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Appendix 1: Maps

The figures are located on the disk that accompanies this document. The figures can also be
viewed at www.fs.usda.gov/goto/flathead/fpr.

List of Figures

Figure
Number Title

1-01 Management areas for alternative A forestwide, cross-walked to proposed management area

1-02 Management areas for alternative B modified forestwide

1-03 Management areas for alternative C forestwide

1-04 Management areas for alternative D forestwide

1-05 Northern Rockies Adaptation Partnership (NRAP) map of climate change zones

1-06 Analysis area for the watersheds

1-07 Riparian management zones (alternatives B modified, C, D)

1-08 Riparian habitat conservation areas (alternative A)

1-09 Timber suitability in alternative A

1-10 Timber suitability in alternative B modified

1-11 Timber suitability in alternative C

1-12 Timber suitability in alternative D

1-13 Wildland-urban interface

1-14 Modeled winter mountain goat habitat with motorized over-snow vehicle suitability (areas and route corridors)
by alternative A

1-15 Modeled winter mountain goat habitat with motorized over-snow vehicle suitability (areas and corridors) by
alternative B modified

1-16 Modeled winter mountain goat habitat with motorized over-snow vehicle suitability (areas and corridors) by
alternative C

1-17 Modeled winter mountain goat habitat with motorized over-snow vehicle suitability (areas and corridors) by
alternative D

1-18 Modeled wolverine maternal denning with motorized over-snow vehicle suitability (areas and route corridors) by
alternative A

1-19 Modeled wolverine maternal denning with motorized over-snow vehicle suitability (areas and route corridors) by
alternative B modified

1-20 Modeled wolverine maternal denning with motorized over-snow vehicle suitability (areas and route corridors) by
alternative C

1-21 Modeled wolverine maternal denning with motorized over-snow vehicle suitability (areas and route corridors) by
alternative D

1-22 Modeled white tail deer winter habitat with motorized over-snow vehicle suitability (areas and route corridors)
by alternative A

1-23 Modeled white tail deer winter habitat with motorized over-snow vehicle suitability (areas and route corridors)
by alternative B modified

1-24 Modeled white tail deer winter habitat with motorized over-snow vehicle suitability (areas and route corridors)
by alternative C

1-25 Modeled white tail deer winter habitat with motorized over-snow vehicle suitability (areas and route corridors)
by alternative D

1-26 Modeled elk winter habitat with motorized over-snow vehicle suitability (areas and route corridors) by
alternative A
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Figure
Number Title

1-27 Modeleq elk winte_r_ habitat with motorized over-snow vehicle suitability (areas and route corridors) by
alternative B modified

1-28 Modeleq elk winter habitat with motorized over-snow vehicle suitability (areas and route corridors) by
alternative C

1-29 Modeleq elk winter habitat with motorized over-snow vehicle suitability (areas and route corridors) by
alternative D

1-30 Elk security in hunting season

1-31 Bear management units and subunits on the Flathead National Forest

1-32 Modeled grizzly bear denning with motorized over-snow vehicle late season areas and routes alternative A

1-33 Modeled grizzly bear denning with motorized over-snow vehicle late season areas and routes alternative B
mod

1-34 Modeled grizzly bear denning with motorized over-snow vehicle late season areas and routes alternative C

1-35 Modeled grizzly bear denning with motorized over-snow vehicle late season areas and routes alternative D

1-36 Oil and gas leases on the Forest, all are suspended

1-37 Status of amendment 19 subunits

1-38 G_rizzly bear security core (full implementation of amendment 19), designated wilderness, recommended
wilderness (alternative A)

1-39 Grizzly bear secure core, designated wilderness, recommended wilderness by alternative B modified

1-40 Grizzly bear secure core, designated wilderness, recommended wilderness by alternative C

1-41 Grizzly bear secure core, designated wilderness, recommended wilderness by alternative D

1-42 Motorized over-snow vehicle suitability under alternative A

1-43 Motorized over-snow vehicle suitability under alternative B modified

1-44 Motorized over-snow vehicle suitability under alternative C

1-45 Motorized over-snow vehicle suitability under alternative D

1-46 Modeled lynx habitat with motorized over-snow vehicle suitability by alternative A

1-47 Modeled lynx habitat with motorized over-snow vehicle suitability by alternative B modified

1-48 Modeled lynx habitat with motorized over-snow vehicle suitability by alternative C

1-49 Modeled lynx habitat with motorized over-snow vehicle suitability by alternative D

1-50 Lynx analysis units

1-51 USFWS mapped lynx critical habitat

1-52 Existing summer recreation opportunity spectrum for alternative A

1-53 Existing winter recreation opportunity spectrum for alternative A

1-54 Existing summer recreation opportunity spectrum for alternative B modified

1-55 Existing winter recreation opportunity spectrum for alternative B modified

1-56 Desired summer recreation opportunity spectrum for alternative C

1-57 Desired winter recreation opportunity spectrum for alternative C

1-58 Desired summer recreation opportunity spectrum for alternative D

1-59 Desired winter recreation opportunity spectrum for alternative D

1-60 Existing visual quality objective for alternative A

1-61 Scenic integrity objective for alternative B modified

1-62 Scenic integrity objective for alternative C

1-63 Scenic integrity objective for alternative D

1-64 Recommended wilderness areas forestwide for alternative A
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Figure
Number Title
1-65 Recommended wilderness areas forestwide for alternative B modified
1-66 Recommended wilderness areas forestwide for alternative C
1-67 Locatable mineral potential on the Flathead National Forest
1-68 Oil and gas potential on the Flathead National Forest
1-69 Grazing allotments in the Northern Continental Divide Ecosystem
1-70 Northern Continental Divide Ecosystem vicinity map
1-71 Grizzly bear management units (BMU) in the Northern Continental Divide Ecosystem
1-72 Northern Continen_tal Divide Ecosystem management zones and Blackfoot and Continental Divide Landscapes
on the Helena National Forest
1-73 Designated wilderness and inventoried roadless areas in the Northern Continental Divide Ecosystem
1-74 Grizzly bear management subunits in the Northern Continental Divide Ecosystem
1-75 Grizzly bear management zones on the Helena National Forest
1-76 Grizzly bear management zones on the Kootenai National Forest
1-77 Grizzly bear management zones on the Lewis and Clark National Forest
1-78 Grizzly bear management zones on the Lolo National Forest
1-79 Suspended oil and gas leases in the Northern Continental Divide Ecosystem
1-80 Oil and gas potential in the Northern Continental Divide Ecosystem
1-81 Locatable minerals potential in the Northern Continental Divide Ecosystem

Disclaimer: The USDA Forest Service makes no warranty, expressed or implied, including the warranties of
merchantability and fitness for a particular purpose, nor assumes any legal liability or responsibility for the
accuracy, reliability, completeness or utility of these geospatial data, or for the improper or incorrect use of these
geospatial data. These geospatial data and related maps or graphics are not legal documents and are not intended
to be used as such. The data and maps may not be used to determine title, ownership, legal descriptions or
boundaries, legal jurisdiction, or restrictions that may be in place on either public or private land. Natural hazards
may or may not be depicted on the data and maps, and land users should exercise due caution. The data are
dynamic and may change over time. The user is responsible to verify the limitations of the geospatial data and to
use the data accordingly.
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Introduction

The basic analytical framework for the revision of the forest plan for the Flathead National Forest
(hereinafter referred to as the “Forest™) is prescribed by the National Environmental Policy Act (NEPA)
process. A set of alternative scenarios related to vegetation and timber harvest, representing different
approaches to the identified issues and needs for change, was simulated over time by the use of vegetation
models to provide information to compare and contrast the alternatives in terms of their ability to achieve
the desired conditions for vegetation. The analysis of the vegetation conditions and timber outputs of the
alternatives included development of desired conditions, identification of lands suitable for timber
production, and evaluation of movement towards vegetation desired conditions and associated timber
harvest levels. This appendix describes the analytical methods and tools used to do the analysis
supporting the comparison of alternatives and summarizes the results.

