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Chapter 1—Assessment Overview

Chapter 1 - Assessment Overview

The Lincoln National Forest is in the process of revising a land and resource management plan that has been in
place since 1986. The 2012 Planning Rule (36 CFR 219) provides the framework to create local land management
plans for national forests and grasslands across the nation. The rule establishes an ongoing, three-phase
process: 1) assessment; 2) plan development or revision; and 3) implementation and monitoring.

The 2012 Planning Rule is intended to create a plan that guides resource management on the Lincoln National
Forest within the context of the broader landscape. It takes an integrated and holistic approach that recognizes
the interdependence of ecological, social, cultural and economic systems. Collaboration with stakeholders and
process transparency are key components of this approach.

This document represents the assessment phase of the process. It is designed to rapidly evaluate information
about ecological, economic and social conditions, trends, and sustainability relative to the 15 assessment topics
listed in 36 CFR 219.6(b), and their relationships to the current land management plan. The approach uses the
best available scientific information and local knowledge to inform the process. This assessment report is not a
decision making document, but provides current information on assessment topics. The conditions and trends
found in the assessment report will help to identify the current Forest Plan’s need for change, and aid in the
development of the revised plan. The revised Lincoln National Forest’s Land and Resource Management Plan,
also known as the Forest Plan, will consider a full range of multiple uses.

Throughout this document, the Lincoln National Forest is referred to as “Lincoln NF”, the “Forest”, or the “Plan
Area”. The Lincoln National Forest Land and Resource Management Plan (USDA Forest Service 1986a) is referred
to as the “Lincoln NF Plan” or “Forest Plan”.

Structure of the Assessment Report

This introductory chapter includes an ecosystem services framework section that describes how the ecological,
social, cultural and economic assessments are interrelated and dependent on one another to provide for
multiple use and sustained yield. An explanation of what is considered to be the best available scientific
information follows. The public participation and tribal engagement sections describe the variety of ways the
Lincoln NF has interacted with tribes and stakeholders in the early stages of the Forest Plan Revision process

Volume I. Ecological Integrity and Sustainability examines the conditions, trends and risks to integrity and
sustainability for ecological resource areas identified in the 2012 Planning Rule (36 CFR 219.6(b)). Within this
section, an ecological assessment of upland vegetation, soils, carbon, air, water, riparian, aquatic and at-risk
species is conducted to understand current conditions and trends. These assessments conclude with an
evaluation of risk for loss of integrity and sustainability which forms the basis for determining whether or not
there is a need for change in management from the current Forest Plan.

Volume Il. Social, Economic and Cultural Sustainability assesses conditions, trends and risks to sustainability for
the social, cultural and economic based topic areas identified in the 2012 Planning Rule (36 CFR 219.6(b)). It
assesses the goods and services obtained from the Lincoln NF which provide social, economic and cultural
benefits to people and communities. It considers the current condition of the goods and/or services, drivers or
stressors affecting demand or availability, the current ecological condition and trend of the resource(s) providing
the goods and/or services, and the relationship between on and off Forest conditions. Each chapter concludes
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by identifying issues of concern, or risks that may prevent the sustainability of the goods and/or service, which
forms the basis for determining whether or not there is a need for change in management from the current
Forest Plan.

Ecological integrity and sustainability on the Lincoln NF, and the Forest’s ability to contribute to social, cultural
and economic conditions are intricately connected and interdependent. Because of this connection and
interdependence, there is considerable cross-referencing between chapters. References can be found toward
the end of the report.

Forest Setting and Distinctive Features

The Lincoln National Forest (Figure 1) is a recreation destination for New Mexico residents and visitors from
neighboring states, especially west Texas, and northern Mexico. The 1.1 million acre forest is located in Chavez,
Eddy, Lincoln, and Otero counties in south central New Mexico. It is comprised of four major mountain ranges:
Sacramento, Guadalupe, Capitan and Jicarilla Mountains, and ranges from about 4,000 to 12,000 feet. These
mountain ranges provide a visual backdrop to cities and roads in the surrounding deserts and include five
different life zones from Chihuahuan desert to sub-alpine forest. The Forest includes the White Mountain and
Capitan Mountain Wildernesses.

People are drawn to the area for its open spaces, outdoor recreation activities, cool climate, beautiful scenery,
stunning views, and spirit of the west. Known as the birthplace of Smokey Bear and backdrop to the historic
Lincoln County War, the scenery is diverse including mountains with snow-capped peaks, desert canyons and
mesas, pifion-juniper woodlands and subalpine forests, high mountain meadows, rugged canyons and
escarpments, world class caves, and water play areas including Bonito Lake and Sitting Bull Falls. This spectrum
of contrasts provides for sweeping, expansive views and uncrowded spaces. The variety of historic elements are
rich in character and culture. Excellent wildlife viewing and hunting opportunities are found throughout the
landscape. The Lincoln NF is predominately a naturally appearing landscape with vegetation shaped by recent
and historic fires. Winding through various parts of the Forest, travelers enjoy viewing scenery and reliving
history on scenic byways and auto tours including the Billy the Kid Scenic Byway, the road to Ski Apache, Sunspot
Scenic Byway, and the Rim Road on the Guadalupe Ranger District.. These routes and several National
Recreation Trails offer stunning views of the Forest and surrounding lands.

The Forest provides habitat for elk, deer, pronghorn, turkey, bear, mountain lion and many other wildlife species.
Habitats across the Forest also support many endangered, threatened or candidate species such as Mexican
spotted owl, New Mexico meadow jumping mouse, Sacramento salamander, and others.

The Forest has a rich cultural history with archaeological resources reflecting a 13,000 year occupational time
period. The Lincoln NF serves the roughly 208,000 residents of its four counties and 3,000,000 neighbors in
adjacent areas who rely on the Forest to varying degrees as a source of sustenance. This is manifested through
various means ranging from utilizing the natural resources on the Forest for livelihood; creating community
synergy around issues and events; offering a place for groups to commune, work, and recreate together; to
providing solitude, peace, and relaxation for individuals who want to get away from the social pressures and
pace of their everyday world. While ways and means may have changed over time, people enjoy all manners of
activities on the Forest. Firewood gathering is an important traditional activity as many local residents still rely
on wood to heat their homes during the cold winter months. Permitted livestock grazing, hunting and outfitting
and guiding are also long-standing traditions. The Forest also provides outdoor recreational activities for both
area residents and tourists. Forest management continues to bring communities together over issues that affect
them or to foster involvement through volunteer work on their favorite part of the Forest. All of these uses help
maintain social cultures and longstanding traditions.
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Ecosystem services are a product of functioning ecosystems that affect social, cultural and economic conditions.
They are the goods and services that people enjoy or benefit from, including but not limited to scenic views, fish
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Ecosystem Services Framework

Lincoln National Forest Assessment Report—Draft



Chapter 1—Assessment Overview

motivation for applying the ecosystem services concept to national forest and grassland management.
Ecosystem services are grouped into four broad categories:

Supporting ecosystem services are those that are necessary for the production of other ecosystem services,
such as pollination, seed dispersal, soil formation and nutrient cycling.

Regulating ecosystem services are the benefits people obtain from the regulation of ecosystem processes.
Climate regulation, water filtration and purification, soil stabilization, flood control, and disease regulation are
a few examples.

Provisioning ecosystem services are the products people obtain from ecosystems, such as clean air, fresh
water, energy, food, fuel, forage, wood products and minerals.

Cultural ecosystem services are the nonmaterial benefits people obtain from ecosystems such as educational,
aesthetic, spiritual and cultural heritage values, and recreational experiences.

Management of the ecological systems on the Lincoln NF will influence its ability to support some ecosystem
services. For example, a regulating service such as flood control, can have important consequences both within
and beyond the Plan Area. Ecosystem services that are important within the broader landscape and are likely to
be influenced by the land management plan are the focus of the assessment and ultimately, plan revision (FSH
1909.12, Chap. 10, Sec. 13.12). Use of the ecosystem services concept and analysis of ecosystem services are
integrated throughout the assessment.

Best Available Scientific Information

In developing this assessment, Forest Service experts provide information supported by the best available
scientific information (BASI) relevant to the Lincoln NF Plan Area and management to inform the evaluation of
conditions, trends and risks to sustainability for the topics of the assessment addressed in volumes one and two.
This includes conditions and trends or the sustainability of social, economic, or ecological systems found on the
Forest. Accuracy and reliability of relevant information was determined by comparing the scientific certainty and
quality of the information, and using the most scientifically certain information available. Although the BASI is
commonly available in the form of peer-reviewed literature, other forms of the BASI may include gray literature,
expert opinion, federal agency inventory and monitoring data, and specialist observations, as long as the
responsible official has a reasonable basis for relying on that scientific information as the best available. Gray
literature is scientific or technical information not available through usual sources, typically created by
government agencies, universities, corporations, research centers, associations and societies, and professional
organizations. The six factors that were considered when identifying the BASI include:

1. The science uses well-developed scientific methods that are clearly described.

2. Logical conclusions and reasonable inferences were drawn.

3. The information has been appropriately peer reviewed.

4. A quantitative analysis was performed using appropriate statistical or quantitative methods.
5. The information is placed in proper context including spatial and temporal scales.

6. References are appropriately cited.

In the context of the BASI, “available” means that the information is currently available in a form useful for the
planning process without further data collection, modification, or validation. Analysis or interpretation of the
BASI may be needed to place it in the appropriate context for planning but because limited time is allotted to
complete the Assessment, BASI must be readily available and exhaustive searches for this information are
limited by time. Public and stakeholder feedback regarding the accuracy, reliability, and relevance of scientific
information can help ensure the use and documentation of the BASI. The BASI is cited throughout the
assessment document along with lists of references found at the end of each volume and the origin of data
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analyzed in the assessment. References included in this assessment reflect the most relevant documents, given
the scope and scale of the assessment and determined to be the BASI.

Some uncertainty exists especially in situations relevant to global climate change and has been appropriately
documented in the assessment. Similarly, throughout the assessment when assumptions are made, they are
stated as such. The scientific knowledge base is dynamic and ever expanding and significant findings may be
updated in the final assessment to reflect evolving scientific information. While the BASI informs the planning
process, plan components, and other plan content, it does not dictate what the decisions must be. First, there
may be competing scientific perspectives and uncertainty in the available science. In addition, decisions may
consider other relevant factors such as budget, legal authorities, traditional ecological knowledge, Agency
policies, public input, and the experience of land managers.

Public Participation

Public participation in the planning process began prior to the May 2015 publication of a Public Notice in the
Federal Register that marked the official start of the assessment. A series of community conversations were held
in March 2015 at Alamogordo, Cloudcroft, Ruidoso, Carlsbad, and Las Cruces, NM. The desired outcomes of
these conversations were to build and enhance relationships between the Lincoln National Forest and its
stakeholders, identify values and expectations for public participation, encourage shared learning, increase
knowledge of forest plan revision, and explore opportunities and preferred methods for engagement in forest
planning.

These initial conversations were facilitated by the National Collaboration Cadre. The Cadre is a network of
people from around the United States who provide coaching and training assistance to national forests and their
communities who are interested in understanding, developing and improving collaborative processes. Cadre
members’ experience range from Forest Service staff in all types of positions; local municipal and county
government, both elected and staff; non-profit regional associations; to academics and project consultants. All
members have worked for and/or with the Forest Service at varying points in their careers and from different
perspectives.

Participants shared ideas, concerns, facts and dates related to the Lincoln NF that were significant to their
communities and important for the Lincoln NF staff to be aware of through small group discussions. This
exercise helped create an open dialog and provided the Lincoln NF staff a better understanding of local
perspectives on national, regional and local Forest Service management history, values, current conditions,
trends, threats and future desired conditions as they relate to the Lincoln NF and its communities. Expectations
related to communication and engagement in the revision process were discussed in small groups including the
expectations participants have of the Lincoln NF, expectations the Lincoln NF has of stakeholders, and the
expectations stakeholders have of each other. Participants were asked to identify the best ways to engage them
and their communities in the plan revision process and the preferred methods of sharing information and
keeping people informed. They were also asked to identify any individuals or groups that were not in attendance
or not represented and how those connections might be made. The information shared during these meetings
was used to develop the Forest’s Pubic Participation Strategy. The Public Participation Strategy and summaries
of these conversations are available on the Lincoln NF’s Plan Revision Web page at
https://www.fs.usda.gov/detail/lincoln/landmanagement/planning/?cid=stelprd3814310.

Since March 2015, the Lincoln NF has presented on plan revision at 21 governmental and organizational
meetings at the request of those self-convening groups. Informational booths at 5 special events such as county
fairs have been an ongoing way to share materials summarizing the plan revision process. Interactive classroom
sessions to engage Otero County youth and educators were conducted at the New Mexico State University-
Alamogordo branch.
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Another round of public meetings at the same locations was held in November 2015 to gather input for the
assessment phase of plan revision. These meetings were facilitated by Lincoln NF Staff. Participants were
provided an overview of the assessment process, including the 15 topics identified in the 2012 Planning Rule and
were asked ten questions:

What is your concern about your chosen area of interest?

Please rate the current overall condition of your item of concern from #1 above. Choices included: Good, Fair,
Poor, or Other.

Please briefly describe why you rated the current condition with your choice:

In the past, were conditions different? Choices included: Yes or No.

How would you rate the past overall condition? Choices included: Good, Fair, or Poor.

Approximately what timeframes are you referring to in questions #4 and #5? Choices included: 2010, 2000,
1990, 1980, or other.

Please describe why you feel the conditions were better or worse in the past below.

In reference to your concern in question 1 above do you see you concern: Getting worse, remaining the same,
or improving?

What has the Lincoln National Forest done well in managing your area of interest?

Do you have suggestions for the Lincoln National Forest on how to manage this issue?

Any other information that the public would like to provide was also sought during this time. Opportunities were
also provided for stakeholders to share knowledge, plans, and data for the assessment. These meeting materials
and questions also went out in emails or newsletters to stakeholders on the Lincoln NF’s plan revision contact
list that were not able to attend any of the meetings. The input gathered at these meetings and received via
email or written response is available on the Lincoln NF’s Plan Revision Webpage in the document titled
“November 2015: Listing of Received Concerns with Suggestions Provided”. It is also used in the development of
parts of the ecological, and social, cultural and economic sections of the assessment including a section devoted
to stakeholder input in most chapters. These summaries build on the March 2015 conversations, describing how
stakeholders value and use the Forest, how they understand Forest Service management and how they see the
Lincoln NF of the future. Where there is broad agreement between stakeholder perspectives and assessment
findings, there is confidence in moving forward. Whereas disagreement between stakeholder perspectives and
assessment findings indicate potential opportunities for additional dialogue.

The Forest expects to release the draft assessment report to the public and other stakeholders for feedback in
early 2018, after which the next round of community meetings are planned. These meetings will focus on
discussing key findings from the assessment and developing needs for change statements for the 1986 Forest
Plan.

Tribal Engagement

The Lincoln National Forest (Forest) maintains a government-to-government relationship and routinely consults
with three federally recognized tribes based in New Mexico and Arizona: the Pueblo of Zuni, the Hopi Tribe, and
the Mescalero Apache Tribe (MAT). The Lincoln NF consults with them on policy development, proposed plans,
projects, programs, and Forest activities that have the potential to affect tribal interests or natural or cultural
resources of importance to the tribes. The Lincoln NF developed a consultation program in the late 1990s and
continues to build and enhance its working relationship with these tribes.

All three tribes have expressed some level of interest in the resources and management of the Forest and

sometimes provide input to the Forest pursuant to Section 106 of the National Historic Preservation Act and the
National Environmental Policy Act. These tribes recognize the lands managed by the Forest as part of their
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aboriginal or traditional use areas and acknowledge contemporary use of these lands for traditional cultural and
religious activities.

Consideration of Existing Plans

The Lincoln NF will consider relevant, existing plans when developing the revised plan to look for opportunities to
increase compatibility and reduce conflict. Plans and plan assessments identified for consideration include, but
are not limited to:

Eddy, Chavez, Lincoln Otero County Master Plans

Cities of Alamogordo, Cloudcroft, Ruidoso, and Roswell Comprehensive Plans

New Mexico Department of Game and Fish Comprehensive Wildlife Conservation Strategy
New Mexico State Wildlife Action Plan

New Mexico Statewide Fisheries Management Plan

U.S. Fish and Wildlife Service Recovery Plans

New Mexico State Implementation Plan (Air Quality)

New Mexico Forest and Watershed Health Plan

New Mexico Statewide Natural Resources Assessment & Strategy and Response Plan

New Mexico Regional Water Plans

New Mexico State Water Plan

New Mexico Statewide Water Quality Management Plan and Nonpoint Source Management Plan
Soil and Water Conservation District Plans

Bureau of Land Management Resource Management Plans

Community Wildfire Protection Plans

New Mexico Statewide Outdoor Recreation Plan

New Mexico Department of Transportation Long Range Transportation Plan

Other National Forests’ Land and Resource Management Plans and Plan Revisions
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Chapter 2 - Ecological Assessment
Introduction

Purpose

The purpose of this assessment is to document whether or not the ecological resource characteristics analyzed
are at ecological risk or not, and explore contributing factors. Risk is defined by the likelihood and severity of a
negative ecological outcome. Ecological risk is the product of departure, trends and stressors (threats). Risk is
assessed on NFS lands, as it relates to systems and processes that are under agency control and/or authority.
However, to understand risk to those lands, systems, and processes, they are assessed in the context of the
larger landscape to the extent possible.

Risk is assessed for ecosystem characteristics by determining the extent that current conditions depart from
reference conditions. Where departure trends are greater, risks to ecosystem characteristics are indicated.
Individual ecosystem characteristic risk assessments are conducted at multiple spatial scales. Where there is
risk, there is an ecological need for change. Risk can be mitigated if the characteristic is within agency authority
and control, and the trend and condition can be improved or reversed.

Structure of the Ecological Assessment

This chapter defines and describes the general concepts and approach to the ecological assessment outlined in
the Forest Service directives that accompany the 2012 Planning Rule including: defining ecosystems, key
ecosystem characteristics; reference conditions, departure and trend; risk to ecological integrity and
sustainability; system drivers and stressors; and spatial scales of analysis. The Ecological Response Unit (ERU)
framework for terrestrial systems developed and employed by the Forest Service Southwestern Region is also
presented. After the introductory chapter, the section proceeds with the description and analytic example of key
ecosystem characteristics relative to terrestrial and riparian vegetation, terrestrial soils, water, baseline carbon
stocks, air, and aquatic and at-risk species (i.e., resource areas). Each resource area chapter describes: ecosystem
services; key ecological characteristics specific to the resource; the data and analysis approach, including
disclosure of assumptions, limitations and uncertainty; reference and current conditions, and trends related to
key ecosystem characteristics; pertinent system drivers and stressors; and evaluation of risk related to each
characteristic; and stakeholder input received during the assessment. The structure of each of these chapter
varies to accommodate the data and analysis methods and requirements of the 2012 planning rule and
directives.

Ecological Conditions, Trends, and Sustainability

Assessing ecological integrity involves looking at the current condition of an ecosystem, comparing it to some
reference condition, and measuring departure of the current condition from reference conditions. Reference
conditions are the environmental conditions that infer ecological sustainability. In order to manage the
ecosystems of today, it is important to know as much as possible about past ecosystem conditions, especially
the conditions that existed before forest structure, composition, function, processes and disturbances were
altered by Euro-American settlers (Moore et al. 1999; Friederici 2004). Such conditions were not unchanging,
but were sustained across what has been called a “natural range of variability” (NRV) (Landres et al. 1999).
According to Schussman and Smith (2006), NRV is a description of change over time and space in the ecological
condition of an ecosystem type, and the ecological processes that shape those types. NRV, also known as

(o]
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Historical Range of Variation, or HRV, generally estimate pre-European settlement conditions (Dillon et al. 2005;
Winthers et al. 2005). NRV is the reference condition for many of the ecosystem characteristics analyzed.

Reference conditions 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. Where the characteristic or the data describing it do not compare well to the NRV reference
condition, alternative reference conditions are defined based on the current understanding of conditions that
would sustain ecological integrity (FSH 1909.12, Chap. 10, Sec. 12.15b). Those reference conditions are
described in the sections where they are used.

Reference conditions are a tool for assessing ecological integrity and do not necessarily constitute a
management target or desired condition. The comparison between reference and current conditions is used to
determine the degree of departure and whether the trend is away or toward reference. Trends are a projection
of future conditions under current disturbance and management activities. In some cases, the trend may be
stable or not discernible given the nature of the data. Where this is the case, assumptions are made and
discussed.

Departure measures the degree to which the current condition of a key ecosystem characteristic is unlike the

reference condition. When departure can be quantified, it is rated in this assessment on a scale from 0 to 100

percent, where 0 to 33 percent is considered “low”, and within reference condition. The “moderate” (34 to 66
percent) and “high” (67 to 100 percent) classes are outside of reference condition, are uncharacteristic for the
system and are considered significant in terms of risk.

Key Ecosystem Characteristics

Ecological integrity is a relatively simple concept to define, but more difficult in practice to assess. Ecosystem
characteristics are specific components of ecological conditions that sustain ecological integrity (FSH 1909.12,
Chap. 10). A key ecosystem characteristic describes the composition, structure, connectivity, and/or function of
an ecosystem. Key ecosystem characteristics are identified and evaluated for each resource area, as applicable.
Only those characteristics needed to provide the conditions necessary to maintain or restore the ecological
integrity of terrestrial, aquatic, and riparian ecosystems in the Plan Area are considered in the assessment (36
CFR 219.8). A limited suite of characteristics are selected to assess ecological integrity based on whether or not
the characteristic is relevant and/or needed to assess other characteristics (e.g. at-risk species and habitat), and
if information is readily available. Characteristics for different resources are described in their respective
chapters.

Key Ecosystem Characteristics identified and evaluated include:

Seral state proportion

Fire Interval (i.e., rotation, frequency
Fire severity

Fire Regime Condition Class (FRCC)
Snags and Coarse Woody Debris (CWD)
Ecological status (species composition)
Ground cover

Patch size

Insect and Disease

Soil condition

Soil erosion hazard

Soil loss
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Streams

Spring seeps

Water Quality

Riparian/Wetland condition Water uses/rights
Watershed condition

Air Quality

Carbon Stocks

At Risk Species (Species of Conservation Concern)
System Drivers and Stressors

System drivers are factors or processes that act on ecosystem characteristics and contribute to the range of
variability in conditions. Examples include natural vegetation succession, predominant climatic regime, and
broad-scale disturbance regimes such as wildfire, flooding and insects and disease. Stressors are natural or

human caused alterations in system drivers that may directly or indirectly threaten ecological integrity and

sustainability. Examples include invasive species, altered fire regimes, and climate change.

Management actions may act as system drivers or stressors depending on the duration, intensity and magnitude
of those actions. These may include timber harvest, prescribed burning, permitted grazing, water developments,
seeding, and road construction among others including legacy management that is no longer currently practiced.
Examining system drivers and stressors across the reference and current time periods provides the “why” to the
departure and trend analysis and informs the preliminary ecological need for change.

The System Drivers and Stressors Chapter is dedicated to that discussion and is referred to throughout this
section. Drivers and stressors that may exist but are not included in that chapter are identified and discussed
relative to the specific characteristic(s) to which they apply.

Data, Methods and Scales of Analyses

Spatial scales to be considered in the analysis by topic should: 1) be sufficiently large to adequately address the
interrelationships between conditions in the Lincoln NF and the broader landscape, but not so large that these
interrelationships lose relevance in guiding land management planning; and 2) consider the extent to which
ecological attributes of the broader landscape support, or are supported by, conditions in the Lincoln NF. The
area of analysis for the assessment should also be large enough to capture: 1) characteristics (composition,
structure, function, and connectivity) and geographic scale of relevant ecosystems; 2) fire and other forms or
patterns of disturbance; 3) landform patterns or land type associations; and 4) plant, animal, species, or
community distribution and abundance (FSH 1909.12, Chap. 10). In addition, the area of analysis should also be
large enough to capture broad-scale trends and encompass the natural range of variation in disturbance
intensity, frequency, and areal extent. For most characteristics, it is possible and valuable to consider multiple
scales for the assessment.

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 sub-regional 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 Kichler (1964). Ecological subsections are a further division of
sections, and described by areas with similar surface geology, geomorphic process, soil groups, sub-regional
climate, and potential natural vegetation communities (McNab and Avers 1994).
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This assessment utilizes three spatial scales: Context, Plan and Local.

Context scale is needed to put the Forest’s conditions in perspective with the surrounding landscape, including
lands beyond the Forest boundary, and is necessary for determining the opportunities or limitation of the
Lincoln NF to contribute to the sustainability of broader ecological systems. In some instances, a unique role or
“spatial niche” of the Lincoln NF may become apparent at this scale. Context scale analysis can also identify
impacts of the broader landscape on the sustainability of resources within the Plan Area (FSH 1909.12, Chap.
10).

The Plan Scale displays current conditions and trends as an average of conditions across the Lincoln NF. This
scale drives the ecological need for change. Local scale subdivides the plan scale to identify any patterns that
could inform priority setting. The local scale may drive Forest Plan components, but is not as likely to drive
ecological need for change.

Water and air resource data and analysis do not lend themselves well to the ECOMAP delineations and instead,
use watersheds and airsheds. The water analysis uses sub-basins (4th level watersheds) for Context scale
analysis and watersheds and sub-watersheds (5th and 6th level watersheds) for plan scale analysis. The local
scale analysis uses the same units described above. The air analysis identifies a single relevant airshed. These
spatial scales are described in more detail in those chapters.

Lincoln National Forest Assessment Report—Draft 11
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Chapter 3 - System Drivers and
Stressors

Introduction

Drivers and stressors are recurring events, processes or actions that affect ecosystems. These effects are
important to ecosystem condition. For example, fire creates variation in habitat which is important for
biodiversity; it is a “driver” of ecosystem condition. Fire can be a stressor when it is of high severity and
outside the natural range of variation (NRV), either occurring less frequently or more frequently than in
the past. Similarly, other ecosystem drivers can act as stressors where they exceed the NRV. Other
important drivers and stressors on the Lincoln NF are insects and pathogens, climate change, grazing,
invasive species and more localized floods, winds, vegetative succession, vegetation management or
other physical factors.

Stressors are natural or human caused alterations in system drivers that may directly or indirectly
threaten resource sustainability. It is the combination of and interactions between system drivers and
stressors that have resulted in current conditions discussed throughout the ecological volume of the
assessment. There are two main questions that are asked to evaluate the sustainability of ecosystems:
are drivers and the effects of stressors operating within the NRV, and are ecosystems “resilient” to
drivers and stressors. Resilience is a measure of the extent to which an ecosystem can be exposed to
stressors yet still recover to the pre-stressor condition. Climate, fire, insects and pathogens, invasive
species, grazing, vegetation succession, and vegetation management all occur simultaneously on the
landscapes of the Lincoln NF. All of these factors interact. When considering ecological sustainability as
influenced by drivers and stressors, it is important to consider them all together.

This chapter identifies and evaluates the reference and current status of system drivers and stressors
common to terrestrial ecosystems. Effects of these drivers and stressors are also addressed in the
appropriate chapters of this assessment. Climate change is covered predominantly in this chapter.
Drivers and stressors in hydrological systems are covered in the Water Resources chapter.

Vegetation Succession, Land Use and Management

Succession is defined as the progressive, broadly predictable replacement of species by other species
over time in an ecosystem, usually in reference to the period following a disturbance, such as fire.
Natural succession of vegetation is a system driver in ecosystems. It is the progressive change in species
composition and structure over time, from earliest establishment on unvegetated soils (primary
succession, such as on landslides or lava flows) or after disturbance such as floods or fire, to a climax
state, or end of succession, with a plant community that should persist in the absence of further
disturbance. Early successional stages, or seral states, are often dominated by ruderal species such as
annual forbs and grasses, or resprouts of existing woody vegetation. These species take advantage of
newly available space, nutrients, moisture and sunlight after disturbance. As succession proceeds,
ruderal species are replaced by longer lived grasses, forbs and shrubs. In shrub, woodland and forest
systems, later seral woody species can occur in early seral states as regeneration, and in later seral
states as different age and size structural classes, as well as progression from shade-intolerant to shade-
tolerant species. For example, in forested systems this progression might include a shift to shrubs, then
to shade-intolerant tree species, and eventually shade-tolerant tree species. Disturbances like wildland
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fire, drought and grazing can alter, interrupt or reverse succession. For any described ecosystem, there
can be multiple seral states occurring simultaneously across the landscape from small localized
disturbances such as tree fall to larger scale disturbances such as fires, insect and disease mortality and
windthrow (Barbour et al. 1987).

Vegetation management can be considered both a driver and stressor to ecosystems. Depending on the
nature and extent of the uses, management can either increase or decrease departure of a system from
its historic condition. Changes in land use have shifted over time from early settlement activities, to fire
suppression and timber harvest in the early and middle part of the 20th century. In recent decades,
more emphasis has been placed on protecting the wildland-urban interface, wildlife habitat and other
land uses such as recreation. All of these changes have affected vegetation succession. This history of
vegetation management is important to understanding current patterns of vegetation succession and
future trends. European settlement in the mid-1800s brought several key changes to the area affecting
succession. This included disruption of Native American traditional management, intense grazing,
agriculture, mining and logging.

The influx of Euro-American settlers in the 1800s, with hundreds of thousands of sheep and cattle
created a significant impact on the landscape, through alterations to plant cover, soil erosion, and
streambanks (Rowley 1985). Grazing during that time was very intense and not as carefully managed as
it is now. The initial establishment of invasive annuals may be linked to this period. Intensive grazing
removes herbaceous plant cover, thereby influencing fine fuels and the fire regime. There were two big
changes in management that affected vegetation succession in the early and mid-1900s. First was fire
suppression. Second was rangeland improvement for grazing. Over the last century, with good intent
but unforeseen consequences, most fires have been rigorously and successfully suppressed. The
outcomes of fire suppression are discussed below, and include increased tree density in mixed conifer
forests, and potential contribution to expansion of juniper in some areas.

Current management has changed substantially. Vegetation management for wildlife habitat
improvement, ecological restoration, and reducing fire hazard in the wildland-urban interface (WUI) are
the primary focus. There has been an increase in efforts to remove trees and other fuels through cutting
and prescribed fire for ecological restoration. Some thinning of forests in the WUI has occurred, with
much of the material going for use as fuelwood. Recreation affects vegetation succession in localized
areas and depending on intensity. Mechanical treatment and restoration activities of all kinds have
occurred primarily at middle elevation areas on the Lincoln NF. Thinning has occurred on more than
11,000 acres between 2007 and 2017. Mastication, mowing or chipping have occurred on about 2,000
acres since 2005. Just over 12,000 acres had yarding of fuels or piling since 2001. Prescribed burning has
occurred on about 50,000 acres, either as piles or broadcast burning. Some of these areas overlap with
the thinned areas and others are separate. Most of the thinning is funded by stewardship or other
contracts for fuelwood. There are few mills in southeastern New Mexico. These limited markets make it
difficult to accomplish mechanical thinning for the restoration of lower forest densities.

The most apparent examples of forest use and management influences on the integrity of ecosystems
on the Lincoln NF are fire management, including suppression and fuels management, and vegetation
management, including timber harvesting and grazing management. Water use and management
constitute another major factor, with most effects on streams, springs, riparian systems and meadows.
Where groundwater depth is lowered, once wet-meadow covered terraces often convert to drier
meadows with terrestrial vegetation, often including woody encroachment. Hydrological drivers and
stressors are discussed in the Water Resources chapter. Recreational use can keep locations in a
perpetually disturbed condition (see Water Resources, Recreation section), such as at both developed
and undeveloped (dispersed) camp sites. Unmanaged recreation has been identified by the Forest
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Service as a key threat to the Nation’s forests and grasslands. The use of off-highway vehicles is seen as
a major component of unmanaged use (USDA Forest Service 2006). Off-highway vehicle use trends may
impact recreational settings by factors including a proliferation of unauthorized routes, spread of
noxious weeds, and damage to soil and vegetation. Unauthorized routes often leave tracks and ruts that
can remain visible for years. For example, the area between Timberon and Cloudcroft on the
Sacramento Ranger District has many braided or crisscrossed routes developed by unauthorized
motorized use. In the Chihuahuan Desert, vegetation is slow to become established or reestablished
after it has been damaged. In these areas with fragile soils, the repetitive passage of vehicles has
created or expanded bare areas, which lack vegetation and are quite visible to the casual observer. All of
these drivers, and both natural and managed aspects, interact.

Vegetation management objectives and methodology have changed over time to accommodate changes
in desired socio-economic and ecological conditions. Vegetation management includes not only what
traditionally has been considered timber harvesting, but also replanting after harvest and natural
disturbances, if necessary; treatments to reduce threats from insects and disease; timber stand
improvement to mimic or accelerate stand development (and “natural” succession); treatments to meet
specific wildlife objectives; and restoration treatments to restore the Forest to more historic or
otherwise desired conditions. Timber harvest is one way to work toward those desired or historic
conditions that can also provide an economic benefit for the Forest and the surrounding community.
Challenges to timber harvest include a lack of infrastructure and market, thus making timber a
byproduct of forest restoration practices and not the driver. Vegetation management, including timber
harvest and fuels management, has the most direct effect on restoring and maintaining desired or
historic successional patterns on the landscape. However, residual effects of vegetation management
including leftover debris may hinder natural succession. Leaving debris on site (e.g., “lop and scatter”)
without follow-up burning may leave uncharacteristic amounts of coarse woody debris on the ground,
impeding the return of native forbs and grasses, while providing fuels for fires. Piling and burning of
leftover debris can leave fire scars with sterilized soil, increasing the amount of time needed for
succession to later stages.

Treatments that result in soil compaction can also inhibit succession and stall natural regeneration of
understory and tree species. Compaction is a concern where mechanical equipment is repeatedly run
over a limited area. Compaction results in a change in soil structure and reduction of pore space and
rooting depth. This alters the patterns of air and water exchange between the soil and atmosphere,
reducing infiltration, soil moisture holding capacity, rooting depth, soil microbial activity and nutrient
cycling. Soils with higher clay content are more susceptible to compaction, as are those that are wet at
the time the activity occurs. Disturbance from management activities can create opportunities for new
or spreading infestations of non-native invasive species, which can delay succession of native plants, or
in extreme cases, convert the understory to a different plant community. In contrast, by scarifying
seedbeds and promoting forest regeneration, carefully managed ground disturbance can be desirable in
some instances. These factors need to be carefully managed during timber production and restoration
operations.

The ecosystem classification used in this assessment was developed by Region 3 ecologists using the
concept of Ecological Response Units (ERUs) that are classified by similarities in vegetation, soil and fire
regime (Terrestrial Vegetation chapter). Each of these ERUs will have a number of seral stages that can
be described by dominant vegetation present, and size, age and structure of overstory vegetation.
Historically these seral stages would be present on the landscape in characteristic proportions that
represent the climatic and disturbance regimes prior to large scale European and American settlement
in the late 1880s (Wahlberg et al. 2014). These characteristic proportions are considered reference
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conditions. Comparison of the current proportions of seral stages of an ERU to its reference condition
indicates some level of departure from reference, and can be attributed to the action of one or more
stressors. Drivers and stressors influence the successional progression of an ecosystem. With their own
historical range of variation, some drivers can serve as key ecosystem characteristics. In many cases,
departure of an ecosystem from its characteristic successional patterns can be explained or illustrated
by concurrent departure of drivers from their natural range of variation, in which case they are stressors
that may influence other ecosystem characteristics to fall outside of their natural range of variation.

Wildland Fire

Wildland fires have been a recurring disturbance in forests,woodlands, shrublands, and grassland
ecosystems of the Southwest. Historically, fire played an important role in shaping vegetation structure,
composition, and succession. Fire recurrently limited vegetation density, increased structural variability
and favored dominance by fire resilient species. Most fires were initiated by lightning, but wildland fires
were also initiated by Native Americans for hunting and warfare (Kaufmann et al, 1998). It is often
unclear as to what extent Native American ignitions may have influenced fire regimes (particularly fire
frequency), but certainly they affected the timing and location of individual fires. This interaction
changed dramatically with European settlement. Increased European and American settlement brought
logging and railroad building to the area, with an increase in human-caused fires following those
activities. Subsequently, concerns over resources and increased settlement resulted in further
alterations of the temporal and spatial extent of wildland fire disturbance. Fire suppression and land
management actions altered the structure of natural ecosystems, and thus, also moved landscapes out
of their natural fire regimes.

Ecosystems throughout the Lincoln NF are fire dependent, and different ecosystems have a
characteristic fire regime. Fire frequency on the Forest varies with elevation, aspect, vegetation type,
and climate. Landscapes are a diverse mix of grassland, shrubland, pifion-juniper woodland, ponderosa
pine, and mixed conifer ecosystems. Fires are historically mixed in severity creating both stand
replacement and surface fire patterns on the landscape depending on vegetation condition and fire
regime, with mean fire return intervals varying greatly by vegetation type (Terrestrial Vegetation
chapter, Fire Regime Condition Class section).

Large fires typically occur April through June. Spring is the windy season and these high winds dry the
Forest to the point of extreme fire danger. The fire season usually starts in March or April and continues
through mid-July. The rainy season begins in July and continues through September. The first snows fall
in late October or early November. Large fire growth is largely determined by wind events. Wind events
are frequent in the late winter and spring but also occur in the late fall and early winter.

An analysis of trends in wildland fire and climate in the western United States from 1974 to 2004 shows
both the frequency of large wildland fires and fire season length increased substantially after 1985
(Westerling et al. 2006). These changes were closely linked with advances in the timing of spring
snowmelt andincreases in spring and summer air temperatures. Earlier spring snowmelt probably
contributed to greater wildland fire frequency in at least two ways, by extending the period during
which ignitions could potentially occur, and by reducing water availability to ecosystems in mid-summer
beforethe arrival of the summer monsoons; thereby enhancing drying of vegetation and surface fuels
(Westerling et al. 2006). With drier conditions anticipated as a result of climate change (see Climate
Change Vulnerability Assessment section), changes in fire frequency and severity may be exacerbated.

Fire suppression, and other factors forcing the proliferation of woody biomass at the expense of
herbaceous biomass, has altered the fire regime that historically maintained much of the structure of
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Forest ecosystems, particularly in the ponderosa pine and dry mixed conifer forests and some piiion-
juniper woodland types. This has led to wildland fire often being a system stressor, when historically it
would be considered a system driver, as ecosystems were adapted to their historic fire regime. As more
people live, work and play in the Forest, concerns for resource and human protection have led forest
managers to adopt suppression policies to meet those concerns. Those suppression efforts, however,
have led to forest conditions that are departed from historic conditions, and have increased the
potential for catastrophic wildland fires (although stand replacing fires are a natural occurrence, to an
extent, in some of these systems).

Fire suppression, large-scale logging, and even-aged timber management have altered vegetation
structure, contributing to increases in fire severity and frequency mentioned above. However, since the
late 1900s, recognition of fire’s role in maintaining ecosystem integrity has led to changes in Forest
Service policy, which has evolved from full suppression to management practices aimed at restoring
historic structure to the different ecosystems. Those include fuels reduction treatments, uneven-aged
forest management, prescribed burning, and in some cases, management of natural ignitions for
beneficial resource objectives. However, beneficial wildland fire use generally allows for only mild to
moderate severity burns, and while conditions are improved, not all desired conditions are attained.
While current wildland fire regimes are outside the historic range of variation for most ecosystems
(Terrestrial Vegetation chapter, Fire Regime Condition Class section), management in place since the
late 1900s may help move wildland fire regimes toward historic conditions.

Fuels reduction, along with suppression, helps to diminish the potential for catastrophic wildland fires,
particularly in the wildland-urban interface (WUI). WUI is the boundary area where homes and
businesses intersect natural vegetation, and fuels reduction is a proactive measure to reduce the spread
and severity of wildland fire in those areas. Fuels reduction treatments can be designed to approximate,
or move local areas into alternative seral states to help meet landscape desired conditions.

Herbivory disturbance regimes are drivers in nearly all ecological systems. Herbivory was a system driver
both before and after the arrival of Europeans. In the current time period it is both a system driver and a
substantial stressor in the Plan Area. In pre-European times, native ungulate species such as deer, elk,
pronghorn antelope and bighorn sheep grazed portions of the Lincoln NF area, with populations
believed to have been kept in check by predators, weather patterns and natural cycles of disease.
Grazing and browsing by native species during the reference period differed in degree, location, pattern,
diet, slope preference, time spent in a single area and ground disturbance. After the arrival of
Europeans, native ungulate populations declined, and in the case of elk and bighorn sheep, were
completely eliminated from the Forest. Elk were subsequently reintroduced to the Forest in the 1950s,
although some migration from earlier reintroduction efforts on adjacent lands likely occurred. These
populations have steadily increased, particularly on the Smokey Bear and Sacramento Ranger Districts,
and have contributed negative ecological impacts in some areas, particularly in aspen stands and
riparian areas.

The Lincoln NF area has been grazed by domestic livestock, including cattle, sheep, swine, and goats,
brought in by Spanish settlers since around 1700. The introduction of high density livestock grazing in
the late 1800s is one of the events that marks the end of the reference period (Smith 2006b). Amounts
and types of livestock grazing on federally administered lands has changed over time. Currently the
Lincoln NF is grazed primarily by domestic cattle, with some incidental grazing by horses and sheep,
under a permit system (see Rangeland Resources in Multiple Uses section on Volume Il of this
Assessment). Currently, nearly 957,000 acres of the Lincoln NF’s approximately 1.1 million acres are
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grazed under permit. The Lincoln NF allows year-long grazing on summer and winter pastures, with
approximately 13,000 head of livestock permitted to graze the allotments. Adaptive management of the
rangeland resource allows for reduction in grazing numbers when natural conditions such as drought or
fire suggest a need. Grazing may be grandfathered in where it existed when the Wilderness Act or other
enabling legislation was passed (see Designated Areas chapter of Volume Il of this Assessment).
Accordingly, livestock grazing is authorized in portions of wilderness areas on the Lincoln NF.

Range management practices and native ungulate herbivory can create long term chronic disturbance of
ecosystems. In drier shrub and scrublands, cattle grazing contributes to the proliferation of woody
species such as mesquite, with conversion from grasslands to scrubland or woodland in many areas
(Brown and Archer 1987; Archer 1989, 1995). Elk herbivory has limited the regeneration of aspen,
considered an early seral species, in the mixed conifer and spruce-fir ecosystems.

Herbivory has the potential to impact the composition, structure and function of upland and riparian
vegetation, as well as soil hydrologic function, stability and nutrient cycling. Reductions in vegetative
canopy cover can reduce the above and below ground vigor of the plant, and reduce the amount of
material available to create litter. These reductions can lead to decreased water infiltration, increased
runoff and accelerated erosion (Belsky and Blumenthal 1997; Holechek et al. 2010).

Where decreases in herbaceous biomass occur, the ability of frequent fire ecosystems to carry low
intensity fire can be reduced (Belsky and Blumenthal 1997; Holechek et al. 2010). It also reduces the risk
of moderate and high intensity fire. Additionally, decreases in the herbaceous component reduces
competition by grasses with woody species, allowing those woody species to expand or encroach into
grasslands and woodland and forest openings. Sustained grazing over time can reduce species diversity
as some plants are more palatable than others to specific ungulates (Fleischner et al. 1994).

