woody canopy cover); grasslands, by 
definition, should not be dominated by woody species canopy cover. Therefore, the lower the amounts of closed woody canopy cover, the closer these four PNVTs are to their HRV and forest plan DCs 
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Appendix I table 6, overall summary of the proposed low acre treatment objectives for alternatives B, C 

and D, and alternative A, by the end of the 15-year planning period and the 50-year modeling period most 

open canopy for Madrean pine-oak and piñon-juniper woodland PNVTs, and Great Basin and semi-desert 

grassland PNVTs (greatest to least): 

 

 Madrean pine-oak woodland PNVT 

Most open canopy at the end of the 15-year planning period: alternatives equally B and D, then A, 

and lastly C  

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 Piñon-juniper woodland PNVT 

Most open canopy at the end of the 15-year planning period: alternatives D, then B, C, and lastly A  

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 All A-SNFs Modeled Open Woodland PNVTs 

Most open canopy at the end of the 15-year planning period: alternatives D, then B, C, and lastly A  

Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 

 

 Great Basin grassland PNVT 

Most open canopy at the end of the 15-year planning period: alternatives B, then D, C, and lastly A  

Most open canopy at the end of the 50-year modeling period: alternatives B, then D, C, and lastly A 

 

 Semi-desert grassland PNVT 
Most open canopy at the end of the 15-year planning period: alternatives equally B and D, then C, 

and lastly A  
Most open canopy at the end of the 50-year modeling period: alternatives equally B and D, then C, 

and lastly A  
 

 All A-SNFs Modeled Very Open Grassland PNVTs 
Most open canopy at the end of the 15-year planning period: alternatives B, then D, C, and lastly A  
Most open canopy at the end of the 50-year modeling period: alternatives D, then B, C, and lastly A 



 

 
 

 

 
 
 
 
 
 
 
 
 
 
 

“The land ethic simply enlarges the boundaries of the community to include soils, 

waters, plants, and animals, or collectively: the land… …We abuse land because we 

regard it as a commodity belonging to us. When we see land as a community to which 

we belong, we may begin to use it with love and respect.”  

ALDO LEOPOLD 
 
 

 

– The End – 
 

A-SNFs’ Vegetation Specialist’s Report for Forest Plan Revision 