Data and Information Sources for Vegetation Analyses

A variety of well-researched, well-documented, and well-accepted datasets and tools have been used in
the development of the models used for the terrestrial vegetation analysis. They collectively make up the
current best available science for quantifying vegetation conditions. The primary databases and
information sources used in the vegetation analysis process are briefly summarized below. Detailed
information about these data sources can be found in Trechsel (2016b).

Forest Inventory and Analysis

Forest Inventory and Analysis data consists of a set of points established on a nationwide systematic grid
across all ownerships and regardless of management emphasis. The sample design and data collection
methods are scientifically designed, publicly disclosed, and repeatable. For purposes of describing
existing vegetation information for broad-scale analyses, it is infeasible to maintain a field inventory on
every acre of a large analysis unit such as the 2.4 million acres of the Forest. The Forest Inventory and
Analysis plots provide a systematic, spatially balanced, statistically reliable inventory using national
protocols appropriate for providing unbiased estimates of forest conditions for use at broad scales of
analysis. Plots are remeasured on a 10-year cycle, allowing evaluation of trends in forest conditions over
time. For more detailed information on Forest Inventory and Analysis, refer to the work of Bush and
Reyes (2014), Czaplewski (2004), and the Interior West Forest Inventory and Analysis Program website
(http://www.fs.fed.us/rm/ogden/index.shtml).

Region Vegetation Map (VMap)

The USDA Forest Service Northern Region, also referred to as Region 1, Vegetation Map (VMap) is a
spatially explicit (mapped), polygon-based product derived from remotely sensed data that contains
information about the extent, composition, and structure of vegetation across National Forest System
(NFS) lands in the Northern Region. The VMap database provides four primary map products; lifeform,
tree canopy cover class, tree size class, and tree dominance type. Satellite imagery and airborne-acquired
imagery are used to develop the database and are refined through field sampling and verification. The
VMap was designed to allow consistent, continuous applications between regional inventory and map
products and across all land ownerships with sufficient accuracy and precision. An independent accuracy
assessment was conducted to provide a validation of the data, giving an indication of the reliability of the
map products (Brown, 2012). Refer to Region 1 Multi-level Vegetation Classification, Mapping,
Inventory and Analysis System (Barber, Berglund, & Bush, 2009) and other publications (Ahl & Brown,
2012; Barber, Bush, & Berglund, 2011) for an overview of the map unit design, the process used to
develop the layers, and a detailed description of VMap vegetative data.
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Flathead National Forest Geographic Information System

The Flathead National Forest has a library of geographic information system (GIS) data for the Forest.
The library includes a large number of mapped data layers with associated metadata. Primary layers
referenced for the vegetation analysis include vegetation data layers (VMap), fire history, fire start
history, timber harvest history, insect and disease aerial detection survey data, grizzly bear habitat, lynx
habitat layers, roads, topographical features such as elevation and slope, and administrative-related
boundary layers (e.g., ownership, inventoried roadless areas, wilderness areas, wildland-urban interface).
The link to Flathead National Forest geospatial data can be found on the Forest’s web page
(http://www.fs.usda.gov/flathead).

Many summaries and assessments of vegetation condition were developed using GIS, which is both an
analysis tool and a display technology, meaning it can be used both to track information and to display it
in a variety of graphic formats. As explained later, the GIS tool was used in determining timber suitability.
It was also used to build the acre summaries needed for Spectrum analysis areas and spatial data for the
SIMPPLLE model.

Potential Vegetation Types

Potential vegetation types are mapping units delineating areas that have similar biophysical environments
(e.g., climate and soil characteristics) that produce plant communities of similar composition, structure,
and function. The USDA Forest Service Northern Region has identified potential vegetation groups
(broad- and mid-level groupings of habitat types) that are recommended for use at the broad levels to
provide consistent analysis and monitoring, as described by Milburn and others (Milburn, Bollenbacher,
Manning, & Bush, 2015) in the publication Region 1 Existing and Potential Vlegetation Groupings used
for Broad-Level Analysis and Monitoring. Four coniferous forest potential vegetation types are found on
the Flathead: warm-dry, warm-moist, cool-moist, and cold. Refer to appendix D of the forest plan for a
cross-reference of habitat types and other vegetation classifications to the potential vegetation types used
in the forest plan.

Potential vegetation types serve as a basis for describing certain ecological conditions across the Forest
and are useful in understanding the various ecosystems on the Forest and their potential productivity and
natural biodiversity, as well as the kinds of processes that sustain these conditions. They provide an
understanding of the potential vegetation conditions that might occur over time on a particular site.

Vegetation Models

The vegetation management strategy for the Flathead is to manage the landscape to maintain or trend
towards the desired conditions for vegetation. Modeling changes in vegetation over time and evaluation
of movement towards desired conditions has been accomplished using the following set of analytical
tools and models:

e Forest Vegetation Simulation—This forest growth simulation model was used to estimate timber
growth and yield.

e Spectrum—This model was used to project alternative resource management scenarios and to
schedule vegetation treatments in response to vegetative desired conditions.

¢ SIMulating Patterns and Processes at Landscape scaLEs (SIMPPLLE)—This model was used to
provide a means of simulating succession and disturbance activities and to summarize fire behavior.

These models are tools that provide information useful for understanding vegetation change over time and
the relative differences between alternatives. The Spectrum and SIMPPLLE models are best used to
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provide information of comparative value; these models are not intended to be predictive or to produce
precise values for vegetation conditions. Out of necessity, the models simplify very complex and dynamic
relationships between ecosystem processes and disturbances (such as climate, fire, and succession) and
vegetation over time and space. Though best available information, including corroboration with actual
data, professional experience, and knowledge, is used to build these models, there is a high degree of
variability and an element of uncertainty associated with the results because of the ecological complexity
and the inability to accurately predict the timing and/or location of future events. The following sections
provide more detailed descriptions of each of the above-mentioned models.

Forest Vegetation Simulator

Growth and yield tables for the Spectrum model were developed using the Forest Vegetation Simulator.
The Forest Vegetation Simulator is a family of forest growth simulation models. The basic Forest
Vegetation Simulator model structure has been calibrated to unique geographic areas to produce
individual Forest Vegetation Simulator variants. Since its initial development in 1973, it has become a
system of highly integrated analytical tools. These tools are based upon a body of scientific knowledge
developed from decades of natural resources research. Data from the Forest Inventory and Analysis
database was used in developing the growth and yield tables. The use of the Forest Vegetation Simulator
and of the timber prescriptions are documented in the report Construction of Vegetative Yield Profiles for
Forest Plan Revision (Vandendriesche, 2005). The resulting yield tables were used in modeling timber
harvest levels in the Spectrum model.

Spectrum Model

Spectrum is a software modeling system designed to assist decision makers in exploring and evaluating
multiple resource management choices and objectives. Models constructed with Spectrum apply
management actions to landscapes through a time horizon and display resulting outcomes. Management
actions are selected to achieve desired goals (objectives) while complying with all identified management
objectives and limitations (constraints). Spectrum makes it possible to display management actions at
multiple spatial and temporal scales. This model is very effective in modeling alternative resource
management scenarios in support of strategic and tactical planning. Examples of this include scheduling
vegetation treatments to achieve desired conditions; modeling resource effects and interactions within
management scenarios; exploring “tradeoffs” between alternative management scenarios; and analyzing
minimum habitat requirements to ensure species viability and diversity.

Spectrum was used to model potential vegetation treatments across the Forest over time under the
different alternatives developed for the forest plan. The action alternatives were modeled with an
objective based on the achievement of desired conditions, as described in the plan, for forest composition
and size classes. For example, a downward trend in the small forest size class and an upward trend in the
large size class is a desired condition forestwide, which the model may achieve with regeneration
treatment (i.e., clearcut or seed tree cut) of some small-size-class forest to convert it to seedling/sapling-
size-class forest, leaving some to advance into larger tree size classes. In addition, to meet desired
conditions for increased amounts of ponderosa pine and western white pine, the regenerated stands could
be converted (i.e., through planting) to desired species.