Hoof action can break up vegetative groundcover and compact soil. In extreme cases, compaction
results in a change in soil structure and reduction of pore space. This alters the patterns of air and water
exchange between the soil and atmosphere, reducing infiltration, soil moisture holding capacity, rooting
depth, soil microbial activity and nutrient cycling.

While there is evidence that heavy grazing can degrade arid rangelands (Fleischner 1994; Todd and
Hoffman 1999), some native plants are adapted to ungulate grazing (Pieper 1994; Holecheck et al. 2010)
and grazing animals may play a role in nutrient cycling (Pieper 1994). Properly managed grazing, with
respect to utilization levels, season of use, and type of animal may minimize impacts to ecosystem
function and can be sustainable over the long term (Davies et al. 2011; Holecheck et al. 2006; Pieper
1994). Rest from grazing has been shown to reduce ecosystem degradation, especially in riparian areas
(Dalldorf et al. 2013; Schulz and Leininger 1990), but alone, even total cessation of all grazing may not
return grass systems to a historic reference state (Pieper 1994). The amount and timing of precipitation
also plays a large role in determining rangeland vegetation conditions. Through adaptive management
of the timing, intensity and duration of grazing, effects to vegetation productivity and species
composition can be managed (Holechek et al. 2010).

Insects and Pathogens

Insects and diseases are important components of forest and woodland ecosystems, greatly influencing
structure and species composition over time. They can be both a system driver and stressor. It is only
when their effects exceed what is desirable or disrupt ecological integrity that they become a concern.
There are some insects that at times cause marked tree dieback that are concerns. For example,
widespread tree death in pifion and juniper has occurred in recent decades at rates five to ten times
higher than expected in the Western United States, due to the combined effects of drought, insects, and

Lincoln National Forest Assessment Report—Draft 17



Chapter 3—System Drivers and Stressors

disease (Shaw et al. 2005). Warming temperatures have increased the probability of bark beetle
outbreaks in the near future, especially in high elevation, pine-dominated forests (Hicke et al. 2006).

Forested systems have developed under locally specific pathogens at levels that were sustainable
historically and may help maintain ecosystem function. An outbreak may have uncharacteristic effects
to which the system may or may not be resilient to, either because the outbreak is more severe, or
because of factors that amplify damaging effects. In cases of severe infection levels or periodic
outbreaks of insects, the effects are more obvious and can be negative (USDA Forest Service 2015a),
including increased fuel loading and an elevated risk of wildland fire.

The Insect and Disease Mortality section in the Terraestrial Vegetation chapter provides a summary of
impacts on the Forest. Lincoln NF has the same insect and disease associates that occurred 100 years
ago, with the exception of a few introduced insects and pathogens, most notably white pine blister rust
(WPBR). WPBR is a fungal disease native to Asia. It was introduced to North America on multiple
occasions around 1900, through planting stock from Europe (history described in Kinloch 2003). In the
Southwestern Region, it was first detected in 1990 on the Lincoln NF. However, it had probably arrived
on the Lincoln NF in the early 1970s (Conklin and Hawksworth 1990, Conklin 1994). Non-native WPBR is
expected to expand in terms of occurrence and severity. Eventually the disease is expected to impact
white pine populations in many areas of the Southwest and may even eradicate white pine from the
most susceptible sites (Ryerson 2016).

The incidence of WPBR at monitoring plots has shown a strong correlation with elevation. Higher
elevations have the cooler, moist environment that is most favorable for rust development. Moist
drainages and higher elevation stands are the most vulnerable, especially where orange gooseberry
(Ribes pinetorum), the preferred alternate host, is present (though all Ribes [gooseberry or currant]
species in the Southwest are susceptible). While the presence of the alternate host, Ribes, is necessary
to complete the rust’s life cycle, removal of Ribes species is not considered a viable control strategy.

Even where conditions are especially favorable for blister rust, some trees may be resistant, providing a
seed source for natural selection and eventual recovery. On drier, low hazard sites, infections and
subsequent mortality are expected to be relatively low. These sites will likely serve as important genetic
refugia for white pines. Maintaining and promoting the broadest possible genetic diversity present,
including adaptive traits important in a changing climate as well as blister rust resistance mechanisms,
should help ensure the long-term survival of these unique trees (Ryerson 2016).

Other than WPBR, the primary forest insects and diseases are native, with outbreaks tied primarily to
drought or disturbance (USDA Forest Service 2015a). However, climate change is anticipated to
substantially change insect and disease dynamics, likely leading to increased tree mortality (USDA Forest
Service 2015a).

Invasive Species

Invasive species introductions are a major threat to species biodiversity (Wilcove et al. 1998). Invasive
species are the leading cause of avian species extinction and the second leading cause of extinction for
North American fish, world fish, and mammals (Clavero and Garcia-Berthou 2005). Invasive species have
been widely recognized as contributing to altered states of ecosystem structure and function. Although
many of the mechanisms by which invasive species alter the structure and function of ecosystems are
interrelated, these mechanisms can be generally categorized into three groups: biotic factors, natural
cycles, and other, abiotic factors (Charles and Dukes 2006). Biotic factors consist of changes to species
diversity, and community composition and interactions. Abiotic factors influence each of those.
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Invasive species can alter natural cycles by changing the way energy, nutrients, and water are exchanged
in a system. For example, salt cedar (Tamarix spp.) and yellow star-thistle (Centaurea solstitialis) are
known to alter hydrologic regimes through innate functional traits that increase the rate of
evapotranspiration, which gives these invasive species a competitive advantage over native species
(Levine et al. 2003). Finally, invasive species are also known to alter other abiotic factors, such as
disturbance regimes, climatic and atmospheric composition, and physical habitat.

Invasive species also include disease causing agents such as WPBR. Invasive species are defined
(Executive Order 13112) as an alien species whose introduction does or is likely to cause economic or
environmental harm or harm to human health. A species that causes, or is likely to cause, harm and that
is exotic to the ecosystem it has infested. Invasive species infest both aquatic and terrestrial areas and
can be identified within any of the following four taxonomic categories: Plants, Vertebrates,
Invertebrates, and Pathogens (Executive Order 13112).

Terrestrial Invasive Plant Species on the Lincoln NF

In recent decades, invasive plant species progressively increased in abundance on the Lincoln NF and
adjacent lands, which led to increased public concern about the effects of invasive plants (principally
musk thistle and teasel) and greater demand for treatment. The Forest initiated two extensive invasive
plant surveys in the early 1990s, to help assess the extent of the infestation. These surveys revealed the
presence of 11 invasive plant species across 4,200 acres. However, most of the surveys were conducted
along roads and trails, on the Smokey Bear and Sacramento Ranger Districts. They reflect only major
infestations, and only the observed portions of infestations. To date, the Forest has recorded the
presence of at least 26 invasive plant species (Table 1); however, no recent surveys have been
conducted on the Smokey Bear and Sacramento Ranger Districts and no substantial surveys have been
conducted on the Guadalupe District. As a result, the current number of infested acres is unknown at
this time.

No significant treatments have been implemented since 2014. Therefore, inventoried, new, and
unknown infestations continue to spread on the Forest. In general, invasive plants increase at an
estimated rate of 5-30 percent per year, depending on the species, site specific conditions, and success
of past treatments efforts (DiTomaso 2000, Frid et al. 2013, and Tu et al. 2001). Of the species listed in
Table 1, musk thistle and teasel are the most abundant invasive plant species on the Forest. These
species are primarily located along roads, stream corridors, riparian areas, grazed pastures and burned
areas. These two species, along with grazing tolerant grasses such as Kentucky blue grass, contribute to
the departed condition of riparian areas, meadows and other sensitive areas that contain federally listed
species.

Table 1. List of invasive plant species that have been documented on the Lincoln National Forest

Common Scientific Affected Areas
name name
African rue Peganum Prefers disturbed environments such as
harmala roadsides, fields and rangelands in desert and
semi-desert areas. It is often found in soils
with high salinity.
black henbane Hyoscyamus Found in disturbed open sites, roadsides,

niger fields, waste places, and abandoned gardens.
Grows best in sandy or well-drained loam
soils with moderate fertility. Does not tolerate
waterlogged soils.
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Common Scientific Affected Areas
name name
bull thistle Cirsium Occurs in dry to moist habitats, fields,
vulgare pastures, grasslands, roadways, forest
clearings, rock outcrops, and along
waterways. It is not shade tolerant.
Canada thistle Cirsium Found in prairies and other grasslands
arvense and riparian areas with deep, well aerated,
mesic soils, but also occurs in almost every
upland herbaceous community, especially
roadsides, abandoned fields, and pastures.
cheatgrass Bromus Found in both disturbed and undisturbed
tectorum shrub-steppe and grasslands, but the largest
infestations are usually found in disturbed
shrub-steppe areas, overgrazed rangeland,
abandoned fields, eroded areas, sand dunes,
road verges, and waste places.
common Arctium Commonly found growing along
burdock minus roadsides, ditch-banks, in pastures and waste
areas.
common Verbascum Found in natural meadows and forest
mullein thapsus openings, where it adapts easily to a wide
variety of site conditions.
Dalmatian Linaria An introduced ornamental that is quick to
toadflax dalmatica colonize open sites and is capable of adapting
growth to a wide variety of environmental
conditions.
dandelion Taraxacum A widespread weed that commonly
officinale occurs in disturbed areas such as cut-over or
burned forest, overgrazed ranges, and marshy
floodplains.
field Convolvulus One of the most persistent and difficult
bindweed arvensis plants to control. It has a climbing habit that
allows the plant to grow through mulches and
it is very drought tolerant.
hoary cress Cardaria spp. Prefers non-shaded, disturbed
conditions, including roadsides, waste places,
fields, gardens, feed lots, watercourses, open
grasslands, and along irrigation ditches. It
does not do well in highly acidic soils.
houndstongue Cynoglossum Most abundant in areas with more than
officinale 10 percent bare ground.
jointed Aegilops A native of southern Europe and western
goatgrass cylindrica Asia that grows in wheat fields, grasslands,
and along roadsides.
leafy spurge Euphorbia Occurs on untilled, non-cropland
esula habitats, including both disturbed and
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Common
name

Scientific
name

Affected Areas

undisturbed sites, especially abandoned
cropland, pastures, rangelands, woodlands,
roadsides, and waste places. It tolerates a
wide range of soils from rich, moist soils of
riparian zones to nutrient-poor, dry soils of
western rangelands; however, it is most
aggressive in semi-arid situations.

musk thistle

Carduus
nutans

The most problematic species on the
Lincoln National Forest. Grows best in
disturbed areas, such as along roadsides,
grazed pastures, burned areas, and old fields
but also can invade deferred pastures and
native grasslands. It can occur in almost all
habitats except dense forests, high
mountains, deserts, and frequently cultivated
farmlands.

perennial
pepperweed

Lepidium
latifolium

Deep-seated rootstocks make this weed
difficult to control. It grows in waste places,
wet areas, ditches, roadsides, and cropland.

poison
hemlock

Conium
maculatum

Commonly found at lower elevations
along roadsides, ditch and stream banks,
creek beds, fence lines, waste places, and in
or on the edge of cultivated fields where
there is sufficient soil moisture.

Russian
knapweed

Acroptilon
repens

Prefers heavy, often saline soils of
bottomlands and sub-irrigated slopes and
plains. It is commonly found along roadsides,
riverbanks, irrigation ditches, pastures, waste
places, clear-cuts, croplands, and hayfields. It
does not readily establish in healthy native
vegetation, it requires disturbance.

Scotch thistle

Onopordum
acanthium

While this species can occupy dry sites, it
typically requires adequate moisture for
establishment. It is often associated with
waterways in the western United States.

Siberian elm

Ulmus
pumila

A native of northern Asia that is often
grown as a shade tree. This species out-
competes native tree species in riparian zones
and other sensitive areas. It also establishes
along road corridors where its winged seeds
are transported by wind and passing vehicles.

spiny
cocklebur

Xanthium
spinosum

Grows in a wide variety of soil types, most
frequently found in disturbed areas, but also
invades undisturbed rangelands.
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Common Scientific Affected Areas
name name
spotted Centaurea Best adapted to well-drained, light-
knapweed maculosa textured soils in areas that receive some
summer rainfall. This includes ponderosa pine
and Douglas-fir forests and shrub-steppe
habitats with bluebunch wheatgrass, needle-
and thread, and Idaho fescue. Spotted
knapweed does not do well in irrigated or
wetter-than-normal areas.
tamarisk/salt Tamarix spp. Originally introduced for erosion control
cedar and as an ornamental, it invades
streambanks, sandbars, lake margins,
wetlands, moist rangelands, and saline
environments. Itis known to crowd out native
riparian species, diminish early succession,
and reduce water tables, thus interfering with
hydrological processes.
teasel Dipsacus Favors disturbed sites such as roadsides,
fullonum ditches, waste places, riparian sites, fields and
pastures.
yellow Centaurea Grows on various soil types and is usually
starthistle solstitialis introduced along roadsides and in waste
areas; however, it seems to favor sites
originally dominated by perennial grasses.
yellow Linaria An introduced ornamental that is quick to
toadflax vulgaris colonize open sites and is capable of adapting
growth to a wide variety of environmental
conditions.

Exotic Terrestrial Animals

Exotic terrestrial animals of prominent concern on the Lincoln NF are the feral hoofed mammals, pig
(Sus scrofa), horse (Equus asinus), and Barbary sheep (Ammotragus lervia).

Feral hog

Feral hog populations in the United States had grown to approximately 5 million animals in at least 38
states by 2012 (USDI Fish and Wildlife Service 2012). Feral hogs cause extensive property damage,
negative effects on public domestic animal health, loss of crop production, and numerous impacts to
natural resources (Table 2). The total aggregate cost of damage from feral hogs in the United States was
estimated to be $1.5 billion annually (USDI Fish and Wildlife Service 2012). Feral hog populations occur
in Chaves, Eddy, Lincoln, and Otero counties, including all three Districts on the Forest. While
augmented by cases of escaped livestock, the main source of feral hog populations in the Context Area
is reported to be from intentional releases for sport hunting opportunities. However, the Pecos River
corridor may include dispersal of feral hogs associated with large populations in Texas (USDI Fish and
Wildlife Service 2010). New Mexico de-legalized the import, transport within the state, breeding,
release, or sale of live feral hog and the operation of commercial feral hog hunting enterprises (New
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Mexico HB 594; 2009). The New Mexico office of USDA Wildlife Services noted that “Although the
economic consequences of feral hog damage are considerable, the ecological impact to the
environment is immeasurable”, and... “While feral hogs are notorious for landscape destruction, they
are also predators of domestic livestock; including lambs, kids, and calves.”

Table 2. Summary of some specific impacts from feral hogs. Based on USDA Wildlife Services (2012)

Impact Description

Spread of
Invasive Weeds

Disturbance of soil by feral hogs while rooting for plant and animal matter and
wallowing provides conditions for invasion of exotic weeds, while hog feces
provide a seed source in disturbed sites. Fur and hooves serve as additional
mechanisms for transport.

Competition
with Native
Species

Feral hogs exhibit a preference for acorn crops in New Mexico and elsewhere,
resulting in widespread regeneration problems and other disturbances in oak
communities. Oak crops are critical resources for numerous wildlife species. Hogs
may also disturb and consume caches and hoards of acorns and seeds stored by,
and critical to the survival of, small mammals and birds. This may result in reduced
regeneration of the plants as well. Hogs also compete for forbs and grasses with
species such as mule deer and quail at different times of the year.

Predation
on Native
Species

In the eastern United States, feral hog rooting behavior has greatly reduced
local populations of certain salamanders, and the Sacramento Mountain
salamander and other Lincoln NF wildlife could potentially be impacted as well.
Similarly, small mammal populations have been highly impacted in various areas
(e.g., southern red-backed vole [Clethriomys gapperi], northern short-tailed shrew
[Blarina brevicaudal]). Additional species that hibernate (e.g., frogs, toads, turtles,
snakes and lizards), shelter or otherwise live under the soil surface are also
vulnerable to predation by feral hogs. They are also effective at preying on
gophers, woodrats, ground squirrels, and mice, and can have major predation
impacts on all sorts of ground nesting birds. New Mexico (and Lincoln NF) hosts
many endangered, range-restricted and rare springsnails that are highly sensitive
to destruction of vegetation along stream margins. Their association with seeps
and springs makes them highly vulnerable to feral hogs. Feral hogs are often
closely associated with wetlands and riparian areas in New Mexico. On Lincoln NF,
these areas are limited, highly sensitive, and relatively stressed due to other
factors, and feral hogs further threaten associated species such as the endangered
NM meadow jumping mouse.

Disease
Concerns

Feral hogs are susceptible to a wide variety of viral and bacteriological
diseases, at least 20 of which are zoonotic (may be transmitted to humans). They
are also hosts to numerous parasites such as the nematode which causes
trichinosis. Feral hogs carry a vast array of diseases that can be transmitted to
livestock (e.g., brucellosis, pseudorabies, leptospirosis, classical swine fever and
bovine tuberculosis) in which infection may result. In New Mexico, feral hogs have
tested positive for both swine brucellosis and pseudorabies. The latter may infect
cattle and sheep (typically fatal within days), as well as domestic dogs, raccoons,
coyotes, cougar, rodents and deer. Swine brucellosis is a bacterial infection causing
abortions and weakened or stillborn piglets, and may infect cattle. Ongoing, illegal
relocation of hogs complicates disease surveillance and management.
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Impact Description

Impacts on
Domestic Water

Supply

Carry and spread waterborne pathogens, including the top five for drinking
water (E. coli, Campylobacter, Salmonella, Cryptosporidium and Giardia). Other
important pathogens include Balantidium coli and Entamoeba. Hogs should be
excluded from streams or rivers that empty into municipal reservoirs, as well as
from crops (also because of contamination by feral hog feces). Turbidity caused by
feral hogs can reduce the effectiveness of chemical disinfection processes.

Destruction

Impacts on Feral hogs need water, and concentrate at and cause widespread damage to,
Water Supply both natural and developed water sources and supplies. They cause
contamination, spillage, and physical damage to stock watering facilities, and
increase potential for disease or parasite transmission at the facilities and in
wallows derived from spillage. Reduce watering opportunities for livestock and
wildlife.
Rangeland Cause long lasting degradation of native ecosystems, including rangelands,
and Forest forests and plant communities of all sort. Disturbance of soil while rooting for plant

and animal matter accelerates erosion. Reduce oak (Quercus species)
establishment by consuming acorns and destroying seedlings, including older
established seedlings. Cause reductions in forest plant diversity, impacting a vast
array of upland and wetland plants. Consumption of wetland plant roots often
causes plant death and leads to erosion and sedimentation. Damage riparian
vegetation, streambanks and shorelines of all sort, including features required by
trout. Wetland and riparian damage from wallowing and rooting includes siltation,
turbidity, algae blooms, and depletions of oxygen needed by fish and aquatic
invertebrates. Spread fungal spores, including root-rot fungus. Hinder restoration
projects.

Livestock Prey extensively on domestic livestock including lambs, kids, and calves, and
Predation opportunistically on adult sheep and goats (e.g., adult animals giving birth). They
frequently leave no carcasses, and are often overlooked as the source of livestock
predation.
Agricultural Damage to crops is extensive and increasing with the proliferation of feral
Damage hogs. Damaged crops including wheat, corn, rice, grapes, barley, oats, rye and
potatoes. Also cause extensive damage to pastures, alfalfa fields and forage crops
for beef and dairy cows, as well as rangeland forage, and spread noxious weeds in
those areas. May travel long distances to forage in croplands. They also break
levees, fences, stock tanks, impoundments and irrigation lines and other
structures.
Barbary sheep

Barbary sheep are very well adapted to arid, rugged environments like those found on much of the
Lincoln NF, particularly the western escarpment of the Sacramento Mountains and in the Guadalupe
Mountains. Native to northern Africa, Barbary sheep fit a niche similar to that of desert bighorn sheep,

which are presently

extirpated from the Lincoln NF. Like bighorn sheep, they navigate extremely

precipitous slopes, and can occupy waterless areas. They do use surface water to an extent, depending

on need and availab

ility. They graze and browse on a wide variety of grasses, forbs, and shrubs.

Mountain mahogany (Cercocarpus breviflorus) was the single most important species in a New Mexico

study of their diet, a

nd oak species were another important browse. They would likely be direct

competitors with bighorn sheep for multiple resources, and there is some evidence indicating direct
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food competition with mule deer (Davis and Schmidly 2016). They are a game species in New Mexico,
with some hunted annually in NMDGF’s game management units overlapping the Lincoln NF.

The presence of Barbary sheep on the western escarpment of the Sacramento Mountains is a
complicating factor in the potential reintroduction of desert bighorn sheep to that area. Similarly, the
presence of Barbary sheep in Carlsbad Caverns National Park complicates prospects for bighorn
reintroduction there. Desert bighorn sheep survived on the Sacramento escarpment until the late 1930s
or early 1940s (NMDGF 2105), when they were lost from surrounding areas including Carlsbad Caverns
National Park. Barbary sheep escaped into the wild in New Mexico by the 1940s, and those were later
augmented with released animals, partly to replace hunting opportunities lost along with desert bighorn
sheep (Ogren 1965, NMDGF 2015). NMDGF (2015) estimates that the Sacramento escarpment could
support approximately 500-1,000 bighorn sheep, but unless Barbary sheep are removed, NMDGF would
need to manage some sort of balance between the two species if bighorn sheep were reintroduced to
the Sacramento escarpment.

Feral horse

Feral horses are established in the western U.S. and many parts of the world. They can damage natural
systems through trampling vegetation, compacting soil, and overgrazing. They graze vegetation very
short, close to the soil surface, which damages many plants to the extent that re-growth is precluded.
Feral horse impacted areas have lower plant diversity, less plant cover, and more exotic plant species
than un-impacted areas. Grazing impacts to the environment are exacerbated, and competition with
native grazers and livestock is intensified where feral horses are present.

Feral horses occur on the two northern districts of Lincoln NF. Like feral hogs and other hoofed
mammals, they cause impacts to wetlands, wetland restoration projects, and water tanks for wildlife
and livestock use. When concentrating at tanks, they leave large concentrations of feces and cause
vegetation loss and soil compaction in the local area. Feral horse abundance and distribution on the
Smokey Bear RD has been observed to be increasing in recent years.

Climate Change

The purpose of this assessment is to evaluate the best available scientific information (BASI) regarding
climate change and to project future conditions on and affecting the Lincoln NF. In this assessment,
climate is considered a key ecosystem characteristic since it is relevant to maintaining and/or restoring
the ecological integrity of terrestrial, aquatic, and riparian ecosystems in the Plan Area. The assessment
provides a basis for the evaluation of ecological influences of climate change to inform any needs for
change to current Forest Plan direction. Additionally, this assessment identifies information gaps and
uncertainties associated with climate change information pertinent to the Forest.

Ecosystem Services

Climate change may have a major effect on ecosystem services by reducing their capacity (Inkley et al.
2004). As the human population continues to grow in the 21st century, so too will its demand for the
goods and services that ecosystems provide. Ecosystem services provided by wildlife (e.g., pollination,
natural pest control, seed dispersal, nutrient cycling) are derived from and dependent on their roles
within ecosystems. If an ecosystem is vulnerable to changes in climate, so are the services provided.
Animal and plant species determine ecosystem stability, health, and productivity. Changes in the
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structure and function of affected ecosystems can result in a loss of species that can lead to loss of
revenue and aesthetics (IPCC 2007b). In addition, animals provide a recreational value (e.g., sport
hunting, wildlife viewing). Species reduction due to the loss or significant alteration of habitats could
impact the cultural and religious practices of indigenous peoples. Vegetation protects soil against
erosion, and forest dieback or uncharacteristic wildland fires in forested ecosystems can greatly increase
watershed sediment yield (Allen and Breshears 1998; Miller et al. 2003), potentially reducing water
storage capacity in reservoirs.

Best Available Science

The USDA FS Southwestern Regional Office has compiled the best available science (BASI) for climate
change relevant to forest planning in the Southwest. The following review is based on that report.
Climate scientists agree that the earth is undergoing a warming trend and human-caused elevation of
atmospheric concentrations of carbon dioxide (CO2) and other greenhouse gases are chief among the
potential causes of global temperature increases. The concentrations of these greenhouse gases are
projected to increase into the future. Climate change may intensify the risk of ecosystem change for
terrestrial and aquatic systems, affecting ecosystem structure, function, and productivity.

There is broad agreement among climate modelers that the Southwestern US is experiencing a warming
and drying trend that will continue well into the latter part of 21st century (IPCC 2007a; Seager et al.
2007). While some models predict increased precipitation for the region, researchers expect the overall
balance between precipitation and evaporation would still likely result in an overall decrease in available
moisture (Seager et al. 2007). Temperatures are predicted to rise by 5 to 8 degrees Fahrenheit by the
end of this century, with the greatest warming occurring during winter months. The number of
extremely hot days is projected to rise during the 21st century. By the end of the century, parts of the
Southwest are projected to face summer heat waves lasting two weeks longer than those experienced in
recent decades. Some climate model downscaling results also suggest a fivefold increase in unusually
hot days by the end of the century, compared to temperature data from 1961 to 1985. In effect, high
temperatures that formerly occurred on only the hottest 5 percent of days could become the norm for
as much as a quarter of the year—100 days or more—in much of the Southwest (IPCC 2007a; USDA FS
2010b).

Climate variability, with both wet periods and droughts, has been a part of southwestern climate for
millennia; and droughts of the last 110 years pale in comparison to some of the decades- long
“megadroughts” the region has experienced over the last 2,000 years (Seager et al. 2008). Indeed,
severe regional floods or droughts have affected both indigenous and modern civilizations on time
scales ranging from single growing seasons to multiple years and even decades (Sheppard et al. 2002).
However, a warmer, drier, and faster changing climate will increase pressures on the region’s already
limited water supplies, including increased energy demand; altered fire regimes and ecosystems;
elevated risks for human health; and impacts to agriculture (Sprigg et al. 2000).

Water

Changes in water distribution, timing of precipitation, availability, storage, watershed management, and
human water uses, may present some of the most important challenges from climate change to national
forest management in the Southwest. Terrestrial and aquatic ecosystems and all human socioeconomic
systems in the Southwest are dependent on water. The prospect of future droughts becoming more
severe because of global warming is a significant concern, especially because the Southwest continues
to lead the nation in population growth. Recent warming in some areas of the Southwest is occurring at
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a rate that is among the most rapid in the nation (Seager et al. 2007), significantly higher than the global
average. This is already driving declines in spring snowpack and Colorado River flow. More water cycle
changes are projected, which, when combined with increasing temperatures, signal a serious water
supply challenge in the decades and centuries ahead. Water supplies are projected to become
increasingly scarce, demanding trade-offs among competing uses, and potentially leading to conflict.
Projections for this century point to an increasing probability of drought for the region, made more
probable by warming temperatures. The most likely future for the Southwest is a substantially drier one.
Combined with the historical record of severe droughts and the current uncertainty regarding the exact
causes and drivers of these past events, the Southwest must be prepared for droughts that could
potentially result from multiple causes.

The combined effects of natural climate variability and human induced climate change could resultin a
challenging combination of water shortages for the region (Karl et al. 2009). Additionally, the locations
of most snow pack and upland reservoirs in the Southwest are on national forests (NM 2005; Smith et al.
2001). Some studies predict water shortages and lack of storage capabilities to meet seasonally
changing river flow, as well as transfers of water from agriculture to urban uses, as critical climate-
related impacts to water availability (Barnett et al. 2008). While agriculture remains the greatest user of
water in the Southwest, there has been a decreased amount of water used by agriculture, as New
Mexico’s booming population demands more water for municipal and other uses, and irrigation
technologies improve. This has been an ongoing trend and could affect future agricultural uses. Without
upland reservoirs and watersheds—many managed by the Forest Service—alternative water sources,
water delivery systems, and infrastructure support for agriculture would need to be developed (Lenart
2007). Flash flooding following extended drought may increase the number and severity of floods and
accelerate soil erosion rates. The timing and extent of storm-related precipitation will play a key role in
determining the degree to which people and the environment are affected (USDA Forest Service 2010).

The potential for flooding is very likely to increase, because of earlier and more rapid melting of the
snowpack, with more intense precipitation. Even if total precipitation increases substantially, snowpack
is likely to be reduced because of higher overall temperatures. However, it is possible that more
precipitation would also create additional water supplies, reduce demand, and ease some of the
competition among competing uses (Joyce et al. 2001; Smith et al. 2001). In contrast, a drier climate is
very likely to decrease water supplies and increase demand for such uses as agriculture, recreation,
aquatic habitat, and power; thus, increasing competition for decreasing supplies (Joyce et al. 2001).

Ecosystems

Long-term and short-term climate variability may cause shifts in the structure, composition, and
functioning of ecosystems, particularly within the fragile boundaries of the semiarid regions. These areas
contain plants and animals that are highly specialized and adapted to the landscape. A changing climate
of wetter, warmer winters, and overall temperature increases would alter species range, type, and
number throughout the Southwest. Responding differently to shifts in climate, the somewhat tenuous
balance among ecosystem components will also change. As phenology (timing of biological events) is
altered, the overall effects among interacting species are difficult to predict, particularly given the rate
of climate change and the ability of symbionts to adapt. Because ecosystem health is a function of water
availability, temperature, carbon dioxide, and many other factors, it is difficult to accurately predict 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 albedo (amount of radiation reflected by a surface), humidity, wind, and
temperature will also change, with potential compounding effects to vegetation (Sprigg et al. 2000).
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Climate may influence the distribution and abundance of plant and animal species, through changes in
resource availability, fecundity, and survivorship. The potential ecological implications of climate change
trends in the Southwestindicate:

More extreme disturbance events, including wildland fires and intense rain, flash floods, and wind
events (Swetnam et al. 1999).

Greater vulnerability to invasive species, including insects, plants, fungi, and vertebrates (Joyce et al.
2007).

Long-term shifts in vegetation patterns (Millar et al. 2007; Westerling et al. 2006).

Cold-tolerant vegetation moving upslope if biologically able, or disappearing in some areas. Migration
of some tree species (if able) to the more northern portions of their existing range (Clark 1998).

Potential decreases in overall forest productivity, due to reduced precipitation (USDA Forest Service
2005).

Shifts in the timing of snowmelt (already observed) in the American West, which, 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. 2007; Millar et al. 2007).

Increasing temperatures, water shortages, and changing ecological conditions will effect biodiversity,
by putting pressure on wildlife populations, distribution, viability, and migration patterns. Top
predators and herbivores are disproportionally at risk in warming environments, which favor
autotrophs (e.g., plants, algae) and bacteriovores (NM 2005).

Vegetation

A warmer climate in the Southwest is expected to alter the biotic and abiotic stressesthat influence the
vigor of ecosystems and increase the extent and severity of disturbances, as aresult. Decreasing water
availability will accelerate the stresses on forests, which typically involve some combination of multi-year
drought, insects, and fire. As has occurred in the past, increases in fire disturbance superimposed on
ecosystems, with increased stress from drought and insects, may have significant effects on growth,
regeneration, long-term distribution, and abundance offorest species, and carbon sequestration. Many
southwestern ecosystems today contain water-limited vegetation. Vegetation productivity in the
Southwest may decrease further with warming temperatures, as increasingly negative water balances
constrain photosynthesis, although this may be partially offset, if CO2 fertilization significantly increases
water-use efficiency in plants (USDA Forest Service 2010b).

In addition to overall increased drought, climatic extremes and variability of precipitation patterns
relative to climate change presents greater uncertainties across years. Increased variability and intensity
of storms is expected, so there may be more drought in some years, and greatly increased precipitation
in others.

Inter-decadal climate variability strongly affects interior dry ecosystems, causing considerable growth
during wet periods. This growth increases the evaporative demand, setting the ecosystem up for
dieback during the ensuing dry period (Swetnam and Betancourt 1998). Pifion-juniper woodlands, for
example, are clearly water-limited systems, and pifion- juniper ecotones are sensitive to feedbacks from
environmental fluctuations. Existing canopy structure may provide trees a buffer against drought;
however, severe, multiyear droughts may overwhelm local buffering and periodically cause dieback of
pifion pines. Pifion dieback during the early 2000s was historically unprecedented in its combination of
fire suppression influence (uncharacteristically dense stands), low precipitation, and high temperatures.
Increased drought stress via warmer climate was the predisposing factor, and pifion pine mortality and
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fuel accumulations were inciting factors (USDA Forest Service 2010b). Pinyon ips beetles caused
extensive mortality.

Temperature increases are a predisposing factor often causing lethal stresses on forest ecosystems of
western North America, acting both directly, through increasingly negative water balances, and
indirectly, through increased frequency, severity, and extent of disturbances—chiefly fire and insect
outbreaks. Human development of the West has resulted in habitat fragmentation, barriers to migration
such as dams, and the introduction of invasive species. The combination of development, presence of
invasive species, complex topography, and climate change is likely to lead to a loss of biodiversity in the
region. Some species may migrate to higher altitudes in mountainous areas; however, climate change is
occurring more quickly than it has during past fluctuations (i.e., beyond the NRV). Some ecosystems,
such as alpine tundra, may virtually disappear from the region (Joyce et al. 2008).

Natural disturbances with the greatest impact to forests include insects, diseases, introduced species,
fires, drought, inland storms caused by hurricanes, flash flooding, landslides, windstorms, and ice
storms. Climate variability and changes can alter the frequency, intensity, timing, and spatial extent of
these disturbances. Many potential consequences of future climate change are expected to be buffered
by the resilience of forests to natural climatic variation. However, an extensive body of literature
suggests that new disturbance regimes under climate change are likely to result in significant
perturbations to forests in the United States, with lasting ecological and socioeconomic impacts (Joyce
et al. 2001).

Wildland fire

Historically, wildland fires have been a recurring disturbance in conifer forests, pifion-juniper
woodlands, shrublands, and grassland ecosystems of the Southwest. An analysis of trends in wildland
fire and climate in the western United States from 1974 to 2004 shows both the frequency of large
wildland fires and fire season length increased substantially after 1985 (Westerling et al. 2006). These
changes were closely linked with advances in the timing of spring snowmelt and increases in spring and
summer air temperatures. Earlier spring snowmelt probably contributed to greater wildland fire
frequency in at least two ways, by extending the period during which ignitions could potentially occur,
and by reducing water availability to ecosystems in mid-summer before the arrival of the summer
monsoons; thereby enhancing drying of vegetation and surface fuels (Westerling et al. 2006).

This trend of increased fire size corresponds with an increased cost for fire suppression over the same
period. In recent years, areas of western forests have been increasingly impacted by wildland fires, with
suppression costs of more than S1 billion per year from Federal land management agencies. Since about
the mid-1970s, the total acreage of areas burned and the severity of wildland fires in pine and mixed-
conifer forests have increased (USDA Forest Service 2010b). If temperatures increase, precipitation
decreases, and overall drought conditions become more common, fire frequency and severity may be
further exacerbated. In addition, continued population growth will likely cause greater human-caused
fires, as nearly half of the fires in the Southwest are human caused (USDA Forest Service 2010b).

Insects and Diseases

Extensive reviews of the effects of climate change on insects and pathogens have reported many cases
where climate change has affected and/or will affect forest insect species range and abundance, as
witnessed in the Southwest (USDA Forest Service 2016a). Climate also affectsinsect populations
indirectly through effects on hosts. Drought stress, resulting from decreased precipitation and/or
warming, reduces the ability of a tree to mount a defense against insectattack, though this stress may
also cause some host species to become more palatable to some types of insects (USDA Forest
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Service 2016a). Periods of drought or even average precipitationlevels exacerbated by higher
temperatures and high stand densities could contribute to futureaccelerated tree mortality from
widespread bark beetle outbreaks and increased incidence of other disease agents, such as Armillaria
root rot.

Invasive Species

The Southwest suffers from many types of invasive species outbreaks, including plants and animals.
Invasive plants can alter landscapes by overtaking native species, facilitating fire outbreaks, and altering
the food supply for herbivorous animals and insects. For example, climate may favor the spread of
invasive exotic grasses into arid lands, where the native vegetation is too sparse to carry a fire. When
these areas burn, they typically convert to non-native monocultures, and native vegetation is lost (Ryan
et al. 2008).

Climate Change Vulnerability Assessment

The Forest Service Southwestern Region and Rocky Mountain Research Station developed an all-lands
climate change vulnerability assessment (CCVA) for major upland ecosystems of Arizona and New
Mexico (USDA Forest Service 2016a). In order to adequately predict vulnerability, the landscape was first
stratified into distinct Ecological Response Units (ERU), or plant communities, that repeat across the
landscape. “Climate envelopes” were then developed for each major ERU on the Lincoln NF based on
historic/contemporary climate data for New Mexico. Based on the anticipated effects of late 21st-
century climate change on site potential and projected departure in future climate from the climate
envelopes, the vulnerability of individual plant communities was assessed and scored as low, moderate,
high, and very high. Departure scores were averaged together across the plan scale, by ERU within the
plan scale, and by ERU at the local scale (Figure 2). The CCVA also provides a measure of uncertainty,
which represents the degree of disagreement between different Global Circulation Models (GCMs),
within a given emission scenario.

The assessment provides three scales of reporting for vulnerability:

Plan Unit Scale — Includes all lands within the administrative boundary of the Lincoln NF

Local Scale — Includes all lands within the six Lincoln local scale units, each made up of clusters of 6th-
level watersheds

Sub-Watershed — Includes all lands within 6th-level watersheds that intersect the Lincoln NF.

Reporting at each of the three scales provides useful insights for interpretation of climate change
vulnerability results for the Plan Area. In the following tables, vulnerability and uncertainty are reported
for each scale and for all ecosystems collectively. In all cases the reporting reflects an all-lands summary,
regardless of ownership. For the Plan and Local scales, reporting is also broken out by ERU. The CCVA
results for the 6th-level watershed scale are shown as one vulnerability category for each, representing
a composite scoring of vulnerability for all lands.

The CCVA does not include the desert ERUs due to issues encountered in the initial interpretation of
results. Specifically, desert units are represented by low sample numbers; non-normal distributions
were evident for some climate variables; and desert units are represented by samples only from the
northern extents of the Sonoran province, suggesting that the resulting climate envelopes may be too
conservative, and that vulnerability may be artificially inflated. For those reasons, the vulnerability
surface was updated to exclude desert units (MSDS, SDS, CDS, and CSDS). Each is well-adapted to
weather extremes and to other forms of variability across temporal scales. However, there is at least
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some indication that desert systems of the Southwest are already expressing vulnerability (e.g., Guida et
al. 2014). Additionally, riparian ERUs were not specifically analyzed for CCVA due to a lack of sufficient
data, although some vulnerability for these systems is indicated by the watershed-scale results of the
CCVA.

Risk

The CCVA results indicate vulnerability, or ecological risk, based on the projected climate departure
from the historic climate envelope for a given ERU and location. In broad terms it may be helpful to
think of future climate simply as a potential stressor of significant change (i.e., on ecosystem structure,
composition, function), with the vulnerability rating on par with risk or probability of stress—low,
moderate, high, or very high. In more specific terms, vulnerability can be considered the “relative
probability of type conversion” or ecological departure of the vegetation community. Vulnerability is a
consequence of at least three factors: (1) breadth of the climate envelope for a given ERU; (2) current
status of a given location relative to its ERU climate envelope; and (3) projected magnitude of climate
change for that location. Also, the current resilience and resistance of ecosystems may influence climate
change vulnerability and risk. High vulnerability may indicate either that the area is already stressed due
to current climate, that climate in the area is predicted to shift far from the current envelope for the
ERU, or a combination of both. Results of the CCVA are summarized below.
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Figure 2. CCVA vulnerability surface for Lincoln NF and surrounding area. Desert ERUs (MSDS, SDS, CDS, and CSDS) are
excluded
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Plan Unit Scale

Based on the CCVA results, approximately 61 percent of the plan unit (including all ERUs or ecosystems

regardless of land ownership) is at high or greater risk (vulnerability) due to climate change. Specifically,
of the plan unit, 26 percent is at very high risk; 35 percent is at high risk; 29 percent is at moderate risk;

and 10 percent is at low risk (Table 3).

Table 3. Climate change vulnerability at the Plan Unit (Plan Area) scale for all ecosystems combined

Uncertainty Category

Forest Vulnerability Category Low Mod High Total
Low Vulnerability 3% 7% 0% 10%
Lincoln National Moderate Vulnerability 8% 18% 4% 29%
Forest High Vulnerability 7% 28% 0% 35%
Very High Vulnerability 26% 0% 0% 26%
Grand Total 44% 53% 4%

Of the major ERUs in the Plan Unit, ponderosa pine-evergreen oak (PPE), pifion-juniper grass (PJG),
ponderosa pine forest (PPF), and spruce-fir forest (SFF) are the most vulnerable; and mountain
mahogany mixed shrubland (MMS), pifion-juniper evergreen shrub (PJC), and semi-desert grassland
(SDG) are the least vulnerable to climate change. Of the Forested ERUs, ponderosa pine forest (PPF),
ponderosa pine-evergreen oak (PPE), and spruce-fir forest (SFF) are most vulnerable (Table 4).

Table 4. Climate change vulnerability at the plan scale by ERU
‘Uncertainty Category

ERU Vulnerability Category ‘ Low Mod High Total
Low Vulnerability 0% 0% 0% 0%
UG Moderate Vulnerability 1% 8% 4% 14%
High Vulnerability 17% 39% 0% 56%
Very High Vulnerability 30% 0% 0% 30%
JUG Total 49% 47% 4%
Low Vulnerability 0% 0% 0% 0%
MCD Moderate Vulnerability 0% 19% 8% 28%
High Vulnerability 4% 42% 0% 47%
Very High Vulnerability 25% 0% 0% 25%
MCD Total 30% 62% 8%
Low Vulnerability 0% 0% 0% 0%
Moderate Vulnerability 0% 4% 0% 4%
MCW " High Vulnerability 14% 51% 0% 65%
Very High Vulnerability 31% 0% 0% 31%
MCW Total 45% 55% 0%
Low Vulnerability 11% 10% 0% 22%
MMS Moderate Vulnerability 1% 28% 10% 39%
High Vulnerability 2% 27% 0% 28%
Very High Vulnerability 11% 0% 0% 11%
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‘Uncertainty Category

Vulnerability Category ‘ Low Mod High Total
MMS Total 25% 65% 10%
Low Vulnerability 0% 0% 0% 0%
MPO Moderate Vulnerability 0% 10% 0% 10%
High Vulnerability 16% 59% 0% 75%
Very High Vulnerability 14% 0% 0% 14%
MPO Total 31% 69% 0%
Low Vulnerability 13% 5% 0% 18%
MSG Moderate Vulnerability 4% 26% 2% 31%
High Vulnerability 1% 44% 0% 45%
Very High Vulnerability 6% 0% 0% 6%
MSG Total 23% 75% 2%
Low Vulnerability 13% 37% 0% 50%
pIC Moderate Vulnerability 37% 12% 0% 50%
High Vulnerability 0% 0% 0% 0%
Very High Vulnerability 0% 0% 0% 0%
PJC Total 50% 49% 1%
Low Vulnerability 0% 0% 0% 0%
PIG Moderate Vulnerability 0% 1% 0% 2%
High Vulnerability 12% 20% 0% 33%
Very High Vulnerability 66% 0% 0% 66%
PJG Total 78% 22% 0%
Low Vulnerability 0% 0% 0% 0%
PO Moderate Vulnerability 7% 26% 2% 34%
High Vulnerability 8% 45% 0% 53%
Very High Vulnerability 12% 0% 0% 12%
PJO Total 28% 71% 2%
Low Vulnerability 0% 0% 0% 0%
PPE Moderate Vulnerability 0% 0% 0% 0%
High Vulnerability 5% 5% 0% 10%
Very High Vulnerability 90% 0% 0% 90%
PPE Total 95% 5% 0%
Low Vulnerability 0% 0% 0% 0%
PPE Moderate Vulnerability 0% 5% 1% 5%
High Vulnerability 11% 11% 0% 22%
Very High Vulnerability 72% 0% 0% 72%
PPF Total 83% 16% 1%
Low Vulnerability 2% 7% 0% 9%
DG Moderate Vulnerability 0% 29% 29% 57%
High Vulnerability 1% 22% 8% 31%
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‘Uncertainty Category

Mod

Vulnerability Category ‘ Low High

Very High Vulnerability 2% 1% 0% 3%

SDG Total 5% 58% 36%

Low Vulnerability 0% 0% 0% 0%
SFF Moderate Vulnerability 0% 0% 0% 0%

High Vulnerability 4% 1% 0% 5%

Very High Vulnerability 95% 0% 0% 95%

SFF Total 99% 1% 0%

Local Unit Scale

At the local unit scale, the CCVA indicated the following areas to be most vulnerable to climate change:

Rio Hondo, Arroyo del Macho, Rio Pefasco, and Salt Basin (Table 5 through Table 16).