In addition to the objectives, the model applies constraints to potential actions based on other resource
factors that would limit treatments, such as lynx habitat, grizzly bear security, known operational or
logistical limitations (such as with prescribed burning), and management area direction (such as
suitability for timber production or prohibitions on certain treatments). Limits associated with budget
levels are also evaluated. In the end, Spectrum model formulation and outcomes provide a schedule of
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activities for the Flathead National Forest (harvest and prescribed fire) that help provide answers to the
following questions:

e What vegetative treatments are selected and how should they be scheduled to move towards the
desired conditions for vegetation, with and without budget limitations?

e What is the projected timber sale quantity, with and without budget limitations?

e  What amount of timber can be removed annually in perpetuity on a sustained-yield basis (i.e., the
sustained yield limit)?

The Spectrum and SIMPPLLE models are used interactively to analyze vegetation conditions. Wildland
fire disturbances are first modeled in SIMPPLLE. Resultant disturbance levels are then input into the
Spectrum model as acres of projected wildland fire. The Spectrum model is then run to meet desired
conditions or other objective functions (see discussion below on the Spectrum model). The outputs from
Spectrum are input into the SIMPPLLE model to allow for integration with the ecological processes and
disturbances as modeled within SIMPPLLE (fire, insect, disease, succession) and spatial analysis of the
change in vegetation conditions over time (refer to the later section titled SIMPPLLE Modeling Results of
Vegetation Change and to appendix 3, Modeled Wildlife Habitat Assessment). Figure 2-1 displays the
interaction and relationship between the Spectrum and SIMPPLLE models.

Using SIMPPLLE and Spectrum together

Treatments

Spectrum

Vegetation
Management SIMPPLLE =

Conditions
and Wildlife
Habitat

Scheduling Simulation
Model Model

Disturbances

Figure 2-1. Use of Spectrum and SIMPPLLE in determining effects on vegetation conditions and habitat

SIMPPLLE Model

SIMulating Patterns and Processes at Landscape scalLEs (SIMPPLLE) is a model that simulates changes
in vegetation on landscapes in response to both natural disturbances and management activities as they
interact with climatic conditions. This model was used in the forest plan revision for two purposes: to
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calculate the natural range of variation for vegetation conditions and to project the vegetation conditions
of the alternatives across the Forest into the future for analysis in the environmental impact statement
(EIS). The Region 1 VMap GIS layer is the primary data used for describing the existing vegetation
conditions for the Flathead National Forest. Potential vegetation types, geographic areas, and ownership
are also integrated into the existing data layer.

SIMPPLLE takes a landscape condition at the beginning of a simulation (including past disturbances and
treatments) and uses logic to grow the landscape through time while simulating processes (growth, fire,
insects, etc.) that might occur on that landscape during the simulation, accounting for the effects of those
processes. It is a state and transition model, incorporating multiple pathways of change in vegetation in
response to climate, disturbances, growth, and other processes. Simulation timesteps are 10 years, and
simulations are made for multiple timesteps. The logic assumptions in the model come from a variety of
sources, including expert opinion, empirical data, modeled data from other forestry computer applications
such as Forest Vegetation Simulator, and initial model logic files that reflect a long history of trial and
error and research that has been maintained and documented in files that are passed from Forest to Forest.

One of the main utilities of the SIMPPLLE model is its stochastic nature. The model is typically run for
multiple iterations to allow the manager to see a variety of possible projections, look for patterns, and
adjust management response accordingly. Managers cannot know with precision the specific types,
locations, and extents of natural disturbances that will occur on the landscape. Therefore, the SIMPPLLE
model will randomly assign fire, insect, and disease processes on the landscape in a manner consistent
with what is known about the nature of these disturbances (e.g., insect-prone stands have a higher hazard
and probability of getting an infestation, especially in a dry climate cycle).

The other main utility of the SIMPPLLE model is its spatially interactive nature. A process occurring on
one site is dependent, to an extent, on the processes that are occurring on adjacent sites. Consider a fire
event. SIMPPLLE simulates fire by assigning fire starts with a probability consistent with what historic
records indicate for the area and climate. Each start is then given the opportunity to grow. The size the fire
grows to is dependent on the surrounding vegetation as well as the historic probability that it will end
with a weather event (or, if simulating fire suppression, whether or not there are enough resources, etc., to
put the fire out). The type of fire that spreads (lethal, semi-lethal, or non-lethal) is dependent on the
vegetation conditions of the site (including past disturbance or treatment), the climate assumption for the
timestep, its elevational position relative to the burning fire (uphill, downhill, etc.), and whether it is
downwind or not. Again, the fire process will stop according to the probability of a weather-ending event,
successful fire suppression, or perhaps running up against a natural barrier such as the treeline or a lake.
SIMPPLLE will then determine the effect of the fire by considering whether there are trees present
capable of reseeding/resprouting the site (in the case of a lethal fire), whether the stand’s fuel conditions
have been reduced (for semi- or non-lethal fires), and whether there has been a change in size and/or
species on the site.

The SIMPPLLE analysis for the Flathead National Forest uses the Region 1 VMap as the existing
vegetation conditions layer. SIMPPLLE data was calibrated with Forest Inventory and Analysis data for
vegetation species and size classes. Refer to Trechsel (2016b) for information on these vegetation
databases.

The SIMPPLLE model for the Forest Service Northern Region’s Westside zone was the initial source
model used for the Flathead National Forest (see documentation at
http://www.fs.fed.us/rm/missoula/4151/SIMPPLLE/). The Nez Perce-Clearwater National Forests revised
the logic in this model in 2012, which was then used as the foundation for the Flathead National Forest
model development and analysis. A number of key updates of the logic files and assumptions were
conducted to more closely reflect the ecosystems and processes on the Flathead National Forest. These
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include modification of certain successional pathways, regeneration logic, insect/disease probabilities,
and fire logic (e.g., fire severity, fire size/spread, fire event probabilities, and weather-ending events).
Updates to the model between the publishing of the draft EIS and the final EIS also occurred to more
accurately reflect fire and bark beetle disturbances as well as to conduct some additional corroboration of
size class between the R1 VMap data layer and the Forest Inventory and Analysis data set. Details on the
development of the SIMPPLLE model and the model updates that were completed throughout the forest
plan revision analysis process can be found in Henderson (2017) and Chew (2014). As discussed earlier,
even though best available information was used to develop and update the model, there remains
relatively high uncertainty in the results due to the ecological complexities and lack of ability to predict
the future. Actual amounts of fire or bark beetle activity on the landscape in the future, for example, and
the impact to vegetation could be quite different from that modeled. Up to 30 model simulations were run
to better capture the variability and uncertainties associated with disturbance events and resulting
vegetation change.

Vegetation Desired Conditions

The intent of the Forest Service is to promote ecosystem integrity in the plan area, design plan
components to maintain or restore natural range of variation for key ecosystem components, and establish
desired future conditions that enhance the resiliency of the landscape (2012 planning rule, Forest Service
Handbook 1909.12 chap. 20). The natural range of variation is generally defined in the directives as “the
variation of ecological characteristics and processes over scales of time and space that are appropriate for
a given management application” (Forest Service Handbook 1909.12 chap. Zero Code). An understanding
of the natural range of variation for vegetation components provides insight into the dynamic nature of the
Forest ecosystems, the conditions that have sustained the current complement of wildlife and plant
species on the Flathead National Forest, and the structural and functional properties of a resilient
ecosystem. However, the directives also recognize there may be other factors (social, economic, or
ecological) that lead the responsible official to determine that the natural range of variation may not be an
appropriate desired condition for certain vegetation characteristics (Forest Service Handbook 1909.21
chap. 23.11a).