Table 5. Climate change vulnerability at the local scale for Arroyo Del Macho (all ecosystems combined)

Uncertainty Category

Local Unit Vulnerability Category Low Mod ‘High rTotaI
Low Vulnerability 1% 1% 0% 2%
Arroyo Del Moderate Vulnerability 2% 17% 3% 23%
Macho High Vulnerability 8% 31% 0% 39%
Very High Vulnerability 36% 0% 0% 36%
Grand Total 47% 49% 3%

Vulnerability Category

Low

Uncertainty Category

Table 6. Climate change vulnerability for major ERUs of the Arroyo Del Macho local unit

Low Vulnerability 0% 0% 0% 0%
Moderate Vulnerability 2% 13% 13% 29%
G High Vulnerability 14% 57% 0% 70%
Very High Vulnerability 1% 0% 0% 1%
JUG Total 17% 70% 13%
Low Vulnerability 0% 1% 0% 1%
Moderate Vulnerability 0% 24% 20% 43%
MCD High Vulnerability 5% 38% 0% 43%
Very High Vulnerability 13% 0% 0% 13%
MCD Total 18% 63% 20%
Low Vulnerability 22% 29% 0% 51%
Moderate Vulnerability 0% 22% 21% 43%
MMS High Vulnerability 0% 7% 0% 7%
Very High Vulnerability 0% 0% 0% 0%
MMS Total 22% 58% 21%
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Uncertainty Category

ERU Vulnerability Category Low Mod High Total
Low Vulnerability 32% 3% 0% 35%
Moderate Vulnerability 1% 8% 4% 12%

MG HighVulnerability 0% 41% 0% 41%
Very High Vulnerability 11% 0% 0% 11%
MSG Total 45% 51% 4%

Low Vulnerability 0% 0% 0% 0%

PIG Moderate Vulnerability 0% 3% 0% 3%
High Vulnerability 15% 21% 0% 36%
Very High Vulnerability 61% 0% 0% 61%
PJG Total 76% 24% 0%

Low Vulnerability 0% 0% 0% 0%

PO Moderate Vulnerability 4% 24% 1% 29%
High Vulnerability 8% 39% 0% 47%
Very High Vulnerability 24% 0% 0% 24%
PJO Total 37% 62% 1%

Low Vulnerability 0% 0% 0% 0%

PPE Moderate Vulnerability 0% 5% 1% 7%
High Vulnerability 9% 16% 0% 25%
Very High Vulnerability 68% 0% 0% 68%
PPF Total 77% 21% 1%

Low Vulnerability 0% 0% 0% 0%

SEF Moderate Vulnerability 0% 0% 0% 0%
High Vulnerability 0% 0% 0% 0%
Very High Vulnerability 100% 0% 0% 100%
SFF Total 100% 0% 0%

Table 7. Climate change vulnerability at the local scale for Rio Hondo (all ecosystems combined)

Uncertainty Category

Local Unit Vulnerability Category Low Mod High
Low Vulnerability 1% 1% 0% 2%
. Moderate Vulnerability 5% 15% 3% 24%
Rio Hondo - o
High Vulnerability 11% 32% 0% 43%
Very High Vulnerability 31% 0% 0% 31%
Grand Total 49% 48% 3%

Uncertainty Category

Table 8. Climate change vulnerability for major ERUs of the Rio Hondo local unit

Vulnerability Category Low Mod High
Low Vulnerability 0% 0% 0% 0%
Moderate Vulnerability 2% 5% 6% 14%
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Vulnerability Category

Uncertainty Category
Low Mod

JUG High Vulnerability 28% 51% 0% 79%
Very High Vulnerability 8% 0% 0% 8%
JUG Total 37% 56% 6%
Low Vulnerability 1% 1% 0% 2%
Moderate Vulnerability 0% 29% 19% 47%
MCD High Vulnerability 3% 39% 0% 42%
Very High Vulnerability 8% 0% 0% 8%
MCD Total 12% 69% 19%
Low Vulnerability 5% 32% 0% 37%
Moderate Vulnerability 0% 12% 43% 55%
MCW High Vulnerability 0% 0% 0% 0%
Very High Vulnerability 9% 0% 0% 9%
MCW Total 13% 44% 43%
Low Vulnerability 22% 29% 0% 51%
Moderate Vulnerability 0% 22% 21% 43%
MMS High Vulnerability 0% 7% 0% 7%
Very High Vulnerability 0% 0% 0% 0%
MMS Total 22% 58% 21%
Low Vulnerability 39% 16% 0% 55%
Moderate Vulnerability 4% 8% 3% 15%
MG HighVulnerability 0% 24% 0% 24%
Very High Vulnerability 5% 0% 0% 5%
MSG Total 48% 49% 3%
Low Vulnerability 0% 0% 0% 0%
Moderate Vulnerability 0% 5% 0% 5%
PG High Vulnerability 9% 29% 0% 37%
Very High Vulnerability 58% 0% 0% 58%
PJG Total 67% 33% 0%
Low Vulnerability 1% 0% 0% 1%
Moderate Vulnerability 9% 17% 0% 26%
PJO High Vulnerability 14% 38% 0% 52%
Very High Vulnerability 22% 0% 0% 22%
PJO Total 45% 55% 0%
Low Vulnerability 0% 0% 0% 0%
Moderate Vulnerability 0% 8% 2% 10%
PPF High Vulnerability 12% 18% 0% 30%
Very High Vulnerability 59% 0% 0% 59%
PPF Total 72% 27% 2%
Low Vulnerability 0% 0% 0% 0%
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Uncertainty Category

ERU Vulnerability Category Low Mod High Total
Moderate Vulnerability 0% 0% 0% 0%

SFF High Vulnerability 4% 1% 0% 5%
Very High Vulnerability 95% 0% 0% 95%
SFF Total 98% 2% 0%

Table 9. Climate change vulnerability at the local scale for Rio Pefiasco (all ecosystems combined)

Uncertainty Category

Local Unit Vulnerability Category Low Mod High rTotaI
Low Vulnerability 6% 14% 0% 20%
. N Moderate Vulnerability 15% 12% 3% 30%
Rio Pefasco - —
High Vulnerability 5% 20% 0% 25%
Very High Vulnerability 26% 0% 0% 26%
Grand Total 51% 46% 3%
Table 10. Climate change vulnerability for major ERUs of the Rio Penasco local unit
Uncertainty Category
ERU Vulnerability Category Low Mod ‘ High Total
Low Vulnerability 0% 0% 0% 0%
MCD Moderate Vulnerability 0% 18% 5% 23%
High Vulnerability 5% 45% 0% 49%
Very High Vulnerability 28% 0% 0% 28%
MCD Total 32% 63% 5%
Low Vulnerability 0% 0% 0% 0%
MCW Moderate Vulnerability 0% 4% 0% 4%
High Vulnerability 14% 52% 0% 66%
Very High Vulnerability 29% 0% 0% 29%
MCW Total 43% 57% 0%
Low Vulnerability 23% 19% 0% 42%
MMS Moderate Vulnerability 2% 33% 22% 57%
High Vulnerability 0% 1% 0% 1%
Very High Vulnerability 0% 0% 0% 0%
MMS Total 25% 53% 22%
Low Vulnerability 1% 0% 0% 1%
MSG Moderate Vulnerability 8% 63% 0% 72%
High Vulnerability 0% 27% 0% 27%
Very High Vulnerability 1% 0% 0% 1%
MSG Total 10% 90% 0%
Low Vulnerability 13% 37% 0% 49%
BIC Moderate Vulnerability 42% 8% 0% 51%
High Vulnerability 0% 0% 0% 0%
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Uncertainty Category

ERU Vulnerability Category Low Mod High Total
Low Vulnerability 0% 0% 0% 0%
MCD Moderate Vulnerability 0% 18% 5% 23%
High Vulnerability 5% 45% 0% 49%
Very High Vulnerability 28% 0% 0% 28%
MCD Total 32% 63% 5%
Low Vulnerability 0% 0% 0% 0%
MCW Moderate Vulnerability 0% 4% 0% 4%
High Vulnerability 14% 52% 0% 66%
Very High Vulnerability 29% 0% 0% 29%
MCW Total 43% 57% 0%
Very High Vulnerability 0% 0% 0% 0%
PJC Total 55% 45% 0%
Low Vulnerability 0% 0% 0% 0%
PIG Moderate Vulnerability 0% 1% 0% 1%
High Vulnerability 10% 3% 0% 13%
Very High Vulnerability 86% 0% 0% 86%
PJG Total 96% 4% 0%
Low Vulnerability 0% 0% 0% 0%
PPE Moderate Vulnerability 0% 0% 0% 0%
High Vulnerability 13% 5% 0% 18%
Very High Vulnerability 81% 0% 0% 81%
PPF Total 94% 6% 0%
Low Vulnerability 0% 0% 0% 0%
DG Moderate Vulnerability 0% 15% 54% 69%
High Vulnerability 0% 15% 15% 30%
Very High Vulnerability 1% 0% 0% 1%
SDG Total 1% 30% 69%

Table 11. Climate change vulnerability at the local scale for Salt Basin (all ecosystems combined)

Local Unit

Vulnerability Category

Uncertainty Category

Low

Mod

High

Total

Low Vulnerability 2% 6% 0% 9%
. Moderate Vulnerability 7% 24% 5% 36%
Salt Basin : o
High Vulnerability 5% 29% 0% 34%
Very High Vulnerability 22% 0% 0% 22%
Grand Total 36% 59% 5%
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Uncertainty Category

Table 12. Climate change vulnerability for major ERUs of the Salt Basin local unit

ERU ‘Vulnerability Category Low ‘ Mod High ‘Total
Low Vulnerability 0% 0% 0% 0%
UG Moderate Vulnerability 0% 25% 1% 26%
High Vulnerability 0% 74% 0% 74%
Very High Vulnerability 0% 0% 0% 0%
JUG Total 0% 99% 1%
Low Vulnerability 0% 0% 0% 0%
MCD Moderate Vulnerability 0% 18% 4% 22%
High Vulnerability 5% 40% 0% 44%
Very High Vulnerability 33% 0% 0% 33%
MCD Total 38% 58% 4%
Low Vulnerability 0% 0% 0% 0%
MCW Moderate Vulnerability 0% 3% 0% 3%
High Vulnerability 12% 46% 0% 59%
Very High Vulnerability 38% 0% 0% 38%
MCW Total 51% 49% 0%
Low Vulnerability 9% 6% 0% 15%
MMS Moderate Vulnerability 1% 40% 10% 51%
High Vulnerability 1% 31% 0% 32%
Very High Vulnerability 1% 0% 0% 1%
MMS Total 13% 77% 10%
Low Vulnerability 0% 0% 0% 0%
MPO Moderate Vulnerability 0% 9% 1% 9%
High Vulnerability 13% 70% 0% 83%
Very High Vulnerability 7% 0% 0% 7%
MPO Total 20% 79% 1%
Low Vulnerability 0% 0% 0% 0%
MSG Moderate Vulnerability 10% 62% 0% 72%
High Vulnerability 0% 27% 0% 28%
Very High Vulnerability 0% 0% 0% 0%
MSG Total 11% 89% 0%
Low Vulnerability 10% 35% 0% 45%
BIC Moderate Vulnerability 43% 10% 1% 55%
High Vulnerability 0% 0% 0% 0%
Very High Vulnerability 0% 0% 0% 0%
PJC Total 53% 45% 1%
Low Vulnerability 0% 0% 0% 0%
PIG Moderate Vulnerability 0% 0% 0% 0%
High Vulnerability 12% 23% 0% 35%
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Uncertainty Category

Vulnerability Category Low Mod
ery High Vulnerability 65% 0% 0% 65%

PJG Total 77% 23% 0%

Low Vulnerability 0% 0% 0% 0%
PIO Moderate Vulnerability 0% 46% 5% 51%

High Vulnerability 0% 48% 0% 49%

Very High Vulnerability 0% 0% 0% 0%

PJO Total 0% 94% 5%

Low Vulnerability 0% 0% 0% 0%
PPE Moderate Vulnerability 0% 0% 0% 0%

High Vulnerability 6% 5% 0% 11%

Very High Vulnerability 89% 0% 0% 89%

PPE Total 95% 5% 0%

Low Vulnerability 0% 0% 0% 0%
PPE Moderate Vulnerability 0% 1% 0% 1%

High Vulnerability 15% 8% 0% 23%

Very High Vulnerability 76% 0% 0% 76%

PPF Total 92% 8% 0%

Low Vulnerability 0% 1% 0% 1%
DG Moderate Vulnerability 0% 37% 2% 39%

High Vulnerability 11% 30% 1% 42%

Very High Vulnerability 18% 1% 0% 19%

SDG Total 28% 69% 3%

Table 13. Climate change vulnerability at the local scale for Tularosa Valley (all ecosystems combined)

i

Uncertainty Category

Local Unit Vulnerability Category Low Mod High ’Total
Low Vulnerability 4% 9% 0% 13%
Moderate Vulnerability 6% 21% 5% 31%
Tularosa Valley - —
High Vulnerability 6% 31% 0% 38%
Very High Vulnerability 18% 0% 0% 18%
Grand Total 34% 61% 5%
Table 14. Climate change vulnerability for major ERUs of the Tularosa Valley local unit
Uncertainty Category
ERU Vulnerability Category Low Mod High Total
Low Vulnerability 0% 0% 0% 0%
MCD Moderate Vulnerability 0% 28% 11% 39%
High Vulnerability 3% 47% 0% 50%
Very High Vulnerability 10% 0% 0% 10%
MCD Total 13% 75% 11%
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Uncertainty Category

Total

Vulnerability Category

Low

Mod

High

Low Vulnerability 0% 0% 0% 0%
MCW Moderate Vulnerability 0% 5% 0% 5%
High Vulnerability 14% 57% 0% 71%
Very High Vulnerability 24% 0% 0% 24%
MCW Total 38% 62% 0%
Low Vulnerability 37% 42% 0% 79%
MMS Moderate Vulnerability 1% 12% 7% 19%
High Vulnerability 0% 2% 0% 2%
Very High Vulnerability 0% 0% 0% 0%
MMS Total 38% 55% 7%
Low Vulnerability 25% 12% 0% 36%
MSG Moderate Vulnerability 8% 40% 2% 50%
High Vulnerability 0% 13% 0% 14%
Very High Vulnerability 0% 0% 0% 0%
MSG Total 33% 65% 2%
Low Vulnerability 14% 55% 0% 69%
BIC Moderate Vulnerability 20% 11% 0% 31%
High Vulnerability 0% 0% 0% 0%
Very High Vulnerability 0% 0% 0% 0%
PJC Total 34% 65% 0%
Low Vulnerability 0% 0% 0% 0%
PIG Moderate Vulnerability 0% 5% 0% 5%
High Vulnerability 19% 25% 0% 44%
Very High Vulnerability 51% 0% 0% 51%
PJG Total 71% 29% 0%
Low Vulnerability 2% 0% 0% 2%
PO Moderate Vulnerability 16% 36% 1% 53%
High Vulnerability 4% 42% 0% 45%
Very High Vulnerability 0% 0% 0% 0%
PJO Total 21% 78% 1%
Low Vulnerability 0% 0% 0% 0%
PPE Moderate Vulnerability 0% 11% 2% 14%
High Vulnerability 16% 21% 0% 37%
Very High Vulnerability 49% 0% 0% 49%
PPF Total 65% 32% 2%
Low Vulnerability 3% 14% 0% 17%
DG Moderate Vulnerability 0% 15% 40% 55%
High Vulnerability 0% 14% 11% 25%
Very High Vulnerability 1% 2% 0% 3%
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Vulnerability Category

Uncertainty Category

Low

Mod

High

SDG Total 1% 44% 52%

Low Vulnerability 0% 0% 0% 0%
SFF Moderate Vulnerability 0% 0% 0% 0%

High Vulnerability 5% 1% 0% 6%

Very High Vulnerability 93% 0% 0% 93%

SFF Total 98% 2% 0%

Table 15. Climate change vulnerability at the local scale for Upper Pecos — Black River (all ecosystems combined)

Local Unit

Vulnerability Category

Uncertainty Category

Low

Mod

High

|
’Total

Low Vulnerability 0% 0% 0% 0%
Upper Pecos — Moderate Vulnerability 0% 31% 5% 36%
Black River High Vulnerability 5% 41% 0% 45%
Very High Vulnerability 19% 0% 0% 19%

Grand Total 23% 71% 5%

Table 16. Climate change vulnerability for major ERUs of the Upper Pecos — Black River local unit

Uncertainty Category

Low Mod Total

High

Vulnerability Category

Low Vulnerability 0% 0% 0% 0%
UG Moderate Vulnerability 0% 8% 0% 9%
High Vulnerability 11% 32% 0% 43%
Very High Vulnerability 48% 0% 0% 48%
JUG Total 59% 40% 0%
Low Vulnerability 0% 0% 0% 0%
MCD Moderate Vulnerability 0% 0% 0% 0%
High Vulnerability 0% 0% 0% 0%
Very High Vulnerability 100% 0% 0% 100%
MCD Total 100% 0% 0%
Low Vulnerability 0% 0% 0% 0%
MMS Moderate Vulnerability 0% 23% 1% 24%
High Vulnerability 3% 52% 0% 55%
Very High Vulnerability 21% 0% 0% 21%
MMS Total 25% 74% 1%
Low Vulnerability 0% 0% 0% 0%
MPO Moderate Vulnerability 0% 10% 0% 11%
High Vulnerability 16% 59% 0% 75%
Very High Vulnerability 15% 0% 0% 15%
MPO Total 31% 69% 0%
Low Vulnerability 0% 0% 0% 0%
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Uncertainty Category

Vulnerability Category Low Mod
Moderate Vulnerability 0% 74% 21% 96%
PJC High Vulnerability 0% 4% 0% 4%
Very High Vulnerability 0% 0% 0% 0%
PJC Total 0% 79% 21%
Low Vulnerability 0% 0% 0% 0%
PIG Moderate Vulnerability 0% 0% 0% 0%
High Vulnerability 11% 21% 0% 32%
Very High Vulnerability 68% 0% 0% 68%
PJG Total 79% 21% 0%
Low Vulnerability 0% 0% 0% 0%
PIO Moderate Vulnerability 0% 38% 4% 42%
High Vulnerability 1% 58% 0% 58%
Very High Vulnerability 0% 0% 0% 0%
PJO Total 1% 95% 4%
Low Vulnerability 0% 0% 0% 0%
PPE Moderate Vulnerability 0% 0% 0% 0%
High Vulnerability 6% 5% 0% 11%
Very High Vulnerability 89% 0% 0% 89%
PPE Total 95% 5% 0%
Low Vulnerability 0% 0% 0% 0%
DG Moderate Vulnerability 0% 60% 1% 61%
High Vulnerability 4% 30% 0% 34%
Very High Vulnerability 1% 0% 0% 1%
SDG Total 8% 90% 2%

Sub-watershed Scale

Of the 95 sub-watershed scale units analyzed (including all ERUs or ecosystems regardless of land
ownership), 13 (14 percent) showed very high vulnerability; 57 (60 percent) showed high vulnerability;
and 25 (26 percent) showed moderate vulnerability to climate change (Table 17).

Table 17. Sub-watershed vulnerability. Composite (all ERU) CCVA scores for each 6th-level watershed that intersect the
Lincoln NF. As with the previous tables, these results represent all lands regardless of ownership.

6th-Level HUC HUC Name Composite Vulnerability Category
130500030301 Big Pine Canyon High Vulnerability

130500030302 Headwaters Ancho Gulch High Vulnerability

130500030407 Coyote Canyon High Vulnerability

130500030408 Headwaters White Oaks Draw High Vulnerability

130500030409 Outlet White Oaks Draw Moderate Vulnerability
130500030501 Tortolita Arroyo Moderate Vulnerability
130500030502 Nogal Creek Moderate Vulnerability
130500030503 Nogal Draw High Vulnerability

130500030504 Lemon Draw High Vulnerability
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6th-Level HUC

HUC Name

Composite Vulnerability Category

130500030505 \Willow Draw Moderate Vulnerability
130500030506 Harkey Draw-Nogal Arroyo Moderate Vulnerability
130500030507 Cottonwood Creek Moderate Vulnerability
130500031102 Gamble Canyon-Three Rivers Moderate Vulnerability
130500031103 Golondrina Draw-Three Rivers High Vulnerability
130500031203 Nogal Canyon Moderate Vulnerability
130500031205 MiddleTularosa Creek Moderate Vulnerability
130500031401 Cottonwood Wash High Vulnerability
130500031403 Sabinata Flat Arroyo Moderate Vulnerability
130500031404 Domingo Canyon Moderate Vulnerability
130500031501 Fresnal Canyon Moderate Vulnerability
130500031502 La Luz Canyon Moderate Vulnerability
130500031503 Lost River Moderate Vulnerability
130500031601 Marble Canyon-Dry Canyon Moderate Vulnerability
130500031602 Dillard Draw Moderate Vulnerability
130500031701 IAlamo Canyon Moderate Vulnerability
130500031702 Mule Canyon Moderate Vulnerability
130500031703 Dog Canyon Moderate Vulnerability
130500031704 Grapevine Canyon Moderate Vulnerability
130500031705 Bug Scuffle Canyon Moderate Vulnerability
130500031706 Escondida Well \Very High Vulnerability
130500031806 Pipeline Canyon Moderate Vulnerability
130500031808 Esoon Peak \Very High Vulnerability
130500040101 IArkansas Canyon-Sacramento River High Vulnerability
130500040102 Ben WIlliams Canyon-Sacramento River High Vulnerability
130500040103 Prather Ranch-Sacramento River Moderate Vulnerability
130500040105 El Paso Canyon Moderate Vulnerability
130500040401 Lick Canyon-Piinon Creek High Vulnerability
130500040402 Stevens Draw Moderate Vulnerability
130500040403 Stevens Draw-Pinon Creek High Vulnerability
130500040405 Lewis Canyon Moderate Vulnerability
130500040601 Upper Pinon Wash Moderate Vulnerability
130500040603 Little Dog Canyon Moderate Vulnerability
130500040604 Pup Canyon High Vulnerability
130500040605 Middle Pifion Wash Moderate Vulnerability
130500040606 Lower Pifion Wash \Very High Vulnerability
130500040701 Outlet Big Dog Canyon High Vulnerability
130500040702 Upper Dog Canyon High Vulnerability
130500040704 Box Canyon High Vulnerability
130600050101 Upper Reventon Draw High Vulnerability
130600050102 Middle Reventon Draw High Vulnerability
130600050201 Upper Hasperos Canyon High Vulnerability
130600050202 Carrabajal Cemetery Moderate Vulnerability
130600050203 Lavade Draw Moderate Vulnerability
130600050204 Middle Hasperos Canyon High Vulnerability
130600050301 Aragon Creek High Vulnerability
130600050302 Cottonwood Canyon-Arroyo del Macho High Vulnerability
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6th-Level HUC

HUC Name

Composite Vulnerability Category

130600050303 Reventon Draw-Arroyo del Macho High Vulnerability
130600050501 Copeland Canyon-Seco Arroyo \Very High Vulnerability
130600050502 Red Lick Canyon \Very High Vulnerability
130600050503 Arroyo Serrano \Very High Vulnerability
130600050504 Zeufeldt Arroyo \Very High Vulnerability
130600080101 Carrizo Creek \Very High Vulnerability
130600080102 Cherokee Bill Canyon High Vulnerability
130600080103 Upper Rio Ruidoso High Vulnerability
130600080104 \Water Hole Canyon High Vulnerability
130600080105 Devils Canyon High Vulnerability
130600080106 Middle Rio Ruidoso High Vulnerability
130600080107 Lower Rio Ruidoso \Very High Vulnerability
130600080201 Upper Rio Bonita High Vulnerability
130600080202 Magado Canyon High Vulnerability
130600080203 Headwaters Salado Creek High Vulnerability
130600080204 Gyp Spring Canyon High Vulnerability
130600080205 Outlet Salado Creek High Vulnerability
130600080206 Salazar Canyon High Vulnerability
130600080207 Middle Rio Bonita High Vulnerability
130600080208 Lower Rio Bonita High Vulnerability
130600080301 Maverick Canyon High Vulnerability
130600080401 Chavez Canyon Very High Vulnerability
130600080402 lAlamo Canyon High Vulnerability
130600080501 Escondido Canyon Very High Vulnerability
130600080502 IAgua Chiquito Creek-Blackwater Canyon High Vulnerability
130600100101 Silver Springs Canyon High Vulnerability
130600100103 Sixteen Springs Canyon High Vulnerability
130600100104 Outlet Elk Canyon High Vulnerability
130600100201 Upper Agua Chiquita High Vulnerability
130600100202 Middle Agua Chiquita High Vulnerability
130600100203 Mule Canyon Moderate Vulnerability
130600100204 Lower Agua Chiquita Moderate Vulnerability
130600100301 Cox Canyon High Vulnerability
130600100302 Cox Canyon-Rio Peiasco High Vulnerability
130600100303 James Canyon High Vulnerability
130600100304 James Canyon-Rio Pefiasco Very High Vulnerability
130600100305 Burnt Canyon Moderate Vulnerability
130600100306 Burnt Canyon-Rio Peiasco High Vulnerability
130600100401 Perk Canyon High Vulnerability
130600100402 Perk Canyon-Cuervo Creek High Vulnerability
130600100403 Chimney Canyon-Cuervo Creek Moderate Vulnerability
130600100404 Long Canyon Moderate Vulnerability
130600100405 Long Canyon-Cuervo Creek Moderate Vulnerability
130600100502 Big Cherry Canyon Moderate Vulnerability
130600100503 Big Cherry Canyon-Rio Pefiasco Moderate Vulnerability
130600110404 Bear Canyon Moderate Vulnerability
130600110405 Bullis Canyon Moderate Vulnerability
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6th-Level HUC

HUC Name

Composite Vulnerability Category

130600110501 \Wildhorse Canyon-Box Canyon High Vulnerability
130600110502 Seco Canyon-Box Canyon High Vulnerability
130600110601 IAntelope Draw-Segrest Draw Moderate Vulnerability
130600110605 Headwaters Crooked Canyon Moderate Vulnerability
130600110606 Holt Tank Draw Moderate Vulnerability
130600110607 Outlet Crooked Canyon Moderate Vulnerability
130600110701 North Rocky Arroyo High Vulnerability
130600110702 North Rocky Arroyo-Rocky Arroyo High Vulnerability
130600110704 Headwaters Dunnaway Draw High Vulnerability
130600110706 Dunnaway Draw-Rocky Arroyo Moderate Vulnerability
130600110801 Upper Last Chance Canyon High Vulnerability
130600110802 Middle Last Chance Canyon High Vulnerability
130600110803 \Wagontire Draw High Vulnerability
130600110804 Lower Last Chance Canyon Very High Vulnerability
130600110901 Turkey Canyon High Vulnerability
130600110902 Turkey Canyon-Dark Canyon High Vulnerability
130600110903 Last Chance Canyon-Dark Canyon High Vulnerability
130600111101 Big Canyon High Vulnerability
130600111102 Big Canyon-McKittrick Canyon High Vulnerability
130600111104 McKittrick Canyon-Black River High Vulnerability
130600111105 Rattlesnake Canyon High Vulnerability
Conclusion

The CCVA results indicate that considerable portions of ecosystems in the Plan Area and characteristic
plant communities within and near the Lincoln NF are at risk of ecological departure due to climate
change, at present and in the future.

Stakeholder Input

We have been collecting input from the public through Forest Plan revision public engagement efforts
beginning in 2014. In the initial scoping efforts conducted thus far, comments relating to drivers and
stressors encompassed: forest density, woody encroachment, and loss of open, savannah-like areas and
meadows; diseased trees and forest health; altered fire cycles and catastrophic fires; fire and fuels
management; limited use, size and effectiveness of controlled burns; decreased precipitation and moisture;
resource damage associated with OHV/ATV proliferation; ecosystem services, multiple uses; decline in
timber harvest; forest management that is too intensive/not intensive enough; roads and development;
weed proliferation; and grazing and degraded range and grasslands.

Expressed values (desires) included: healthy, functioning ecosystems resilient to disturbance; restoration of
natural fire and disturbance cycles; and effective communication, collaboration, and decision-making.
Additional comment topics related to drivers and stressors are listed in the Stakeholder Input sections of the
other chapters in this volume, as pertinent. We will incorporate comments and additional information based
on the results of further public review of this draft, and submit a revised draft assessment for Regional
Office approval prior to finalizing it.
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Chapter 4 - Terrestrial Vegetation

An ecosystem is a spatially explicit, relatively homogeneous unit of the Earth that includes all interacting
organisms and elements of the abiotic environment within its boundaries (36 CFR 219.19). Ecosystem or
ecological integrity is the quality or condition of an ecosystem, when its dominant ecological characteristics (e.g.,
composition, structure, function, connectivity, and species composition and diversity) act to maintain that
quality or condition and maximize its ability to withstand or recover from perturbations imposed by natural
environmental dynamics or human influence. Ecosystem sustainability is the capability of an ecosystem to meet
the needs of the present generation, without compromising the ability to meet their needs of future
generations. Ecosystem sustainability refers to the capability of ecosystems to maintain ecological integrity (36
CFR 219.19). The following chapter briefly discusses ecosystem services provided by the Lincoln NF and its
terrestrial vegetation, the system drivers and stressors acting on ecosystems, and lists the ecological
characteristics used to gauge the health of terrestrial ecosystems. The scales of analysis are discussed and the
classification of ecosystems into Ecological Response Units (ERUs) and how they relate to the analysis are
introduced and described.

Ecosystem Services of Terrestrial Vegetation

The diverse upland vegetation across the Lincoln NF provides many supporting, regulating, provisioning and
cultural ecosystem services. Vegetative biodiversity supports and reflects the biodiversity in animal life that has
co-evolved with various plant forms over time. Habitat for wildlife is an important supporting role of vegetation
communities. The genetic variation inherent in vegetative biodiversity provides a regulatory service of system
resilience through adaptive vegetation responses to an ever-changing environment, including climate changes.
Soil formation and nutrient cycling are supported by vegetation. Vegetation is the most influential biotic driver
of soil formation and the unique ability of plants to create food from the energy of the sun through the process
of photosynthesis is the foundational support for nutrient cycling services. Regulatory services provided by
vegetation include water cycling and filtration, erosion control and climate regulation. Vegetation moderates
the passage of water across landscapes to mitigate floods and assists in holding soils in place so they can provide
water filtration. Without soil, which is retained in part by the interlocking roots of many plants, clean water
would be unattainable in the natural environment. Through evapo-transpiration, plants contribute to water
cycling by pulling water up from the ground and releasing it into the air; this moisture contributes significantly to
the Southwest’s summer monsoon storms. Vegetation provides shade that can mitigate increases in ambient
temperature. Climate regulation is significant in the maintenance of many organisms, especially those that are
immobile.

Since plants take in carbon dioxide and release oxygen as a byproduct of their respiratory process, they provide
breathable air as a provisioning service. Forage, traditional foods and medicines, fuel and wood products are
also provisioning services provided by the vegetation of the Lincoln NF. Cultural ecosystem services are provided
by vegetation types and plant species across the forest as they contribute to aesthetics, support cultural values
and provide opportunities for education, research, recreation, and tourism.

System Drivers and Stressors for Terrestrial Vegetation

System drivers here refers to the natural disturbance or growth regimes that sustainable functioning ecosystems
evolve with and to which they area adapted. System stressors are those disturbance agents that act on
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ecosystems with the potential to move ecosystems outside their historical range of variation (HRV). System
drivers and stressors for upland vegetation include:

Current climate regime (driver)

Natural vegetation succession (driver)

Wildfire (driver/stressor)

Vegetation manipulation and anthropogenic ground disturbance (driver/stressor)

Domestic and native ungulate grazing (stressor)

Insects and diseases (driver/stressor)

Invasive species (stressor)

Climate change, uncharacteristic drought (stressor)
System drivers and stressors are discussed individually in more detail in the System Drivers and Stressors

chapter. They are also discussed in the following ecological characteristic sections, which serve to measure the
effects of the stressors against a reference condition for those characteristics.

Data, Methods and Scales of Analysis for Terrestrial Vegetation

This assessment evaluates terrestrial ecosystems at four spatial scales:

Context Scale = Ecoregion Sections and Subsections

Plan Scale = the Lincoln NF

Local Scale = subdivisions within the Lincoln NF at the sub-basin (HUC 4) level

Fire Regime Local Scale = subdivisions within the Lincoln NF at the watershed (HUC 5) level.

This assessment focuses primarily on the vegetation conditions found within the administrative boundaries of
the Lincoln NF (Plan Area). The importance or “contribution to sustainability” of vegetation managed by the
Lincoln NF can be quantified by comparing the quantity and spatial extent of vegetation types within and
outside of the Forest administrative boundary. The following discussion places the Lincoln NF in the broader
context of the surrounding landscape (Context Area) and uses a hierarchical framework of ecological map units
including ecoregion provinces, sections, and subsections as described below. Local units help localize where
ecosystem sustainability is threatened on the forest. Most ecological characteristics in this chapter use the six
Local units described below. For the ecological characteristics of Fire Regime (fire frequency, severity and
condition class), Local units were further subdivided to illustrate local differences in fire regime and history.

Context Area

A scale larger than the Forest is desirable to understand the environmental context, opportunities and
limitations of NFS lands’ ability to contribute to ecological sustainability. This context scale, or area, is defined by
the intersection of the Lincoln and Gila National Forests with Ecological Sections and Subsections from the
National Hierarchical Framework of Ecological Units (ECOMAP, 1993; Cleland et al. 1997) to provide an adequate
area for comparison of off-forest land with either National Forest. (Figure 3).

With regard to the Context Area, the Lincoln NF 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, 2007); the analysis Context Area for the Lincoln NF is defined as the combined area of the
White Mountains-San Francisco Peaks-Mogollon Rim (M313A), Sacramento-Manzano Mountains (M313B)
Ecoregion Sections, and the Chihuahuan Semi-Desert Ecoregion Province’s Basin and Range (321A) Ecoregion
Section. These ecoregion sections are displayed below in Figure 3. Detailed descriptions of each ecoregion
section are provided by McNab and Avers (1994) and McNab and other (2005, 2007).
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This broad-scale analysis was done to set the context for the contributions the Lincoln NF makes 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 sub-regional 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 Kichler (1964). Ecological subsections are a further division of
sections, and described by areas with similar surface geology, geomorphic process, soil groups, sub-regional
climate, and potential natural vegetation communities (McNab and Avers 1994). The Context Area and the
Lincoln National Forest share (Table 18) the various climate, sub-climate, geologic, soil and vegetation
characteristics of the subsections described above.

Figure 3 shows the relationship (1.1 million acres) of the Lincoln NF to the overall Context Area within the
Ecoregion framework. Overall, the three ecoregion sections and the 27 subsections total nearly 46.4 million
acres within Arizona and New Mexico. The Lincoln NF occupies 2.4 percent of these total acres. The remaining
97.6 percent of the lands within the ecoregion sections are owned or managed by a diversity of entities;
including the Apache-Sitgreaves, Coconino, Coronado, Lincoln, Kaibab, Prescott and Tonto National Forests, the
states of Arizona and New Mexico, Bureau of Land Management, Bureau of Reclamation, Department of
Defense, National Park Service, Fish and Wildlife Service, White Mountain, San Carlos and Mescalero Apache
Nations, and several private organizations and citizens.

Plan Area

The Plan Area is the Lincoln National Forest (NF). The Lincoln NF 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 almost entirely (98 percent) within 3 of 5
subsections in the province’s Sacramento-Manzano Mountains ecoregion section M313B. The Lincoln NF is also
represented in the Artesia Plains Desert Grass-Shrubland (approximately 2 percent), Jornada Plains Desert
Grass-Shrubland (0.2 percent), and the Trans-Pecos Desert Shrubland (less than 0.05 percent).
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Figure 3. Lincoln NF in relation to the analysis Context Area, of the White Mountains-San Francisco Peaks-Mogollon Rim (M313A),
Sacramento-Manzano Mountains (M313B), and Basin and Range (321A) Ecoregion Sections

Local Units

To further help refine the assessment and to capture local variation in ecosystem condition, the Forest was
further subdivided into local units, which were developed following two USFS Southwestern Regional Office
guidelines: 1) there should be between four and eight units; and 2) there should be representation of as many of
the Lincoln NF ecosystems in as many local units as possible. The intent of the local unit scale is to identify any
patterns in resource conditions across the Forest that might exist and provide information for consideration in
determining future management priorities. Following the guidelines above, the Lincoln NF was subdivided by
sub-basin (fourth level HUC) into six local units: Arroyo Del Macho Rio Hondo, Rio Pefasco, Salt Basin, Tularosa
Valley, and Upper Pecos-Black River (Figure 4).

When information is available, key ecosystem characteristics are assessed at the local scale. Systems may be at
risk in some local units, but not others. For example, large fires have occurred in certain watersheds,
significantly altering the structure of some ecosystems and putting the function of those ecosystems at risk. The
six local units are designed to distinguish those differences.
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Three ecological characteristics relating to fire regimes (fire severity, fire frequency, and fire regime condition
class) use a local scale of analysis delineated at the watershed level (fifth level HUC) in order to capture local
variation in condition and departure from reference conditions (see Fire Rotation, Fire Severity, Fire Regime
Condition Class section). These Fire Regime Local Units are wholly contained within the six sub-basin Local Units
described above and shown in Figure 19.
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Province

Table 18. Land area, in acres, of the Lincoln NF in relation to the Context Area (CA) of the ecoregion sections and 27 subsections in which it occurs

Section

Section Name

Subsection

Subsection Name

LNF Acres

%
Context

%
LNF

% Non
LNF

White Mtns-San Francisco Mangas High Plains
313 313A Peaks-Mogollon Rim 313Ab Grassland 190,299 0 190,299 0.4 0.0 0.4
White Mtns-San Francisco Burro Mountains Oak-
313 313A Peaks-Mogollon Rim 313Ac Juniper Woodland 128,384 0 128,384 0.3 0.0 0.3
White Mtns-San Francisco Mogollon Mountains
313 313A Peaks-Mogollon Rim 313Ad Woodland 3,586,309 0 3,586,309 7.7 0.0 7.9
White Mtns-San Francisco Mogollon Mountains
313 313A Peaks-Mogollon Rim 313Ae Coniferous Forest 1,786,770 0 1,786,770 3.8 0.0 3.9
White Mountains Scarp
White Mtns-San Francisco Woodland-Coniferous
313 313A Peaks-Mogollon Rim 313Af Forest 321,794 0 321,794 0.7 0.0 0.7
White Mtns-San Francisco White Mountains
313 313A Peaks-Mogollon Rim 313Ag Woodland 1,056,481 0 1,056,481 2.3 0.0 2.3
White Mtns-San Francisco White Mountains
313 313A Peaks-Mogollon Rim 313Ah Coniferous Forest 2,122,316 0 2,122,316 4.6 0.0 4.7
White Mtns-San Francisco Coconino Plateau
313 313A Peaks-Mogollon Rim 313Ak Woodland 1,610,444 0 1,610,444 3.5 0.0 3.6
White Mtns-San Francisco Coconino Plateau
313 313A Peaks-Mogollon Rim 313Al Coniferous Forest 1,973,853 0 1,973,853 4.3 0.0 4.4
White Mtns-San Francisco San Francisco Peaks
313 313A Peaks-Mogollon Rim 313Am Coniferous Forest 681,241 0 681,241 1.5 0.0 1.5
Guadalupe Mountains 23.
313 313B Sacramento-Monzano Mtns 313Ba Woodland 458,274 260,678 197,596 1.0 8 0.4
San Andres Mountains
313 313B Sacramento-Monzano Mtns 313Bb Woodland 943,446 0 943,446 2.0 0.0 2.1
Manzano Mountains
313 313B Sacramento-Monzano Mtns 313Bd Woodland 3,705,858 0 3,705,858 8.0 0.0 8.2
Sacramento Mountains 26.
313 313B Sacramento-Monzano Mtns 313Bf Woodland Forest 1,962,096 294,377 1,667,718 4.2 9 3.7
Sacramento Mountains 46.
313 313B Sacramento-Monzano Mtns 313Bg Coniferous Forest 1,088,300 511,563 576,737 2.3 7 1.3
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%

Province  Section Section Name Subsection Subsection Name LNF Acres Context
Artesia Plains Desert
315 315A Pecos Valley 315Aa Grass-Shrubland 27,851 25,053 2,798 0.1 2.3 0.0
Trans-Pecos Desert
321 321A Basin and Range 321Ac Shrubland 3,445,015 619 3,444,396 7.4 0.1 7.6
Jornada Plains Desert
321 321A Basin and Range 321Ad Grass-Shrubland 4,840,450 2,306 4,838,144 10.4 0.2 10.7
321 321A Basin and Range 321Ae Sand Hills 854,501 0 854,501 1.8 0.0 1.9
San Simon Valley Desert
321 321A Basin and Range 321Af Shrubland 524,954 0 524,954 1.1 0.0 1.2
Animas Valley Plains
321 321A Basin and Range 321Ag Desert Grass-Shrubland 6,380,285 0 6,380,285 13.7 0.0 14.1
Animas Mountains Oak-
321 321A Basin and Range 321Ah Juniper Woodland 371,242 0 371,242 0.8 0.0 0.8
Sulphur Springs Desert
321 321A Basin and Range 321Ai Shrubland 509,961 0 509,961 1.1 0.0 1.1
Sulphur Springs Plains
321 321A Basin and Range 321Aj Desert Grass-Shrubland 5,732,819 0 5,732,819 12.3 0.0 12.6
Santa Catalina Mountains
Sierra Madre Interior
321 321A Basin and Range 321Ak Chaparral 485,912 0 485,912 1.0 0.0 1.1
San Rafael Sierra Madre
321 321A Basin and Range 321Al High Plains Grassland 55,204 0 55,204 0.1 0.0 0.1
Santa Catalina Mountains
321 321A Basin and Range 321Am Encinal Woodland 1,580,033 0 1,580,033 3.4 0.0 3.5
Total 100
Acres 46,424,093 | 1,094,596 | 45,329,496 100.0 .0 100.0
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Figure 4. Local unit subdivisions within the framework of the Plan Area (Lincoln NF)
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Ecological Response Unit Description

Introduction

The assessment of terrestrial ecosystem condition is stratified using the Ecological Response Unit (ERU)
classification system, which is a grouping of sites that are each similar in plant species composition, succession
patterns, and disturbance regimes (USDA Forest Service 2015). The ERUs are constructed in concept and
resolution, such that they are applicable to management decisions. Because ERUs provide the foundational unit
for the analysis of vegetative attributes and associated ecosystem services at the landscape and strategic
planning scale (USDA Forest Service 2015), the USFS has employed the ERU concept in the Southwestern Region.