Desired conditions were developed for the key vegetation components identified on the Flathead National
Forest. These components are as follows:

e Vegetation composition, as measured by vegetation dominance type (conifer and non-forest types)
and tree species presence

e Forest size class (diameter) and very large tree component
e Old-growth forest

e Forest density (tree canopy cover percent)

¢ Snags and downed wood

o Landscape vegetation pattern—forest size class patch characteristics

Development of Desired Conditions

Factors influencing development of desired conditions for the key vegetation components are listed
below. All factors are governed by the prevailing concept to maintain ecosystem and forest resilience, as
informed by evaluation of natural range of variation. Greater details on these factors and resulting desired
conditions can be found in Trechsel (2016a). The factors have been broadly grouped into the following
three themes:
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1. Maintain conditions that would better contribute to long-term ecosystem resilience and adaptation to
uncertainties of future climate and disturbances

Manage for species that have favorable traits that would improve their ability to persist in light of rapidly
changing future environmental conditions. This “trait-based ecology” approach (Laughlin, Strahan,
Huffman, & Sanchez Meador, 2016) strives to maintain or expand the presence of tree species or
structures that would increase the probability of maintaining desired composition and structural
conditions in the future forest. On the Flathead National Forest, this equates mainly to managing for
species and structures with resistance to drought, fire, insects, or disease and includes

e increased presence (distribution) and dominance of ponderosa pine, western larch, western white
pine, and whitebark pine;

e increased tree species diversity (species presence) across the landscape;

¢ increased presence of large and very large tree sizes, with a focus on western larch, ponderosa pine,
western white pine, and whitebark pine; and

e reduced high-density forest conditions in portions of the landscape.
2. Sustain important wildlife habitat conditions

Promote vegetation types and stand structures that provide habitat conditions important to key wildlife
species and/or may currently be less common across the landscape. These types include

e late-successional/old-growth forest conditions, particularly ponderosa pine on the warm-dry
potential vegetation type, cedar on portions of the warm-moist potential vegetation type, and stands
with very large western larch overstory on the cool-moist potential vegetation type;

e whitebark-pine-dominated plant communities on the cold potential vegetation type;
e multistory subalpine fir-/spruce-dominated hare habitat to provide for Canada lynx;
e desired pattern, structure, density, and composition of forests on elk/deer winter range; and
e non-coniferous vegetation types, specifically hardwood forest types and dry grasslands.
3. Consideration of social and economic factors

Take into account the influence of social and economic factors on desired conditions, mainly within the
wildland-urban interface and areas of the Forest with greater amounts of human recreational use and
access and intermingled ownerships, including

o forest densities within the warm-moist potential vegetation type, the majority of which occurs in the
wildland-urban interface, to reduce expected fire behavior and improve human safety; and

o forest patterns, specifically the size of openings (seedling/sapling forest patches) to address
increased visual (scenic) sensitivity and wildlife security.

Evaluation of Natural Range of Variation

The Flathead National Forest used a variety of methods to determine the natural range of variation for the
vegetation components, depending upon available data and methodology. These are described below.

Vegetation composition, forest size class, and forest density

For the Flathead National Forest assessment (USDA, 2014), a quantified historical range of variability
analysis conducted on the Flathead in 1999 was the best available data and was used to inform the
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discussion of historical reference conditions for vegetation composition and structure in the assessment
(refer to USDA, 2013). For the revised plan, the SIMPPLLE model was used to develop a quantified
estimate of the natural range of variation for these vegetation components. Results from the 1999
historical range of variability analysis helped corroborate the SIMPPLLE model results. Refer to
Henderson (2017) and Trechsel (2014, 2017a, 2017b) for detailed information on the analysis that
estimated natural range of variation. A brief summary is provided below.

As suggested in the directives, when considering the period of time over which to evaluate the natural
range of variation, “the pre-European influenced reference period considered should be sufficiently long,
often several centuries . . .” and should “include short-term variation and cycles in climate” (Forest
Service Handbook 1909.12 chap. Zero Code). For the Flathead National Forest analysis, vegetation
conditions back to the year 960 CE (Common Era) were modeled. This reference period allowed us to
simulate the conditions associated with much of the time period known as the Medieval Climate Anomaly
(about 950 to 1250), as well as the other end of the climate spectrum known as the Little Ice Age (early
1300s to about 1870s). The inclusion of the Medieval Climate Anomaly in the simulation is potentially
valuable in that it might indicate conditions and processes that could occur in the modern climate regime
under a warmer, drier scenario (Calder, Parker, Stopka, Jimenez-Moreno, & Shuman, 2015). The model
was run under a scenario that assumed only natural ecological processes and disturbances and their
interaction with climate. Thirty simulations were run to better capture the variability and uncertainties
associated with disturbance events and resulting vegetation change.

In consultation with the Rocky Mountain Research Station in Missoula, Montana, it was determined that
the appropriate indicator of past climate is the Palmer Drought Severity Index (Alley, 1984). Data for this
index is typically reconstructed for localized points, and the data point nearest the Flathead National
Forest was used to evaluate the climate for the area. The data was categorized into three climate
scenarios: wetter, drier, and normal. Refer to Henderson (2017) for greater detail on how climate was
used in the modeling process.

Graphs displaying results from the SIMPPLLE natural range of variation analysis are found in Trechsel
(2017a). The natural range of variation is displayed as a range (minimum and maximum) in proportion of
area forestwide and for some components by potential vegetation types, vegetation dominance types,
conifer tree species presence, forest size classes, and forest canopy cover classes. The results of this
natural range of variation analysis informed the development of desired conditions for the revised forest
plan (Trechsel, 2016a).

The SIMPPLLE model was also used to project vegetation change into the future, as affected by
anticipated treatments, natural disturbances, and climate change. Because the same methodology was
used, these results could then be compared to the natural range of variation or to the desired conditions,
and differences between alternatives analyzed in the EIS. Refer to Trechsel (2017b) and USDA (2017) for
graphs displaying disturbances and estimated changes in vegetation conditions over the 5-decade future
modeling period. Refer also to discussions later in this appendix under the section on SIMPPLLE
modeling results.

Old-growth forest

There is no means to determine a statistically sound, quantifiable estimate of the natural range of variation
for old-growth forest as defined for the Flathead National Forest (Green et al., 2011) because the
characteristics associated with old-growth forest can be determined only through site-specific inventory.
Forest plan amendment 21 (USDA, 1998), which incorporated new old-growth management direction
into the current Flathead forest plan (USDA, 1986), evaluated historical old-growth forest conditions
using a variety of sources, including historical surveys, dendrochronology studies, and computer
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modeling (i.e., the 1999 historical range of variability analysis described earlier). This was the main
source of information for documenting reference conditions for old-growth forest in the Flathead
assessment (USDA, 2014). For development of the revised plan, this information was supplemented with
results of the SIMPPLLE natural range of variation analysis for the large and very large forest size
classes, which have some correlation with old-growth forest conditions. An approximation of natural
range of variation for old-growth forest also was derived by evaluating current conditions for the “large
tree component” across the Flathead. Refer to the final EIS section on old growth (section 3.3.7) for
details relating to assessment of old-growth forest.

Snags and downed wood

The SIMPPLLE model results do not provide a quantified natural range of variation for these
components. Information sources used to assess snag and downed wood natural range of variation include
(a) Forest Inventory and Analysis reports displaying existing amounts of these components across the
Forest, particularly within wilderness and roadless areas; and (b) evaluation of the natural range of
variation for natural disturbance processes (as modeled with SIMPPLLE). Assuming that conditions
within wilderness areas would most closely represent ecosystems functioning under natural disturbance
regimes, a review of the existing snag and downed wood component within and outside wilderness and
roadless areas provided clues as to what might be an average natural condition for the amount or type of
snags and downed wood on average across the landscape. A review of the natural range of variation
results for fire and insect/disease activity across the Forest as to the role they and natural succession play
in creating snags and downed wood also aided in understanding the natural range of variation for these
components. Refer to section 3.3.8 in the final EIS and to Trechsel (2017c¢) for details on the analysis of
existing and natural range of variation for snags and downed wood.

Landscape pattern

The 1999 historical range of variability analysis described earlier, which provided estimates of historical
range of variability for vegetation composition and structure, also provided quantified estimates related to
the pattern of these forest patches across the landscape (refer to USDA, 2013). As the best available
information, results of this analysis were used to inform the discussion of historical reference conditions
for vegetation pattern in the 2014 assessment of the Flathead National Forest. However, it is very difficult
to use the results of that analysis in the development and analysis of the revised forest plan and
alternatives. The site and vegetation classifications differ substantially from those used in the revised
forest plan, and cross-referencing them is problematic and subject to broad interpretation. The data used is
relatively dated (mid-1990s), considering the large amount of area on the Forest altered by wildfire over
the past 20 years. It is infeasible to update the 1999 historical range of variability analysis or translate it
into the Forest’s current classification and analysis structure; nor can we project future changes in pattern
(either using the same methodology or a different process) that can be correctly compared to current
conditions. Use of consistent methodology for evaluating past, present, and future landscape patterns
would be important to appropriately interpret and evaluate spatial statistics associated with patch
dynamics. Therefore, though the 1999 historical range of variability analysis was useful in improving our
understanding of the ecosystem conditions on the Flathead National Forest and assessing its ecological
integrity, direct use of the quantitative results from that analysis to develop desired conditions and
conduct effects analysis was not possible.

For development of the revised forest plan, an analysis of natural range of variation for patch size of early
successional (seedling/sapling) forest was conducted using the SIMPPLLE model natural range of
variation results for stand-replacing fire events (the primary disturbance that creates these patches) over
the past 1,000 years (refer to Trechsel, 2017d). This natural range of variation analysis was used to inform
the development of forest plan components related to forest pattern across the Flathead National Forest
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landscape. The analysis was limited to analysis of seedling/sapling forest patches for several reasons. The
1999 historical range of variability analysis noted the most departure from and greatest concern related to
ecological integrity for the early successional forest patch sizes and densities, when compared to
historical conditions. The dominance of grass, forbs, shrubs, and short trees within these early
successional forests creates a patch—an opening—that forms strong contrast (e.g., forest “edge”) and is
distinctly different from the adjacent small, medium, large, or very large forest size class patches. Not
only does this allow for more accurate detection and measurement of the patch and resulting landscape
patterns (past, present, and future), but the seedling/sapling forest patch type is particularly meaningful
for evaluation of wildlife habitat conditions, forest cover, and connectivity. The larger trees and denser
forest cover present in the adjacent small to very large forest size class patches provide the connectivity of
habitat important to many wildlife species. Early successional stages also represent the crucial initiation
point of forest development and thus greatly influence potential future conditions and patterns. Refer to
section 3.3.9 in the final EIS on landscape patterns for additional discussion of the analysis conducted.

Identification of Lands Suitable for Timber Production

The National Forest Management Act directs forests to identify lands that are not suited for timber
production. The act states at sec. 6 (k), “the Secretary shall identify lands within the management area
which are not suited for timber production, considering physical, economic, and other pertinent factors to
the extent feasible, as determined by the Secretary, and shall assure that, except for salvage sales or sales
necessitated to protect other multiple-use values, no timber harvesting shall occur on such lands for a
period of 10 years.”

The assessment of suitable timberlands was accomplished using GIS. Use of GIS resulted in consistent
identification of each step in determining suitability.

Criteria for determining lands not suitable for timber production are outlined in Forest Service Handbook
1909.12 sec. 61. A two-step process is used:

1. Identify lands that are not suited for timber production based on legal and technical factors, as
follows:

e Statute, executive order, or regulation prohibits timber harvest on the land, or the Secretary of
Agriculture or the Chief of the Forest Service has withdrawn the land from timber harvest as
described in section 61.11.

e The technology is not currently available for conducting timber harvest without causing irreversible
damage to soil, slope, or other watershed conditions as described in section 61.12.

e There is no reasonable assurance that such lands can be adequately restocked within 5 years after
final regeneration harvest as described in section 61.13.

e The land is not forest land as described in section 61.14.

After subtracting the lands that are not suited from the total of NFS lands, the remaining lands are lands
that may be suited for timber production and are considered in step 2.

2. From the lands that may be suited for timber production, identify the lands that are suited for timber
production based on their compatibility with the land area’s desired conditions and objectives, as
described in section 61.2.

This step varies by alternative, based on management area allocation and desired conditions of
management areas. On the Flathead National Forest, riparian management zones (for action alternatives)
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or riparian habitat conservation areas (for alternative A) are not suitable for timber production. After lands
suited for timber production have been identified, the remaining lands that may be suited for timber
production are identified as not suited for timber production because timber production is not compatible
with the land area’s desired condition or objectives.

Lands suitable for timber production were updated between the draft EIS and the final EIS for updated
riparian management zones for the action alternatives and updated riparian habitat conservation areas for
alternative A. The action alternatives also had minor changes to timber suitability due to the allocation of
an additional recommended wild and scenic river and other small changes to management area allocations
in alternatives C and D. The Spectrum model was not re-run for timber production as the changes to
suitability were minor (less than 4 percent for all alternatives). See Frament (2017) for more information
on this change.

Table 2-1 displays the acres for each step in determining lands suitable for timber production by
alternative.

Table 2-1. Timber suitability by alternative

Alternative B

Alternative A Modified Alternative C | Alternative D
Timber Suitability (acres) (acres) (acres) (acres)
NFS lands 2,392,816 2,392,816 2,392,816 2,392,816
Withdrawn lands -1,371,709 -1,371,709 -1,371,709 -1,371,709
Irreversible damage potential or restocking _ _ _ _
not ensured 166,513 166,513 166,513 166,513
Nonforested land -117,204 -117,204 -117,204 -117,204
Lands that may be sgltable for timber 737,390 737,390 737,390 737,390
production
Areas where timber production is not
compatible with the land area’s desired -202,761 -272,207 -429,144 -254,741
conditions and objectives
Suitable for timber production 534,629 465,183 308,246 482,649

Alternative A is the current forest plan as amended and implemented. Timber suitability has been updated
to reflect forest plan amendments, updated data, and current conditions. Alternatives B modified, C, and
D are alternatives to the current plan and reflect a range of possible management options for revision of
the current forest plan.

Figures 1-09 through 1-12 display lands suitable for timber production for each alternative. Trechsel
(2015) and Ake (2015) in the planning record provide detailed information on the analysis process and
GIS layers used to identify lands suitable for timber production.

Spectrum Modeling for Vegetation Treatments and Timber
Outputs

Components of the Spectrum Model

The Spectrum model is comprised of the following components:
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e Planning horizon—A specified time frame broken down into periods of an equal number of years.
The horizon may be as short or long as desired. Long planning horizons are used to investigate the
sustainability of long-term management actions such as long rotations.

e Land stratification and analysis units—The planning area is subdivided into areas that facilitate
analyzing land allocation and management scheduling analysis. The subdivision is largely a function
of two determinants: (1) how managers want the Forest subdivided to answer planning questions and
(2) how specialists need the Forest subdivided to estimate resource response to management
scenarios.

e Management actions and output—A Spectrum model consists of a set of management actions applied
to specific land units. Management actions consist of activities, outputs, treatments, and land
conditions.

e Economic information—Basic activity cost and output revenues.

e Transition pathways—The Forest developed pathways to model how vegetation type and size varies
over time based on different management actions. These pathways are used to measure movement
towards desired conditions.

e Management constraints—These are limits defined to model resource thresholds, relations between
and among activities and outputs, policy requirements, or monetary limitations.

e Objective function—Optimization models, such as Spectrum, minimize or maximize an objective
function subject to a set of constraints. An objective function is defined in terms of its type (maximize
or minimize), discount rate (if applicable), duration, and contributing activities and outputs.

Following is a description of the components of the Flathead National Forest Spectrum model.