The ERU framework describes all major ecosystem types found in the region based on a coarse stratification of
biophysical themes. The ERUs are map unit constructs, technical groupings of finer vegetation classes, with
similar site potential and disturbance history. In other words, it is the range of plant associations (USDA Forest
Service 1997), along with structure and process characteristics that would occur when natural disturbance
regimes and biological processes prevail (Schussman and Smith 2006). Similar to LANDFIRE biophysical settings
(NIFTT 2010), ERUs combine themes of site potential (plant communities that may become established on an
ecological site, they also reflect the current climate and physical environment, as well as the competitive
potential of native plant species.) and historic fire regime:

Ecological Response Unit = Site Potential + Historic Disturbance Regime

Each ERU characterizes sites with similar composition, structure, function, and connectivity, and defines their
spatial distribution on the landscape.

Stratifying terrestrial ecosystems based on vegetation characteristics and function is appropriate for two
reasons. First, vegetation is the primary terrestrial and biological ecosystem component that is manipulated
through management and affected by natural processes. Second, it represents habitat for wildlife and provides
the required link to species diversity. The At-Risk Species chapter is based on these ERUs, ecosystem
characteristics, and ecological integrity.

Method

Upland ERUs on the Lincoln NF are derived from the Terrestrial Ecosystems Survey (TES) of the Smokey Bear
Ranger District of the Lincoln NF (USDA Forest Service 1980) and other uncorrelated surveys for the Sacramento
and Guadalupe districts. The TES maps the relationships between climate, soil and vegetation communities
(USDA Forest Service 1986b) as Terrestrial Ecological Units (TEUs). They are summarized by ERU for some key
ecosystem characteristics, particularly those that are soil related. Boundaries are coincident between upland
ERUs and TEUs, such that any TEU fits into only one ERU. The ERUs for non-National Forest System lands in
Arizona and New Mexico are mapped by the Integrated Landscape Assessment Project (ILAP) and other map
sources. For some ecosystem characteristics, LANDFIRE biophysical setting is cross-walked to ERUs, in order to
calculate departure (USDA Forest Service 2015). No other data provides analogous TEU soil information for lands
outside the Lincoln NF.

The Lincoln NF contains 15 upland ERUs that make up approximately 96 percent of the Forest:
Forest ERUs
Spruce-Fir (SFF)(Figure 5)
Mixed Conifer with Aspen (MCW)(Figure 6)

Mixed Conifer with Frequent Fire (MCD)(Figure 7)
Ponderosa Pine Forest (PPF)(Figure 8)
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Ponderosa Pine/Evergreen Oak (PPE)(Figure 9)
Woodland ERUs
Pifion-Juniper/Evergreen Shrub (PJC)(Figure 10)
Juniper-Grass (JUG)(Figure 11)
Pifion-Juniper Woodland (PJO)(Figure 12)
Pifion-Juniper-Grass (PJG)(Figure 13)
Shrubland ERUs
Gambel Oak shrublands (GAMB)(Figure 14)
Mountain Mahogany Mixed (MMS)(Figure 15)
Chihuahuan Desert Scrub (CDS)(Figure 16)
Grassland ERUs
Montane/Subalpine Grasslands (MSG)(Figure 17)
Semi-Desert Grasslands (SDG)(Figure 18)
Colorado Plateau/Great Basin Grassland (CPGB)
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Figure 9. Distribution of Ponderosa Pine/Evergreen Oak Forest ERU type on Lincoln NF
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Figure 10. Distribution of Pifion-Juniper/Evergreen Shrub Woodland ERU type on Lincoln NF
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Figure 11. Distribution of Juniper Grass Woodland ERU type on Lincoln NF
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Figure 12. Distribution of Pifion-Juniper Woodland ERU type on Lincoln NF
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Figure 13. Distribution of Pifion-Juniper-Grass Woodland ERU type on Lincoln NF
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Figure 14. Distribution of Gambel Oak Shrubland ERU type on Lincoln NF
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Figure 15. Distribution of Mountain Mahogany Mixed Shrubland ERU type on Lincoln NF
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Figure 16. Distribution of Chihuahuan Desert Scrub Shrubland ERU type on Lincoln NF
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Figure 17. Distribution of Montane/Subalpine Grassland ERU type on Lincoln NF
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Terrestrial Ecosystem Spatial Niche

Spatial Niche Analysis: The spatial niche analysis relates the Lincoln NF to its surroundings, in this case, the
Context Area landscape. Spatial niche is dependent on the relative spatial distribution of an ecological response
unit (ERU). The contribution of the Lincoln NF to the ecological integrity of an ERU in the context of the
surrounding landscape is dependent first on the percent of the Forest occupied by the ERU. There must be
enough of the ERU on the Forest that it may serve an important ecological role, and enough that its condition
can be accurately assessed. The Lincoln NF’s contribution to ecological integrity also depends on the percent of
the context landscape occupied by the ERU and the relative amounts of the ERU on-Forest to off-Forest (Table
19). The larger the proportion of an ERU on the Forest relative to the Context Area would indicate a larger role
for the Forest in maintaining ecological sustainability for those ERUs. Departure of an ERU from some reference
or desired condition suggests those ERUs are at risk of losing ecological integrity, and the distribution of that
departure defines the Lincoln NF’s role in addressing that risk. Departure is measured for a number of ecological
characteristics; their derivation and interpretation will be discussed in later sections (see Ecological
Characteristics section), and in the ERU specific sections that follow. Departure of seral state proportion is the
primary indicator of overall departure for an ERU. Lincoln NF departure values are similar to those of the
Context Area for all ERUs.

Table 19 displays the Ecological Response Units (ERUs; USDA FS 2015 [Walberg]) found within the Lincoln NF and
Context Area. The Lincoln NF makes up slightly more than 2.4 percent of the context landscape by area and is
almost entirely located in M313B- Sacramento-Manzano Mountains Ecoregion Section (approximately 98
percent). Table 19 also shows Lincoln NF’s contribution to the Context Area for each ERU. When an ERU is more
common at the plan scale than would be expected based on area alone (which is 2.4 percent for any ERU based
on the Lincoln NFs proportion of the context landscape), the Plan Area has a disproportionate influence on
ecological sustainability of the system. ERUs that are rare at the context scale, relative to the Forest, will be
influenced more by conditions on the Forest, and ERUs that are proportionately more abundant at the Context
scale will be influenced more by off-Forest conditions.

Table 19. Proportion of upland ERUs on the Lincoln NF and within the greater Context Area (CA)

Lincoln %
Ecological Response Unit Context % LNF % of

Acres Context Acres Forest Context
Spruce - Fir Forest SFF 16,936 0.1 11,034 1.0 65.2
Mixed Conifer w/Aspen MCW 75,726 0.2 35,568 3.3 47.0
Mixed Conifer - Frequent Fire MCD 328,640 1.0 163,674 15.0 49.8
Ponderosa Pine Forest PPF 594,245 1.8 123,156 11.3 20.7
Ponderosa Pine Evergreen Oak PPE 40,375 0.1 8,661 0.8 2.2
Pifion Juniper Evergreen Shrub PJC 85,442 0.3 53,976 4.9 6.3
Juniper Grassland JUG 2,817,810 8.5 9,755 0.9 0.0
Pifion Juniper Woodland PJO 1,035,948 3.1 319,105 29.2 30.8
Pifion Juniper Grassland PIG 571,296 1.7 165,432 15.1 29.0
Gambel Oak Shrubland GAMB 22,282 0.1 3,589 0.3 16.1
Mountain Mahogany Mixed Shrubland MMS 173,734 0.5 52,528 4.8 30.2
Chihuahuan Desert Scrub CDS 6,407,214 19.5 19,526 1.8 0.3
Montane Subalpine Grassland MSG 41,488 0.1 11,230 1.0 27.1
Semi-Desert Grassland SDG 15,141,603 45.6 65,888 6.0 0.4
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Lincoln %

Ecological Response Unit Context % LNF % of
Acres Context Acres Forest Context

Colorado Plateau/Great Basin Grassland CPGB 959,063 2.90 425 0 4.4

As shown by the size relationship between the upland ERUs found within the Context Area and occurring on the
Lincoln NF displayed in Table 19, all of the Forested and woodland ERUs, as well as Gambel Oak Shrubland,
Mountain Mahogany-Mixed Shrubland and Montane-Subalpine Grasslands, have greater representation on the
Lincoln NF than within the overall Context Area; the Juniper Grassland, Chihuahuan Desert Scrub, and Semi-
Desert Grassland ERUs have greater representation within the Context Area than on the Lincoln NF. In terms of
acreage, the Lincoln NF has the greatest areal contribution of Spruce-Fir Forest in the Context Area (more than
65 percent). The Forest also contains five other upland ERUs that contribute 30 percent or more to the total
respective ERU acreage within the Context Area; they are the Mixed Conifer-Frequent Fire, Mixed Conifer with
Aspen, Pifion-Juniper Woodland, Pifion-Juniper Evergreen Shrub, and Mountain Mahogany-Mixed Shrub ERUs.

The Lincoln NF contributes to the overall sustainability of 11 of 15 upland ERUs represented (Table 19). The
Lincoln NF contains over 60 percent of the spruce-fir forest and pifion-juniper evergreen woodland ERUs in the
Context Area. This would indicate a substantial influence of the Lincoln NF to the ecological condition of these
ERUs. Conversely, the Lincoln NF contains less than one percent of the Colorado Plateau/Great Basin, semi-
desert and juniper grasslands, and Chihuahuan desert scrub and Gambel oak shrubland ERUs. The Lincoln NF
proportion of the remaining ERUs range between 16 and 50 percent.

Three spatial niche scenarios are important to consider:

e The Lincoln NF can have a greater influence on ERUs that are uniquely represented on the Forest, either
because they are generally rare or because they are proportionally more common at the plan scale.

e More highly departed ERUs are of greater concern because existing ecological integrity is already low.

e Ifan ERU is less or equally departed at the plan scale than at the context scale, it may act as an important
refuge, and an important contribution to maintaining the ERU as a functioning system.

There are several ERUs that are considered to be rare either on the Forest or within the Context Area based on
their relative abundance in those areas. Rarity is defined as contributing one percent or less to the acreage
within the Forest and/or within the Context Area. Rare ERUs are shown for both the context and Plan Areas in
Table 20, which also shows departure from historic reference conditions for vegetative structure (see Seral State
Proportions in Ecological Characteristics section).

Table 20. ERU distribution and structural state departure from reference conditions (RC) in the Context and Plan Area

‘ Context Area Lincoln NF
Upland ‘ Abundance Abundance
ERU Departure from Departure from
% Reference Condition Reference Condition

SFF 0.05 rare moderate 1.01 moderate
MCW 0.23 rare moderate 3.25 moderate
MCD 0.99 rare high 14.96 moderate
PPF 1.80 high 11.26 high

PPE 0.12 rare moderate 0.79 rare moderate
PJC 0.26 rare moderate 4.93 moderate
JUG 8.51 low 0.89 rare moderate
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‘ Context Area Lincoln NF
Upland Abundance Abundance
ERU Departure from Departure from
% Reference Condition % Reference Condition
PJO 3.10 moderate 29.17 moderate
PIG 1.70 moderate 15.12 moderate
GAMB | 0.07 rare moderate 0.33 | rare high
MMS 0.52 rare moderate 4.80 moderate
CDS 19.50 low 1.79 low
MSG 0.13 rare moderate 1.03 high
SDG 45.60 high 6.02 high
CPGB 2.90 high 0.04 | rare high

Using these scenarios, the ERUs on the Lincoln NF can be loosely grouped.

Group 1: The SDG, GAMB, PPF, MSG CPGB ERUs are highly departed and the Lincoln NF should have a role in
their restoration. However, because the vast majority of SDG and CPGB is off-Forest, the Lincoln NF’s role may
be limited or would require collaboration with lands outside the Plan Area to have a similar or greater influence
on the sustainability of those systems.

Group 2: The Forest may act as a refuge for MCW, SFF, PJC, MMS and MSG. Their distribution on the Lincoln NF
may be small, however they are rare in the context landscape, and the Plan Area may play a role by maintaining
intact reservoirs. Because four out of the five have moderate, but significant departure. The Forest can have a
substantial role in their restoration, maintenance, and overall sustainability of these ERUs.

Group 3: The PJO, PJG, MCD and PPE are moderately departed at the Plan Scale presenting a significant
opportunity for the Lincoln NF to have a substantial role in their restoration, maintenance, and overall
sustainability of these ERUs. There is also an opportunity for the Lincoln NF to influence JUG's condition, by
maintaining its already high ecological integrity on Forest.

Local Unit ERU Distribution

No ERUs occur in all local units, and no local unit has all ERUs (Table 21). For example, the Gambel oak ERU
(GAMB) only makes up 1 percent of the Rio Pefiasco local unit, but is 84 percent of all the GAMB on the Lincoln
NF. Similarly, spruce-fir forest (SFF) takes up less than 5 percent of the area of local unit Rio Hondo, but is 81
percent of the ERU on the Forest. Departure in these local units may have a larger impact on the overall
departure of the ERU, but it may not have as much influence in determining overall departure at the local unit
scale. Conversely, the smallest local unit, Arroyo del Macho, has 40 percent of its area in PJO, while this makes
up only 11 percent of the ERU. Departure of PJO in the Arroyo del Macho local unit will have a large impact on
the overall departure of the local unit, it may not have as much influence in determining overall departure for
the ERU.
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Table 21. Lincoln NF’s upland ERU acreage distribution at the local unit scale. Percentages of the ERU within the local units, and percentage of local unit in the ERUs are
shown. Blank cells indicate that the ERU does not occur in that local unit.

Upper Pecos-Black

Local unit> Arroyo Del Macho Rio Hondo Rio Pefiasco Salt Basin Tularosa Valley River
% % % | % % % % %
ERU Code Acres % ERU % LU Acres ERU Acres % ERU LU Acres ERU LU Acres ERU LU ERU LU
SFF 845 7.7 1.0 8,880 80.5 | 4.8 1,309 119 | 0.6
MCcw 27,819 78.2 | 10.5 | 5,072 143 | 5.1 | 2,677 7.5 1.3
MCD 10,652 6.5 12.4 25,403 | 15.5 | 13.7 | 82,654 50.5 | 31.3 | 20,953 | 12.8 | 21.2 | 22,309 | 13.6 | 10.5| 1,704 1.0 0.7
PPF 25,527 20.7 29.6 30,562 | 24.8 | 16.5 | 39,503 32.1 | 14.9 | 5,988 4.9 6.1 | 21,577 | 17.5 | 10.1
PPE 4 0.0 | 0.0 412 4.8 0.4 8,245 95.2 | 34
PJC 20,730 384 | 7.8 | 4,392 8.1 4.4 0 28,854 | 53.5 | 11.9
JUG 0 0.0 0.0 3,170 325 | 1.7 573 5.9 0.3 6,012 61.6 | 2.5
PJO 34,251 10.7 39.8 103,255 | 32.4 | 55.8 | 72,557 22.7 | 27.4 | 16,319 5.1 16.5| 92,722 | 29.1 | 43.4
PJG 6,525 3.9 7.6 7,141 4.3 3.9 | 7,841 4.7 3.0 | 8,369 5.1 8.5 | 6,347 3.8 3.0 | 129,209 | 78.1 | 53.2
GAMB 3,026 843 | 1.1 563 15.7 | 0.6
MMS 5,792 11.0 | 2.2 | 8,883 169 | 9.0 | 11,381 | 21.7 | 5.3 | 26,472 | 50.4 | 10.9
CDS 23,081 | 58.1 | 23.3| 16,395 | 41.2 | 7.7 271 0.7 0.1
MSG 2,284 20.3 2.7 3,186 284 | 1.7 | 4,168 37.1 | 1.6 480 4.3 0.5 | 1,112 9.9 0.5
SDG 3,304 7.2 3.3 | 3,359 7.4 1.6 | 39,005 | 854 | 16.1
CPGB 346 813 | 0.1 80 18.7 | 0.1
Local Unit Total
Acres (%) 86,126 (8%) 185,107 (17%) 264,440 (24%) 98,920 (9%) 213,429 (20%) 242,982 (22%)
ERUs/Local Unit 8 8 11 14 13 10
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Key Ecosystem Characteristics of Terrestrial Vegetation

Ecosystem functionality can be gauged by assessing the functionality of key ecosystem characteristics. A key
characteristic will be included if the characteristic is available, can be measured, mapped, or otherwise analyzed,
and either responds to or informs management activities. Additionally, the characteristic’s condition or trend
would serve as an indicator of ecological processes and/or show effects of stressors on those processes
highlighting sustainability of the ecosystem integrity.

Condition or trend is determined by relating the current values to a reference value for a characteristic. The
difference between current and reference values is departure, which indicates some level of risk to the
ecosystem. While risk to an individual characteristic is discussed, the real meaning of risk as represented by the
characteristic is to the ecosystem. For instance, in the case of coarse woody debris and snags, departure doesn’t
necessarily mean risk to coarse woody debris and snags themselves, they are the metric. The risk of too much or
too little coarse woody debris and snags may have risk to the ecosystem as a whole. Selected key ecosystem
characteristics for terrestrial vegetation (ERUs) include:

Seral state proportion

Fire regime- frequency and severity

Fire regime condition class

Coarse woody debris

Snag density

Ecological status (vegetation species composition)
Vegetative groundcover

Patch size

Insect and disease mortality

Ecosystems are classified into Ecological Response Units (ERUs), and the characteristics described above have
current data and reference data for comparison related to each ERU. The primary ecological characteristic for
ERUs is seral state proportion. That is the relative amounts of an ecological system or type in generalized
structure, age and size classes. Fire regime frequency, severity and condition class are related to seral state
proportion. Fire frequency and severity (aka fire regime) may be a result of changes in seral state proportions, or
cause uncharacteristic changes in seral state proportion. Fire regime condition class (FRCC) combines frequency,
severity and seral state proportion into a single metric. Coarse woody debris (CWD) and snag density can arise
from changes in fire regime, insect and disease mortality or other reasons. Coarse woody debris and snags can
indicate past events leading to current seral states, and serve as wildlife habitat indicators. Ecological status is
the state of the current vegetative composition (i.e. the current amounts of the different plant species in an
ecosystem relative to what would be expected in a fully functional system at potential). Shifts in species
composition can indicate a conversion to another ecosystem type, or be related to seral state transitions.
Vegetative groundcover is an indicator of the amount of vegetation at the surface, including litter, versus bare
ground. This may be showing the effects of grazing, or changes in fire regime, or alteration in vegetative
structure (i.e., grass to shrub dominated landscape). Patch size is an indicator of landscape level changes in
continuity of an ecosystem over the landscape. Patch size is determined differently for grasslands, shrublands,
woodlands, and forest. Departure could indicate fragmentation of different seral stages within an ERU, or
encroachment of woody species into grasslands and savannahs. Insect and disease mortality can be related to
changes in fire regime as well as affecting departure for other characteristics such as CWD and snag density, and
seral state proportion.
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These characteristics will be summarized and briefly discussed across ERUs for the context, plan, and local scales
as applicable. Values of characteristics will be presented in tabular and narrative format for each ERU.

Seral State Proportion

Ecological Response Units (ERUs, see ERU Descriptions section) are a vegetation classification based on
characteristic vegetation, soil properties, and fire and climatic regime. ERUs are not homogeneous, however,
through succession or disturbance, each ERU can manifest a range of potential overstory vegetative conditions,
each representing a unique phase in the overall ecology of the system (Weisz et al, 2009). By grouping these
phases into seral state classes with unique vegetation characteristics (overstory composition, structure and
cover), the current structure of an ecosystem can be described and compared to a reference or desired
condition.

Each ecosystem has characteristic seral states, and the proportion of those states in an ecosystem can be
indicative of the sustainability or integrity of a system. The proportion of an ecosystem in any particular state is
dynamic in time and place, and varies with disturbance, climate and usage. Thus, an ecosystem with
characteristic disturbance regimes (e.g. fire, insects and disease) in a characteristic climatic regime, would have
characteristic seral state proportions, in the absence of human use. This can be considered the reference
condition.

It is assumed that ecosystems maintaining characteristic structure under characteristic disturbance and climate
regimes are sustainable. Deviation of any of the above may indicate risk to the stability and sustainability of an
ecosystem, and to its ability to provide ecosystem services. Comparisons of current ecosystem structure to its
characteristic, or reference, structure would provide a measure of deviation, or departure from the reference
condition, and a means to assess risk to the ecological sustainability of the system. In order to do this, both
current and reference conditions must be known. Methods described below provide the current structure, while
reference conditions have been inferred from historic records and descriptions of ecosystems prior to intensive
land use by humans, generally assumed to be the late 1800s (Schussman and Smith 2006), and current
landscapes considered free from anthropogenic use.

Seral state departure may indicate changes in the natural disturbance or climate regimes, or result from human
land use and management practices. Knowing seral state departure for a system provides a foundation for
understanding departure of other related ecosystem characteristics, such as fire severity, coarse woody debris,
and others described later. Knowing departure also identifies the trend of effects of human use of the
ecosystem, from the reference period until now. Models have been developed that describe the dynamics of
disturbance and climate regimes in stable (reference) ecosystems, and have been applied to include the effects
of management practices to project how management will affect ecosystem integrity into the future.

Analysis

Method

Seral state proportion is the percent of an ecological response unit (ERU) in each seral state and is assessed at
the context, plan, and local scales. Comparing current seral state proportion to reference proportions gives a
measure of departure that indicates whether ecosystem integrity is at risk. Departure from the reference
distribution is quantified by comparing it to the actual current distribution or to future predicted distributions.
The closer composition, structure, cover and process are to their reference conditions, the more the system is
maintaining ecological integrity, and the more resilient it will be to stress. For each seral state, similarity to
reference percent proportion is compared to the current percent proportion (current landscape or the projected
future landscape). The similarity value is the lesser value of the current percent proportion, or the reference
proportion. The sum of similarity values for all states of any ERU is 100 percent or less. The similarity value
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subtracted from 100 equals the departure of the ERU (see example in Table 22). Thus Departure is 100-sum of
similarity values. Departure is broken into thirds for descriptive purposes (0 to 33 percent = low departure, 34 to
66 percent = moderate departure, 67 to 100 percent = high departure), but is best viewed as a continuum from
low to high, where moderate to high departure is considered significant.

Table 22 provides an example of how vegetation seral states, successional structure, respective compositions
and cover, and departure indices from reference condition (RC) on the Lincoln NF and within the greater Context
Area (CA) will be displayed for individual ERU descriptions.

Departure from the reference distribution is quantified by comparing it to the actual current distribution or to
future predicted distributions. The closer composition, structure, cover and process are to their reference
conditions, the more the system is maintaining ecological integrity, and the more resilient it will be to stress. For
each seral state, similarity to reference percent proportion is compared to the current percent proportion
(current landscape or the projected future landscape). The similarity value is the lesser value of the current
percent proportion, or the reference proportion. The sum of similarity values for all states of any ERU is 100
percent or less. The similarity value subtracted from 100 equals the departure of the ERU (see example in Table
22). Thus Departure is 100-sum of similarity values. Departure is broken into thirds for descriptive purposes (0 to
33 percent = low departure, 34 to 66 percent = moderate departure, 67 to 100 percent = high departure), but is
best viewed as a continuum from low to high, where moderate to high departure is considered significant.

Table 22. Sample vegetation seral states, successional structure and respective composition, cover, and departure index (DIR) from
reference condition (RC) for the mountain mahogany mixed shrubland (MMS) ERU on the Lincoln NF and within the greater Context

Area

Seral Successional Structure, Composition Percent Proportion Similarity

State and Cover Class Description P Values to RC?
current
RC! LNF CA
LNF* cA®
Grass, forb, sparsely vegetated or
A recently burned with very open (< 5 3 96 3 55
10%) woody canopy cover
All size shrubs with open (= 10% & <
B, C 30%) or closed (> 30%) woody canopy 65 18 216 18 216
cover
D All size trees with open or closed 30 79 679 30 30
woody canopy cover
Total 100 100 100 51 551

Departure® from RC = 100 - § similarity values: Lincoln NF = (100 — 51) = 49 or Moderate; and CA =
(100 -51) = 49 or MODERATE

1Reference Conditions, USFS 2015

2Similarity value is the lesser of the two proportions (current Lincoln NF to RC and CA to RC) for a
seral state

3 Lincoln National Forest
4 Context Area
®> Departure from RC are; 0 to 33% = low, 34 to 66% = moderate, and 67 to 100% = high
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Reference conditions are based on a review of the relevant BASI according to Landfire, The Nature Conservancy,
and others by the USFS Southwestern Regional Office (USDA Forest Service 2015). The reference period is best
characterized as being prior to the late 1880s, under similar climatic regime, but varies with source.

Current seral state proportion assignment was based on recent existing vegetation mapping derived through
remote sensing and interpretation of vegetation size class, canopy cover, dominance type, and storiedness
(number of tree canopy levels) at a 1:100,000 scale, with extensive photo interpretation and field data collection
(Midscale Vegetation Mapping Project (Mellin et al, 2004)). Existing vegetation is assigned to an ERU and then to
the appropriate seral state within that ERU. Thereafter, seral state class descriptions were developed by the
Southwestern Regional Office (USDA Forest Service 2015).

Future projections of seral state proportions are produced using the Vegetation Dynamics Development Tool
(VDDT) (ESSA, 2006) and models developed by LANDFIRE, The Nature Conservancy, and the Integrated
Landscape Assessment Project and refined by the Southwestern Regional Office, with input from Forest
specialists. These VDDT state and transition models both define seral states for each ERU and allow comparison
among management scenarios. Model results are not precise predictions, but indicate relative trends and are
sensitive to changes in management or disturbance. For this analysis, future trend assumes the continuation of
management under current plan direction. Most state transition destinations and probabilities are derived from
Forest Vegetation Simulator (FVS) modeling (Dixon, 2002). Burn severity information is compiled from
Monitoring Trends in Burn Severity (MTBS, 2014) records from 1996 to 2014 (Eidenshink et al, 2007 Wildland
Fire Leadership Council, 2014). Other inputs came directly from Forest management actions, such as insect and
disease surveys, and wildfire data from the past 15 to 30 years.

By comparing regional Midscale and ILAP current vegetation information to reference seral state proportions,
departure is calculated for the context scale, plan scale, and local scale. The Lincoln NF only affects management
at the plan scale and only collects management information on the Forest; so VDDT models can only be reliably
parameterized at the plan scale. Therefore, future trend is modeled only at the plan scale, though trends at the
context scale or local scale may be discussed where information suggests they differ. The trend analysis relies
mostly on VDDT modeling results, while trend for other key ecosystem characteristics of vegetation is addressed
only when a probable trajectory can be inferred. Seral state proportion trend is discussed in the narrative for
each ERU summaries of this chapter.

Results and Interpretation

Seral state proportion current departure is summarized for ERUs at the context, planning and local scales where
applicable (Table 23). Similar departure values for an ERU among different local units may mean very different
things, for instance a mixed conifer ERU may show departure due to overstocked mature stands dominating one
local unit, while another local unit may show departure if it is dominated by early seral and recently burned
areas. Results for individual ERUs are discussed in their respective summaries.

Table 23. Departure from Reference condition (%) and class (color) for ERUs at context, Lincoln NF and local unit scales. Blank cells
mean ERU does not occur in that unit. Colors represent departure classes: green= Low (0-33%), orange=Moderate (34-66%), and
red=High (67-100%). Moderate and High values are considered significantly departed.

Context LNF Plan Arroyo | Rio Rio Salt Tularosa Upper
Ecological Response Unit Area Area Del Hondo Peilasco Basin Valley Pecos
Macho
Spruce-Fir Forest 46% 46% 46% 46% 46%
Mixed Conifer w/Aspen 50% 52% 51% 63% 50%
Mixed Conifer-Frequent Fire 61% 62% 61% 59% 65% 66%
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Context LNF Plan Arroyo | Rio Rio Salt Tularosa Upper
Area Area Del Hondo Peilasco Basin Valley Pecos
Macho

Ecological Response Unit

Ponderosa Pine Forest
Ponderosa Pine-Evergreen Oak 66% 66%
Piflon-Juniper Evergreen Shrub 39% 37%

oa% | |

38%

41%

Juniper Grassland

Pifion-Juniper Woodland

Pifion-Juniper Grassland
Gambel Oak Shrubland

Mountain Mahogany Mixed
Shrubland

Chihuahuan Desert Scrub

Montane-Subalpine Grassland

Semi-Desert Grassland

By definition, departure indicates risk to ecosystem integrity. High departure indicates, generally, high risk to
ecosystem integrity. For seral state proportion, current departure from reference conditions can be calculated,
and future departure can be modeled. While selected ERUs were modeled out to 1,000 years, trend was
generally determined from current to the 100 year departure value. According to the Risk Matrix (Table 24),
current departure and trend identify the level of risk to ecosystem integrity. For ERUs on the Lincoln NF that
were modeled, four were low risk, four were at moderate risk and two are at high risk to ecological integrity
(Table 25).

Table 24. Risk matrix for combined departure categories and trend categories

Trend toward Trend unknown or | Trend Away from
Departure Reference static Reference

High Low Risk ‘ Very High Risk
Moderate Low Risk Moderate Risk
Low Low Risk Low Risk Moderate Risk

Table 25. Departure (%) and trend from Reference condition of ERUs at the Lincoln NF plan scale currently and projected 10, 100 and
1,000 years into the future. Colors represent departure classes: green= Low (0-33%), orange=Moderate (34-66%), and red=High (67-
100%). Moderate and High values are considered significantly departed

100 1,000

ERU LNF 10 year year year Trend Risk
MCW 52 50 51 51 Stable Mod
MCD 62 66 61 59 Stable Mod
PPF Toward | Low

PJC 37 34 49 46 Away

JUG 64 45 44 47 Toward | Low

PJO 65 54 28 31 Toward | Low

PIG 58 48 39 36 Toward | Low
MMS 49 42 37 38 Toward | Low
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100 1,000
LNF 10 year year year Trend Risk

Toward | Low
Very
Away High

The four low risk ERUs include the juniper woodland and grassland types JUG, PJG, and PJO, and the mountain
mahogany mixed shrubland type. Typically, these ERUs have limited vegetation management, as they do not
produce timber or other products. However, modeled treatments per recent management efforts to reduce
encroaching juniper for fire protection and forage enhancement may have played a role in moving these ERUs
toward reference conditions with time. Of the four ERUs showing moderate risk (PPF, MCD, MCW, and MSG),
mixed conifer ERUs, MCD and MCW, are moderately departed currently, and remain stable over time. For these
ERUs, current forest management has plan direction that are somewhat different from reference conditions to
provide protections for wildlife species, particularly the northern goshawk and the Mexican spotted owl. Under
that management, trend is stable, and departure is expected to remain moderate in the future. Under a scenario
where desired conditions more closely resemble reference conditions, it might be expected that future trends
for these types would be toward reference conditions. Two ERUs at moderate risk are the highly departed PPF
and MSG types which are moving toward reference conditions. The SDG and PJC ERUs are at high risk as
modelled into the future under current management. Allowing wildfire to act as a management tool might
mitigate risk for both of these ERUs. Grazing might be the driver for departure in SDG, but it is unclear if removal
of grazing would help return the ERU toward reference conditions without active removal of shrubs.

Risk Conclusion

In order to develop a risk conclusion, identification of whether the comparisons between conditions that sustain
ecosystem integrity, current conditions, and projected future conditions indicate if one of the following are true
for the key ecosystem characteristics being analyzed:

a. The key ecosystem characteristic is functioning in a way that contributes to ecosystem integrity and
sustainability over time and is expected to continue to do so under current plan direction;

b. The key ecosystem characteristic is not currently contributing to ecosystem integrity, but with changes to
current plan direction, could do so in the future; or

c. The key ecosystem characteristic is not expected to contribute to ecosystem integrity in the future due to
threats or stressors that are not within the authority of the Forest Service, or are inconsistent with the
inherent capability of the land.

The ecosystem characteristic is applied to individual ERUs, and risk is assessed for the characteristic for
individual ERUs according to the risk matrix (Table 24 and Table 25). The four ERUs with low risk (JUG, PJG, MMS,
and PJO) meet condition (a) above. The four ERUs with moderate risk (PPF, MCD, MCW, and MSG) meet
condition (b), as does the high risk PJC ERU. Semi-desert grassland (SDG) meets condition (c) because so little of
the SDG ERU in the Context Area is affected by Lincoln NF management.

Fire Rotation, Fire Severity, Fire Regime Condition Class

Fire regimes are a critical foundation for understanding and describing effects of changing climate on fire
patterns and characterizing their combined impacts on vegetation and the carbon cycle (Schoennagel et al,
2004). In general a fire regime characterizes the spatial and temporal patterns and ecological influences of fire
on the landscape. The two most important factors for determining fire regimes are vegetation type (or
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ecosystem) and weather and climate patterns. Fire history provides evidence of past relationships between fire
and climate. Changing climate may profoundly affect the frequency and severity of fires in many regions and
ecosystems in response to factors such as earlier snowmelt and more severe or prolonged droughts. Changing
climate will alter the growth and vigor of existing vegetation, with resulting changes in fuel structure and dead
fuel loads.

A fire regime is a generalization based on fire histories at individual sites. Fire regimes can be described as cyclic
because fire events on the landscape are repeated, and the repetitions can be counted and measured, to
provide fire return interval (NWCG, 2008). Alternatively, landscapes can have a typical fire rotation (interval),
the amount of time for the amount of acres in a landscape to burn, although some acres may not burn and
others may burn more than once. Fire regimes are also characterized by typical fire severities, depending on
vegetation type and conditions. Ponderosa pine forests, for example, historically had a fire regime of high
frequency (5-30 years) and low severity, or mortality of overstory. Fire is an integral component in the function
and biodiversity of many natural habitats and organisms, and these communities have adapted to withstand and
even to exploit natural wildfire. More generally, fire is regarded as a “natural disturbance”, similar to flooding,
wind-storms, and landslides, that has driven the evolution of species and controls the characteristics of
ecosystems. Each vegetation type, or ecological response unit (ERU; see ERU Description) has a characteristic
fire regime that contributes to its ecological integrity. If fires are too frequent, plants may be killed before they
have matured, or before they have set sufficient seed to ensure population recovery. If fires are too infrequent,
plants may not release their seed; species composition may shift toward abnormal combinations; or live and
dead biomass may simply accumulate to abnormal levels. Departure from historic fire regimes come from
changes in fire rotations and severity or both. Departure for either characteristic indicate a level of risk to
ecosystems on the landscape over time. Departure of severity, rotation plus departure of current seral state
proportions (see Seral State Proportion section) of an ecosystem provide a fire regime condition class (FRCC)
rating that describes the risk to ecosystem integrity from wildfire.

Fire regime condition class (FRCC) is the combination of successional state departure and fire regime departure
into a single metric. FRCC is an important tool for measuring the effectiveness of efforts to maintain sustainable
landscapes (NIFTT 2010). FRCC ratings describe a level of departure from native ecosystems as they existed prior
to Euro-American settlement:

FRCC I: Fire regimes are within the natural or historic range of variation and risk of losing key ecosystem
components is low. Vegetation attributes (composition and structure) are intact and functioning (departure < 33
percent).

FRCC Il: Fire regimes have been moderately altered. Risk of losing key ecosystem components is moderate. Fire
frequencies may have departed by one or more return intervals (either increased or decreased), potentially
resulting in moderate changes in fire and vegetation attributes (33-66 percent departed).

FRCC lll: Fire regimes have been substantially altered. Risk of losing key ecosystem components is high. Fire
frequencies may have departed by multiple return intervals, potentially resulting in dramatic changes in fire size,
fire intensity, and fire severity as well as landscape patterns. Vegetation attributes have been substantially
altered (greater than 66 percent departed).

Analysis was done at the Plan and Local scale only (Table 26). To capture variation in fire regime condition class,
local scales described earlier are further divided into FRCC local units at the sub-watershed (5th code) level.

Fire regime combines mean fire rotation, and the percent of burns that are non-lethal, mixed severity, and stand
replacement (fire severity). Departures for fire frequency and severity are determined independently at the plan
and local scales. Reference conditions, or the historic range of variation, were determined through a review and
synthesis of literature by The Nature Conservancy (2006) and Triepke (2014). While historic reference time
periods may vary with literature source, the general reference period is considered to be the late 1800s.
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Fire rotation (frequency) at the plan and local scales is based on Lincoln NF fire history data from the 20 year
period between 1996 and 2015. Mean fire return interval was calculated for each ERU by dividing ERU area by
the average area burned per year for that ERU (Table 27).

Fire severity information was obtained from Monitoring Trends in Burn Severity (MTBS) data for the Lincoln NF
from 1996-2014. Burn severity was summarized by ERU at the plan and local scales (Table 27). Forest ecologists
define severity by the degree of overstory plant mortality. Although the thresholds are subjective, in general,
overstory mortality below approximately 30 percent is considered low severity, 30 to 70 percent is considered
moderate severity, and greater than 70 percent is considered high severity (Agee 1993). Severity was combined
to a single value for each ERU at plan and local scales and compared to reference conditions. Departure was
calculated using the formula 1-min/max, where min is the minimum of current or reference values, and max is
the maximum of the current or reference values. Fire severity was not analyzed for the Context Area.

The historic distribution of fire severity among low, moderate, and high severity types is ecosystem specific. The
current distribution is more departed in some ERUs than in others, and the direction of departure is also ERU
specific. The dryer MCD and PPF forested ERUs as well as the PJO woodland ERU were little departed from
reference conditions. Severity was moderately departed for the mesic forest SFF and MCW ERUs, as well as for
the PJC, JUG, PJO and MMS ERUs. The grassland ERUs MSG and SDG were both highly departed for fire severity.
Fire severity departure is discussed in more detail in the individual ERU summaries.

Soil burn severity is a category of fire effects related to the change in soil properties and is one major reason for
post-fire assessments of fire severity. It is believed to be an important indicator of the potential for water runoff
and erosion, and changes in soil hydrologic function

Forest ecologists define severity by the degree of overstory plant mortality. Although the thresholds are
subjective, in general, overstory mortality below approximately 30 percent is considered low severity, 30 to 70
percent is considered moderate severity, and greater than 70 percent is considered high severity (Agee 1993).
Severity was combined to a single value for each ERU at plan and local scales and compared to reference
conditions. Departure was calculated using the formula 1-min/max, where min is the minimum of current or
reference values, and max is the maximum of the current or reference values. Fire severity was not analyzed for
the Context Area.

The historic distribution of fire severity among low, moderate, and high severity types is ecosystem specific. The
current distribution is more departed in some ERUs than in others, and the direction of departure is also ERU
specific. The dryer MCD and PPF forested ERUs as well as the PJO woodland ERU were little departed from
reference conditions. Severity was moderately departed for the mesic forest SFF and MCW ERUs, as well as for
the PJC, JUG, PJO and MMS ERUs. The grassland ERUs MSG and SDG were both highly departed for fire severity.
Fire severity departure is discussed in more detail in the individual ERU summaries.

Soil burn severity is a category of fire effects related to the change in soil properties and is one major reason for
post-fire assessments of fire severity. It is believed to be an important indicator of the potential for water runoff
and erosion, and changes in soil hydrologic function.

FRCC is the combined departure of Fire Rotation and Severity (above) and current seral state proportion.

Average annual current condition values were calculated for rotation and severity for each ERU in the Plan Area
and compared to reference conditions. Departure for fire rotation and severity was calculated using the formula
1-min/max, where min is the minimum of current or reference values, and max is the maximum of the current
or reference values. Departure is expressed as a percentage, as well as a departure class: 0-33 percent=Low, 34-
66 percent=Moderate and 67-100 percent=High.

Fire regime condition class (FRCC) is a summary measure of ecological departure from reference conditions
under a natural fire regime. It is calculated by averaging seral state departure and fire regime departure (0-100
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scale) and then classified into low (I), moderate (lI), high (l1l) departure classes. The FRCC was calculated for
ERUs across the Lincoln NF (Table 27, Table 30).

At the Plan scale, FRCC is reported as a percentage of Plan Area in each class of departure: low (near/within
historical range of variation (0-33 percent), moderate (34-66 percent), and high (67-100 percent). At the local
scale, a single FRCC value is reported for each ERU to show the variability in condition across the Forest for each
ERU and to highlight areas where departure suggests need for change.

Table 26. Breakdown of Forest Local Units by FRCC Local Units, FRCC Code, and Acres per Forest Acres per FRCC Code

FRCC
Local Unit FRCC Local Unit Code Acres
Arroyo Del
Macho Reventon Draw RD 86,215
Rio Hondo Blackwater Canyon BC 77,974
Rio Bonito RB 28,496
Rio Ruidoso RR 78,966
Agua Chiquita - Cuevo
Rio Pefiasco Creek AC 131,917
Elk Canyon - Rio Pefiasco RP 132,917
Salt Basin Big Dog Canyon BD 15,588
Black River BR 47
Pifion Wash PW 22,995
Sacramento River SR 60,431
Tularosa Valley Tularosa Valley North TVN 88,834
Tularosa Valley South TVS 125,044
Upper Pecos-
Black Black River BR 20,559
Dark Canyon DC 44,054
Upper Pecos North UPN 78,123
Upper Pecos South UPS 101,668

FRCC was calculated at the local scale by averaging seral state proportion departure and fire regime departure.
Characteristic fire regime was defined as the average of HRV reported for each ERU below. Local scale ratings
were area weighted for each ERU to determine a percentage by class at the plan scale. ERUs with higher
proportions in FRCC Il or Il are at higher risk of loss of ecosystem integrity as a result of uncharacteristic
disturbance. Local units report a single departure value for each ERU and are departed with FRCC values of Il or
Il

Departure is summarized for 14 ERUs at the Plan Scale. No ERUs were represented in all local units, and no local
unit contained all considered ERUs (Table 28) and Forest ecologists define severity by the degree of overstory
plant mortality. Although the thresholds are subjective, in general, overstory mortality below approximately 30
percent is considered low severity, 30 to 70 percent is considered moderate severity, and greater than 70
percent is considered high severity (Agee 1993). Severity was combined to a single value for each ERU at plan
and local scales and compared to reference conditions. Departure was calculated using the formula 1-min/max,
where min is the minimum of current or reference values, and max is the maximum of the current or reference
values. Fire severity was not analyzed for the Context Area.

Lincoln National Forest Assessment Report—Draft 84



Chapter 4—Terrestrial Vegetation

The historic distribution of fire severity among low, moderate, and high severity types is ecosystem specific. The
current distribution is more departed in some ERUs than in others, and the direction of departure is also ERU
specific. The dryer MCD and PPF forested ERUs as well as the PJO woodland ERU were little departed from
reference conditions. Severity was moderately departed for the mesic forest SFF and MCW ERUs, as well as for
the PJC, JUG, PJO and MMS ERUs. The grassland ERUs MSG and SDG were both highly departed for fire severity.
Fire severity departure is discussed in more detail in the individual ERU summaries.