Land stratification and analysis units

Land stratification is the process of identifying a set of attributes, or strata, to use in defining the land
base. This is done to organize the forest land base into logical subunits that respond similarly to
management actions. In Spectrum, each stratum is a layer, and a unique combination of layers results in
an “analysis area.” Up to six layers of information can be used in Spectrum to describe analysis areas, and
although analysis areas are usually homogeneous, they are not always contiguous. The Flathead used five
layers of information in developing analysis areas. The attributes used in developing analysis areas are
based on the issues to be addressed by the model and on differences in resource response.

The six Spectrum land stratification layers identified for the Flathead forest plan are defined as follows:

e Layer 1 — Inventoried roadless area and not inventoried roadless area
e Layer 2 — Management area group and timber suitability

e Layer 3 — Not used

e Layer 4 — Wildlife condition

e Layer 5— Cover type

e Layer 6 — Size class

Table 2-2 defines the classification for each layer, listing the layer’s codes and descriptions. Analysis
areas are developed by combining the six layers in GIS and calculating the amount of acreage for each
combination.
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Table 2-2. Spectrum land stratification

Layer

Description

Layer 1—Roadless Status
IRA
NOIRA

Layer 2—Management Area (MA)

Group and Timber Suitability

MAG1

MAG2

MAG3

MAG4

MAGS5

Layer 4—Wildlife Condition
GBCLH
GBCNLH

GBNCL

BGWR
Other
Layer 5—Cover Type
IMX-WM
IMX-WD
IMX-CM
LP
TMX-WM
TMX-CM
Other
Layer 6—Size Class
Seedling/sapling
Small
Medium
Large
Other

Layer 1 Description
Inventoried roadless area
Not inventoried roadless area

Layer 2 Description

Not suitable for timber production, not suitable for timber harvest
MA 1a, 1b, 2a (WSR wild), 2b (WSR wild), 4a

Includes all land classified as not suitable for timber harvest because
of possible irreversible damage or non-forested condition

Not suitable for timber production, suitable for timber harvest at very
low intensity

MA 2a and 2b (WSR recreation and scenic), 3a, 3b, 4b (Coram
Experimental Forest), 5a, 5b, 5¢, 5d, part of 7

Riparian Habitat Conservation areas or Riparian Management Zones
(within MAs 2a, 2b, 3a, 3b, 5a-d, 6a-c, and 7)

Not suitable for timber production, suitable for timber harvest at low
intensity
MA 6a

Suitable for timber production at moderate intensity
MA 6b, parts of 7

Suitable for timber production at higher intensity
MA 6c¢, 4b (Miller Creek Demonstration Forest), parts of 7

Layer 4 Description
Grizzly bear core and lynx habitat
Grizzly bear core and no lynx habitat

Grizzly bear non-core and lynx habitat (note: there is no land that is
grizzly bear non-core habitat and not lynx habitat)

Whitetail deer winter range

Other

Layer 5 Description

Shade intolerant mix—Warm-moist (DF, WL, PP)
Shade intolerant mix—Warm-dry (DF, PP, WL)
Shade intolerant mix—Cool-moist (WL, DF)
Lodgepole pine

Shade tolerant mix—Warm-moist (GF/C)
Shade tolerant mix—Cool-moist (AF/ES)
Other—Nonforest

Layer 6 Description

Seedling/sapling (0 to 5in.)

Small (5-10in.)

Medium (10-15in.)

Large (15+in.)

Other—Nonforest

Note. AF/ES =subalpine fir/Engelmann spruce, DF = Douglas-fir, GF/C = grand fir/'western red cedar, MA = management area, PP =
ponderosa pine, WL = western larch, WSR = wild and scenic river.
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Management actions and outputs

The treatments in the model were developed to reflect management areas, standards, and guidelines in the
Flathead forest plan. Silvicultural prescriptions (treatments), timing choices, and constraints defined in the
model are for modeling purposes only and do not create standards or guidelines for plan implementation.

Silvicultural prescriptions were defined by cover type and other resource conditions. Table 2-3 describes
the silvicultural prescriptions by cover type. These defined the analysis area management prescriptions.
Silvicultural prescriptions were developed to manage vegetation towards desired condition. See the report
Construction of Vegetative Yield Profiles for Forest Plan Revision (Vandendriesche, 2005) for further
information on the silvicultural prescriptions.

Table 2-3. Silvicultural prescriptions by landbase/cover type

Spectrum Silvicultural Prescription Application
Stand-Replacing Fire (unplanned Everywhere based on cover type and size class from SIMPPLLE
ignitions) modeling (see description below of stand-replacing fire)

Everywhere except in designated wilderness and TMX-WM. IMX-WM and
IMX-WD are under-burns at 30-year intervals. LP, IMX-CM, and TMX-CM
are single burns that are stand-replacing.’

Planned Ignitions (under-burn and
stand-replacing)

Group Selection (uneven-aged MAG2, 3, 4, 5; not in lodgepole

management)
Clearcut/Seed Tree (CC/ST) with
reserves (with or without commercial MAGS3, 4,5
thinning)?
Shelterwood (SW) MAGS3, 4,5
Commercial Thinning (CT) Imbedded in CC/ST/SW based on stand age
Precommercial Thinning (PCT) Imbedded in CC/ST/SW based on stand age. No PCT in lynx habitat
No Management Everywhere

1. There is no prescribed burning in cover type Shade intolerant mix-Warm-moist because prescribed burn occurs only with timber
harvest in this type.

2. The large size class does not have commercial thinning. All other size classes for the existing stand include “with or without
commercial thinning.”

Several timing choices were also applied to the silvicultural prescriptions. Timing choices are defined by
specifying (within the model) the range of ages during which an existing stand and a regenerated stand
may be treated. The earliest point at which a stand could be regeneration harvested was based on
culmination of mean annual increment. The age at which the culmination of mean annual increment is
attained was determined by the Forest Vegetation Simulator. Existing stands containing medium or large
size classes have met the culmination of mean annual increment and are ready to be harvested at the
beginning of the planning horizon. Based on varying constraints and the specified management goals or
objectives, the Spectrum model determines the management prescription to apply to an analysis area as
well as the timing of the implementation.

Yield tables included the following outputs:

e Merchantable mcf (thousand cubic feet)
e Merchantable mbf (thousand board feet)
e Diameter of removals and residual volume

e Firerisk
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e Snags—Delineated by diameter classes of 10 to 20 inches and 20+ inches

e Insect risk (composite rating of insect risk)

Costs for management activities

Costs were developed for sale preparation and sale administration (combined), reforestation, timber stand
improvement, prescribed burning, and road construction and reconstruction. Table 2-4 describes the
activity, units, cost, and production coefficient (relationship for incurring the cost based on a particular
activity).

Table 2-4. Costs for the Spectrum model

Activity Costs Production Coefficient Timing
sale preparation and
administration, per National $640/mcf 1/mcf harvested With harvest
Environmental Policy Act,
Reforestation (includes site 0.1/acre CC/ST, SW
preparation for natural $600/acre 0.02/acre group selection With harvest
regeneration and planting) 0 all others

0.35/acre clearcut/seed tree

Timber stand improvement 2 decades after

(pre-commercial thinning) $310/acre 0.2/acre group selection harvest
0 all others
0 Purchaser cost; no With harvest; not
Road reconstruction appropriated funds (just 0.01 miles/acre inventoried
tracking number of miles) roadless area
Road pre-
construction/reconstruction $8,597/mile 0.01 miles/acre With harvest
administration
Prescribed burn $125/acre 1/acre With prescribed

burn

Note. mcf = thousand cubic feet.

All costs except prescribed burning are part of the budget constraint (see section on management
constraints). To reflect higher unit costs within inventoried roadless areas, all activity costs within an
inventoried roadless area or helicopter logging area (layer 1 code of “IRA”), except road construction and
reconstruction, were increased by 20 percent. This increase was to reflect the increased access and
analysis costs for these areas.

Timber values

Stumpage values for timber were developed by the regional timber program budget manager for the
Northern Region, USDA Forest Service, with a residual value calculation. Residual value means that
stumpage value is calculated as the difference between the delivered log price at a mill and the estimated
harvest and delivery costs incurred by a buyer who purchases the timber. Delivered log values were based
on the average delivered log price by species for 2004 to 2014 (through quarter 2). Logging system costs,
estimated transportation costs, and profit, and risk to the purchaser were then subtracted to determine
average stumpage price by species. Stumpage value by species was then cross-referenced with Spectrum
species groups. Values for different logging systems were averaged for the amount that has occurred on
the Forest over the past several years. Table 2-5 displays the average stumpage value for the model.
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Table 2-5. Stumpage value by species

Species groups for the yield

tables (VMap codes) Spectrum Species Strata Sawtimber Value ($/mbf)
DFW IMX-WM $99.37
IMXSW IMX-CM $94.76
IMXSD IMX-WD $98.86
LPP LP $104.35
TGCH TMX-WM $65.90
TASH TMX-CM $73.94

Note. DFW = Douglas-fir, wet, IMXSW = Intolerant mix, wet, IMXSD = Intolerant mix, dry, LPP = lodgepole pine, TGCH = Tolerant
mix, grand fir/cedar/western hemlock, TASH = Tolerant mix, subalpine fir/spruce/mountain hemlock. IMX-CM = Shade intolerant
mix—Cool-moist, IMX-WD = Shade intolerant mix—Warm-dry, IMX-WM = Shade intolerant mix—Warm-moist, LP = lodgepole pine,
TMX-CM = Shade tolerant mix—Cool-moist, TMX-WM = Shade tolerant mix—\Warm-moist

Transition pathways

Pathways were developed to indicate how species and size class would be expected to change over time,
given the silvicultural prescription. Pathways for species are displayed in table 2-6 to table 2-9 and
pathways for size classes in table 2-10 to table 2-13. These pathways were used to model movement
towards vegetation desired condition. The treatment designation of “Natural Growth” is the silvicultural
prescription equivalent of no management, “Even-Aged Harvest” is the silvicultural prescription
equivalent of regeneration, and “Uneven-Aged Management” is the individual tree and group selection
silvicultural prescriptions. Pathways were developed by the silviculturist on the interdisciplinary team.

The following abbreviations are referenced in the pathways for species tables: CT = Commercial thin, DF
= Douglas-fir, IMX-CM = Shade intolerant mix—Cool-moist, IMX-WD = Shade intolerant mix—Warm-
dry, IMX-WM = Shade intolerant mix—Warm-moist, LP = lodgepole pine, PCT = precommercial thin,
SS = seedling/sapling, TMX-CM = Shade tolerant mix—Cool-moist, TMX-WM = Shade tolerant mix—
Warm-moist

Table 2-6. Spectrum species transition changes under natural growth and stand-replacing fire treatment

Spectrum Cover Type Age Percent (%) Species
IMX-WM 0-180 40% DF, 45% WL, 15% PP
IMX-WM 180+ | 20% DF, 25% WL, 55% TMX-WM
IMX-WD 0-180 70% DF,10% WL, 20% PP
IMX-WD 180+ 80% DF,10% WL, 10% PP
IMX-CM 0-160 50% WL, 50% DF
IMX-CM 160+ 20%WL, 10%DF, 70% TMX-CM
LP 0-90 100% LP
LP 90-120 50% LP, 50% TMX-CM
LP 120+ 100% TMX-CM
TMX-CM All ages 100% TMX-CM
TMX-WM All ages 100% TMX-WM
Table 2-7.Spectrum species transition changes under even-aged harvest treatment
Spectrum Cover Type Age Percent (%) Species
IMX-WM At PCT/CT 50% WL, 35% DF, 15% PP
IMX-WM At regeneration 50% WL, 20% DF, 20% WP, 10% PP
IMX-WD At PCT 50% DF, 40% PP, 10% WL
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Spectrum Cover Type Age Percent (%) Species
IMX-WD AtCT 25% DF, 60% PP, 15% WL
IMX-WD At regeneration 20% DF, 65% PP, 15% WL
IMX-CM After first treatment | 40% WL, 30% DF, 20% TMX-CM, 10% WP
LP After first treatment | 70% LPP, 10% WL, 10%, DF, 10% TMX-CM
TMX-CM At PCT or CT 20% WL, 20% DF, 60% TMX-CM
TMX-CM At regeneration 40% WL, 30% DF, 20% TASH, 10% WP
TMX-WM At PCT or CT 20% WL, 20% DF, 60% TMX-WM
TMX-WM At regen 50% WL, 20% DF, 20% WP, 10% PP

Table 2-8. Spectrum species transition changes under uneven-aged management treatment

Spectrum Cover Type

Age

Percent (%) Species

IMX-WM
IMX-WM
IMX-WM
IMX-WD
IMX-WD
IMX-WD
IMX-WD
IMX-CM
IMX-CM
IMX-CM
LP
TMX-WM
TMX-WM
TMX-WM
TMX-WM
TMX-WM
TMX-CM
TMX-CM
TMX-CM
TMX-CM

1stand 2" entry
31 entry
4t entry+
1t entry
2" entry
34 entry
4" entry+
1stand 2" entry
3 and 4" entry
5t entry+
Not applicable
1t entry
2" entry
3 entry
4t entry
5t entry
1t entry
2" entry
3 entry
4t entry+

40% WL, 45% DF, 5% PP, 10% WP
40% WL, 30% DF, 5% PP, 15% WP, 10% TMX-WM
45% WL, 25% DF, 5% PP, 15% WP, 10% TMX-WM
80% DF, 17% PP, 3% WL
70% DF, 25% PP, 5% WL
55% DF, 35% PP, 10% WL
40% DF, 45% PP, 15% WL
20% WL, 55% DF, 20% TMX-CM, 5%WP
25% WL, 30% DF, 35% TMX-CM, 10% WP
25% WL, 25% DF, 40% TMX-CM, 10% WP
Not applicable
10% WL, 5% DF, 5% WP, 80% TMX-WM
15% WL, 10% DF, 10% WP, 65% TMX-WM
20% WL, 20% DF, 5% PP, 10% WP, 45% TMX-WM
25% WL, 25% DF, 10% PP, 15% WP, 25% TMX-WM
30% WL, 30% DF, 10% PP, 20% WP, 10% TMX-WM
15% WL, 15% DF, 65% TMX-CM, 5% WP
15% WL, 20% DF, 60% TMX-CM, 5% WP
15% WL, 20% DF, 55% TMX-CM, 10% WP
20% WL, 20% DF, 50% TMX-CM, 10% WP

Table 2-9. Spectrum species transition changes under prescribed burn treatment

Spectrum Cover Type Age Percent (%) Species
IMX-WD 0-30 75% DF, 20% PP, 5% WL
IMX-WD 31-60 45% DF, 45% PP, 10% WL
IMX-WD 61+ 20% DF, 65% PP, 15% WL
IMX-WM 0-30 20% WL, 60% DF, 15% PP, 5% WP
IMX-WM 31-60 40% WL, 40% DF, 15% PP, 5% WP
IMX-WM 61+ 50% WL, 25% DF, 15% PP, 10% WP
IMX-CM All ages (1 burn) | 40% WL, 30% DF, 20% LP, 10% TMX-CM
LP All ages (1 burn) 90% LP, 5% WL, 5% DF

TMX-CM All ages (1 burn) | 30% LP, 20% TMX-CM, 30% WL, 20% DF
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Spectrum Cover Type

Age

Percent (%) Species

TMX-WM

Not applicable

Not applicable

Table 2-10. Spectrum size class transition changes under natural growth treatment

Spectrum Cover Type Age Size
IMX-WM 0-30 | Seedling/sapling
IMX-WM 31-60 Small
IMX-WM 61-110 Medium
IMX-WM 111+ Large
IMX-CM 0-30 | Seedling/sapling
IMX-CM 31-90 Small
IMX-CM 91-120 Medium
IMX-CM 121+ Large
IMX-WD 0-30 | Seedling/sapling
IMX-WD 31-90 Small
IMX-WD 91-130 Medium
IMX-WD 131+ Large