Soil burn severity is a category of fire effects related to the change in soil properties and is one major reason for
post-fire assessments of fire severity. It is believed to be an important indicator of the potential for water runoff
and erosion, and changes in soil hydrologic function (Table 29).

Results of analysis

Table 27. Summary table of Fire Regime Condition Class (FRCC), Fire Frequency and Fire Severity for the Ecological Response Units of
the Lincoln NF at the Plan scale

Fire Regime Condition Class Fire Rotation Fire Severity

interval ref int departure severity refsev departure
28.9

MCW 0% 84.6% 500.9 0.59 0.65 9%
MCD 0% 30.5% 85.9 0.31 0.18 41%
PPF 0% 0% 70.4 0.26 0.13 53%
PPE n/a n/a n/a 12.45 n/a 0.15 n/a
PJC 0% 100% 335.2 206.30 0.53 0.69 23%
JUG 0% 60.1% 40.8 13.00 0.34 0.13 63%
PJO 0% 75% 102.5 0.22 0.64 66%
PJG 0% 100% 117.5 20.10 0.18 0.13 31%
GAMB n/a n/a n/a 75.00 n/a n/a 0.78 n/a
MMS 0% 82% 108.6 75.00 31% 0.37 0.78 53%
CDS n/a n/a 64065.3 | 250.00 n/a 0.15 0.50 n/a

MSG 0% 4% 73.0 12.00 0.27 0.88

SDG 0% 0% 51.4 6.00 0.15 0.88

FRCC shows percent of ERU in low (FRCC I), moderate (FRCC Il) and high (FRCC Il1) departure from reference condition. Departure from
reference conditions for Frequency and Severity is shown by color: green=low (0-33%), orange= moderate (34-66%) and red= high (67-
100%). Departure in the moderate and high ranges is considered significant.

Fire Frequency

Fire frequency is measured in mean fire return interval (MFRI), the number of years it would take for an area
equal to the entire ERU to burn. A shorter interval indicates more frequent fire in the system. Reference
conditions were provided through a synthesis of literature provided by Region 3 ecologists. Similarity to
reference conditions is expressed as the minimum of either the current or reference values, divided by the
maximum of either the current or reference values. Departure is calculated as 1- similarity. Table 28 displays fire
rotation for each ERU at context, plan and local scales. Not all ERUs or local units had fires in the analysis time
frame and are not shown. Fire rotation is longer than reference for all ERUs at the context scale, although
departure is moderate for the MCW, PJC and PJO ERUs. All other ERUs are highly departed. At the plan scale,
only MMS shows low departure from reference, while PJC and PJG are moderately departed, with remaining
ERUs highly departed. More detail is provided in the individual ERU summaries.
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Table 28. Fire frequency (rotation) in years and departure class for context, plan and FRCC local unit.

Unit\ERU Context LNF

Colors represent departure: green = low (0-33%), orange = moderate (34-66%), and red = high (67-100%). Departure is considered
significant at moderate and high values. Blank cells represent no frequency data for that ERU in that unit.

Fire Severity

Forest ecologists define severity by the degree of overstory plant mortality. Although the thresholds are
subjective, in general, overstory mortality below approximately 30 percent is considered low severity, 30 to 70
percent is considered moderate severity, and greater than 70 percent is considered high severity (Agee 1993).
Severity was combined to a single value for each ERU at plan and local scales and compared to reference
conditions. Departure was calculated using the formula 1-min/max, where min is the minimum of current or
reference values, and max is the maximum of the current or reference values. Fire severity was not analyzed for
the Context Area.

The historic distribution of fire severity among low, moderate, and high severity types is ecosystem specific. The
current distribution is more departed in some ERUs than in others, and the direction of departure is also ERU
specific (Table 29). The dryer MCD and PPF forested ERUs as well as the PJO woodland ERU were little departed
from reference conditions. Severity was moderately departed for the mesic forest SFF and MCW ERUs, as well as
for the PJC, JUG, PJO and MMS ERUs. The grassland ERUs MSG and SDG were both highly departed for fire
severity. Fire severity departure is discussed in more detail in the individual ERU summaries.

Soil burn severity is a category of fire effects related to the change in soil properties and is one major reason for
post-fire assessments of fire severity. It is believed to be an important indicator of the potential for water runoff
and erosion, and changes in soil hydrologic function.

Table 29. Fire severity average percent mortality values for each ERU. Colors represent percent departure from reference condition:
green= low (0-33%), orange=moderate (34-66%), red=high (67-100%). Blank (gray) cells represent no severity data for that ERU in that

unit.

ERU/Unit  LNF PW RD | RB | RR | SR | TVN | UPN UPS
SFF | 37% 22% 37% | 37% | 44% | | 30%

Mcw | 59% | 60% 33% |

MCD | 31% | 40% | 13% | 23% | 29% | 39% 29% | 23% | 29% | 34% | 13%

PP | 26% 23% | 29% | 23% 13%

PIC | 53% 51%
UG | 34% 13% 13% | 28%

Lincoln National Forest Assessment Report—Draft 86



Chapter 4—Terrestrial Vegetation

PW RD | RB | RR | SR | TVN | UPN UPS
39% | 24%
26% 14% | 22%
59%

ERU/Unit
PJO 22%
PJG 18%

AC  BR BC

DC  RP

EEEA

| 3% 15%
]

Fire Regime Condition Class

As displayed in Table 30, FRCCs for all of the Forest’s ERUs are moderately or highly departed, both at the Forest
and local unit scales. FRCC is discussed, along with fire frequency and severity, for individual ERUs in their
respective summaries.
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NEW MEXICO

Area of Interest

[ Frt
N\

LEGEND
FRCC UNIT
Agua Chiguita - Cuevo Creek f/‘ Pinon Wash v Tularosa Valley South
- Big Dog Canyon Reventon Draw Upper Pecos North
Black River Rio Bonito Upper Pecos South
S Blackwater Canyon Rio Ruidoso OTHER LAYERS
Dark Canyon Sacramento River C] Forest Boundary
w Elk Canyon - Rio Penasco Tularosa Valley North

Figure 19. Fire Regime Condition Class unit locations on the Lincoln NF
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Table 30. Fire Regime Condition Class by Ecological Response Units (ERUs) for FRCC local units. Colors represent departure from reference condition: Green= low (0-33%),
Orange=moderate (34-66%), Red=high (67-100%). Blank (gray) cells indicate no data for that ERU in that unit.
Agua Big Black Blackwater Dark Rio Pinon | Reventon Rio Rio Sacramento Tularosa | Tularosa Upper Upper

ERU Chiquita Dog River Cyn Cyn Peiiasco Wash Draw Bonito | Ruidoso River North South Pecos Pecos
North  South

PPE
PIC Il Il Il Il
JUG Il
PJO Il Il Il Il Il
PIG Il Il Il Il
GAMB
MMS Il Il Il
CDS
MSG Il
SDG
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Trend and Risk

As discussed above, FRCC is a composite of fire severity, fire rotation interval, and vegetation condition,
vegetation being discussed in more detail in the Seral State Proportion section. Fire rotation and fire severity
each provide a measure of ecological departure and, therefore, are indicators of risk to ecological integrity.
FRCC, by design, is an indicator of risk to ecosystem integrity inclusive of fire rotation and severity. For the
Lincoln NF Plan Area, FRCC shows the Forest in generally departed conditions for all ERUs. Grasslands (MSG and
SDG) are highly departed, due to tree and shrub encroachment, and forested (SFF, MCW, MCD, PPF and PPE)
ERUs are departed due to high tree densities and accumulated biomass rising from fire suppression. The
woodland types (PJC, JUG, PJO and PJG) have more varied departure among local units, and are generally
moderately departed for the Forest. The trend, when measured from reference conditions, is toward more
departed. Under current management and disturbance regimes, this trend would likely continue (see modeling
results in Seral State Proportion section, where changes in seral state are projected out 10, 100, and 1,000 years
under current management and disturbance regimes). Treatments to move the landscape toward reference
conditions may alter the seral state proportions, reduce fire severity and fire rotation departure, and thus
reduce the FRCC to more moderate levels. However, management activities have not been able to keep up with
natural processes and disturbance, and risk to ecological integrity is moderate to high.

Snags and Coarse Wood Analysis

Coarse woody debris (CWD) (downed woody material) serves as an important ecological function. It provides
wildlife habitat and contributes to the formation of soil organic matter. Coarse woody debris also help to reduce
soil erosion by shielding the soil surface from raindrop impact and interrupting rill and sheet erosion. Like CWD,
snags (standing dead trees) serve an important ecological function. Large standing snags provide key habitat for
many species, such as woodpeckers that feed on insects dwelling in decomposing wood. Deficient CWD and
snags may indicate a lack of appropriate habitat and inadequate nutrient cycling. An overabundance may
indicate underlying stress on an ecosystem (such as drought or insect outbreaks), and potentially increases
wildfire severity. Reduced disturbance frequency may result in fewer trees dying and becoming available as
debris. Also, timber and fuelwood harvesting removes mature and dead trees that would otherwise become
coarse woody debris.

Different vegetation types have historically characteristic amounts of CWD and snags. Deviation from those
characteristic amounts may be an indication that ecosystem processes are not functioning as historically, and
that ecosystem integrity is at risk. For this analysis, vegetation types were stratified as Ecological Response
Units. Only forested and woodland ERUs were analyzed.

Analysis

Coarse woody debris (CWD) is defined as tons per acre of dead material greater than three inches in diameter.

Snag density is defined as the number of stems per acre by diameter classes (i.e., 8 to 18 inches, greater than 18
inches).

Current conditions for analysis at the local and plan scale were extracted from FSVEG stand exam survey data
collected by the Lincoln NF. No analogous information is available at the context scale.

Reference conditions for the ERUs were synthesized from various sources by Region 3 ecologists (Triepke 2014).

Departure for all three characteristics was calculated using the formula “1-min (ref, current)/max (ref, current)”,
that is, if the reference condition was 2 snags per acre, and the current condition is 3 snags per acre, departure
would be 1-2/3=0.33. Departure values are classified as 0-0.33 as low, 0.34-0.66 moderate, and 0.67-1.0 as high.
Local unit departure is shown in individual ERU sections. Local Unit values were weighted by their proportion of
the Plan Area and summed to provide values for CWD and Snags at the Plan Area scale (Table 31).
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Table 31. Lincoln NF departure for coarse woody debris (CWD) and snags. Lincoln column shows current values for each ERU. Colors
represent departure from reference condition: Green= low (0-33%), Orange=moderate (34-66%), Red=high (67-100%). Moderate and
High departure is considered significant. Trend shows whether current values of CWD and snags are greater or lesser than reference
condition, and by how much. Red parenthetical trend values mean Lincoln NF's current values are less than reference condition, while
black trend values are greater than reference condition.

Snags per acre 8-18

Snags per acre >18

CWD Tons per acre inches inches
ERU Lincoln ‘ Dep ‘ Trend ‘ ‘ Lincoln Dep ‘ Trend Lincoln ‘ Dep Trend
SFF | 248 |031 (11.2) 31.0 |019| 6.0 3.0 (6.0)
MCW | 193 |0.27 | (7.0) 211 | 034 7.1 123 JOEH 33
MCD 57.0 45.6 47.2 38.2 19.7 15.7
PPF 85 [0.35]| (4.5) 43 3.6 05 [0.30| (0.2)
PPE 139 028 | 3.9 6.8 1.8 34 042 | 14
PIO | 82 |064| 52 16.4 14.4 3.5 0N 25
PIC | 110 H 8.0 66 |054| 36 22 |o054| 12
PJG 5.0 046 | 23 8.7 043 | 3.7 1.5 033] 05

Eight forest and woodland ERUs were analyzed at the Plan Area and Local Unit scales. Departure at the plan
scale varied with ERU for all three characteristics (Table 31). Departure generally trended toward more coarse
woody debris (CWD) and snags than in reference conditions, although CWD was deficit for both spruce-fir forest
(SFF) and wet mixed conifer (MCW), even though departure was low for those ERUs. Snags in the 8-18 inch class
were more abundant than reference for all ERUs, with mixed conifer frequent fire (MCD), ponderosa pine forest
(PPF) and pifion-juniper woodland (PJO) highly departed. Snags in the greater than 18 inch class mostly
exceeded reference conditions, and were highly departed for the MCD, MCW, SFF and PJO ERUs. The SFF ERU
was highly departed with a deficit of snags in that size class.

Risk Assessment

For the Plan Area, risk to each of the three characteristics discussed above is moderate, and risk to all
ecosystems for the three combined characteristics is also moderate. At moderate or high levels of departure,
trend, or whether there is too much or too little of the characteristic, may take on more meaning. Too few snags
in the large size class, such as in the SFF, is reflective of the seral state departure for SFF which is under-
represented in the larger size class of live trees (see Seral State Proportion section). Wildlife habitat may be
compromised if there is not enough of any of these characteristics, depending on species needs. Invertebrates,
reptiles, amphibians and small mammals use large coarse woody debris, and cavity nesting birds need snags.
Too much of any of these characteristics, however, can indicate a system experiencing effects from stressors,
such as fire, insect and disease infestations, or density induced mortality. Departure at the local scale may vary
from departure at the plan scale, with trends reflecting local disturbances such as large fires or insect outbreaks.
Local unit departure and trend for CWD and snags are shown in Table 31. Snag density and coarse woody debris
is discussed in more detail for individual ERUs in their respective summaries.

Departure is primarily a function of natural disturbances and legacy conditions (not current management).

Ecological Status and Ground Cover
Ecological status, or similarity to site potential, is based on vegetation composition (vegetation structure being

represented by other characteristics). The similarity to site potential analysis results in an index value that
considers the cover value of all plant species collectively, as opposed to evaluating every species or every plant
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life form. It is a measure of the degree of similarity between the existing plant community and the reference
community as described in the Smokey Bear Ranger District Terrestrial Ecosystem Survey (USDA Forest Service
1980). The less similar the species composition at a site is to reference conditions, the more departed that
system is (see key ecosystem characteristics). Ecosystem integrity is compromised when species composition is
highly departed. Departure may indicate a site is in an early seral state, a shift in species composition for a seral
state, loss of native species to encroachment or invasive species, or even conversion of the site to a different
habitat type.

Scale of analysis

Ecological status is only analyzed at the plan scale. Insufficient data exists for comparison at local scale, and
neither TES nor analogous data is available for reference conditions at the Context Scale.

Data Sources

Reference Conditions

Terrestrial Ecological Unit Inventory (TEUI) data has only been published for the Smokey Bear Ranger District
(Terrestrial Ecosystem Survey; USDA Forest Service 1980), and extrapolated to provide reference conditions for
Ecological Response Units (ERUs, see Ecological Response Unit section) across the Forest. Reference conditions
were developed for TES map units based on vegetation analyses of sites considered to represent stable, diverse
and functional ecosystems. Reference units are the estimated cover of species expected in that map unit.

Current Conditions

Integrated Landscape Assessment Project (ILAP) vegetation data was used to provide current conditions for
ecological status. Available ILAP data span a period from 1993- 2011. These ILAP plots were clipped to the
Lincoln NF boundary with a 200-meter buffer to increase sample size (n=156) and capture underrepresented
ERU types. The plots were linked to TEUI map units in ArcGIS using the Identity tool.

Analysis

Method

Species cover values for both current and reference condition were summarized by genus for individual TEUI
map units. Departure was calculated for each map unit, area weighted by the proportion of the map unitin an
ERU, and summed to provide ERU departure at the plan scale.

Departure from reference conditions is calculated (per LANDFIRE departure for single variables) by the
expression Departure = 1- Similarity, where similarity is the minimum of reference or current conditions, divided
by the maximum of reference or current conditions, as shown below, and expressed as a percentage.

Departure = 1 — (minimum(Reference, Current)/(maximum(Reference, Current)))

For example, for PJ woodland, the minimum and maximum was determined for each taxon in a unit and the
resulting similarities were summed and the total subtracted from one (Table 32).
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Table 32. Example of site, similarity, and departure calculation Departure classes are determined by a percent range with 0-33 percent
is low departure (L), 34-66 percent moderate (M) and 67-100 percent high departure.

Departure
Genus Reference Current Minimum W EV (] Similarity (%)
Agropyron 0.01 0.00 0.00 0.01 0.00 100
Andropogon 2.00 0.00 0.00 2.00 0.00 100
Bouteloua 15.50 0.00 0.00 15.50 0.00 100
Cercocarpus 0.50 0.00 0.00 0.50 0.00 100
Cirsium 0.00 0.50 0.00 0.50 0.00 100
Elymus 0.70 0.00 0.00 0.70 0.00 100
Gutierrezia 0.00 0.50 0.00 0.50 0.00 100
Juniperus 30.00 20.00 20.00 30.00 0.67 33
Lycurus 0.01 0.00 0.00 0.01 0.00 100
Mahonia 0.01 0.50 0.01 0.50 0.02 98
Pinus 25.00 10.00 10.00 25.00 0.40 60
Quercus 0.02 0.50 0.02 0.50 0.04 96
Rhus 0.01 0.50 0.01 0.50 0.02 98
Total 30.04 76.22 0.39 61
Results

Departure is shown in Table 33. Not all ERUs are represented in the departure table for ecological status.
Departure could only be calculated where current ILAP data was coincident with TES derived reference data. For
some ERUs there may be no ILAP current data or TEUI derived reference data, but it is reasonable to interpolate
results from similar ERUs (e.g. PG and JUG)

Table 33. Ecological Response Unit departure for Ecological Status and Ground Cover at the Plan scale. Colors represent departure
from reference condition: Green= low (0-33%), Orange=moderate (34-66%), Red=high (67-100%).

Vegetation Ecological Ground Cover

Type Status Departure
Departure

Forest SFF n/a n/a
MCW n/a n/a

PPF 11%

PPE n/a 57%

Woodland PJC n/a n/a
JUG n/a 54%

PJG 25%

Shrubland GAMB n/a n/a
MMS n/a 56%

CDS n/a 55%

Grassland MSG - 40%
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Vegetation Ecological Ground Cover
Type Status Departure

Departure

Trend and Risk

All ERUs analyzed were highly departed. High departure could arise from a shift in proportions of species on the
landscape. For instance, reference conditions might have 20 percent Douglas-fir and 30 percent ponderosa pine
while current conditions may have the percentages reversed. Alternatively, there may be a replacement of a
native species with an introduced species such as in the MSG grassland ERU, where the traditional Arizona
fescue has lost dominance to the introduced Kentucky bluegrass. The Lincoln NF is at high risk for ecological
status.

Vegetative ground cover

Vegetative ground cover is the combined percent cover of basal vegetation and litter. Ground cover provides
soil stability, increases water capture, and improves moisture retention. Reduction of ground cover can lead to
decreased productivity, changes in runoff timing and quantity, increased erosion, and increased sedimentation.
Conversely, increases in ground cover may limit overstory cover of herbaceous vegetation and regeneration of
tree or shrub species. Departure from reference conditions can be from an increase or decrease in ground cover.
Further, ground cover doesn’t discriminate between litter and basal vegetation. A site with proportionately
more basal herbaceous vegetation and less litter may have similar departure as a shrubby site with much less
basal vegetation and more shrub litter, within the same TEUI map unit or ERU. Regardless, ground cover
departure may indicate some risk to the soil resource.

Scale of Analysis

No reference conditions are available for context scale. Current data was insufficient to apply at local scale.
Vegetative ground cover was only analyzed at the plan scale.

Data Sources

Reference conditions

Estimates of “natural” vegetative ground cover are available at the plan scale in the Smokey Bear Ranger District
Terrestrial Ecosystem Survey (USDA Forest Service 1980), and were extrapolated to the remainder of the Forest.
Reference values come from combining “natural” values for basal vegetation and litter in section 3.0, Estimated
Soil Properties. Natural values are what might be expected for a site at potential. Similar data is not available for
non-National Forest System (NFS) lands in the context landscape, and no departure estimate is made at the
context scale.

Current Conditions

Current condition comes from CNVSP (USDA Forest Service 2013) plot data collected by the Forest since 2009.
Total percent vegetative cover includes basal area for all plant species, as well as percent cover of litter. The
current estimate reflects changes resulting from road construction or other development, concentrated
recreation, management related ground disturbance, or legacy impacts from logging, grazing, etc. CNVSP plots
were linked to TEUI map units in ArcGIS using the Identity tool.

Analysis
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Method

Basal vegetation and litter were combined for both reference and current conditions. Ground cover was
averaged across CNVSP plots that occurred within a TEUI map unit, then compared with reference values for
that map unit to calculate departure. Departure from reference conditions is calculated (per LANDFIRE
departure for single variables) by the expression Departure = 1- Similarity, where similarity is the minimum of
reference or current conditions, divided by the maximum of reference or current conditions, as shown below,
and expressed as a percentage.

Departure = 1 — (minimum(Reference, Current)/(maximum(Reference, Current)))

TEUI map unit departure was area-weighted by map unit proportion of the ERU, then summed to provide
departure values for respective ERUs.

Results

Departure values were mostly in the moderate range for ERUs where departure could be calculated. No ERUs
were highly departed while PJG and PPF showed low departure (Table 33). Results for individual ERUs are
discussed in their respective summaries.

Patch Size

Patch size is the average size in acres of contiguous area of similar vegetation structure in a vegetation type
(ecological response unit or ERU) on the landscape. Patch size plays a significant role in wildfire behavior and
wildlife habitat use. Historic timber harvest and fire suppression are largely responsible for decreased fire
frequency, increased fire severity, and an increase in closed canopies across Rocky Mountain forests
(Schoennagel et al 2004). These changes, where combined with uncharacteristically large patches of contiguous
tree canopies, set the stage for uncharacteristically large, severe wildfires. Patch size is also an important
element of wildlife habitat. Each wildlife species responds to patch size, and preferences vary by species. For
these reasons, and also for reasons of wildfire behavior, current landscape distribution of patches should
resemble the distribution under reference conditions—the conditions to which wildlife species adapted—so as
to best accommodate the varying preferences of all wildlife species and simultaneously mimic historic fire
behavior. Patch size as an ecological characteristic can be used to provide additional interpretation for other
characteristics such as seral state proportion or fire severity, as well as to indicate potential wildlife habitat
concerns. Changes in current patch size relative to reference patch sizes (departure), and the direction of the
change, can mean different things for different ERUs, which will be discussed further below.

Analysis

Method

Patch size is only analyzed at the Plan scale. What makes a ‘patch’ varies with general type of ERU. Patches of
shrub, woodland and forest type patches are defined as trees, clumps, or patches. Grasslands, on the other
hand, have patches defined as open areas with inclusions of shrubs or trees collectively less than 10 percent.
Current conditions come from seral state proportion analysis (see Seral State Proportion section). Patch size is
calculated based on the average of all patches of similar vegetation structure of an ERU that intersect the Plan
Area. For some ERUs, this means the analysis area may extend significantly into the context landscape.
Departure from reference conditions indicate risk to the ecological integrity of the particular ERU. Reference
conditions include ranges or individual values for an ERU from a synthesis of information provided in a number
of sources. The reference period, though not strictly defined, is considered to be up until the late 1800s.
Departure was calculated as 0 if current values fell within the reference condition values, or as 1- (min/max) of
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current and nearest reference value, if current values fell outside reference values. For example, for CDS, the
current value of 89 lies below the reference range of 176 to 326. In this case, the departure calculation would be
1- (89/176) = 0.485, or 49 percent. Departure classes are 0-33 percent = Low, 34-66 percent = Moderate, and 67-
100 percent = High (Table 34).

Table 34. Patch size departure. Trend shows whether patch size is smaller or larger than reference. Patch size refers to open grasslands
for grassland systems, and contiguous wooded area for shrubland, woodland and forest systems.

REFERENCE CONDITION CURRENT
SYSTEM TYPE (CLED) CONDITION ) DEP?;;URE
(acres) ?

Forest** SFF 200 1,000 73 Smaller
Forest** MCW 100 400 120 Similar
Forest** MCD 0.02 50 104 Larger
Forest** PPF 0.02 0.5 41 Larger
Forest** PPE 0.02 50 Similar
Woodland** PJC 50 200 Smaller
Woodland** PJO 50 400 11 Smaller
Woodland** PIG 0.07 1.0 12 Larger
Woodland** JUG 0.07 0.5 19 Larger
Shrubland* CDS 176 326 89 Smaller
Shrubland* MMS 300 522 8 Smaller
Grassland* SDG 265 651 1 Smaller
Grassland* MSG 87 126 2 Smaller

"* - For grassland and shrubland systems reference condition is based on TEUI polygon geometry, mean patch size plus and minus the
standard error to determine lower and upper patch size values.

"** . For woodland and forest system reference conditions are based on interpolation, fire regime inferences, and the range of
available literature values.

Results

Patch size for forest and woodland types are based on contiguous wooded area. The ‘patch’ for woodlands are
clumps of trees, and increasing patch size indicates tree encroachment in otherwise more open grassy condition.
For grassland ERUs, patch size is related to openings, with smaller current patch sizes reflecting encroachment
by woody species. For patch size, most ERUs on the Lincoln NF show high departure from reference conditions
(Table 34). Two ERUs, MCW and PPE, showed low (0) departure, although they were near the low end of their
respective reference range. Two forested ERUs, SFF and MCD, are moderately departed, as is the shrub type
CDs.

Trend

Patch size departure is a result of many causes. Early changes in the post-reference condition landscape may
have come from the heavy removal of timber during the early settlement of, and extensive railroad logging in,
the Sacramento Mountains of the Lincoln NF. Much of the departure on the Lincoln NF might also be explained
in terms of relatively recent large scale disturbances including tree insect infestations and diseases, large
wildfires, fire suppression, and increased tree growth in fire adapted forests and woodlands. If climate change
projections of warmer and dryer conditions hold true, there would be increased risk from insects and disease
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and severe large wildfires due to drought. Under current management, including fire suppression and wildlife
habitat requirements, and current disturbance regimes, departure would likely increase into the future. For
grasslands (MSG, SDG), smaller patches than reference indicate woody encroachment, while in grassy
woodlands (JUG, PJG), larger patch size implies increased growth. In the absence of mechanisms to check
encroachment, openings could be expected to become smaller. For woodlands and dry forested systems, larger
patches than reference indicate more contiguous canopy, with associated elevated risks from uncharacteristic
wildfire and insect/disease mortality. For both these conditions, which represent the bulk of the ERUs,
departure would likely remain the same or increase into the future.

Insect and Disease Mortality Summary

Infestations of insects and plant diseases are both disturbance agents and indicators of forest ecological
condition. Mortality and loss of forest resources can arise from infestations which may become extreme after
large wildfires or periods of drought.

Insect and disease damage and mortality to forest resources has been monitored through aerial detection
surveys (ADS) on the Lincoln National Forest since 1996. The effects of insect and pathogenic infestations may
not always result in mortality, but may limit forest growth and disrupt natural succession, as well as alter fire
regime and increase the chances of mortality from other agents. The primary agents of mortality are bark
beetles and engravers. Defoliators and other disease agents may cause damage that looks like mortality, and to
a small extent create mortality, but more often increase vulnerability to primary mortality agents and fire
events. Vulnerability to infestation is also enhanced by disturbance events such as wildfire or extended drought.

In this section of the assessment, mortality patterns are discussed for the Lincoln National Forest for the last 20
years. Acres of mortality are reported for the individual Ecological Response Units (ERUs) at the Plan (Lincoln
National Forest) scale (Table 19), as well as the local scale to illustrate distribution of insect mortality (Table 36).
A more complete report on all types of insect and disease damage on the Lincoln National Forest, including
historical and regional context, is contained in the Insect and Disease Report included in the project record
(USDA Forest Service 2016a). For the purpose of this chapter, low levels of mortality are not included (prior to
2012, mortality was not classified; since 2012, mortality is reported in classes, and those with greater than 10
percent mortality are included).

Mortality over the 20-year period was reported only for the Smokey Bear and Sacramento Ranger Districts.
Aerial detection surveys are not generally flown over the Guadalupe Ranger District (USDA Forest Service,
2016b). Twenty-year mortality in local units varied from just over 16,000 acres in Rio Pefiasco, to over 37,200
acres in Rio Hondo (Table 35, Figure 20). There was no reported mortality in the Upper Pecos which is totally on
the Guadalupe Ranger District.
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Figure 20. Insect mortality on the Lincoln National Forest at the Local Unit Scale, 1996-2015
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Table 35. Local units insect and disease total mortality acres for 20 year period 1996-2015

Local Unit 20 Year Acres
Mortality

Rio Peiasco 16,048
Arroyo Del Macho 16,527
Tularosa Valley 21,074
Salt Basin 27,204
Rio Hondo 37,247
Grand Total 118,101

Mortality across the Forest was low (less than 400 acres/year) for most of the period from 1996-2010, with a
small spike of just over 6000 acres in 2003 (Figure 21, Table 36). A marked increase in mortality occurred in
2011, continuing through 2013, then dropping in 2014 and 2015. A recently released report (USDA Forest
Service 2016b) shows 2016 mortality decreasing for the third straight year.

Local Unit Mortality Acres by Year
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Figure 21. Lincoln NF and local unit mortality by year

Most of the mortality is caused by Ips beetles in Pifion-Juniper Woodlands and Ponderosa Pine Forests (Figure
21). The 2003 spike in mortality mostly occurred in pifion-juniper woodlands by the pifion ips beetle, while later
infestations in the years 2011-2013 were mostly in ponderosa pine forests by the ips engraver beetle. In both
cases, the infestations were preceded by periods of drought (USDA Forest Service 2016a). Localized outbreaks of
beetles will continue to be a part of woodland and forest ecology and should be expected in dense stands,
especially in low elevation sites along ecotones, older stands, and those under stress from other factors, such as
dwarf mistletoe, defoliators or drought. During drought periods, widespread outbreaks of ips and mortality from
other various beetles and borers are probable and not likely to be limited to the most susceptible sites. There is
a substantial amount of pine on these types of sites on the Lincoln NF that could be affected by future
outbreaks.
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Douglas-fir and Fir-engraver beetles were responsible for most of the remaining mortality on the Lincoln in the
years 2011-2014 in mixed conifer and spruce-fir vegetation types, although much fewer acres were affected.
Mortality was preceded by drought conditions, and increased stand densities from fire exclusion and
management activities that included higher ratios of white fir and Douglas-fir than historically probably
increased the potential for infestations (USDA Forest Service 2016a).

Defoliators can cause significant damage, and occasionally mortality in severe cases. In the pifion woodlands and
ponderosa pine forests, defoliation comes from a number of species of insects and fungi and is usually minor,
although a 1945 infestation of needle scale in pifion on Capitan Mountain was notable because of the mortality
it caused (USDA Forest Service 2016a). Defoliation in the mixed conifer is due primarily to western spruce
budworm, Douglas-fir tussock moth and loopers. Extreme defoliation can cause mortality as was observed on
the Lincoln in 2007 and 2008, although that mortality does not show up in our analysis. Looper populations
crashed in 2008, but outbreaks are likely to occur periodically as long as host tree species are present.

Mistletoes, both true and dwarf, are common on the Lincoln NF. Parasitic plants do not cause mortality directly.
In pifion and juniper woodlands, juniper mistletoe, a true mistletoe, can increase host mortality during drought
periods. Pifion dwarf and southern dwarf mistletoes are common, and it is likely that distribution of those is
similar to the late 1800s, although the intensity has likely increased due to increased density of host species. The
Lincoln NF has the highest level of infestation of all forests in the region, hypothesized to be due to the climatic
regime of the Sacramento Mountains and the amount and timing of monsoonal rains. Douglas-fir mistletoe in
the mixed conifer responds similarly to those described above.

Root diseases caused by fungi reduce tree growth and longevity and can create pockets of mortality. They often
appear to proliferate on stressed trees, so their significance increases following drought, which may become
more common with projected climate change (USDA Forest Service 2016a). Root diseases also promote
susceptibility to bark beetle infestations.

White pine blister rust (WPBR) was first detected in the Southwestern Region in 1990 on the Lincoln NF,
although it had probably been here since the 1970s. White pine blister rust is a fungus found primarily in the
mixed conifer forest that affects five needle pines (southwestern white pine in our forest) and has alternate
hosts in Ribes species, and occasionally in some Indian paintbrush and snapdragon species. While the time for
disease development from twig to mainstem is relatively long, mortality is possible in susceptible trees, and
much has been observed on the Lincoln NF. Climatic conditions on the Lincoln favor development of the rust
during the monsoonal storms in the Sacramento and Capitan mountains. Eradication of alternate host species is
considered unfeasible, and maintaining populations of southwestern white pine in the mixed conifer forest will
probably rely on supplemental planting of genetically resistant trees in the future. The Lincoln is not only where
WPBR was first found in the southwest, it apparently also has white pines with either full or partial resistance to
the disease. Work being done by Dr. Waring of Northern Arizona University and others has looked at finding and
cultivating resistant white pine cones, and replanting in areas affected by the disease. Collection has been
occurring since the 1980s, including a 2012 collection by Dr. Waring for the Genetic Conservation Program, with
resistance testing being carried out at a US Forest Service nursery in Cottage Grove, Oregon.

There are other insects and diseases that cause damage and some mortality in forest types on the Lincoln, but
are relatively minor compared to the mortality agents discussed above. They can be reviewed in the complete
Insect and Disease Report in the project record (Ryerson 2016).

Lincoln National Forest Assessment Report—Draft 100



Chapter 4—Terrestrial Vegetation

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

Mortality by Insect by Year

P

DI

A

“m _g I -] .&,,ﬂ,

i

i

1996 1998 2003 2004 2006 2007 2008 2011 2012 2013 2014
M Cedar Bark Beetle # Douglas-fir Beetle B Fir Engraver
% lps Engraver E Pinon Ips B Western Balsam Bark Beetle

B/ Western Pine Beetle

Figure 22. Mortality by insect by year

Table 36. Annual acres experiencing greater than 10 percent tree mortality for ERUs on the Lincoln NF.

i -

2015

Ecological Response Units (ERUs) | 1996 | 1998 2003 2004 | 2006 | 2007 2008 | 2011 2012 | 2013 | 2014
Spruce-Fir Forest 0 0 27 149 309 484
Mixed Conifer w/ Aspen 35 1 126 222 178 2 39 604
Mixed Conifer - Frequent Fire 156 48 6 282 2 168 6,595 | 6,524 | 7,862 | 1,728 | 875 | 24,245
Ponderosa Pine Forest 1,123 | 72 1 4 19 | 6,896 | 11,431 | 24,295 | 4,908 | 391 | 49,139
PJ Evergreen Shrub 119 225 1,267 1,611
PJ Woodland 13 | 4,682 6 3,220 | 7,438 | 18,191 | 2,179 | 118 | 35,849
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Ecological Response Units (ERUs) | 1996 | 1998 2003 2004 | 2006 | 2007 | 2008 | 2011 2012 | 2013 | 2014 2015 Total

PJ Grass 141 1 218 535 13 908
Gambel Oak Shrubland 131 386 461 978
Mountain Mahogany Mixed Shrubland 1 93 51 39 235 222 1,689 218 136 | 2,684
Montane / Subalpine Grassland 39 117 265 487 158 50 1,114
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Ecological Response Unit Summaries

Ecological Response Unit (ERUs) summaries are provided as an interpretation across ecological characteristics
and scales. Interpretation may not be available for some characteristics for a given ERU, or at all scales.
Interpretation will inform an assessment of risk for each ERU of maintaining its ecological integrity or converting
to another vegetation type, and whether or not the risk is due to or regardless of current management activities.
The final paragraph of each ERU summary is a narrative risk assessment of the ecological sustainability of that
ERU on the Lincoln National Forest.

Spruce-Fir Forest (SFF):

General Description

Also known as sub-alpine conifer forests, the Spruce-Fir forest (SFF) ERU ranges in elevation from 9,000 to
10,500 ft. along a variety of gradients including gentle to very steep mountain slopes. Generally, annual
precipitation ranges from 27 to 36 inches, with 50 percent coming between October 1st and March 31st. The
Spruce-fir forest is widespread in the Southwestern region, occurring on the Apache-Sitgreaves, Carson, Cibola,
Coconino, Gila, Kaibab, Lincoln, and Santa Fe National Forests. This ERU is comprised almost entirely of
Engelmann spruce (Picea engelmannii Parry ex Engelm.) and subalpine fir (Abies lasiocarpa (Hook.) Nutt.) and/or
corkbark fir (A. lasiocarpa (Hook.) Nutt. var. arizonica (Merriam) Lemmon) associations. Common understory
species may include but are not limited to red baneberry (Actaea rubra Aiton) Willd.), sprucefir fleabane
(Erigeron eximius Greene), strawberryleaf raspberry (Rubus pedatus Sm.), whortleberry (Vaccinium myrtillus L.),
and twinflower (Linnaea borealis L.). Spruce-fir forests are disturbance forests, with climax seral states being less
common than early seral communities (Peet, 1988). Natural system drivers and stressors in this ERU include
blow-down, insect outbreaks, climate change, and stand replacing fires.

Ecological Characteristics

Spatial Niche

The Lincoln NF contains just over 11,000 acres of SFF, with over 6700 acres in wilderness, with all occurring only
on the Smokey Bear Ranger District. This comprises only 1 percent of the Forest. The Context Area has even less
SFF, with only 0.05 percent in this ERU. Thus, the Lincoln NF has 65 percent of the SFF within the Context Area,
and a substantial contribution to the ecological integrity of the ERU. However, more than 60 percent of SFF on
the Lincoln NF is in wilderness, which not only limits man-made disturbances, but also constrains management
activities.

Seral State Proportion

Total seral state departure is moderate for this ERU for the Context Area, Lincoln NF and all local units, with
similar departure values (43-46%) among all units (Table 37). Departure from reference conditions is primarily
due to over-representation of early seral herbaceous, shrub and small tree states (A, B, C, G) and forested states
dominated by larger trees 10 to 20 inches (D, H), and under-representation of late seral large closed forest
(greater than 20 inches, greater than 30 percent canopy) (Figure 23). The Lincoln NF had 39 percent in combined
early seral states A, B, C, G, compared to 57 percent for the Context Area, and 21 percent for reference.
Overrepresentation of the early seral states likely reflect multiple recent past disturbances such as stand
replacement fires, part of the natural fire regime. The mid seral states D and H make up 60 percent of the ERU,
and are likely from earlier stand replacement events (Dyer and Moffett 1999). Fires can provide opportunity for
resetting succession on the landscape, often by replanting in high severity burned areas. No post fire planting
has occurred in the SFF ERU. Currently there is less than two acres of early seral (graminoid/forb/shrub) in the
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Capitan and White Mountain wildernesses where the Peppin Fire (2004) and Little Bear Fire (2012) burned with
high severity. There are 76 acres in those same areas in trees under 10 inches, although trees larger than 5
inches were probably established before the fires. Seedlings and saplings established since the fires are naturally
regenerated. Outside of the wilderness, there are 7.4 acres early seral in the Little Bear Fire area of the Rio
Hondo local unit, and 32.4 acres of small (less than 10 inches) trees for both the Little Bear and Peppin fires in
Rio Hondo. The Lincoln NF had 61 percent in 10-to-20-inch forest compared to 40 percent for the Context Area,
with a reference condition of 33 percent. The Lincoln NF has virtually no forest in the late seral large closed
forest, and the Context Area only 3 percent, compared to a reference condition of 46 percent. This ERU was not
modelled into the future. However, it is likely that future growth and succession of mid-seral closed forest to
late-seral closed will trend SFF toward reference condition.

Table 37. Spruce-fir forest ERU current and reference seral state proportions, and percent departure from reference condition for
context, plan and local scales. Green = low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Seral State Structure,
Composition and Cover Class i Tularosa
Description Reference Context Lincoln Hondo Macho Valley

EARLY-SERAL: Grass, forb,
sparsely vegetated or recently
burned with very open (< 10%)

woody canopy cover, shrubs
with open (= 10% & < 30%) or
ABCG closed (> 30%) woody canopy 0.21 0.57 0.39 0.38 0.41 0.41
cover, and seedling/sapling (< 5”
dbh/drc), small (> 5” & < 10”
dbh/drc) tree sizes with open (>
10% & < 30%) or closed woody
canopy cover, all storiedness

MID-SERAL: Medium to large size
(> 10” & < 30” dbh/drc) trees, all

D,H . . 0.33 0.40 0.61 0.62 0.59 0.59
storiedness with open or closed
woody canopy cover
LATE SERAL: Very large size (>
E,F 30" dbh/drc) trees, single or 0.46 003 | 000 | 000 | 0.00 0.00

multi-storied with closed woody
canopy cover
LATE SERAL: Very large size
trees, single or multi-storied with
1] open woody canopy cover 0.00 0.00 0.00 0.00 0.00 0.00
(occurs on contemporary
landscapes only...)

Departure 43% 46% 46% 46% 46%
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Figure 23. Seral state percentages for Spruce-Fir Forest ERU at the plan scale. DC is desired condition, RC is reference condition,

Current is current condition.

Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-ll) for the Plan Area, and as a single class for local units (See Fire Frequency, Severity

and Condition Class section). FRCC was not calculated for the Context Area.

The SFF ERU fire regime historically consists of stand replacement fires with long fire return intervals (Fire
Regime V) or less often, mixed severity fires with fire return intervals of 35-200 years (Fire Regime lll). Fire
regime (FRCC) for this ERU was 100 percent in the moderately departed condition class (Table 38). Fire rotation
is highly departed (81 percent) with three local units having much shorter fire return interval compared to the
reference of 156 years, and one with a longer fire return interval than reference (Table 39). Recent fires in the
twenty years that data is available may mask longer fire free periods, and resulting departure may be
overstated, with fire return intervals much shorter than reference an artifact of the limited data. Fire severity is
moderately departed (37 percent), with all local units having less severity than reference (58 percent).

Table 38. Fire interval (years), severity (% mortality) and condition class (FRCC) at the plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Fire Rotation

Fire Regime Condition Class
| |

interval ref int

severity

Fire Severity
ref sev | departure

28.9

155.56 - 37%

58% 37%

Table 39. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from

reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).
RR ‘ SR TVN TVS UPN UPS

Local Unit | AC|BR BC DC RP PW RD | RB

Fire Interval

Fire Severity

FRCC Il Il Il Il
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Coarse Woody Debris and Snags

Table 40. Local Unit departure for coarse woody debris (CWD) and snags. CWD is measured in tons per acre while snag density
represents individuals per acre. Colors represent departure from reference condition: Green= low (0-33%), Orange=moderate (34-
66%), Red=high (67-100%). Trend shows whether current values of CWD and snags are greater or lesser than reference condition, and
by how much. Red parenthetical trend values mean Lincoln NF's current values are less than reference condition, while black trend
values are greater than reference condition. Blank cells mean data was unavailable for those local units.

Coarse Woody Debris (tons per acre)

LNF Plan Arroyo

Area Del Rio Rio Salt Tularosa Upper
Macho Hondo Pefiasco Basin Valley Pecos
Departure 31% 31%
Reference | 36.00 36.00
Current 24.80 24.80
Trend (11.20) (11.20)
Snags per acre, 8-18 inches DBH
Local A'B:\IIO Rio Rio Salt Basin Tularosa Upper
Unit Macho Hondo Pefiasco Valley Pecos
Departure 19% 19%
Reference | 25.00 25.00
Current 31.00 31.00
Trend 6.00 6.00
Snags per acre, greater than 18 inches DBH
Local A'B:\IIO Rio Rio Salt Basin Tularosa Upper
Unit Macho Hondo Pefiasco Valley Pecos
Reference 9.00 9.00
Current 3.00 3.00
Trend (6.00) (6.00)

Coarse woody debris and snags were analyzed at the Plan Area and local unit scales only. Departure for coarse
woody debris (CWD) and snags are shown in Table 40. Data was only collected for one local unit for this ERU,
although it occurs in three. CWD and snags 8 to 18 inches both showed low departure (31 percent and 19
percent, respectively) while snags greater than 18 inches were highly departed (67 percent)(Table 40). This
conforms to seral state departure where spruce-fir forest on the Lincoln NF has no acreage mapped in the very
large (greater than 20 inches) states. It is likely with time, and barring catastrophic disturbance, that departure
will be reduced as snags in the over abundant 8-18 inch size class fall creating more CWD, causing both
characteristics to trend toward reference. Larger snags may take more time to recruit as it will take time to grow
the medium size seral states to larger trees.

Ecological Status and Ground Cover

No data was available for ecological status or ground cover departure analysis. Dominant potential vegetation of
TEUI map unit components in the late 1980s show measurable cover for overstory tree species only, with all
other shrub and herbaceous species being expected at trace values. There may be some departure from that
with the larger proportion of early seral states possibly having more forb and shrub cover. There may be some
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additional departure from potential in relative percentages of overstory trees, as mid-seral stands may have
more Douglas-fir, aspen or white fir, compared to late seral stands with relatively more spruce or subalpine fir.
Understory species composition is not expected to vary much in species presence or abundance from potential.

Table 41. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). For woodland and forest system reference conditions are
based on interpolation, fire regime inferences, and the range of available literature values.

Ecological Ground | N | REFERENCE (acres) | CURRENT DEPARTURE
TREND
Status = Cover (acres) (%)

. Smaller

Patch Size

Patch size was only analyzed at the Patch size was moderately departed at 63 percent, with mean patch size of
73 acres, compared to a reference range of 200-1,000 acres (Table 41). This may be related to the large
proportion of SFF in early seral states, recent large disturbances (fire) and how the different seral states are
distributed on the landscape. Fire severity has been less than historically, which may create a mosaic of
mortality rather than large areas of stand replacement.

Insect and Disease

Total insect and disease mortality over 20 years was 484 acres, with an average annual mortality of 24 acres.
However, most of that mortality was in the period from 2013 (27 acres) to 2015 (over 300 acres). More recently
mortality has been reduced, although 200 acres of spruce beetle activity was noted in 2017.

Summary

Departure is moderate for seral state, fire severity, FRCC (derived from seral state, fire frequency, and fire
severity), and patch size (Table 21), and low for CWD and smaller snags, while large snags are highly departed
(Table 40). Seral state, FRCC and large snag departure may be reduced in the future with growth, succession, and
absence of large disturbance. Generally, management is limited to recreation and fire management in this ERU,
and much of this type is in designated wilderness. Grazing is generally limited to vegetation types at lower
elevations. Thinning treatments have primarily been limited to safety concerns in recreational areas. Thus,
management is only lightly implicated in the future of this type, primarily from fire suppression. However,
climate change may put the spruce-fir ERU at risk of type conversion. The spruce-fir forest type currently is at
moderate risk of losing ecological sustainability, but in the future is probably at high risk of losing ecological
sustainability, for reasons that are beyond the Lincoln NF’s ability to control.

Mixed Conifer w/Aspen Forest (MCW):

General Description

The Mixed conifer with aspen, or wet mixed conifer (MCW) ERU hosts a variety of dominant and co-dominant
species spanning mesic environments in the Rocky Mountain and Madrean Provinces. Wet mixed conifer forests
range in elevation from approximately 9,000 to 10,500 feet along a variety of gradients including gentle to very
steep mountain slopes, situated between ponderosa pine and dry mixed conifer forests below and Spruce-Fir
Forest ERU above. Generally, annual precipitation ranges from 23 to 32 inches, with 50 percent coming between
October 1% and March 31%. Dominant and co-dominant vegetation varies in elevation and moisture availability.
Ponderosa pine occurs incidentally or is absent, while Douglas-fir, southwestern white pine, white fir, and
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Colorado blue spruce occur as dominant and or codominant conifer species. Other species that may be present
in sub-dominant proportions include limber pine (Pinus flexilis James). Understory vegetation is comprised of a
wide variety of shrubs, graminoids, and forbs depending on soil type, aspect, elevation, disturbance history, and
other factors. Historically this ERU had over 10 percent tree canopy cover, with the exception of early, post-fire
plant communities. At the moment, two subclasses exist for this ERU, with and without elk, differentiated by the
presence of a quaking aspen (Populus tremuloides Michx.) state in the case of the latter ecosystem. The current
situation on the Lincoln NF is with elk. Elk impacts are considered because according to (Bailey and Whitham,
2002; Rolf, 2001), if elk are present, they may browse aspen until it does not produce ramets within 2 to 5 years.

Aspen stands are a component of the Mixed Conifer with Aspen ERU. This component is dominated by quaking
aspen and may or may not have a significant conifer component, depending upon successional status. The
understory structure may have shrubs and an herbaceous layer, or just an herbaceous layer. Common shrubs
include oceanspray (Holodiscus dumosus (Nutt. ex Hook.) A. Heller), thimbleberry (Rubus parviflorus Nutt.),
fivepetal cliffoush (Jamesia americana Torr. & A. Gray), and mountain ninebark (Physocarpus monogynus (Torr.)
J.M. Coult.). The herbaceous layer may be dense or sparse, dominated by graminoids or forbs. Some of the
species typically found associated with aspen include Nevada peavine (Lathyrus lanszwertii Kellogg var.
leucanthus (Rydb.) Dorn), Fendler’s meadow-rue (Thalictrum fendleri Engelm. ex A. Gray), elkweed (Frasera
speciose Douglas ex Griseb.), common yarrow (Achillea millefolium L.), Canadian white violet (Viola canadensis
L.), Indian paintbrush (Castilleja spp. Mutis ex L. f.), and several grasses and sedges (Poa spp. L. and sedges).
Distribution of aspen within this ERU is limited by several factors including adequate soil moisture required to
meet its high evapotranspiration demand, the length of the growing season or low temperatures, and major
disturbances that clear areas of vegetation and stimulate root sprouting and colonization.

Ecological Characteristics

Spatial Niche

Wet Mixed Conifer makes up 3.3 percent of the Lincoln NF at 35,568 acres, and only 0.23 percent of the Context
Area. The Lincoln NF contains 46 percent of the MCW in the Context Area, which implies a substantial
contribution to the ecological integrity of the ERU. MCW is located entirely on the Sacramento Ranger District,
and nearly entirely on the Rio Pefiasco local unit.

Seral State Proportion

Seral or structural state departure from reference conditions is moderate for the Lincoln NF, Context Area, and
all local units (Table 42 and Figure 24). The Context Area is least departed (45 percent) while the Salt Basin is
most departed (63 percent). For all units, departure arises in part from an over-representation of early to mid-
seral tree dominated sites in under 20-inch size classes (states C, D, G, H), and under-representation of very
large, closed late-seral forest (greater than 20 inches, greater than 30 percent canopy, states E, F; Table 42,
Figure 24). This may be attributable to logging in the early to mid-20th century. Clearcutting in that period would
lead to current stands in the 60-110 age range. Many of those stands can grow to late-successional states in the
absence of disturbance. Departure also is attributable to the Lincoln NF lacking in the mixed deciduous/aspen
state B. The Lincoln NF only has 18 percent of this ERU in state B, while reference conditions call for 21 percent.
Aspen is an early to mid-successional species, and successful regeneration of aspen stands may reduce
departure in the future. This is illustrated to a small degree in Table 21, where the Tularosa local unit has slightly
more aspen and less of the early-mid seral conifer states compared to the other local units, and the Lincoln NF in
general. However, aspen is not considered to be reproducing successfully on the Sacramento Ranger District due
to excessive foraging by elk (personal communications, Jack Williams, Rhonda Stewart, Lincoln NF wildlife
biologists, 2016). However, fire suppression may also play a role in that few stand replacement fires have
occurred to provide opportunities for aspen regeneration. No post-fire planting has occurred in this ERU,

Lincoln National Forest Assessment Report—Draft 108



Chapter 4—Terrestrial Vegetation

although 582 acres of seedlings, saplings and small trees under 10 inches diameter are growing where the Scott
Able fire (2000) burned in the Rio Pefasco local unit. Trees larger than 5 inches diameter were probably
established before the fire; trees established since the fire were naturally regenerated. Modelling management
activities, wildfire, insect and disease mortality and other disturbances, and natural succession out 10, 100 and
1,000 years show the aspen state B dropping to 13 percent after 10 years, and to only 1 percent after 100 years.
There is a very slight decrease in overall departure (Figure 24); an increase in very large closed forest toward
reference conditions comes at the expense of a decrease in state B, a mixed deciduous/aspen state.
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Table 42. Mixed Conifer with Aspen ERU current and reference seral state proportions, and percent departure from reference condition for context, plan and local scales.
Green = low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Seral State Seral State Structure, Composition and Cover Class Rio Salt Tularosa
Description Reference Context Lincoln Pefiasco Basin Valley
EARLY-SERAL: Grass, forb, sparsely vegetated or
A recently burned with very open (< 10%) woody canopy 0.01 0.05 0.00 0.00 0.01 0.00
cover, and shrubs with open (= 10% & < 30%) or closed
(= 30%) woody canopy cover
B EARLY TO LA'I"E SERAL: Aspen/mixed deciduous trees of 021 0.22 0.18 0.19 0.08 0.27
all sizes with open or closed woody canopy cover
EARLY TO MID-SERAL: Seedling/sapling (< 5” dbh/drc),
small (> 5” & < 10” dbh/drc), medium (= 10” & < 20”
G D,G,H dbh/drc) and large (= 20” & < 30” dbh/drc) tree sizes, 0.29 0.69 0.81 0.80 0.91 0.72
all storiedness with open or closed woody canopy
cover
EF LATE-SEBAL: Very'large size (= 30” dbh/drc) trees, all 0.49 0.04 0.01 0.01 0.00 0.00
storiedness with closed woody canopy cover
LATE-SERAL: Very large size trees, all storiedness with
l,J open woody canopy cover (occurs on contemporary 0.00 0.00 0.00 0.00 0.00 0.00
landscapes only...)
Departure 45% 52% 51% 63% 50%
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Figure 24. Seral state percentages for Mixed Conifer with Aspen Forest at the plan scale modelled out to 1,000 years. DC is desired
condition, RC is reference condition, Current is current condition, Base 10, 100 and 1,000 are modelled outcomes at 10, 100 and 1,000
years.

Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-Ill) for the Plan Area, and as a single class for local units. FRCC was not calculated for
the Context Area.

The MCW ERU is associated with Fire Regimes Il (mixed severity with 35 to 200 year mean fire return interval)
and V (stand replacing fires with greater than 200 year fire return interval). Fire regime (FRCC) for the Plan Area
shows the MCW ERU as 85 percent in moderately departed condition class, and 15 percent highly departed.
(Table 43). The Agua Chiquita and Rio Pefiasco local units were both moderately departed in condition class I,
while the Sacramento River unit is highly departed. Fire rotation is highly departed at the plan scale (76
percent), with longer rotations than the reference of 120 years. In this moist conifer type, fire rotation interval
was highly departed and longer for the Lincoln NF (501 years), and the Rio Pefiasco and Sacramento local units
than the 120 year reference period, while the Agua Chiquita local unit was moderately departed with a 70 year
fire rotation interval (Table 43 and Table 44). Fire frequency departure for the infrequent stand replacing or
mixed severity fire regimes (lll, IV) may not be accurate as the data used to calculate frequency reflects only the
last 20 years, and fire history since Euro-American expansion and settlement (approximately 1880), which are
both much less than the top of the rotation period range of 200 years for Regime Ill and IV. Fire severity is the
mean value of canopy mortality per acre burned per year over the 20-year period covered by the data. MCW
typically had years of small, creeping fires, or larger areas of mixed severity fire, with occasional infrequent large
stand replacing (high severity) fires. Fire severity shows low departure for the Plan Area (Table 43) with a mean
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severity of 59 percent compared to a reference of 65 percent. The Agua Chiquita local unit had low departure
with mean severity of 60 percent, Rio Peiflasco was moderately departed with mean severity of 33 percent, and
the Sacramento River unit was highly departed with mean severity of 18 percent. Fire severity has probably
been reduced due to fire suppression reducing the size and number of medium size mixed severity and small
low severity fires.

Table 43. Fire interval (years), severity (% mortality) and condition class (FRCC) at the plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Fire Rotation

Fire Regime Condition Class Fire Severity

0%

interval

ref int

500.9

120.00

severity

ref sev

departure

59%

65%

9%

Table 44. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Local Unit AC PW RD RB RR SR TVN TVS UPN UPS
Fire Interval 70

BR BC DC RP

Fire Severity
FRCC Il Il

Coarse Woody Debris and Snags

Coarse woody debris (CWD) and snags data is not available for the Context Area. Data is available for the Lincoln
NF Plan Area and the three local units where MCW occurs. CWD showed low departure at the Plan scale with
current tons per acre approximately 70 percent of reference condition (Table 45). At the local unit scale, Rio
Pefiasco had low departure from reference, while Salt Basin and Tularosa Valley units were moderately
departed. In all cases, current CWD is less than reference. Snags in the 8-18 inch size class was moderately
departed at the Plan scale with about 50 percent more snags/acre than reference, and snags in the larger than
18 inch size class was highly departed with more than three times the snags/acre than reference. At the local
scale, Rio Penasco had low departure for snags 8-18 inches while Salt Basin and Tularosa Valley were moderately
departed. Rio Pefiasco and Tularosa Valley were moderately departed for snags larger than 18 inch while Salt
Basin was highly departed. Eventually, falling of snags may help reduce departure in all three measures. The ERU
in general is moderately departed for structural state, with acres in the medium closed structural state (canopy
greater than 30 percent, dominant size class of trees 10 to 20 inches diameter) more than twice the reference
acres for all seedling/sapling, small and medium size tree structural states combined. That departure implies
future recruitment into both snag size classes, and continued departure from reference for snags. Fire is
generally less a player in this ERU, although suppression and lack of management may lead to conditions
promoting stand replacing fire. Other factors that may be contributing to the higher departure of snags include
insects and disease and drought induced mortality.

Table 45. Plan Area and Local Unit departure for coarse woody debris (CWD) and snags. CWD is measured in tons per acre while snag
density represents individuals per acre. Colors represent departure from reference condition: Green= low (0-33%), Orange=moderate
(34-66%), Red=high (67-100%). Trend shows whether current values of CWD and snags are greater or lesser than reference condition,
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and by how much. Red parenthetical trend values mean Lincoln NF's current values are less than reference condition, while black
trend values are greater than reference condition. Blank cells mean data was unavailable for those local units.

MCW Coarse Woody Debris (tons per acre)
Arroyo . .
ocalunit | wa DR e e
Macho
Departure 27% 18% 57% 48%
Reference 26.33 26.33 26.33 26.33
Current 19.3 21.65 11.21 13.63
Trend (7.0) (4.68) | (15.12) | (12.70)
Snags per acre, 8-18 inches DBH
Arroyo . .
Local Unit ool |30 | e | sakaaan | o | oo
Macho
Departure 34% 25% 12% 3%
Reference 14.00 14.00 14.00 14.00
Current 21.1 19.79 23.20 25.64
Trend 7.1 (6.54) (3.13) 11.64
Snags per acre, greater than 18 inches DBH
Arroyo . .
Local Unit ol |0 | ol | sasasn | T | v
Macho
Departure ﬁ 60% ﬁ 65%
Reference 4.00 4.00 4.00 4.00
Current 12.3 10.07 23.38 11.58
Trend 8.3 6.07 19.38 7.58

Ecological Status and Ground Cover

No data was available for ecological status or ground cover departure analysis at the context, plan or local
scales. In general, current composition of overstory tree species is probably departed from potential as
described in the TEUI map units due to relative cover proportion differences among species in different seral
states and not to a loss of species. Itis likely that aspen and spruce are under-represented as species, while seral
Douglas-fir is abundant. Understory shrub and herbaceous species are probably somewhat departed although
departure is measured as difference from potential as described in the TEUI, not an historical species cover
range. This is particularly important for this ERU, as the TEUI includes potential for Kentucky bluegrass, a
naturalized but non-native grass that is common and is often the dominant grass in the understory.

Table 46. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). ** -For woodland and forest system reference conditions
are based on interpolation, fire regime inferences, and the range of available literature values.

Ecological ' Ground
Status

Patch Size

n/a n/a

REFERENCE (acres) | CURRENT
(acres)

100

400

120

DEPARTURE

TREND (%)

Similar 0%
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Patch Size
Patch size showed little or no departure from reference (Table 46).

Insect and Disease

Total insect and disease mortality over 20 years was 604 acres, with an annual average of 30 acres per year.
Most of that mortality was recorded between 2011 and 2013, with substantial reductions since then, although
over 200 acres of mortality attributable to spruce beetle may have affected some of this ERU.

Summary

The moist mixed conifer ERU (MCW) is moderately departed for seral state and fire regime, although fire
frequency is highly departed, likely a result of fire suppression. Modeling of current management and
disturbance regimes 10 and 100 years into the future doesn’t alter departure much, but it is notable that a
desired component of the ecosystem, the aspen state B, declines with increasing open and closed canopy forest
of very large trees (greater than 20 inch trees) (Figure 24). While decline is generally considered due to elk
predation, fire suppression may also play a causal role in reducing the stand-replacing opportunities for aspen
regeneration. The current overabundance of trees in the 0-20 inch classes continues through the modeling
period. Deficiencies in CWD will eventually be replaced by recruitment by excess in large snags and recruitment
from mortality in medium trees, and future recruitment to large snags as medium sized stands get older and
larger. Under current management and in the absence of potential climate change effects, this ERU is
considered to be at moderate risk to ecological sustainability, perhaps due equally to management and natural
factors beyond Forest control. Future ecosystem integrity may be maintained or improved through Forest
mitigation and management. Intensive management could provide openings for aspen regeneration but would
likely require protection from elk foraging. Protections for wildlife that restricted management activities in the
past have provided more flexibility for future management with recent changes to the Mexican Spotted Owl
Recovery Plan (2012). Resource protection measures such as limiting management due to soil erosion concerns
may be less restrictive with technological advances allowing ground based mechanical treatments on steep
slopes. Climate change modeling, however, places 96 percent of the moist mixed conifer in the high and very
high vulnerability category by the end of the century for vegetation type conversion as predicted conditions
become warmer and drier. Considering the climate change effects, the risk to the integrity of this ecosystem
would be high, and due to factors uncontrolled by management.

Mixed Conifer/ Frequent Fire Forest (MCD):

General Description

The Mixed conifer/frequent fire (MCD) ERU spans a variety of semi-mesic environments in the Rocky Mountain
and Madrean Provinces. Generally, annual precipitation ranges from 16 to 32 inches, with 45-55 percent coming
between October 1°t and March 31%. In the Southwestern US, mixed conifer forests may be found at elevations
between 6,000 and 10,000 ft., situated between ponderosa pine, pine-oak, or pifion-juniper woodlands below
and spruce-fir forests above. Typically these types were dominated by ponderosa pine in an open forest
structure (< 30 percent tree canopy cover), with minor occurrence of aspen (Populus tremuloides Michx.), Rocky
Mountain Douglas-fir, white fir (Abies concolor (Gord. & Glend. Lindl. ex Hildebr.), and southwestern white pine
(Pinus strobiformis Engelm.). On contemporary landscapes, more shade tolerant conifers, such as Douglas-fir,
white fir ((Gord. & Glend.) Lindl. ex Hildebr.), and blue spruce (Picea pungens Engelm.), tend to increase in cover
in late succession, contrary to conditions under the characteristic fire regime. However, historically, these
species could have achieved dominance in localized settings where aspect, soils, and other factors limited the
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spread of surface fire. Currently, much of this type is dominated by closed structure (greater than 30 percent
tree canopy cover) and climax species as a result of fire suppression.

Ecological Characteristics

Spatial Niche

The MCD ERU at 163,674 acres makes up nearly 15 percent of the Lincoln NF, compared to just under 1 percent
for the Context Area (328,640 acres). All six local units (and three Ranger Districts) have some MCD. Most occurs
on the Sacramento RD (nearly 115,000 acres) in the Rio Pefiasco, Salt Basin and Tularosa local units, while just
over 36,000 acres occurs in the Rio Hondo, Arroyo del Macho and Tularosa units of the Smokey Bear RD. Of
those 36,000 acres, 27,000 are located in wilderness. Only 1,700 acres of MCD occurs in the Upper Pecos unit of
the Guadalupe RD at the extreme south of the district. The Lincoln NF contains nearly 50 percent of the MCD
occurring in the Context Area, so has a large contribution to the ecological sustainability of the ERU.

Seral State Proportion

Seral state departure for the Lincoln NF is moderate at 62 percent, and also moderate for four of the six local
units in which it occurs (59-66 percent) (Table 47 and Figure 25). The Context Area is highly departed at 69
percent as is the Rio Pefiasco local unit at 68 percent, just over the threshold, while the Upper Pecos local unit is
highly departed at 91 percent. Seral state proportions are similar among the context, plan and most local units
(Table 47), although the Arroyo del Macho local unit (in Smokey Bear RD) has relatively more area in mid to late-
seral open, single story forest, and less area in late seral large closed forest. Current conditions differ from
reference primarily in the late seral large tree dominated size classes, with closed canopy currently about 60
percent compared to a reference condition of 5 percent, and open multi-storied canopy only 2 percent currently
compared to a reference condition of 60 percent. Early seral states were similar to reference conditions for the
Plan Area and all local units, but underrepresented in the Context Area. Recent fires have left approximately 130
acres of graminoid/forb/shrub state A and 2030 acres of seedlings and saplings less than five inches in the Rio
Pefiasco local unit, mostly from the Pefiasco (2002) and Scott Able (2000) fires. Trees were naturally
regenerated. No post fire planting was done. An additional 1212 acres of seedling/sapling sized trees are
growing in high severity scars of unnamed fires in the Salt Basin local unit, also naturally regenerated.
Management activities, wildfire, insect and disease mortality and other disturbances, and natural succession
were modelled out for the Lincoln NF for 10, 100, and 1,000 years. Early seral herbaceous states A, B, F, N
combined and closed canopy small tree state G increased through 100 years with little additional change
through 1,000 years, while desired states J, K increased through all age intervals from 2 to 9 percent, although
far below reference conditions of 60 percent. Early seral states are currently near reference condition, but more
than double when modelled out 10 years. A history of wildfire, insect infestations and past management
practices of clearcutting contributed to current departure, while management requirements for wildlife habitat,
and fire suppression, keep the ERU in departure. Recent wildfire effects and insect mortality contribute to the
current high percentage in the early seral state. With time, under current management, it may be expected that
some mid/late seral large sized closed forest.
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Table 47. Mixed Conifer with Frequent Fire ERU current and reference seral state proportions, and percent departure from reference condition for context, plan and local
scales. Green = low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Arroyo
Seral State Structure, Composition Del Rio Rio Salt | Tularosa Upper
and Cover Class Description Reference Context Lincoln Macho Hondo Pefiasco | Basin Valley Pecos

EARLY-SERAL: Grass, forb, sparsely
vegetated or recently burned with
very open (< 10%) woody canopy
A,B,F,N | cover, and shrubs, seedling/sapling 0.20 0.12 0.19 0.17 0.21 0.18 0.20 0.18 0.40
size (< 5” dbh/drc) trees with open
(2 10% & < 30%) or closed (= 30%)
woody canopy cover
MID-SERAL: Small size (> 5” & < 10”
C dbh/drc) trees with open canopy 0.10 0.05 0.09 0.32 0.12 0.06 0.07 0.06 0.45
cover

LATE-SERAL: Medium to very large
size (= 10” dbh/drc) trees, single
storied with open canopy cover

(occurs on contemporary
landscapes, historically

rare/localized)
MID-SERAL: Small size trees with

G 0.05 0.14 0.03 0.06 0.06 0.01 0.02 0.03 0.48
closed canopy cover

LATE-SERAL: Medium to very large
size trees, single or uneven-aged

D, E 0.00 0.06 0.06 0.22 0.08 0.04 0.04 0.05 0.02

H 1, L M . . . 0.05 0.59 0.62 0.21 0.52 0.69 0.65 0.66 0.00
(multi-storied) with closed canopy
cover
LATE-SERAL: Medium to very large
J, K size trees, uneven-aged (multi- 0.60 0.03 0.02 0.02 0.01 0.02 0.01 0.02 0.00

storied) with open canopy cover

Departure I 2% | 61% | so% [N 64% | 6% | Mo
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Figure 25. Seral state percentages for Mixed Conifer/Frequent Fire Forest ERU at the plan scale modelled out to 1,000 years. DC is
desired condition, RC is reference condition, Current is current condition, Base 10, 100 and 1000 are modelled outcomes at 10, 100 and
1,000 years.

Fire Regime and Condition Class

Fire regime (I-V) is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-1ll) for the Plan Area, and as a single class for local units. FRCC was not calculated for
the Context Area.

The MCD ERU is primarily classified as Fire Regime |, with non-lethal fires occurring frequently (0-35 year mean
fire interval), or less often as Fire Regime Ill, with a 35-200 year fire interval of mixed severity. Fire regime (FRCC)
shows 31 percent of the ERU moderately departed and 69 percent highly departed from reference (Table 48).
Locally, six units are moderately departed (FRCC Il) and four units are highly departed (FRCC Ill). The local units
in condition class 1l (AC, BR, RP and SR) are also highly departed for fire rotation (Table 49, see Fire Regime
section for acronym names). Fire rotation at the plan scale is highly departed at 74 percent, with a mean interval
of 86 years compared to reference of 22 years, while fire severity at the plan scale is moderately departed at 41
percent, with a severity of 31 percent, compared to reference of 18 percent. Increased severity concurrent with
increased rotation intervals reflect years of fire suppression. Other factors that increase severity are overstocked
conditions in the larger size classes that increase the risk of crown mortality. Dominant species in overstocked
conditions often have shifted from shade intolerant fire resistant species such as ponderosa pine and Douglas-fir
to less fire resistant shade tolerant species such as white fir. Overstocking is the result of fire suppression,
management direction arising from conservation needs of wildlife species, as well as economic, infrastructure,
and capacity constraints. The 2012 recovery plan for the Mexican spotted owl may be less restrictive of timber
management practices in the future, which coupled with technological advances in mechanical ground-based
harvest could counter those constraints and foster restorative treatments. This would help reduce seral state
departure, and perhaps reduce potential fire severity as well, which would reduce FRCC departure. However,
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climate change is expected to bring warmer, drier conditions to the southwest (see the Stressors and Drivers
chapter for more detail); if so, MCD is likely to experience more drought stress and longer fires seasons, which
may increase fire severity and frequency.

Table 48. Fire interval (years), severity (% mortality) and condition class (FRCC) at the plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Fire Regime Condition Class Fire Rotation

Fire Severity
severity | refsev | departure
31% 18% 41%

interval ref int
85.9 22.24

0.0% 30.5%

Table 49. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Local Unit AC BD BR SR

Fire Interval -
40% | | 13%
|

TVN TVS UPN UPS

23%
Il

Fire Severity

Coarse Woody Debris and Snags

Departure for coarse woody debris (CWD) and snags are shown in Table 50. No data is available for the context
scale. Data was available for all local units where MCD occurs. Coarse woody debris (CWD), snags 8 to 18 inches
and snags greater than 18 inches are all highly departed from reference at the Plan scale at 80 percent, 81
percent and 80 percent, respectively (Table 50). For all three measures at the plan scale, there is more currently
than in reference condition. Currently, MCD contains about 57 tons per acre (TPA) of coarse woody debris
compared to reference condition of 11.3 TPA. At the local scale, departure was low for the Arroyo del Macho
and Rio Pefiasco units, the Rio Hondo and Tularosa Valley units were moderately departed, while the Salt Basin
and Upper Pecos units were highly departed. In the 8 to 18 inch snag size class, there are more than 47 snags
per acre at the plan scale compared to nine per acre in reference condition for a departure of 81 percent. The
Arroyo del Macho, Rio Pefiasco, Tularosa Valley and Upper Pecos local units are moderately departed for the 8-
18 inch snag class, while Rio Hondo and Salt Basin are highly departed. In the larger than 18 inch snag size class,
current condition is about 20 snags per acre compared to 4 snags per acre in reference. Departure is low for the
larger than 18 inch snag class in the Arroyo del Macho and Tularosa Valley units, moderate in the Rio Hondo and
Rio Pefasco units, and highly departed in the Salt Basin and Upper Pecos units. These higher than reference
values reflect mortality and retention of dead trees/CWD due to ongoing insect mortality, recent large fires and
overstocking. Falling snags, in the absence of further recruitment by fire or insects and disease, will continue to
provide CWD into the future, and reduce the number of snags per acre in both size classes. . At the local scale,
departure was low for the Arroyo del Macho, Rio Pefiasco and Upper Pecos units, Rio Hondo and Tularosa Valley
were moderately departed, while the Salt Basin unit was highly departed. However, fire and insect/disease
mortality are highly likely at some point in the future and will continue to recruit new snags.

Table 50. Local Unit departure for coarse woody debris (CWD) and snags. CWD is measured in tons per acre while snag density
represents individuals per acre. Colors represent departure from reference condition: Green= low (0-33%), Orange=moderate (34-
66%), Red=high (67-100%). Trend shows whether current values of CWD and snags are greater or lesser than reference condition, and

Lincoln National Forest Assessment Report—Draft 118



Chapter 4—Terrestrial Vegetation

by how much. Red parenthetical trend values mean Lincoln NF's current values are less than reference condition, while black trend
values are greater than reference condition. Blank cells mean data was unavailable for those local units.

MCD Coarse Woody Debris (tons per acre)
L | Uni LNF Plan Arroyo Del Rio Rio Salt Tularosa
ocal Unit Area Macho Hondo Pefiasco Basin Valley
Departure 51% 22%
Reference 11.33 11.33 11.33 11.33 11.33 11.33 11.33
Current 57.0 16.84 23.18 14.57 65.12 4.53 1.88
Trend 45.6 5.51 11.85 3.24 53.79 (6.80) (9.45)

Snags per acre, 8-18 inches DBH

Arroyo Del Rio Rio Tularosa

Local Unit Macho Hondo Pefiasco salt Basin Valley Upper Pecos
Departure | a% | 35% | 41%
Reference 9.00 9.00 9.00 9.00 9.00 9.00 9.00
Current 47.2 15.63 28.27 23.14 29.72 5.85 5.35
Trend 38.2 6.63 19.27 | 14.14 | 20.72 | (3.15) (3.65)
Snags per acre, greater than 18 inches DBH
. Arroyo Del Rio Rio . Tularosa

Local Unit Macho Hondo Pefiasco salt Basin Valley Upper Pecos
Departure ﬁ 32% 34% 54%

Reference 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Current 19.7 5.85 2.62 8.76 25.78 5.73 0.79
Trend 15.7 1.85 (1.38) 4.76 21.78 1.73 (3.21)

Ecological Status and Ground Cover

Ecological status and ground cover were only analyzed at the plan scale. Ecological status is highly departed at
76 percent, primarily due to differences in tree and shrub cover between current and reference conditions
(Table 51). In the MCD, conifers are less abundant in current condition (ranging from 6-68 percent in TEUl map
units making up the ERU) than in reference (67-70 percent), while oak and locust (10-85 percent, current; 10
percent reference) are relatively more abundant. As mentioned above in the FRCC discussion, the shift from
open mid to late seral to overstocked closed canopy forest also implies a shift from shade intolerant ponderosa
pine and Douglas-fir to the more shade tolerant white fir, particularly in understory regeneration. Under current
management including constraints mentioned above and for other forest types as well as fire suppression, that
trend is likely to continue. Mixed conifer was only moderately departed (39 percent) for ground cover but the
measure doesn’t tell whether there is currently more or less ground cover than in reference condition. It is likely
that under conditions where mortality from fire or insect and disease is predominant, that ground cover
departure comes from more litter than in reference conditions, and in overstocked dense stands, departure is
due to less basal vegetation and litter under dense canopies.
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Table 51. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). ** -For woodland and forest system reference conditions
are based on interpolation, fire regime inferences, and the range of available literature values.

Ecological ' Ground
Status = Cover

REFERENCE (acres) | CURRENT TREND DEPARTURE
(acres) (%)

[}
B
(%]
=

(o)
e

[Q)
Q.

Patch Size

Patch size was calculated for the Plan Area only. Patch size is moderately departed (52 percent). Currently,
average patch size is 104 acres, compared to a reference range of 0.02- 50 acres (Table 51). Larger patch sizes
can be the result of past management that makes groups of stands more structurally homogenous, such as
clearcutting. The larger patch sizes currently may also reflect fire effects from fire suppression causing larger
fires with increased severity over more of the mixed conifer landscape, also making larger areas structurally
more homogeneous. Future management may continue to promote fire suppression because of social and
economic concerns, resulting in continued departure for patch size. Departure may also be an artifact of desired
silviculture treatments constrained by wildlife habitat requirements, or soil erosion concerns. New recovery
plans for the Mexican spotted owl, as well as technological improvements in logging practices may provide
flexibility to improve structural proportion and distribution, including patch size. Current and near future
management using the regionally consistent Desired Conditions guidance and thoughtful use of fire, may
mitigate structural departure in the absence of extreme disturbance (such as fire or insect mortality). Patch size
is expected to remain departed in the short term. Effective management can push patch size toward reference
conditions; extreme disturbance can increase departure in patch size.

Insect and Disease

Total insect and disease mortality for 20 year data is 33,767 acres, with an average annual mortality of 1688
acres for all disease agents. The period from 2011 through 2014 showed the most mortality, with reduced acres
since then. Defoliation is also down from past years. While insects and disease have always been present to
some extent, data show a trend for more synchronous and widespread outbreaks (see Insect and Disease
section). This suggests that fire suppression and past logging practices that have led to denser, spatially
contiguous stands have contributed to increased area and intensity of infestation. Under current management,
insects and disease will continue to have a presence in the mixed conifer forests with occasional widespread
outbreaks.

Summary

The MCD ERU is mostly departed for all ecological characteristics. Seral state is moderately departed, but near
the threshold of high departure, and as modeled under current management and disturbance regimes,
departure changes little over one hundred years although there is some increase in the large and very large
open canopied stands with a decrease in those same sized closed canopied stands. Small sized closed canopy
stands and herbaceous and shrub states also increase with time. Fire regime is highly departed, not only due to
seral state departure as noted but also an increase in fire rotation times, likely a result of suppression. Coarse
wood and snags are overabundant and highly departed; this will likely continue into the future from density
induced and insect and disease mortality. Ecological status is highly departed, probably the result of persistent
shrub states created by large wildfires. While only moderately departed for patch size with more contiguous and
larger patches of forest, the current overabundance in closed canopy (greater than 30 percent) may lead to
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further insect mortality as well as density dependent mortality. These conditions may be the result of past
management as well as large scale disturbances resulting in overstocked even aged forest that are susceptible to
future disturbance. Climate change modeling places 72 percent of this ERU in the high or very high vulnerability
category to vegetation type change by the end of the century, although what that would look like is unclear. The
mixed conifer- frequent fire ERU is considered to be at moderate risk to ecological sustainability, without taking
into account the effects of climate change. The Lincoln NF can play a large role in maintaining or improving the
ecological integrity of the mixed conifer forest through vegetation and fire management (not necessarily
suppression). Including potential climate change effects, the mixed conifer- frequent fire forest is at high risk to
ecological sustainability, which may be largely out of the control of the Forest.

Ponderosa Pine Forest (PPF):

General Description

The Ponderosa pine forest (PPF) ERU generally occurs on loose, well-drained soils derived from igneous,
metamorphic, and sedimentary parent material at elevation ranging from 6,000 to 10,000 feet. Ponderosa pine
forest is typically bounded at the upper elevation by mixed conifer forest, and at the lower elevation by
grasslands or pifion-juniper woodlands, 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 to 28 inches, with 45 to 55 percent coming between October 1% and March 31°.
The dominant species in this system is ponderosa pine (Pinus ponderosa Lawson & C. Lawson var. scopulorum
Engelm.l). Other trees, such as Gambel oak (Quercus gambelii Nutt.), Rocky Mountain Douglas-fir (Pseudotsuga
menziesii (Mirb.) Franco var. glauca (Beissn.) Franco), twoneedle pifion pine (Pinus edulis Engelm.), and junipers
(Juniperus spp. L.) may be present. There is typically a shrubby understory; such as 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.) 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. This ERU sometimes occurs as
savannah with extensive grasslands interspersed between widely spaced clumps or individual trees. This system
is adapted to drought during the growing season, and has evolved several mechanisms to tolerate frequent, low
intensity surface fires.

Ecological Characteristics

Spatial Niche

The Lincoln NF is made up of approximately 11.3 percent of PPF (123,156 acres), while the Context Area
contains approximately 1.8 percent. The Lincoln NF contains about 21 percent of the PPF in the Context Area,
and so makes a fairly substantial contribution to ecological sustainability.

Seral State Proportion

Seral state percentages for calculating departure are shown in Table 52 and Figure 26. The Lincoln NF and its
local units (five of six) are all highly departed for seral state (98-100 percent). The Context Area is also highly
departed (95 percent). This is primarily due to a reference condition where 100 percent of the PPF landscape

1 All common names and scientific nomenclature follow USDA, NRCS, 2016. The PLANTS Database
(http://plants.usda.gov, 2016). National Plant Data Team, Greensboro, NC 27401-4901 USA.
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was in an open canopied, multi-storied state (J, K combined) dominated by large trees (greater than 10 inches).
Regeneration was limited to dispersed groups or individuals of smaller trees in various size classes maintained
by the frequent fire regime. With fire suppression and grazing regimes that limited the ability of understories to
carry fire, the open canopied mature state shared the landscape with open and closed stands of smaller trees.
Where mature trees were still dominant, with time they became closed stands containing various sized trees in
the understory. The Lincoln NF and its local units currently range from 0-2 percent in that open reference state,
compared to five percent for the Context Area. The Lincoln NF has 17 percent in early seral herbaceous/shrub
combined states A, B, F, N, and ranges from 10 percent in the Rio Hondo unit to 26 percent in the Rio Pefiasco
unit. The Context Area has only 10 percent in these early seral states. Previous disturbances, such as fire or
overgrazing, could lead to conditions favoring extensive shrub, seedling and sapling growth with subsequent fire
suppression allowing the growth of dense stands of small trees. These can grow into more dense stands of mid
and late seral trees, including favoring a shift to more shade tolerant and/or fire intolerant tree species.
Evidence for this may be seen in the mid seral states C and G (5-10 inches, open and closed canopies,
respectively). The Lincoln NF has 28 percent in small tree open canopy state C with local units ranging from 16 to
40 percent. The Context Area, on the other hand, only has five percent in that state. For the closed mid seral
state G, the Lincoln NF has only about five percent (local unit range 5-13 percent) compared to the Context
Area’s fifteen percent. These states are management opportunities to reduce departure through thinning and
enhanced use of fire. Late seral states (D, E) of single storied open canopy large trees were similarly abundant
for the Lincoln NF, and the Context Area at nine percent (Local Unit range seven to twelve percent). Late seral
states (H, | L, M) of large tree stands with closed canopies (greater than 30 percent canopy) were much different
than reference. The Lincoln NF had 39 percent in late seral closed canopy states (Local Unit range 26 to 51
percent) compared to the Context Area’s 57 percent. These states may provide a more immediate opportunity
to reverse departure by opening the canopy and restoring the open understory structure to allow low severity
fire as a maintenance tool. Modelling of management activities, wildfire, insect, disease and other disturbance
and natural successional dynamics of the ERU into the future show departure drops slightly but remains high at
10 years (98 percent), 100 years (88 percent) and 1,000 years (88 percent). These changes come primarily from a
shift from larger closed canopy and open single-storied states (H, I, L, M, and D, E, Figure 8). While trend is
marginally toward less departure, the system is still at risk.
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Table 52. Ponderosa Pine Forest ERU current and reference seral state proportions, and percent departure from reference condition for context, plan and local scales. Green
= low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Arroyo
Seral State Structure, Composition and Del Rio Rio Salt  Tularosa
Cover Class Description Reference Context Lincoln Macho Hondo Peilasco Basin Valley

EARLY-SERAL: Grass, forb, sparsely
vegetated or recently burned with very open
(< 10%) woody canopy cover, and shrubs,
seedling/sapling size (< 5” dbh/drc9) trees
with open (= 10% & < 30%) or closed (= 30%)
woody canopy cover (occurs on
contemporary landscapes, historically
rare/localized)

A,B,F,N 0.00 0.10 0.17 0.18 0.10 0.26 0.13 0.14

MID-SERAL: Small size (2 5” & < 10” dbh/drc)

C trees with open woody canopy cover (occurs 0.00 0.05 0.28 0.40 0.27 0.26 0.36 0.16

on contemporary landscapes, historically
rare/localized)

LATE-SERAL: Medium to very large size (>
10” dbh/drc) trees, single storied with open
D, E woody canopy cover (occurs on 0.00 0.09 0.09 0.09 0.12 0.07 0.07 0.11

contemporary landscapes, historically

rare/localized)

MID-SERAL: Small size trees with closed
woody canopy cover (occurs on
contemporary landscapes, historically
rare/localized)

0.00 0.15 0.05 0.06 0.06 0.04 0.13 0.05

LATE-SERAL: Medium to very large size

trees, single storied or uneven-aged stands
H 1, L M (multi-storied) with closed woody canopy 0.00 0.57 0.39 0.26 0.44 0.37 0.30 0.51

cover (occurs on contemporary landscapes,
historically rare/localized)
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Arroyo

Seral State Structure, Composition and Del Rio Rio Salt Tularosa
Cover Class Description Reference Context Lincoln Macho Hondo Peilasco Basin Valley

LATE-SERAL: Medium to very large size
J,K trees, uneven-aged stands (multi-storied) 1.00
with open woody canopy cover

Departure
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Figure 26. Seral state percentages for Ponderosa Pine Forest ERU at the plan scale modelled out to 1,000 years. DC is desired condition, RC is reference condition,
Current is current condition, Base 10, 100 and 1,000 are modelled outcomes at 10, 100 and 1,000 years.
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Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-Ill) for the Plan Area, and as a single class for local units. FRCC was not calculated for
the Context Area.

The historic fire regime for the PPF ERU was one of frequent, low severity fires (Fire Regime 1). Fire regime
(FRCC) for the ponderosa pine ERU in the Plan Area is 100 percent in the highly departed condition class IlI
(Table 53). FRCC reflects the seral state departure discussed above, combined with fire rotation interval and
severity. Seral state is departed nearly 100 percent. Fire rotation is highly departed at 85 percent, with a mean
interval of 70.4 years compared to reference of 10.5 years, while fire severity is moderately departed at 53
percent, with severe mortality currently 26 percent, compared to a reference of 13 percent. Local units were
generally highly departed, with all units having longer rotations than reference, while severity ranged from 13
percent to 38 percent, equal or greater than reference (Table 54). FRCC was highly departed for all local units.
Increased severity concurrent with increased rotation intervals reflect years of fire suppression and departure of
structural states. Factors that increase severity are overstocked conditions and ladder fuels in the larger size
classes that increase the risk of crown mortality, as well as social and economic constraints that limit
management options. In the overstocked condition, pine and Douglas-fir can persist in the overstory, but
regeneration can include shade tolerant species such as white fir which is less resistant to fire damage. However,
climate change is expected to bring warmer, drier conditions to the southwest (see Systems Drivers and
Stressors chapter for more detail); if so, PPF is likely to experience more drought stress and longer fires seasons,
which can increase fire severity, fire frequency and the possibility of type conversion to drier vegetation types,
most likely pinon pine-juniper woodland types.

Table 53. Fire interval (years), severity (% mortality) and condition class (FRCC) at the plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Fire Regime Condition Class Fire Rotation Fire Severity

interval ref int

70.4 10.50

severity | refsev | departure
26% 13% 53%

0% 0%

Table 54. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

AC BR BC DC‘ RP PW RD RR SR‘ TVN TVS UPN UPS

l

Local Unit

Fire Interval

Fire Severity

Coarse Woody Debris and Snags

Departure for coarse woody debris (CWD) and snags are shown in Table 55. Data was analyzed only for the Plan
Area and for local units where data was available.

The ponderosa pine forest ERU occurs in four Local Units. Departure is moderate at the Plan scale for CWD, with
current tons/acre approximately 70 percent of reference condition. Departure was low for the Rio Pefiasco and
Tularosa Valley local units, while the Arroyo del Macho and Rio Hondo units were moderately departed. In all
cases, CWD is less than the reference range. Snags in the 8-18 inches size class were highly departed at the plan
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scale with more than six times the number of snags currently than in reference conditions. All local units were
also highly departed, with similarly larger current than reference abundances. Past fire, insect infestation, and
density influenced mortality have probably contributed to the overabundance of snags in this size class. Deficits
in CWD may be reduced by recruitment from the overabundant small size class snags. Departure was low for
snags in the larger than 18 inches size class at the plan scale, with current values approximately 70 percent of
reference condition. At the local scale, departure was low for the Arroyo del Macho and Rio Hondo units, while
the Rio Pefiasco and Tularosa Valley units are moderately departed (Table 55). Increased density as shown in
seral state departure may have contributed to insect outbreaks and mortality creating an excess of snags in the
smaller (8-18 inch) size class.

Table 55. Local Unit departure for coarse woody debris (CWD) and snags. CWD is measured in tons per acre while snag density
represents individuals per acre. Colors represent departure from reference condition: Green= low (0-33%), Orange=moderate (34-
66%), Red=high (67-100%). Trend shows whether current values of CWD and snags are greater or lesser than reference condition, and
by how much. Red parenthetical trend values mean Lincoln NF's current values are less than reference condition, while black trend
values are greater than reference condition. Blank cells mean data was unavailable for those local units.

PPF Coarse Woody Debris (tons per acre)
Local Unit :;:::Ir: Arroyo Del Rio Rio Salt Tularosa | Upper
Macho Hondo | Peilasco  Basin Valley Pecos
Area
Departure 35% 59% 44% 6% 28%
Reference | 13.00 13.00 13.00 13.00 13.00
Current 8.5 5.32 7.28 12.21 9.36
Trend (4.5) (7.68) (5.72) (0.79) (3.64)
Snags per acre, 8-18 inches DBH

. Arroyo Del Rio Rio Salt Tularosa | Upper

Local Unit Macho Hondo | Pefiasco Basin Valley Pecos
Reference 0.65 0.65 0.65 0.65 0.65
Current 4.3 3.66 5.41 4.48 2.77
Trend 3.6 3.01 4.76 3.83 2.12

Snags per acre, greater than 18 inches DBH

. Arroyo Del Rio Rio Salt Tularosa | Upper

Local Unit Macho Hondo | Pefiasco Basin Valley Pecos
Departure 3% 12% 15% 65% 35%
Reference 0.65 0.65 0.65 0.65 0.65
Current 0.5 0.57 0.55 0.23 0.42
Trend (0.2) (0.08) (0.10) (0.42) (0.23)

Ecological Status and Ground Cover

Ecological status is species composition and cover, and is highly departed (87 percent) from reference conditions
(Table 56). Departure is derived not only from a change in the species present, but also from differences

between current and reference values for species’ cover. Higher conifer/lower graminoid cover values in current
condition compared to lower conifer/higher graminoid cover in reference are indicative of a system that may be
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overstocked or encroached. Overstory species also show change in relative cover, with more Douglas-fir and
white fir now than historically. Ground cover shows only low departure from reference values (11 percent). This
suggests that although a shift in species composition has occurred, the functions that ground cover provide have
not been compromised

Table 56. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). ** -For woodland and forest system reference conditions
are based on interpolation, fire regime inferences, and the range of available literature values.

Ecological . Ground

REFERENCE (acres)**
Status Cover CURRENT TREND DEPARTURE

(acres) (%)

Departure  Departure

Patch Size

Patch Size

Patch size in the ponderosa pine forest is highly departed (99 percent), with a patch size larger than reference
range (0.2-0.5 acre)(Table 56). For this type, as well as PPE and MCD, a ‘patch’ is a clump of trees, and larger
patch size would indicate more contiguous tree canopy. Departure for patch size is consistent with PPF’s high
departure for seral state with 45 percent in closed canopy (greater than 30 percent) conditions. Reference seral
state for PPF is 100 percent in very open forest of small clumps of trees. In the case of MCD and PPF, larger
patch sizes may lead to increased risk of stand replacement wildfires or insect mortality over larger areas.

Insect and Disease

Total acres of insect and disease mortality over 20 years was 49,139 acres, for an average annual mortality of
2457 acres. Most of the mortality occurred between 2011 and 2014, with a peak of 24,300 acres in 2014. Since
then, annual mortality has fallen every year. Localized activity of bark beetles in single trees and small groups
will continue to be a part of the ponderosa pine forest ecology and should be expected in dense stands,
especially those under stress from dwarf mistletoe, other diseases, or abiotic factors. Throughout the
Southwest, the greater abundance of dense, crowded stands due to fire exclusion and past management
activities has increased the potential for bark beetle activity over pre-settlement stand conditions and
contributes to higher mortality levels when drought-related outbreaks develop. The Lincoln NF has particularly
had a history of large, widespread, and regular bark beetle outbreaks in the ponderosa pine forests. This pattern
is expected to continue as long as suitable host stands are present. Defoliating agents and root disease are
present and can cause some mortality, but usually at low levels. These can stress trees and make them more
vulnerable to bark beetle attack. Dwarf mistletoe is common in ponderosa pine, and amounts change little from
year to year. The Lincoln NF has the highest infestation rate of all forests in the region. Approximately 70
percent of the ponderosa pine ERU is infested with mistletoe, compared with 36 percent for the rest of the
region. This high level of infestation has been attributed to past selective cutting and uneven aged management
that was in some instances intended to reduce dwarf mistletoe. Dwarf mistletoe has increased throughout the
southwest due to high density uneven-aged conditions that have allowed young trees to become established
under infected overstory trees. Under current overstocked and structurally departed conditions, the ponderosa
pine ERU remains at risk for mistletoe infestations, as well as mortality due to bark beetles.

Summary

Seral state, fire regime condition class and fire frequency, ecological status and patch size are all highly departed
for the ponderosa pine forest ERU (Table 52). Ponderosa pine makes up a fair (11.3 percent) of the Lincoln NF
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and is about 21 percent of ponderosa pine forest in the Context Area. This makes the Lincoln NF a fairly large
contributor to the ecological integrity of the ERU. The Forest and Context Area are similarly departed for seral
state, with the Lincoln slightly more departed. This plays into FRCC departure, which is strongly affected by seral
state, as well as ecological status and patch size. While fire severity is generally moderately departed, it is still
more severe than historically and fires are happening less often, or across less of the landscape. Modeling
current disturbance and management regime 10 and 100 years into the future shows departure reduced by a
small amount but still high (88 percent). It is considered that under current management, the ponderosa pine
forest ERU is at high risk to ecological integrity, primarily from disturbances such as fire and insect mortality.
Climate change models indicate that the PPF ERU has a 94 percent of vegetation type change in the next 100
years. In the absence of climate change effects, the Lincoln NF can play a large role in maintaining or increasing
the ecological sustainability of the ponderosa pine ERU through density management and reintroduction of fire
into the landscape.

Ponderosa Pine-Evergreen Oak Forest (PPE):

General Description

The Ponderosa pine- Evergreen Oak (PPE) ERU occurs in the mild climate gradients of central and southern
Arizona and in southern New Mexico, particularly below the Mogollon Rim, where warm summer seasons and
bi-modal (winter-summer) precipitation regimes are characteristic. Generally, annual precipitation ranges from
13 to 25 inches, with 40-45 percent coming between October 1 and March 31°. This ecological type occurs at
elevations ranging from 5,500 to 7,200 feet, on sites slightly cooler-moister than the Madrean Pifion-Oak ERU,
and with a much greater plurality of ponderosa pine. This system is dominated by ponderosa pine and can be
distinguished from the PPF ERU by well-represented evergreen oaks (e.g., Emory oak (Quercus emoryi Torr.),
Arizona white oak, silverleaf oak, gray oak (Quercus grisea Liebm.)), alligator juniper, and pifion pine. Though not
an indicator in the ponderosa pine life zone, border pifion (Pinus discolor D.K. Bailey & Hawksw.), along oneseed
juniper (Juniperus monosperma (Engelm.) Sarg.) can occur as a dominant or codominant component of the PPE
ERU. In terms of disturbance, the PPE averaged greater fire severity than the PPF above the Mogollon Rim, and
greater patchiness with less horizontal uniformity and more even-aged conditions. Site potential, fire history,
and the importance of perennial grasses versus shrubs in the understory vary on a gradient between two
provisional subclasses (described below). Understory shrubs include manzanita (Arctostaphylos spp. Adans.),
Sonoran scrub oak (Quercus turbinella Greene), skunkbush sumac (Rhus trilobata Nutt.), and mountain
mahogany (Cercocarpus montanus Raf.).

Ecological Characteristics

Spatial Niche

PPE, with 8,661 acres, occupies less than 1 percent of the Lincoln NF and only 0.12 percent of the Context Area.
PPE on the Lincoln is 21 percent of the Context Area PPE. This ERU occurs in only 3 of 6 local units: four acres in
Rio Pefasco on the Sacramento RD, and the remainder in the Salt Basin (412 acres) and Upper Pecos (8245
acres) local units on the Guadalupe RD. On the Guadalupe District, the ERU is limited to the steep canyons south
of Queen Highway. While the PPE type is a low percentage of both the Lincoln NF and the Context Area, the
Lincoln NF contains 21 percent of the ERU in the Context Area, and thus has a role in maintaining the ecological
integrity of the type.
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Seral State Proportion

Both the Lincoln NF and the Context Area are moderately and similarly departed for seral state distribution at 66
and 63 percent, respectively (Table 57 and Figure 27). Two local units are moderately departed similar to Lincoln
NF (64-66 percent), while the Rio Pefiasco unit was highly departed at 95 percent (there are very few acres in
the Rio Pefiasco local unit so it has little effect on the Lincoln NF departure). Departure is most related to under-
representation of open canopied large (greater than 10 inches) tree dominated state D, and over-representation
of small tree (5 to 10 inches) open state C, for the Lincoln NF, and Salt Basin and Upper Pecos local units
(because of the acre distribution, the Lincoln NF and Upper Pecos local unit seral state proportions are nearly
identical). The Rio Pefiasco is 100 percent (all four acres) in the seedling/sapling state F, likely a result of
relatively recent fire disturbance. The Context Area has 56 percent of its PPE area in large, closed canopy tree-
dominated state E, relative to a reference amount of four percent. No acres on the Lincoln NF are mapped in
state E. The Lincoln NF has a combined 92 percent in small tree (5 to 10 inches diameter class) open and closed
states, while the Context Area has 22 percent in those states, compared to a reference condition of 27 percent.
Because PPE occupies less than 1 percent on the Forest, it was not modelled into the future.
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Table 57. Ponderosa Pine/Evergreen shrub ERU current and reference seral state proportions, and percent departure from reference condition for context, plan and local
scales. Green = low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Upper

Seral State Structure, Composition and Cover Class Rio Salt Pecos-
Description Reference Context Lincoln | Peflasco  Basin Black

EARLY-SERAL: Grass, forb, sparsely vegetated or recently

A burned with very open (< 10%) woody canopy cover, and 0.04 0.03 0.02 0.00 0.01 0.02

shrubs with open (> 10% & < 30%) or closed (= 30%)
woody canopy cover

MID-SERAL: Small size (= 5” & < 10” dbh/drc) trees with
closed woody canopy cover

0.03 0.14 0.27 0.00 0.07 0.28

MID-SERAL: Small size trees with open woody canopy
cover

0.24 0.08 0.65 0.00 0.84 0.65

LATE-SERAL: Medium to very large size (> 10” dbh/drc)
D trees, single-storied or uneven-aged (multi-storied) with 0.60 0.16 0.02 0.00 0.05 0.02
open woody canopy cover

LATE-SERAL: Medium to very large size trees, single-
E storied or uneven-aged (multi-storied) with closed 0.04 0.56 0.00 0.00 0.00 0.00
woody canopy cover

E EARLY-SE'RAL: Seedling/sapling size (< 5” dbh/drc) trees 0.05 0.03 0.03 1.00 0.03 0.03
with open or closed woody canopy cover

Departure 63% | 66% |DNOSINN 64% | 66%
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Figure 27. Seral state percentages for Ponderosa Pine-Evergreen Oak Forest ERU at the plan scale. DC is desired condition, RC is
reference condition, Current is current condition.

Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-1ll) for the Plan Area, and as a single class for local units. FRCC was not calculated for
the Context Area.

The PPE ERU has a typical fire regime of frequent, non-lethal (Fire Regime 1) or less frequent, mixed severity (Fire
Regime lll) fires. There were no fires in the 20 year data for fire rotation and severity, so departure could not be
calculated for those characteristics, or fire regime condition class (Table 58 and Table 59). As a primary factor in
determining FRCC, seral state departure is at the high end of moderate, so it may be expected that FRCC is also
moderately to highly departed.

Table 58. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

n/a

n/a

interval

ref int

departure

severity

ref sev

departure

n/a

12.45

n/a

n/a

0.15

n/a

Table 59. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). ** -For woodland and forest system reference conditions
are based on interpolation, fire regime inferences, and the range of available literature values.

Local Unit

AC

BD

BR

BC

DC

RP

PW

RD

RB RR

SR

TVN UPN UPS

Fire

Interval

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a n/a

n/a

n/a | n/fa | n/a
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Local Unit AC BD BR ‘ BC DC RP PW RD RB RR SR TVN UPN UPS
Fire

Severity nfa | nfa | nfa | nfa | nfa | n/a n/a n/a nfa | nfa | nfa | nfa | n/a | n/a
FRCC nfa |nfa|nfa|nfa|nfa|nfa| nfa | nfa| nfa|nfa|nfa|nfa] nfa]|n/a

Coarse Woody Debris and Snags

Departure for coarse woody debris (CWD) and snags are shown in Table 60. Data was analyzed only for the Plan
Area and for local units where data was available. The Plan Area is moderately disturbed for CWD with current
abundance about 60 percent of reference value. The ponderosa pine evergreen shrub ERU is found mostly in the
Salt Basin and Upper Pecos local units. Coarse wood and snag data was only available for those two units.
Departure is low for Salt Basin and moderate for Upper Pecos local units. Plan Area departure is low in both the
8-18 inches, and larger than 18 inch snag size classes with current snags per acre being approximately 70
percent the amount in reference condition in both classes. Departure was low for both local units for the 8- 18
inch size class, while both were moderately departed in the larger than 18-inch size class. In the 8-18 inch class,
both local units had less snags per acre than reference, while in the larger size class, Salt Basin currently has
nearly twice the snags as reference, while the Upper Pecos has only 65 percent the snags as in reference
condition. The ERU as a whole is moderately departed for structural state, with current percentage in the small
tree size class (5-10 inches) more than three times the reference condition (92 percent compared to 27 percent),
and current acres in the medium to very large size class (greater than 10 inches) just a fraction of that expected
in reference condition (2 percent compared to 64 percent). Eventually, mortality (succession, insect/disease, or
fire) should provide recruitment in CWD and the 8-18 inches snag size class. Low numbers of acres in the
medium-very large structural state may extend the time needed to recruit snags in the larger than 18 inches size
class. (Table 60).

Table 60. Local Unit departure for coarse woody debris (CWD) and snags. CWD is measured in tons per acre while snag density
represents individuals per acre. Colors represent departure from reference condition: Green= low (0-33%), Orange=moderate (34-
66%), Red=high (67-100%). Trend shows whether current values of CWD and snags are greater or lesser than reference condition, and
by how much. Red parenthetical trend values mean Lincoln NF's current values are less than reference condition, while black trend
values are greater than reference condition. Blank cells mean data was unavailable for those local units.

PPE Coarse Woody Debris (tons per acre)
Local Unit Rio Rio Salt Tularosa
Hondo Peilasco Basin Valley
Departure 28% 20% 31%
Reference 10.00 10.00 10.00
Current 13.9 12.54 6.92
Trend 3.9 2.54 (3.08)
Snags per acre, 8-18 inches DBH
. Arroyo Rio Rio Salt Tularosa | Upper
Local Unit Del N .
Hondo | Pefiasco Basin Valley Pecos
Macho
Departure 26% 14% 28%
Reference 5.00 5.00 5.00
Current 6.8 5.79 3.59
Trend 1.8 0.79 (1.41)
Lincoln National Forest Assessment Report—Draft 132



Chapter 4—Terrestrial Vegetation

PPE Coarse Woody Debris (tons per acre)

Rio Rio Salt Tularosa  Upper

Local Unit
ocattni Hondo Peilasco Basin Valley Pecos

Snags per acre, greater than 18 inches DBH
. Arroyo Rio Rio Salt Tularosa | Upper
Local Unit Del N .
Hondo | Pefiasco Basin Valley Pecos
Macho

Departure 42% 48% 37%
Reference 2.00 2.00 2.00

Current 3.4 3.83 1.26
Trend 1.4 1.83 (0.74)

Ecological Status and Ground Cover

No data was available for ecological status. Ground cover was moderately departed at 57 percent (Table 61).

Table 61. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). ** -For woodland and forest system reference conditions
are based on interpolation, fire regime inferences, and the range of available literature values.

Ecological Ground
Status

REFERENCE (acres) CURRENT TREND DEPARTURE
(acres) (%)

Patch Size

nfa | 57% 0.02 50 7 Similar 0%

Patch Size
Patch size showed low departure with virtually no difference from reference (Table 61).
Insect and Disease

No Insect and disease mortality was noted (but see limits to analysis in the Insect and Disease section).

Summary

Departure of most characteristics of the ponderosa pine/evergreen shrub ERU is moderate, or low. Fire regime
characteristics could not be analyzed for departure. While the PPE type is a low percentage of both the Lincoln
NF and the Context Area, the Lincoln NF contains 21 percent of the ERU in the Context Area, and thus has a role
in maintaining the ecological integrity of the type. While modeling into the future was not done, it might be
expected with time that the surplus in small tree states B and C will grow into desired state D, larger trees with
open canopy. Given no change in climate, disturbance or management, the risk to ecological sustainability is
considered moderate; however, climate change modeling places 90 percent of the ERU at high and very high
vulnerability to vegetation type conversion toward the end of the century, although it is unclear what that might
look like. In the absence of climate change effects, the Forest could use management practices such as density
management and re-introduction of fire into the landscape to maintain or improve ecological integrity of this
ERU.
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Pifion-Juniper/Evergreen Shrub Woodland (PJC):

General Description

The pifion-juniper/evergreen shrub woodland (PJC) ERU is typically found on lower slopes in transition zones,
often between interior chaparral and montane forests, and is most extensive in geographic areas dominated by
mild climate gradients and bi-modal precipitation regimes. The PJC ERU is a broad grouping of different plant
associations for descriptive purposes, with tree and shrub species composition varying throughout the Region.
Historically this ERU had greater than 10 percent tree canopy cover in later successional stages, expressed by
twoneedle pifion, single leaf pifion, Utah juniper, oneseed juniper, or alligator juniper. Pifion is occasionally
absent, but one or more juniper species are always present. Oak trees (i.e., Arizona white oak, gray oak, Emory
oak) are subordinate, but have high constancy in mild climate zones between central Arizona and southwestern
New Mexico. Trees occur as individuals or in smaller groups and range from young to old, but typically small
stands or clumps are even-aged in structure as a consequence of mixed severity fire (at least historically). The
understory is dominated by low to moderate density shrubs, with herbaceous plants in the interspaces. Shrub
species include species of manzanita, mountain mahogany, antelope bitterbrush (Purshia tridentata (Pursh)
DC.), silktassles (Garrya spp. Douglas ex Lindl.), Stansbury cliffrose (Purshia stansburiana (Torr.) Henrickson),
Sonoran scrub oak, and sumacs (Rhus spp. L.).

Typical drivers and stressors (fire, insects, disease) are mixed severity and moderate, although some evergreen
shrub woodland types exhibit infrequent fire/high severity effects (FR IV, 35-200 years, replacement severity;
e.g., pifion-juniper/manzanita). These disturbance patterns create and maintain tree-age diversity and low to
moderately-closed canopy typical of this type. Understory plants consisting of perennial native grasses and both
annuals and perennial forbs comprise the remainder of the inter-canopy interspaces. Climate generally consists
of mild winters and wet summers with mean annual precipitation ranging from about 10 to 25 inches with 55-60
percent coming between April 1%t and September 31%. The PJC ERU is found on well-drained soils, frequently
with coarse-textured or gravelly (stony) soil characteristics. Aside from disparities in structure and composition,
PJC can also be differentiated from interior chaparral by longer fire intervals and less severe fire events. Due to
the effects of long-term fire suppression, in many locations the current condition is severely departed from
historic conditions. Typically these changes include in-filling of the canopy gaps, increased density of tree
groups, and reduced composition, density and vigor of the herbaceous understory plants. Many of these sites
currently are closed-canopy woodlands, with insufficient understory vegetation to support surface fires.

Ecological Characteristics

Spatial Niche

The Lincoln NF contains just under 5 percent PJC (53,976 acres), compared to the Context Area’s 0.26 percent.
However, this represents 63 percent of the PJC in the Context Area, so the Lincoln NF has a large contribution to
the ecological sustainability of the PJC ERU.

Seral State Proportion

Seral state departure of PJC is moderate for the Context Area, Plan Area and all local units where it is found
(Table 62 and Figure 28). Departure is less for the Lincoln NF than the Context Area at 37 percent and 52 percent
respectively. PJC is found in three of six local units; all are moderately departed, with individual state
proportions similar to the Plan Area. The Context Area is more abundant by proportion than the Lincoln NF in
the early seral state A, and late seral large tree states D and G, while the Plan Area has a much larger proportion
of the early/mid seral combined states B, C, and E than the Context Area (79 percent and 20 percent,

Lincoln National Forest Assessment Report—Draft 134



Chapter 4—Terrestrial Vegetation

respectively). Some of that abundance may be explained by recent fires, primarily the Last Chance and Dinner
fires in the Upper Pecos and Salt Basin local units in the Guadalupe district.

Modelling out into the future management activities, wildfire, insect and disease and other disturbances, and
natural successional dynamics show reduced departure at 10 years compared to currently, but increasing
departure at 100 years, and only a slight reduction 1,000 years out. This appears to be movement from the small
and open size classes into the closed tree dominated states (F and G). At 100 and 1,000 years, state D is similar
to reference conditions, but state G is far greater than reference conditions (34 percent and 33 percent, vs. 0
percent reference)
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Table 62. Pifion-Juniper/Evergreen Shrub Woodland ERU current and reference seral state proportions, and percent departure from reference condition for context, plan and
local scales. Green = low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Upper

Seral State  Seral State Structure, Composition and Cover Class Rio Salt Pecos-
Description Reference Context Lincoln Pefasco Basin Black

EARLY SERAL: Grass, forb, sparsely vegetated or

A recently burned with very open (< 10%) woody 0.05 0.18 0.07 0.03 0.08 0.10

canopy cover, and shrubs with open (> 10% & <
30%) or closed (> 30%) woody canopy cover

MID-SERAL: Seedling/sapling size (< 5” dbh/drc)

B,C,E trees with open or closed woody canopy cover, and 0.55 0.20 0.79 0.82 0.85 0.75

small size (> 5” & < 10” dbh/drc) trees with open
woody canopy cover

LATE-SERAL: Medium to very large size (> 10”

D 0.40 0.23 0.03 0.01 0.02 0.04
dbh/drc) trees with open woody canopy cover
F MID-SERAL: Small size trees with closed woody 0.00 012 011 014 0.05 0.10
canopy cover
G LATE-SERAL: Medium to very large size trees with 0.00 027 0.00 0.00 0.00 0.01
closed woody canopy cover
Departure 52% 37% 41% 38% 36%
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Figure 28. Seral state percentages for Pifion-Juniper/Evergreen Shrub Woodland ERU at the plan scale modelled out to 1,000
years. RC is reference condition, Current is current condition, Base 10, 100 and 1000 are modelled outcomes at 10, 100 and 1,000
years.

Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-ll) for the Plan Area, and as a single class for local units (See Fire Frequency, Severity
and Condition Class section). FRCC was not calculated for the Context Area.

The PJC ERU has a fire regime that includes Fire Regime Il (mixed severity) and IV (high severity), with mean fire
return intervals of 35-200 years. Fire regime (FRCC) is 100 percent in the moderately departed condition class at
the plan scale (Table 63) and for all local units. At the plan scale fire rotation is moderately departed at 38
percent with a mean rotation of 335 years compared to a reference of 206 years. Three local units were highly
departed for rotation with much longer rotations than reference, while the UPS local unit was highly departed
with much shorter rotation period. The DC local unit was moderately departed for rotation, although still much
longer than reference (Table 64). Plan scale fire severity shows low departure of 23 percent, with a current
severity of 53 percent lower than the reference of 69 percent. Three of five local units were highly departed for
severity with much lower severity values than reference, while the RP unit was moderately departed. The UPS
local unit was not significantly departed, with severity of 51 percent compared to the reference of 69 percent.
The moderate departure in FRCC is probably a reflection of seral state departure described above, and increased
fire rotation interval due to fire suppression.

Table 63. Fire interval (years), severity (% mortality) and condition class (FRCC) at the plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Fire Regime Condition Class Fire Rotation Fire Severity
| Il interval | refint | departure | severity | refsev | departure
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0% | 100% - 335.2 | 20630 | 38% | 3% | 69% | 23%

Table 64. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Local Unit AC BD BR RP PW RD RB|RR SR TVN TVS UPN UPS

BC DC
[ ]
[ ]

Fire Interval

Fire Severity
FRCC

Coarse Woody Debris and Snags

The Piflon-Juniper evergreen shrub woodland ERU is mostly found in the Upper Pecos, Salt Basin and Rio
Pefiasco local units. CWD was moderately departed with more than twice the tons per acre currently than in
reference condition. Departure is low for the Rio Peiiasco unit, moderate for the Upper Pecos which contains
most of the type, and high for the Salt Basin Unit, all current values larger than reference. Snags in the 8-18 inch
class were moderately departed at the plan scale with 67 percent more currently than in reference condition.
Departure is low for Salt Basin, and moderate for the Rio Pefiasco and Upper Pecos units with current values
equal or greater than reference condition. At the plan scale, snags in the larger than 18 inches size class have
low departure with approximately 10 percent more snags now than historically. Departure is low for the Rio
Pefiasco and Upper Pecos units and moderate for the Salt Basin unit. The Rio Pefiasco has slightly fewer snags
than in reference, while the Salt Basin and Upper Pecos units have more snags than in reference condition (Table
65).

Table 65. Local Unit departure for coarse woody debris (CWD) and snags. CWD is measured in tons per acre while snag density
represents individuals per acre. Colors represent departure from reference condition: Green= low (0-33%), Orange=moderate (34-
66%), Red=high (67-100%). Trend shows whether current values of CWD and snags are greater or lesser than reference condition, and
by how much. Red parenthetical trend values mean Lincoln NF's current values are less than reference condition, while black trend
values are greater than reference condition.

PJC ‘ Coarse Woody Debris (tons per acre)

Local Unit :;Il:‘l:‘ A:;:‘Ilo Rio I}io Sal.t Tularosa | Upper
Area Macho Hondo | Peilasco  Basin Valley Pecos
Departure 27%
Reference 3.00 3.00 3.00 3.00
Current 11.0 4.13 9.70 7.14
Trend 1.13 6.70 4.14

Snags per acre, 8-18 inches DBH

Arroyo

Local Unit Del Rio FjIO Saljc Tularosa | Upper
Hondo | Pefiasco Basin Valley Pecos

Macho
Departure 54% 56% 0% 38%
Reference 3.00 3.00 3.00 3.00
Current 6.6 6.80 3.00 4.86
Trend 3.6 3.80 0.00 1.86
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PJC Coarse Woody Debris (tons per acre)

Rio Rio Salt Tularosa | Upper

Local Unit
ocattni Hondo | Peilasco  Basin Valley Pecos

Snags per acre, greater than 18 inches DBH
. Arroyo Rio Rio Salt Tularosa | Upper
Local Unit Del N .
Hondo | Pefiasco Basin Valley Pecos
Macho

Departure 54% 19% 50% 3%

Reference 1.00 1.00 1.00 1.00

Current 2.2 0.87 2.00 1.34

Trend 1.2 (0.19) 1.00 0.03

Ecological Status and Ground Cover

There was no data available for ecological status or ground cover.

Table 66. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). ** -For woodland and forest system reference conditions
are based on interpolation, fire regime inferences, and the range of available literature values.

R » o
D108 d 0 G c RR DEPAR
R

LWR UPR
na_ na BB 50 200 5 Smaller

Patch Size

Patch size departure is high at 90 percent, with current average patch size of five acres much less than the
reference range of 50-200 acres (Table 66).

Insect and Disease

Total insect and disease mortality over 20 years was 1611 acres, with an average annual mortality of 81 acres.
Most mortality occurred from 2011 to 2013, peaking in 2013. Little insect activity has been recorded since then
with only 10 acres of pinyon ips mortality in 2017. These numbers may be low as the PJC ERU is mostly in the
Guadalupe Ranger District, which does not get surveyed annually.

Summary

The pifion-juniper evergreen shrub (PJC) ERU is moderately departed at the plan scale for seral state, FRCC, fire
frequency and snags in both size classes. This is seen on the ground as much greater abundance (90 percent) of
area in mid seral small trees (less than 10 inches, open or closed canopies) than in reference condition (55
percent), and more than late seral large trees (three percent, compared to the reference of 40 percent. Fire
severity departure, however, is low. Coarse woody debris and patch size are highly departed. Modelling seral
state out to 10 years reduces departure somewhat, but out to 100 years, departure increases with closed
canopy states (greater than 30 percent canopy cover) for trees greater than five inches the main source of
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departure. This could lead to increased fire risk and severity, as well as increase the abundance of CWD and
snags. The PJC type is considered to have moderate risk to ecological sustainability, and with 63 percent of the
ERU occurring on the Lincoln NF, the Forest has a large contribution to make toward maintaining or increasing
ecological sustainability. Given that the greatest departure comes from substantial increases in closed tree
dominated states, active vegetation density management by the Forest may have a large role in determining
future ecological sustainability.

Juniper Grassland (JUG):

General Description

The Juniper grasslands (JUG) ERU is typically found on warmer and drier settings beyond the environmental
limits of pifion, and just below and often intergrading with the pifion-juniper zone. The juniper-grass ecosystem
is generally uneven-aged and very open in appearance (savanna-like), primarily on mollisol soils. Trees occur as
individuals or in smaller groups and range from young to old. A dense herbaceous matrix of native grasses and
forbs characterize this type. Typical drivers and stressors (i.e., fire, insects, disease) are low severity and high
frequency. These disturbance patterns create and maintain the uneven-aged, open-canopy nature of this type.
The tree and grass species composition varies throughout the region, consisting of a mix of one or more juniper
species. Typically, native understory grasses are perennial species, while forbs consist of both annuals and
perennials. Shrubs are characteristically absent or scattered. This type is typically found on sites with well-
developed, loamy soil characteristics, generally at the drier edge of the woodland climatic zone. Generally these
types are most extensive in geographic areas dominated by warm (summer) season or bi-modal precipitation
regimes. Generally, annual precipitation ranges from 11 to 22 inches, with 55-60 percent coming between April
1°t and September 31%. It is mostly found on lower slopes of mountains and in rolling hills at approximately
4,500 to 7,500 feet in elevation. Common grass species found in JUG include blue grama and other species of
grama grass (sideoats, hairy, black (Bouteloua eriopoda (Torr.) Torr.), New Mexico muhly (Muhlenbergia
pauciflora Buckley), curlyleaf muhly (Muhlenbergia setifolia Vasey), western wheatgrass (Pascopyrum smithii
(Rydb.) A. Léve), and needle and thread grasses (Hesperostipa spp. (Elias) Barkworth). It is hypothesized that a
regime of frequent, low-intensity surface fires is responsible for maintaining the open stand structure and dense
herbaceous growth of pifion-juniper savanna (USDI NPS 2016). Overall these sites are less productive for tree
growth than the pifnon-juniper woodland type.

Ecological Characteristics

Spatial Niche

The JUG ERU represents 8.5 percent of the Context Area but less than 1 percent of the Lincoln NF. The Lincoln’s
9,755 acres in JUG are only 0.35 percent of JUG in the Context Area. The Lincoln NF has a relatively low
contribution to ecological sustainability for this ERU. Thus, while structural state of the Lincoln NF is moderately
departed at 64 percent, it has little effect on the Context Area, which has low departure of 16 percent.

Seral State Proportion

Seral state departure of the JUG ERU is moderate at the plan scale, but low for the context scale. Of the local
units, two show moderate departure and one shows high departure from reference conditions. Current
conditions show much more early seral herbaceous and small tree dominated states A, B, C, and E, than
reference conditions, and much less late seral open woodlands (state D: trees greater than 10 inches, greater
than 10 percent canopy cover). All local units are below reference in large tree states (D and G); the Rio Hondo
unit is nearly all in seedling/sapling and small, open states (B, C, E), which have a combined abundance of 95
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percent compared to a reference of 25 percent. The Upper Pecos, on the other hand, is near reference in those
small tree states, but has 67 percent in herbaceous/shrub/sparsely vegetated state A, far above the reference
value of 5 percent. This is likely due to so much JUG located in the fire scars of the Last Chance (2011), Horse
Canyon (2011) and Dinner Fires (2012), in the Guadalupe Ranger District. Modelling natural succession, current
management, wildfire, and insect and disease mortality show a trend toward reference conditions with
movement from small tree dominated states to larger tree dominated states, with both open (10-29 percent)
and closed (greater than 30 percent) canopy (Table 67, Figure 29). The closed canopy state G becomes over-
represented through time, below reference currently and ten years out (0 and 5 percent respectively), but
increasing to uncharacteristic levels at the 100 and 1,000 year intervals (41 and 47 percent, respectively).
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Table 67. Juniper Grassland ERU current and reference seral state proportions, and percent departure from reference condition for context, plan and local scales. Green =
low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Upper

Seral State Structure, Composition and Rio Tularosa Pecos-
Cover Class Description Reference | Context | Lincoln | Hondo Valley Black

EARLY SERAL: Grass, forb, sparsely
vegetated or recently burned with very
A open (< 10%) woody canopy cover, and 0.05 0.08 0.43 0.02 0.19 0.67
shrubs with open (> 10% & < 30%) or
closed (= 30%) woody canopy cover

MID-SERAL: Seedling/sapling size (< 5”
dbh/drc) trees with open or closed woody
B,CE canopy cover, and small size (> 5” & < 10” 0.25 0.15 0.50 0.95 0.50 0.27

dbh/drc) trees with open woody canopy
cover

LATE-SERAL: Medium to very large size (>
D 10” dbh/drc) trees with open woody 0.50 0.45 0.02 0.00 0.31 0.01

canopy cover

F MID-SERAL: Small size trees with closed 0.10 0.08 0.04 0.03 0.00 0.05
woody canopy cover
LATE-SERAL: Medium to very large size

) 0.10 0.23 0.00 0.00 0.00 0.00
trees with closed woody canopy cover

Departure 16% 64% - 38% 64%
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Figure 29. Seral state percentages for Juniper Grassland ERU at the plan scale modelled out to 1,000 years. RC is reference
condition, Current is current condition, Base 10, 100 and 1000 are modelled outcomes at 10, 100 and 1,000 years.

Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-ll) for the Plan Area, and as a single class for local units (See Fire Frequency, Severity

and Condition Class section). FRCC was not calculated for the Context Area.

The JUG ERU has an historic fire regime of frequent (0-35 year rotation), non-lethal fires, Fire Regime I. At the
plan scale, FRCC is 60 percent moderately departed and 40 percent highly departed from reference conditions.

Fire rotation is highly departed at 68 percent, while fire severity is 63 percent (Table 68). Two of three local units
are in moderate FRCC, with insignificant departure for severity. Of those, the DC local unit is moderately
departed for fire rotation, while the RR local unit is highly departed, with a rotation of 2,432 years compared to
reference of 13 years (Table 69). The UPS local unit is in highly departed FRCC, highly departed for fire rotation,
and moderately departed for fire severity. FRCC departure is strongly dependent on seral state departure; in this
case seral state departure, particularly in the early seral state A, and the seedling/sapling states B, C and E, may
be attributable to recent fires (Dinner and Last Chance fires, 2011, and Horse Canyon Fire, 2012). These were all

in the southern Guadalupe Mountains.

Table 68. Fire interval (years), severity (% mortality) and condition class (FRCC) at the plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Fire Regime Condition Class

Fire Rotation

Fire Severity

| Il interval | refint severity | refsev | departure
0.0% 60.1% 40.8 13.00 34% 13% 63%
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Table 69. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Local Unit AC BR BC

Fire

Interval 2%

Fire

Severity 15% 13% 28%
FRCC 1] 1]

Coarse Woody Debris and Snags
No data was available for CWD and snags.
Ecological Status and Ground Cover

No data was available for ecological status. Ground cover was moderately departed from reference at 54
percent (Table 70).

Table 70. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). **-For woodland and forest system reference conditions are
based on interpolation, fire regime inferences, and the range of available literature values.

REFERENCE (acres) | CURRENT DEPARTURE
(acres) (%)

Ecological | Ground
Status Cover

Patch Size

Patch Size

Patch size was highly departed at 97 percent, with patches much larger currently than reference condition (Table
70). For this woodland type, that indicates increased connectivity and filling in of wooded ‘clumps’.

Insect and Disease
Insect and disease mortality was not available for JUG in the Plan Area.

Summary

Departure for seral state of the JUG ERA on the Lincoln NF is due primarily to an overabundance in the small tree
states B, C, and E, and the early seral/shrub state A, relative to reference condition. Locally the Upper Pecos and
Tularosa Valley local units most closely resemble the Lincoln NF for seral state proportion, while the Rio Hondo
unit, having similar departure, has much more in states B, C, and E than in state A. Fire regime is departed at the
plan scale, with fire rotations longer than reference, and fire severity greater than reference. This may be due to
fire suppression or lack of continuous grassy understory to support non-lethal frequent fires. Evidence for this is
in the moderate departure for ground cover as well as highly departed patch size with much larger contiguous
groups of trees in the grassland matrix, or larger areas of early seral in areas burned in recent fires. Future
modelling shows reduced departure over time under current management and disturbance conditions, although
it appears there may be room for the Forest to mitigate that departure through thinning or other density
management. Juniper grassland is generally moderate in departure across characteristics, but climate change
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models indicate an 86 percent high and very high vulnerability of vegetation type change through the end of this
century, although what that may look like is unclear. While it appears that departure will be reduced over time
under current climate and management, climate change may put the juniper grassland at high risk of losing
ecological sustainability. Not considering climate change, risk to ecological sustainability is probably moderate to
high, with the Forest potentially able to mitigate that risk if resources are available.

Piflon-Juniper Woodland (PJO):

General Description

Also called the “pifion-juniper persistent woodland,” the PJO ERU serves as a broad grouping of different plant
associations for descriptive purposes. Trees may occur as individuals or in smaller groups and range from young
to old, but more typically as large even-aged structured patches. The site is characteristically dominated by
moderate to high density tree canopy, and understory herbaceous plants/shrubs are limited or scarce. It is
mostly found on lower slopes of mountains and in upland rolling hills at approximately 4,500 to 7,500 feet in
elevation. Generally, annual precipitation ranges from 11 to 22 inches, with 40-45 percent coming between
October 1% and March 31%. Typical stressors and drivers (fire, insects, disease, etc.) are high severity and occur
infrequently. These disturbance patterns create and maintain the even-aged nature of this vegetation type.
Woodland development occurs in distinctive phases; ranging from open grass-forbs, to mid-aged open canopy
to mature closed canopy woodland. Where fire is very infrequent, the fire regime is usually attributed to local
edaphically-influenced fire affects such as rocky scarps, etc. On these sites, factors such as insect and disease
may be the only disturbance agents that affect woodland development. Tree and shrub species composition
varies throughout the Southwest and common trees include twoneedle pifion (Pinus edulis), singleleaf pifion
(Pinus monophylla Torr. & Frém.), Utah juniper (Juniperus osteosperma (Torr.) Little), oneseed juniper, and
alligator juniper. Typically, sparse native understory grasses are perennial species, such as several species of
grama (Bouteloua spp. Lag.), common wolftail (Lycurus phleoides Kunth), and threeawns (Aristida spp. L), while
forbs consist of both annuals and perennials. Shrubs are characteristically sparse to moderately distributed. This
type is typically found on sites with rocky soil characteristics. Fire suppression has not exhibited the far-reaching
effects on this ERU, as has been the case in other woodland types, since the fire frequency may or may not have
been altered during the period since Euro-American settlement. Vegetation maturation, decadence and overall
readiness for ignition are some of the key characteristics that influence fire disturbances in this type.

Ecological Characteristics

Spatial Niche

The PJO ERU makes up nearly 30 percent of the Lincoln NF at 319,105 acres, comprising just over 3 percent of
the total Context Area. Departure is higher for the Lincoln NF than the Context Area (see Seral State Proportion,
below), and the Lincoln PJO is 30 percent of all the PJO in the Context Area, making the Lincoln NF a substantial
contributor to the ecological sustainability of this ERU.

Seral State Proportion

Both the Lincoln NF and Context Area are moderately departed for seral state distribution (65 and 37 percent
respectively, Table 71) although the Lincoln NF is at the high end of the range, and the Context Area at the low
end (moderate ranges from 34-67 percent). Five of six local units contain PJO; four of the five are highly
departed from reference (68-69 percent), while the Tularosa unit is moderately departed (59 percent).
Departure class notwithstanding, the Lincoln NF and its local units didn’t differ much among seral states.
Departure for the Lincoln NF and local units arises from high percentages (63-75 percent) in early seral
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seedling/sapling and small diameter open canopies (<10-inch trees, <30 percent canopy, states B, C, E) and low
percentages (4-11 percent) in larger late seral closed canopy tree dominated state G. Reference conditions, in
contrast, are 5 percent for the early seral state and 60 percent for state G. The Context Area, while also over-
represented in the early seral states B, C, E, and under-represented in the late seral state G, is less departed
from reference with values of 26 percent for both states B, C, E combined, and state G. The large values for the
mid seral states B, C, and E on the Lincoln NF may be attributable to the Peppin Fire (2004) in the Arroyo del
Macho local unit, the Cree (2000), White (2011) and Donaldson (2011) fires in the Rio Hondo local unit, and the
Scott Able (2000) and Mayhill (2011) fires in the Rio Pefiasco local unit. Management activities, wildfire, insect,
disease and other disturbances, and natural succession modelled out 10, 100 and 1,000 years for the Lincoln NF
show departure dropping to Low by 100 years (28 percent) then slightly increasing over the next 900 years
(Table 71, Figure 30).

Lincoln National Forest Assessment Report—Draft 146



Chapter 4—Terrestrial Vegetation

Table 71. Pifon-Juniper Woodland ERU current and reference seral state proportions, and percent departure from reference condition for context, plan and local scales.
Green = low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Arroyo
Seral State Structure, Composition and Cover Del Rio Rio Salt Tularosa
Class Description Reference Context Lincoln Macho Hondo Peihasco Basin Valley
EARLY-SERAL: Grass, forb, sparsely vegetated
or recently burned with very open (< 10%)
A woody canopy cover, and shrubs with open (> 0.10 0.10 0.04 0.07 0.05 0.02 0.01 0.02
10% & < 30%) or closed (= 30%) woody
canopy cover
MID SERAL: Seedling/sapling size (< 5”
dbh/drc) trees with open (> 10% & < 30%) or
B,C E closed woody canopy cover, and small size (> 0.05 0.26 0.70 0.74 0.73 0.73 0.69 0.62
5” & < 10” dbh/drc) trees with open woody
canopy cover
D LATE-SERAL: Medium to very large size (> 10 0.10 025 | 008 | 004 | 008 | 005 | 003 | o011
dbh/drc) trees with open woody canopy cover
F MID-SERAL: Small size trees with closed 0.15 012 010 0.08 0.09 0.09 0.19 012
woody canopy cover
G LATE-SEBAL: Medium to very large size trees 0.60 0.26 0.09 0.06 0.06 012 0.08 012
with closed woody canopy cove
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Figure 30. Seral state percentages for Pifion-Juniper Woodland ERU at the plan scale modelled out to 1,000 years. RC is reference
condition, Current is current condition, Base 10, 100 and 1000 are modelled outcomes at 10, 100 and 1,000 years.

Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-ll) for the Plan Area, and as a single class for local units (See Fire Frequency, Severity
and Condition Class section). FRCC was not calculated for the Context Area.

The PJO historic fire regime is one of long rotations and high severity (Fire Regime V, stand replacement and
rotations greater than 200 years) or somewhat shorter rotations of mixed severity (Fire Regime lll, 35-200 year
mean fire interval) similar to mixed and high severity stand replacement forested ERUs. PJO is moderately
departed at the plan scale for both fire rotation and severity, and has 75 percent of the ERU in the moderately
departed condition class and 25 percent highly departed, reflecting the departure in structural state described
above, and changes in fire rotation and severity (Table 72). Fire rotation is moderately departed at 60 percent,
with current fire rotation intervals calculated to be 102.5 years, compared to a reference condition of 255 years.
Fire severity has a moderate departure value of 66 percent, with current severity of 22 percent compared to the
reference condition of 64 percent. Fire rotation of 102 years is still fairly long, but the severity is low, and may be
a result of fire suppression not allowing the fires that occur to create the mortality they did historically. Most
local units were in moderate FRCC, except for RR, which is in highly departed FRCC. Fire rotation was not
significantly departed for the AC, BC and RD local units, but highly departed for the RP, RB and RR units; all
showed shorter rotations than reference (Table 73). Fire severity was moderately to highly departed for local
units, with current severity less than the reference of 64 percent.
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Table 72. Fire interval (years), severity (% mortality) and condition class (FRCC) at the plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

e Condition Class ire Rotation
| Il interval | refint | departure | severity | refsev | departure
0% 75% 102.5 254.6 60% 22% 64% 66%

Table 73. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Local Unit
Fire Interval
Fire Severity | 28%
FRCC Il

Coarse Woody Debris and Snags

The pifion-juniper woodland ERU data come from five local units. CWD is moderately departed at the plan scale,
with nearly twice the tons/acre currently than in reference condition. The Arroyo del Macho, Rio Hondo, Rio
Pefiasco and Tularosa local units are moderately departed for CWD while departure was high for the Salt Basin
unit (Table 74). All local units have more snags per acre than reference. Snags in the 8-18 inches class were
highly departed from reference conditions at the plan scale with more than eight times the number of
snags/acre than reference. The Arroyo del Macho, Rio Hondo, Rio Pefiasco and Salt Basin units are highly
departed while the Tularosa Valley unit is moderately departed, all with more snags currently than in reference
condition. Snags in the larger than 18 inches size class are highly departed at the plan scale with current
abundance 60 percent of reference condition. Local unit departure is high for the Rio Pefiasco, Salt Basin and
Tularosa Valley units, moderate for the Arroyo del Macho unit, and low for the Rio Hondo unit. Overabundance
of snags and CWD relative to the reference condition are likely due to the dead or dying trees from recent
disturbances.

Table 74. Local Unit departure for coarse woody debris (CWD) and snags. CWD is measured in tons per acre while snag density
represents individuals per acre. Colors represent departure from reference condition: Green= low (0-33%), Orange=moderate (34-
66%), Red=high (67-100%). Trend shows whether current values of CWD and snags are greater or lesser than reference condition, and
by how much. Red parenthetical trend values mean Lincoln NF's current values are less than reference condition, while black trend
values are greater than reference condition.

PJO Coarse Woody Debris (tons per acre)
. Arroyo Rio Rio Salt Tularosa | Upper
Local Unit Del o .
Hondo | Peilasco  Basin Valley Pecos
Macho
Departure 64% 40% 48% 44% 50%
Reference 3.00 3.00 3.00 3.00 3.00 3.00
Current 8.2 5.01 5.75 5.33 11.70 5.95
Trend 5.2 2.01 2.75 2.33 8.70 2.95
Snags per acre, 8-18 inches DBH
. Arroyo Rio Rio Salt Tularosa | Upper
Local Unit Del N .
Hondo | Pefiasco Basin Valley Pecos
Macho
Departure 62%
Reference 2.00 2.00 2.00 2.00 2.00 2.00
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PJO Coarse Woody Debris (tons per acre)
. LNF Rio Rio Salt Tularosa | Upper
Local Unit Plan o .
Hondo | Peilasco  Basin Valley Pecos
Area
Current 16.4 14.75 16.24 11.72 17.00 5.29
Trend 14.4 12.75 14.24 9.72 15.00 3.29
Snags per acre, greater than 18 inches DBH
. Arroyo Rio Rio Salt Tularosa | Upper
Local Unit Del N .
Hondo | Pefiasco Basin Valley Pecos
Macho
Departure  [NONN  49% | 17% | GOOINMMMGOOIMM|NNOSIONN |
Reference 1.00 1.00 1.00 1.00 1.00 1.00
Current 3.5 0.51 1.20 0.00 0.00 13.34
Trend 2.5 (0.49) 0.20 (1.00) (1.00) 12.34

Ecological Status and Ground Cover

Ecological status at the plan scale is highly departed (73 percent), indicating either a change in species occurring
in the type, or a shift in the abundance of species, relative to reference conditions (Table 75). This may differ
among the subunits representing the PJ woodland. Overall, both conifer and oak cover are higher currently than
in reference conditions. Ground cover is moderately departed (35 percent). A relative overabundance of conifers
and oak may reduce ground cover and increase bare ground. While early seral condition acres may increase over
time (Figure 30), so does the late seral state of larger trees (greater than ten inch) in closed (greater than 30
percent cover) canopy. The early seral state includes sparsely vegetated land and it is unclear how much of the
modelled increase would be sparsely vegetated, which would suggest more bare ground (less ground cover). It is
also unclear how an increase in larger woody vegetation would affect ground cover. Live vegetation such as
bunch grasses would probably decrease from being shaded out, but litter from increased woody species may
increase. It is likely that ground cover would decrease, and departure for that characteristic would increase.

Table 75. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). ** -For woodland and forest system reference conditions
are based on interpolation, fire regime inferences, and the range of available literature values.

Ecological = Ground DEPARTURE

Status Cover
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Patch Size
Patch size for the pifion-juniper woodland ERU is highly departed (79 percent). Current patch sizes are

approximately 11 acres compared to a reference range of 50-400 acres (Table 75). This may be due to a change
in fire regime that has more frequent but less severe fires, creating a mosaic landscape of seral states.
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Insect and Disease

Insect and disease mortality for PJO has been reported at nearly 35,849 acres over a twenty year period,
averaging 1792 acres per year. The primary agents have been bark beetles, particularly the native pifion ips
beetle (see Insect and Disease section for more detail). While always present at some background levels,
drought and density increase the probability of a severe infestation, as does stress due to mistletoe infections.
Ironically, density reducing activities such as thinning, chipping and mastication that release volatile compounds
may draw ips to a site, and slash can provide breeding ground for the beetles which can then infest adjacent
trees. Warmer, drier conditions in the southwest predicted by some climate change models could further stress
trees, increasing the potential size, extent and severity of future infestations. Continued density reduction
treatments and reintroduction of fire to the PJ landscape might mitigate the effects of infestations, but it is likely
that insect and disease remains a large risk factor for the woodlands, driven primarily by climate.

Summary

The PJO ERU is moderately departed for seral state departure at the plan scale, while all but one local units are
highly departed. Departure reflects a much greater abundance in area of mid seral small trees than in late seral
larger trees, especially with closed canopies. Fire regime is also moderately departed for both fire rotation and
fire severity, with relatively more frequent and less severe fires than historically. Ecological status and patch size
are highly departed, and ground cover is moderately departed. While modeling seral state out ten and one
hundred years reduces departure significantly, it is expected that under current management, ecological status,
patch size and coarse wood and snags will remain highly departed. Climate change modeling places 65 percent
of the ERU at high and very high vulnerability to vegetation type change by the end of the century, although it is
unclear what that will look like. As the Lincoln NF has 30 percent of the PJO in the Context Area, the Forest can
play a major role in maintaining the ecological integrity of the ERU, particularly in density management of
woodland trees and use or reintroduction of fire into the landscape. The pifion-juniper woodland ERU is
considered to have low risk to ecological sustainability, except when climate change is considered. The Lincoln
NF may be able to mitigate much of that risk, although effects of climate change may dampen the effects of
mitigation.

Piflon-Juniper Grassland (PJG):

General Description

The pifion-juniper grassland (PJG) ERU occurs across the states of Arizona and New Mexico, in what were
historically more open woodlands with grassy understories. It is mostly found on lower slopes of mountains and
in upland rolling hills at approximately 4,500 to 7,500 feet in elevation. Tree species include one seed juniper,
Utah juniper Rocky Mountain juniper (Juniperus scopulorum Sarg.), and alligator juniper. Pifion trees include two
needle pifion. Native understories were made up of perennial grasses, with both annual and perennial forbs,
and shrubs that were absent or scattered. Contemporary understories often include invasive grasses and
uncharacteristically high shrub cover. The PJG ERU including its various vegetation states, occurs on deep, fine-
textured soils (usually mollisol) in valley bottoms and on gentle plains with few barriers to fire spread; within
areas of warm summer seasons and a bi-modal precipitation regime. Generally, annual precipitation ranges
from 11 to 22 inches, with 40 to 45 percent coming between October 1% and March 31%. According to Wahlberg
et al. (2014), empirical information on the historic condition of this type is lacking; however, site productivity
provides inference for the development of a grass/fine fuels layer, in turn, providing inference of frequent fire
and open, uneven-aged forest dynamics. At least one study, substantiating multiple tree cohorts in similar plant
communities, corroborates these assumptions (Gottfried 2003). There is photo documentation of various pinon
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and juniper landscapes of this and similar ERUs that show historically more open canopies and grasslands (Fuchs
2002). As such, trees would have occurred as individuals or in smaller clumps and range from young to old.
Scattered shrubs and a dense herbaceous understory of native grasses and forbs characterize this type. Typical
drivers and stressors (fire, insects, disease, etc.) are low severity and high frequency. These disturbance patterns
would have created and maintained uneven-aged and open-canopied conditions. The tree and grass species
composition varies throughout the Region, consisting a mix of one species of pifion (ranges are typically distinct)
and one or more juniper species. Typically, native understory grasses are perennial species, while forbs consist
of both annuals and perennials. Shrubs are characteristically absent or scattered. Due to the effects of long-term
fire suppression and grazing in this type, in many locations the current condition is severely departed from
historic conditions. Typically these changes include in-filling of the canopy gaps, increased density of tree
groups; and reduced composition, density and vigor of the herbaceous understory plants. Many of these sites
currently are closed-canopy woodlands, with insufficient understory vegetation to support surface fires.

Ecological Characteristics

Spatial Niche

The PJG ERU makes up less than 2 percent of the Context Area, but more than 15 percent of the Lincoln NF at
165,432 acres. It represents nearly 30 percent of PJG in the Context Area. This ERU occurs in all six local units.
Overall departure from reference condition for seral states is moderate and similar for the Lincoln NF and all
individual local units. The Context Area is also moderately departed from reference conditions, although not as
departed as the Lincoln NF (Table 76). Modelling of management activities, wildfire, insect and disease and other
disturbances, and natural succession dynamics show a reduction in departure over time (10, 100, 1,000 years)
but still in the moderate range (Figure 31) units, 50 percent reference). In contrast, the Context Area has only 22
percent in the small states but 27 percent in larger sized closed canopy late seral state G, compared to the
Lincoln NF’s two percent and a reference of 10 percent.

Seral State Proportion

The PJG ERU was moderately departed for seral state proportion at both the Lincoln NF and the Context Area,
although the Context Area was less departed (58 and 35 percent, respectively). For the local units, all were
moderately departed, ranging from 56 to 65 percent, with much greater percentages in small tree dominated
states B, C, and E, than reference (greater than 63 percent for all local units except Arroyo del Macho vs. 25
percent reference). In contrast, the Context Area has only 22 percent in those small states. Small mid-seral trees
in closed canopy (state F) were less than reference for the Lincoln NF and all local units, but the Context Area
had 15 percent compared to the reference of 10 percent. All units had much less percentage in the late seral
medium/large tree, open canopy state D (0-3 percent for local units, 50 percent reference). The Lincoln NF and
all local units (two percent or less) were less than reference (10 percent) for late seral closed canopy state G,
while the Context Area had much more (27 percent) than reference. This indicates that all areas are departed,
with more closed canopy than occurred in reference times, although the closed canopy in the Context Area
seems to have larger trees than the Lincoln NF. This ERU should typically have larger trees in an open canopy,
but due to legacy grazing and fire suppression, vegetation structure has shifted to more closed states. The
difference in tree sizes may be a reflection of time since last large disturbance.
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Table 76. Pinon-Juniper Grassland ERU current and reference seral state proportions, and percent departure from reference condition for context, plan and local scales.
Green = low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Arroyo Upper
Seral State Seral State Structure, Composition and Cover Del Rio Rio Salt Tularosa Pecos-
Class Description Reference | Context Lincoln | Macho | Hondo Pefiasco | Basin Valley Black
EARLY-SERAL: Grass, forb, sparsely vegetated or
A recently burned with very open (< 10%) woody 0.05 0.18 0.13 050 | 0.23 0.08 0.15 0.28 0.11
canopy cover, and shrubs with open (> 10% & <
30%) or closed (= 30%) woody canopy cover
MID-SERAL: Seedling/sapling size (< 5” dbh/drc)
B, C,E trees with open or closed woody canopy cover, 0.25 0.22 0.74 0.45 0.69 0.87 0.75 0.63 0.76
and small size (> 5” & < 10” dbh/drc) trees with
open woody canopy cover
D LATE-SERAL: Medium to very large size (2 10 0.50 018 | 002 | oot | 002 | 000 | 003 | 002 | 002
dbh/drc) trees with open woody canopy cover
F MID-SERAL: Small size trees with closed woody 010 0.15 0.08 0.03 0.05 0.03 0.07 0.06 0.09
canopy cover
G LATE-SERAL: Medium to very large size trees with 010 0.27 0.02 0.02 0.02 0.01 0.00 0.01 0.02
closed woody canopy cover
Departure 35% 58% 65% 62% 65% 60% 61% 56%
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Figure 31. Seral state percentages for Pifon-Juniper Grassland ERU at the plan scale modelled out to 1,000 years. RC is reference
condition, Current is current condition, Base 10, 100 and 1000 are modelled outcomes at 10, 100 and 1,000 years.

Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-ll) for the Plan Area, and as a single class for local units (See Fire Frequency, Severity
and Condition Class section). FRCC was not calculated for the Context Area.

The referenc fire regime for the PJG ERU is Fire Regime | of high frequency (0-35 year fire return interval) and
low severity non-lethal fires. Fire regime condition for PJG at the plan scale was 100 percent in the moderate
condition class. Fire rotation and severity were both moderately departed (Table 77), with current fire rotation
at 118 years compared to a reference of 20 years. Local units were all moderately condition class except for PW,
which was highly departed (Table 78). Fire rotation departure is likely due to effects of grazing and woody
encroachnmment reducing the understory fuels needed to carry fires, and fire suppression keeping fires small
when they do occur. Historically low severity was because frequent fires consumed the fuels that could carry
into the overstory, and the woody vegetation was usually old and large enough to resist fire. Low severity now
may be a result of understory fuels being inadequate to sustain fire across the landscape and into the overstory,
regardless of tree resistance to fire, and fire suppression limiting mortality when fires do occur.

Table 77. Fire interval (years), severity (% mortality) and condition class (FRCC) at the plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Fire Regime Condition Class Fire Rotation ‘ Fire Severity

interval | refint severity | refsev | departure
117.5 | 20.10 | 18% 13% 31%

0% 100%
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Table 78. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Local Unit AC BD BR BC DC

PW RD RB RR SR TVN TVS UPN UPS

Fire Interval

Fire Severity
FRCC Il Il Il

Coarse Woody Debris and Snags

Four local units contain the pifion-juniper grassland ERU. Departure of CWD at the plan scale is moderate, with
current value approximately half that of reference condition. Departure is low for the Rio Hondo, Salt Basin and
Tularosa Valley local units, with more tons per acre than reference. The Upper Pecos unit is moderately
departed, with fewer tons per acre than reference. Snags in the 8-18 inch size class is moderately departed at
the plan scale, with current abundance only 40 percent of reference condition. Locally, the Rio Hondo, Salt Basin
and Tularosa Valley are moderately departed, while the Upper Pecos unit is highly departed. Departure is low
for snags in the larger than 18 inch size class for the Plan Area, with slightly less currently than historically. The
Rio Hondo and Tularosa Valley units are moderately departed, while the Salt Basin and Upper Pecos units have
nearly reference condition values. The relationship between snags/CWD departure and structural state
departure is similar to the woodland types described above, but also moderated. However, the ERU in general is
moderately departed for seral state proportion with too many acres currently in the seedling/sapling open (<5”,
10-30 percent cover) state and too few in larger and more closed seral/structural states, relative to reference
conditions (see Seral State Proportion section). Many of these acres occur in the Guadalupe RD, where
topography and soil types may limit those under-represented seral states. (Table 79).

Table 79. Local Unit departure for coarse woody debris (CWD) and snags. CWD is measured in tons per acre while snag density
represents individuals per acre. Colors represent departure from reference condition: Green= low (0-33%), Orange=moderate (34-
66%), Red=high (67-100%). Trend shows whether current values of CWD and snags are greater or lesser than reference condition, and
by how much. Red parenthetical trend values mean Lincoln NF's current values are less than reference condition, while black trend
values are greater than reference condition. Blank cells mean data was unavailable for those local units.

PJG Coarse Woody Debris (tons per acre)
. Rio Rio Salt Tularosa | Upper
Local Unit Hondo | Peilasco | Basin Valley PZfos
Departure 46% 20% 25% 21% 48%
Reference 2.70 2.70 2.70 2.70 2.70
Current 5.0 3.39 3.62 3.42 1.40
Trend 2.3 0.69 0.92 0.72 (1.30)
Snags per acre, 8-18 inches DBH
. Arroyo Rio Rio Salt Tularosa | Upper
Local Unit Del Hondo | Pefiasco Basin Valley Pecos
Macho
Departure 43% 39% 60% | 39% |
Reference 5.00 5.00 5.00 5.00 5.00
Current 8.7 8.22 2.00 8.16 1.44
Trend 3.7 3.22 (3.00) 3.16 (3.56)

Snags per acre, greater than 18 inches DBH
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PJG Coarse Woody Debris (tons per acre)
Local Unit Rio Rio Salt Tularosa
Hondo | Peilasco | Basin Valley
Arroyo . .
. Rio Rio Salt Tularosa | Upper
Local Unit Del N .
Hondo | Pefiasco Basin Valley Pecos
Macho
Departure 33% 51% 0% 51% 7%
Reference 1.00 1.00 1.00 1.00 1.00
Current 15 0.49 1.00 0.49 0.93
Trend 0.5 (0.51) 0.00 (0.51) (0.07)

Ecological Status and Ground Cover

The ERU was highly departed for ecological status (species composition) at 92 percent. Ecological status can be
departed by either a shift to non-historic species, or a change in relative abundance of species that historically
occurred in the ERU. This could be occur among understory species, or by increases in tree cover relative to
understory species such as grasses. Given the seral state departure discussed above, it is likely that much of the
Ecological Status departure is due to an increase in tree cover and decrease in grasses. As ground cover
departure was low (25 percent), the ratio of bare ground to basal vegetative cover has not changed nearly as
much (Table 80). However, as ground cover is the combined cover of litter and live basal vegetation, it is
suspected that there is more litter and less basal vegetation in this ERU.

Table 80. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). ** -For woodland and forest system reference conditions
are based on interpolation, fire regime inferences, and the range of available literature values.

Ecological = Ground DEPARTURE

Status  Cover

Patch Size

Patch Size

Patch size is highly departed at 92 percent, with woodland patch sizes more than 12 times the reference range
(0.07-1.0 acres)(Table 80). This is likely due to woody vegetation encroachment as described in the seral state
proportion section above, or closing in of the grassland matrix where smaller clumps of trees grow together to
form larger aggregates. This can also help explain departure in ecological status, where departure can be a
function of a shift from more open woodland with abundant grasses to more closed woodland with more
juniper and fewer grasses and forbs.

Insect and Disease
Insect and disease mortality has affected 908 acres in the PJG over 20 years, averaging about 45 acres per year.

This may have the potential to increase as a continued shift from grass dominated to tree dominated landscape
may promote more frequent and severe insect infestations.
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Summary

The piflon-juniper grassland is moderately departed for most characteristics with the exception of ecological
status, and patch size, which are highly departed. Seral state proportion departure is probably a result of over-
represented seedling/sapling and small tree state B, C, E. Modeling into the future shows a trend toward
reference under current management and disturbance regimes, although in the areas of large sized trees there
is more closed canopy and less open canopy than in reference conditions. Departure currently may be
attributable to removal of fire as a system driver. Fire regime is moderately departed, with much longer fire
return intervals than historically, although severity is low and similar to reference. Departure is high for
ecological status and patch size, likely due to encroachment filling in areas between groups of trees and more
woody vegetation now relative to herbaceous species than historically. Risk to the ecological sustainability of
the pifion-juniper grassland ERU may be considered to be moderate, in part due to fire suppression, although
modeling indicates reduced future risk. However, the Lincoln NF can have a role in maintaining or reducing
departure, and thus risk, in the future through density management and/or re-introduction of fire in the
ecosystem. Climate change models projecting toward the end of the century indicate the ERU has a high
vulnerability to vegetation type change. Including climate change in a risk analysis substantially increases risk
into the future, beyond the control of the Lincoln NF.

Gambel Oak Shrubland (GAMB):

General Description

The following description is adapted from the LANDFIRE draft model description for Rocky Mountain Gambel
Oak-Mixed Montane Shrubland (LANDFIRE 2010):

Gambel Oak Shrubland is dominated by long-lived Gambel oak clones that form largely mono-
typic overstories (Simonin 2000). It occurs between [6,500-9,500 ft.] on all aspects, and at higher
elevations occurs more predominantly on southern exposures. Gambel oak occurs as the
dominant species ranging from dense thickets to clumps associated with other shrub species
such as serviceberry or sagebrush. Older, more developed Gambel oak can have a well-
developed understory comprised of snowberry, elk sedge, letterman's needlegrass, Poa ampla,
yarrow, lupine, and goldenrod. Depending on site potential, ponderosa pine, juniper, and pinyon
can encroach older plant communities. The primary disturbance mechanism is mixed-severity to
stand replacement fire resulting in top-kill and rare mortality. Gambel oak responds to fire with
vigorous sprouting from the root crown. Larger forms may survive low- intensity surface fire.

The Gambel Oak Shrubland (GAMB) ERU is classified as an edaphic-fire disclimax by the
Southwestern Region Terrestrial Ecological Unit Inventory. On contemporary landscapes, in the
absence of recurring mixed to stand replacing fire, coniferous tree species may be co-dominant
to dominant.

Ecological Characteristics

Spatial Niche

A first look at much of the Lincoln NF’s landscape, particularly in burned areas on the Smokey Bear and
Sacramento districts, would lead one to think there is a great deal of the GAMB) ERU on the Lincoln NF, but
much of that is really a persistent shrub phase of the Mixed Conifer/Frequent Fire (MCD) or Ponderosa Pine
(PPF) ERUS. The GAMB ERU makes up only 0.33 percent of the Lincoln NF, occurring in only two local units. The
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GAMB ERU occurring on the Lincoln makes up only 0.067 percent of the Context Area, but is 16 percent of all
that occurs in the Context Area, so the Lincoln has a small role in the sustainability of the ERU.

Seral State Proportion

This relatively small proportion of the ERU is more departed than the Context Area as a whole, having little if any
area in early seral herbaceous and shrub state (Table 81). Historically the GAMB ERU would have only 30 percent
of the tree dominated state D, but current condition for the Context Area has 86 percent in state D, while the
Lincoln NF and each local unit in which it occurs have 100 percent in state D (Table 81 and Figure 32). State D
includes all size classes of trees, so it is unclear what the distribution of sizes or ages is, but as trees become
dominant in this state as a result of succession without disturbance, it is likely that the absence of fire is the
largest contributor to departure, whether through suppression or lack of ignition. This ERU is often intermixed
with the MCD or PPF ERUs, and may be managed similarly, especially in interrupted fire regimes where trees can
gain dominance over shrubs.

Table 81. Gambel Oak Shrubland ERU current and reference seral state proportions, and percent departure from reference condition
for context, plan and local scales. Green = low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Seral State Structure, Composition and Rio Salt

Cover Class Description Reference Context Lincoln Peihasco Basin

EARLY SERAL: Grass, forb, sparsely
A vegetated or recently burned with very 0.05 0.04 0 0 0
open (< 10%) woody canopy cover

MID-SERAL: All size shrubs with open (>
10% & < 30%) canopy cover

C LATE-SERAL: All size shrubs with closed 0.15 0.06 0 0 0

(230%) canopy cover

D LATE-SERAL: All size trees with open or 03 0.86 1 1 1
closed canopy cover

Departure 56% ;

0.5 0.04 0 0 0
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Figure 32. Seral state percentages for Gambel Oak Shrubland ERU at the Plan scale. RC is reference condition, Current is current
condition.

Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-ll) for the Plan Area, and as a single class for local units (See Fire Frequency, Severity
and Condition Class section).

The historic fire regimes for the GAMB ERU are Il and IV, both stand replacement but with differing fire return
intervals of 0-35 years and 35-200 years, respectively. FRCC was not calculated for the Context Area.There were
no fires located in the GAMB ERUin the 20 year data for fire rotation and severity, so departure could not be
calculated for those characteristics, or fire regime condition class (Table 82 and Table 83). Seral state departure,
a primary component of FRCC, shows more of the ERU in later seral state D, dominated by trees, suggesting
missed fire rotations and FRCC departure in condition class III.

Table 82. Fire interval (years), severity (% mortality) and condition class (FRCC) at the plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

| Il interval | refint | departure | severity | ref sev | departure

n/a n/a n/a n/a 75.00 n/a n/a 78% n/a

Table 83. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Local Unit AC BD BR BC DC RB RR SR TVN UPN UPS
Fire
Interval nfa | nfa |n/fa| nfa|nfa|nfaln/alnfa|nfalnfal|n/alnfal nfaln/a
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Local Unit AC BD BR BC DC RP PW RD RB RR SR TVN UPN UPS

Fire
Severity nfa | nfa |nfa| nfa|nfa|nfaln/alnfa|nfalnfal|n/alnfal| nfaln/a
FRCC nfa | nfa |n/fa| nfa|nfa|nfaln/alnfa|nfalnfaln/alnfal nfaln/a

Coarse Woody Debris and Snags
No reference conditions are available for CWD and snags.
Ecological Status and Ground Cover

No data was available for either ecological status or ground cover.

Table 84. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). ** - For grassland and shrubland systems reference
condition is based on TEUI polygon geometry, mean patch size plus and minus the standard error to determine lower and upper patch

size values.
olog ound q . . _
PR NEPAR .
O - » » ;
LWR UPR °
n/a n/a - n/a n/a n/a n/a n/a

Patch Size

No data was available for patch size.

Insect and Disease

Total insect and disease mortality over 20 years was 978 acres, averaging 49 acres of mortality annually.

Summary

The Gambel oak ERU is small and relatively localized on the Lincoln NF, and intermixed with the mixed conifer-
frequent fire type. The high seral state departure is likely the result of nearly the total area burning in large fires
a number of years ago resulting in nearly all acres undergoing succession from the same starting point in time,
and subsequent suppression or lack of fire contributing to the current overabundance in tree state D, and under-
representation in the early seral and open and closed shrub states. While it appears that risk to ecological
sustainability is high, departure could change dramatically if a disturbance such as fire or insect and disease
mortality were to occur, or if management resources were applied to remove tree cover. The GAMB ERU was
not modelled into the future, so it is unclear how management affects future departure. However, to the extent
that the Lincoln NF suppresses or takes advantage of fires when they occur in this ERU, or otherwise promotes
vegetation treatments to restore desired structure, The Lincoln NF has an opportunity to contribute to the
ecological sustainability of the Gambel Oak Shrubland ERU.

Mountain Mahogany Mixed Shrubland (MMS):

General Description
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The Mountain Mahogany Mixed Shrubland ERU (MMS) occurs in the foothills, canyon slopes, and lower slopes
of the Rocky Mountains and on outcrops and canyon slopes in the western Great Plains. It ranges from southern
New Mexico extending north into Colorado. These shrublands are often associated with exposed sites, rocky
substrates, dry conditions, and recurrent historic fire that limited tree growth. Scattered trees or inclusions of
grassland patches or steppe may be present, but the vegetation is typically dominated by a variety of shrubs
including mountain mahogany and skunkbush sumac. Historically this ERU had less than 30 percent tree canopy
cover. The mountain mahogany mixed shrubland ERU is characterized by historic fire regime group IV, with an
average fire return interval of 35 to 200 years from stand replacing fire.

Ecological Characteristics

Spatial Niche

The MMS ERU makes up only 0.52 percent of the Context Area, but five percent of the Lincoln NF (52,528 acres).
The MMS ERU on the Lincoln NF contains 30 percent of the ERU occurring in the Context Area, and thus
contributes substantially to the ecological sustainability to the ERU.

Seral State Proportion

This ERU is equally moderately departed for both the Lincoln NF and the Context Area at 49 percent. Three of
the four local units are moderately departed, while Salt Basin barely exceeds the threshold for high departure.
As noted in GAMB above, tree encroachment is the primary indicator of departure. For Lincoln NF, Context Area
and local units, the tree dominated state D far exceeds the reference conditions (Table 85), while the open shrub
state B is far less in the Lincoln NF, Context Area or local units. Modelling under current management, wildfire,
other disturbance and successional factors, the trend is toward less departure, but remaining in the moderate
range. While there is some increase in closed shrub state C, and some decrease in tree state D through 100
years, there is still only half as much open shrub state B, and twice as much of tree state D than reference.
Current management as modelled means vegetation treatment, either through mechanical means or by
prescribed fire. Typically, there is little active management in this ERU, and this is reflected in the relatively small
changes in seral state proportion in the future. Increasing vegetation treatment, including the use of prescribed
fires (either intentionally or naturally ignited) may accelerate the trend toward reference conditions.
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Table 85. Mountain Mahogany Mixed Shrubland ERU current and reference seral state proportions, and percent departure from reference condition for context, plan and
local scales. Green = low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Upper
Rio Salt Tularosa Pecos-
Seral State Structure, Composition and Cover Class Description Reference Context Lincoln | Pefiasco  Basin Valley Black
A EARLY SERAL: Grass, forb, sparsely vegetated or recently burned with 0.05 0.06 0.03 0.04 0.02 0.09 0.01
very open (< 10%) woody canopy cover
B MID-SERAL: All size shrubs with open (= 10% & < 30%) canopy cover 0.5 0.12 0.18 0.00 0.01 0.00 0.35
LATE-SERAL: All size shrubs with closed (230%) canopy cover 0.15 0.04 0.00 0.00 0.00 0.00 0.00
D LATE-SERAL: All size trees with open or closed canopy cover 0.3 0.79 0.79 0.96 0.97 0.91 0.65

Departure 49% 49% 66% - 65% 35%

T R EE =
SEEEE
S EEEE B

Figure 33. Seral state percentages for Mountain Mahogany Mixed Shrubland ERU at the plan scale modelled out to 1,000 years. RC is reference condition, Current is
current condition, Base 10, 100 and 1000 are modelled outcomes at 10, 100 and 1,000 years.
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Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-ll) for the Plan Area, and as a single class for local units (See Fire Frequency, Severity
and Condition Class section). FRCC was not calculated for the Context Area.

The MMS ERU is characterized by historic fire regime group IV, with an average fire return interval of 35 to 200
years from stand replacing fire. Fire regime condition class at the plan scale was 89 percent moderately
departed and 11 percent highly departed (Table 86). Fire rotation departure was low at 31 percent, while fire
severity was moderately departed at 53 percent. At the local scale, three of four local units are in moderately
departed FRCC Il, while the Aqua Chiquita (AC) local unit is in FRCC lll. Fire severity is universally lower than
reference except for the UPS local unit.

Table 86. Fire interval (years), severity (% mortality) and condition class (FRCC) at the Plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Fire Regime Condition

Class Fire Rotation Fire Severity
| ] interval Tef departure | severity ref departure
int sev
0% 82% 108.6 | 75.00 31% 37% 78% 53%

Table 87. Fire interval (years), severity (% mortality) and condition class (FRCC) at the Local Unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

Local Unit AC

Fire Interval

Fire Severity

Coarse Woody Debris and Snags

No data were available for CWD, or snags.

Ecological Status and Ground Cover
No data was available for ecological status. Ground cover was moderately departed at 56 percent (Table 88).

Table 88. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). ** - For grassland and shrubland systems reference
condition is based on TEUI polygon geometry, mean patch size plus and minus the standard error to determine lower and upper patch
size values.

Ecological ' Ground
Status Cover

REFERENCE (acres) CURRENT TREND DEPARTURE
(acres) (%)

Patch Size
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Patch Size

Patch size was highly departed at 97 percent, with smaller patches (currently 8 acres compared to a reference
range of 300 to 522 acres, Table 88). This may be a result of fire suppression and a reduction in fire severity, and
stand replacement over the landscape where the ERU occurs.

Insect and Disease

Twenty year total insect and disease mortality was 2,684 acres, for an annual average of 134 acres.

Summary

The mountain mahogany-mixed shrub ERU is moderately departed for seral state for the Lincoln NF and three of
the four local units it occurs in. The Salt Basin local unit is highly departed, but only marginally so, and the Upper
Pecos-Black River is just over the threshold for moderate departure. Moderate departure for seral state and fire
severity combined with low departure for fire frequency put most of the ERU in the moderate fire regime
condition class, with the remainder in high FRCC. Departure may be attributable to fire suppression not allowing
natural processes to keep the tree layer in check. Shrub states are under-represented currently in both open and
closed states, although modelling out to ten and one hundred years reduce departure somewhat. Patch size
departure is likely an effect of increased tree cover. The vegetation in this ERU is typically managed lightly
except for grazing or incidental vegetation treatments if adjacent ERUs such as juniper or pifion woodlands are
being treated, and fires are generally suppressed as they occur. This ERU is considered to have moderate risk to
ecological sustainability, perhaps a result of past management (i.e., fire suppression). This risk may be mitigated
by future management that controls the amount of trees in this type. Climate change models indicate a 39
percent high and very high vulnerability to type conversion by the end of the century, although it is unclear
exactly what that would look like. Climate change might include warmer and drier conditions that may also
reduce tree cover in the future, without type conversion, thus reducing departure into the future.

Chihuahuan Desert Scrub (CDS):

General Description:

The following description is excerpted from the ILAP Arid Lands Model Documentation (2012):

[The Chihuahuan Desert Scrub ERU] ranges from the edges of basin floors, up alluvial fan
piedmonts to foothills of desert mountains and mesas. The major dominant is creosotebush
(Larrea tridentata), often mixed with tarbush (Flourensia cernua). Other sites may be dominated
by whitethorn acacia (Acacia constricta), viscid acacia (Acacia neovernicosa), Rio Grande
saddlebush (Mortonia scabrella), and ocotillo (Fouquieria splendens). Sub-shrubs are also
abundant and often codominants. These include lechugiulla (Agave lechuguilla), cactus apple
(Opuntia engelmannii), Wright's beebrush (Aloysia wrightii), and mariola (Parthenium incanum).
Other typical sub-shrub associates are broom snakeweed (Gutierrezia sarothrae), pricklyleaf
dogweed (Thymophylla acerosa), plumed crinklemat (Tiquilia greggii), and mat rockspirea
(Petrophyton caespitosum). Herbaceous cover can by sparse or grassy with fluffgrass (Dasyochloa
pulchela) and bush muhly (Muhlenbergia porter) key indicators. Black grama (Bouteloua
eripoda), tobosagrass (Pleuraphis mutica), and burrograss (Scleropogon brevifolius) may also
occur.

Ecological Characteristics
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Spatial Niche

There are 19,256 (<2 percent) acres of CDS on the Lincoln NF, while that ERU makes up 19 percent of the
Context Area. This ERU is found at the lower elevations of the western scarp of the Sacramento Mountains on
the Sacramento Ranger District, and around the base of the Guadalupe Mountains on the Guadalupe Ranger
District.

Seral State Proportion

Seral state departure is low for CDS at all scales. Departure is due to sparsely vegetated ground being under-
represented (Table 89, Figure 34), which implies a lack of disturbance. However, grazing has indirectly increased
the amount of shrubs, with mesquite qrowth following cattle trails (Dick-Peddie 1993), and although fire seldom
occurs, in generally small patches of mixed severity, suppression and lack of continuous fuels to carry fire into
shrubs may also keep state A in lower than reference abundance. Some sources say that fire had little to do
historically, or currently. This ERU was not modelled into the future.

Table 89. Chihuahuan Desert Scrub ERU current and reference seral state proportions, and percent departure from reference condition
for context, plan and local scales. Green = low departure (0-33%), orange = moderate (34-66%) and red= high (67-100%) departure.

Seral Seral State Structure, Composition and Cover Salt Tularosa
State Class Description Reference | Context | Lincoln Basin Valley

A Sparsely vegetated, recently burned, less than 0.05 0.01 0.00 0.01 0.00
10% shrub or tree cover
B,CD,G Native herb, shrub or tree dominance types 0.95 0.99 1.00 0.99 1.00
EF Exotic anngal or perennial herbaceous, with or 0.00 0.00 0.00 0.00 0.00
without tree and shrub cover
Departure 4% 5% 4% 5%
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Figure 34. Seral state percentages for Chihuahuan Desert Scrub ERU at the Plan scale. RC is reference condition, Current is current
condition.

Fire Regime and Condition Class

Fire regime is an ecosystem property composed of fire frequency and severity. Fire regime condition class
(FRCC) is a measurable characteristic that categorizes the combined current departure from reference
conditions of seral state proportion, fire frequency and fire severity. FRCC is reported as a percentage of the
three condition classes (I-ll) for the Plan Area, and as a single class for local units (See Fire Frequency, Severity
and Condition Class section). FRCC was not calculated for the Context Area.

The Chihuahuan Desert Scrub ERU is characterized by historic fire regime group Ill, with an average fire return
interval of 200 years or more from mixed severity fire. The sparse nature of this ERU indicates that fires likely
would have been limited in size to small areas of continuous fuels. There were no fires in CHD in the 20 year
data for fire rotation and severity, so departure could not be calculated for those characteristics, or fire regime
condition class (Table 90).

Table 90. Fire interval (years), severity (% mortality) and condition class (FRCC) at the plan scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

e Condition Class Fire Rotation
| Il interval | refint | departure | severity | ref sev | departure
n/a n/a n/a n/a 250.00 n/a n/a 50% n/a
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Table 91. Fire interval (years), severity (% mortality) and condition class (FRCC) at the local unit scale. Colors represent departure from
reference condition: green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%).

localUnit | AC BD BR BC|DC RP PW RD RB RR SR TVN TVS|UPN UPS

FireInterval {n/a|nf/a|n/a|n/a|n/a|n/a|n/a|n/a|n/a|nfa|n/a| n/a|n/a| n/a | n/a

Fire Severity | n/a | nfa [ n/a |n/a|n/a|nf/a|n/a|nf/a|nfa|n/a|nf/a| n/fa|n/a| nfa | n/a
FRCC nfa|nfa|nfa|nfa|n/a|n/a|nfa|n/a|n/fa|n/a|n/a| n/a|n/fa| nfa | n/a

Coarse Woody Debris and Snags
There is no data for coarse wood or snags.
Ecological Status and Ground Cover

There is no data for ecological status. Ground cover is moderately departed at 55 percent (Table 92).

Table 92. Ecological status, ground cover and patch size at the plan scale. Colors represent departure from reference condition:
green=low (0-33%), orange= moderate (34-66%) and red= high (67-100%). **- For grassland and shrubland systems reference condition
is based on TEUI polygon geometry, mean patch size plus and minus the standard error to determine lower and upper patch size
values.

Ecological ' Ground
Status

REFERENCE (acres) | CURRENT TREND DEPARTURE
(acres) (%)

[}
B
wv
=
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. Smaller

Patch Size

Patch size is moderately departed at 49 percent, with patches currently smaller than the reference condition
(Table 92). Little vegetation management is done in the CDS except for grazing and incidental vegetation
treatment intended primarily for adjacent woodlands.

Summary

The Chihuahuan Desert Scrub ERU on the Lincoln NF is highly departed for seral state, and fire regime condition
class. Fire frequency and severity could not be calculated because of the lack of fire data for this ERU on the
Lincoln, which for may be a real reflection fire activity. Seral state departure is very low but not zero, due to a
lack of sparsely vegetated ground. It was assumed for both the Context Area and the Lincoln NF that vegetation
was primarily native and not exotic. Ground cover is moderately departed, while patch size is highly departed
and smaller than reference. These are perhaps related, as decreased shrub patch size may also indicate more
bare ground. As stated above, little active vegetation management occurs in the Chihuahuan desert scrub
outside of grazing and incidental vegetation removal treatment at the ecotones with other vegetation types.
This ERU is not considered to have much risk to ecological sustainability, although better data on species
composition could change that assessment if it was found that this ERU was dominated by exotic species. That
risk, if increased, might be mitigated by Lincoln NF intervention in the spread of exotic plants, but is unlikel