LP 0-30 | Seedling/sapling

LP 31-90 Small

LP 91-140 Medium

LP 141+ Large
TMX-CM 0-30 | Seedling/sapling
TMX-CM 31-90 Small
TMX-CM 91-120 Medium
TMX-CM 121+ Large
TMX-WM 0-30 | Seedling/sapling
TMX-WM 31-60 Small
TMX-WM 61-110 Medium
TMX-WM 111+ Large

Table 2-11. Spectrum size class transition changes under even-aged management treatment

Spectrum Cover Type Age Percent (%) Species
IMX-WD 0-30 Seedling/sapling
IMX-WD 31-70 (PCT) Small
IMX-WD 71-100 (CT) Medium
IMX-WD 101+ until regeneration Large

IMX-WM and TMX-WM 0-30 Seedling/sapling

IMX-WM and TMX-WM 31-60 (PCT) Small

IMX-WM and TMX-WM 61-90 (CT) Medium

IMX-WM and TMX-WM 91+ until regeneration Large

LP 0-30 Seedling/sapling
LP 31-80 (PCT,CT) Small

LP 81-130 (CT or regeneration) Medium

LP 131+ until regeneration Large
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Spectrum Cover Type Age Percent (%) Species
IMX-CM and TMX-CM 0-30 Seedling/sapling
IMX-CM and TMX-CM 31-90 (PCT) Small
IMX-CM and TMX-CM | 91-120 (CT or regeneration) Medium
IMX-CM and TMX-CM 121+ until regeneration Large

Table 2-12. Spectrum size class transition changes under uneven-aged management group selection

treatment
Spectrum Cover Type Age Percent (%) Species
All strata except LPP size Large Entry 1 5% SS, 10% Small, 5% Medium, 80% Large
All strata except LPP size Large Entry 2 | 10% SS, 20% Small, 10% Medium, 60% Large
All strata except LPP size Large Entry 3 | 10% SS, 30% Small, 20% Medium, 40% Large
All strata except LPP size Large Entry 4 | 10% SS, 20% Small, 20% Medium, 50% Large
All strata except LPP size Large Entry 5 | 10% SS, 30% Small, 20% Medium, 40% Large
All strata except LPP size Medium Entry 1 10% SS, 10% Small, 80% Medium
All strata except LPP size Medium Entry 2 5% SS, 10% Small, 5% Medium, 80% Large
All strata except LPP size Medium Entry 3 | 10% SS, 20% Small, 10% Medium, 60% Large
All strata except LPP size Medium Entry 4 | 10% SS, 30% Small, 20% Medium, 40% Large
All strata except LPP size Medium Entry 5 | 10% SS, 20% Small, 20% Medium, 50% Large
All strata except LPP size Medium Entry 6 | 10% SS, 30% Small, 20% Medium, 40% Large
All strata except LPP sizes small and seedling/sapling | Entry 1 20% SS, 80% Small
All strata except LPP sizes small and seedling/sapling | Entry 2 10% SS, 10% Small, 80% Medium
All strata except LPP sizes small and seedling/sapling | Entry 3 | 5% SS, 10% Small, 5% Medium, 80% Large
All strata except LPP sizes small and seedling/sapling ' Entry 4 | 10% SS, 20% Small, 10% Medium, 60% Large
All strata except LPP sizes small and seedling/sapling ' Entry 5 | 10% SS, 30% Small, 20% Medium, 40% Large
All strata except LPP sizes small and seedling/sapling = Entry 6 | 10% SS, 20% Small, 20% Medium, 50% Large
All strata except LPP sizes small and seedling/sapling @ Entry 7 | 10% SS, 30% Small, 20% Medium, 40% Large

Table 2-13.Spectrum size class transition changes under prescribed burn treatment

Spectrum Cover Type Age Percent (%) Species
LP One Entry 100% SS
TMX-CM and IMX-CM One Entry 100% SS
All species except LP, TMX-CM, and IMX- o o o .
CM (sizes Small and Seedling/sapling) Entry 1, 2 20% SS, 60% Small, 20% Medium
All species except LP, TMX-CM, and IMX- Entry 3. 4 10% SS, 20% Small, 50% Medium,
CM (sizes Small and Seedling/sapling) ¥ 20% Large
All species except LP, TMX-CM, and IMX- o o
CM (sizes Small and Seedling/sapling) Entry 5+ 40% Med, 60% Large
All Species except LP, TMX-CM, and o o .
IMX-CM (size Medium) Entry 1, 2 20% SS, 80% Medium
All Species except LP, TMX-CM, and Entry 3. 4 10% SS, 10% Small, 40% Medium,
IMX-CM (size Medium) y o 40% Large
All Species except LP, TMX-CM, and Entry 5+ 10% SS, 10% Small, 20% Medium,
IMX-CM (size Medium) y 60% Large
All species except I.‘P’ TMX-CM, and IMX- Entry 1, 2 20% SS, 80% Large
CM (size Large)
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Spectrum Cover Type Age Percent (%) Species
All species except LP, TMX-CM, and IMX- Entrv 3. 4 10% SS, 10% Small, 20% Medium,
CM (size Large) Yo 60% Large
All species except LP, TMX-CM, and IMX- Entry 5+ 10% SS, 10% Small, 10% Medium,

CM (size Large) 70% Large

Management constraints

Constraints describe limitations on management that must be considered when scheduling treatments. The
following discussion provides a description of the various constraints that were incorporated into the
Spectrum model in response to forest plan direction and regulations and as a means of improving the
model’s ability to simulate actual management of NFS lands. Constraints as defined in the model were for
modeling purposes only and do not create limitations for plan implementation.

Harvest policy

Harvest policy includes non-declining yield, long-term sustained yield, and ending inventory constraints.
These constraints ensure that the timber yield is sustainable and will not decline in any decade.

Budget constraint

The model included a budget constraint in order to assess effects under current budget levels for timber
management and reforestation activities. For the model’s planning horizon, the annual budget constraint
was $4,051,000 and included all timber sale activities (timber sale preparation, timber sale administration,
timber stand improvement, and reforestation) and construction/reconstruction engineering costs.

Snag retention

The silvicultural prescriptions for regeneration harvest included retention of trees for snag recruitment.
Reserves of trees were required, and the snag quantities were tracked in the yield tables. Numbers of
snags were reported for two diameter classes (10 to 19.9 inches and 20 inches or greater) for three
densities, as shown in table 2-14.

Table 2-14. Snag density by diameter class

Diameter Class Small Snag Density Medium Snag Density Large Snag Density
10 to 20-inch snags 0 to 5.9 snags/acre 6 to 9.9 snags/acre = 10 snags/acre
20+-inch snags 0 to 0.9 snags/acre 1.0 to 3.9 snags/acre 2 4 snags/acre
Total snags 0 to 5.9 snags/acre 6.0 to 9.9 snags/acre = 10 snags/acre

No prescribed burning in designated wilderness

To prevent prescribed burning in designated wilderness, prescribed burning in MAG1 was limited to the
area of MAGI] in each alternative that was not management area la. The limits were no more than
348,317 acres in alternative B modified, no more than 546,935 acres in alternative C, and no more than
248,633 in alternative D.

Watershed objectives

Watershed objectives were met by limiting the amount of area that could be in an opening at one time. To
protect watershed resources, the amount of area in openings is limited to not more than 25 percent by
management area group. Management area group 1 is excluded from this constraint because openings in
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MAGTI are created exclusively by natural processes and are therefore not a management limitation.
Openings were modeled as follows:

e For regeneration harvest, stand-replacing prescribed burn, or stand-replacing wildfire, one acre of
opening is created for each acre harvested or burned.

e For group selection or underburned prescribed burn, 0.2 acre of opening is created for each acre
harvested or burned.

An opening remains an opening for 40 years, with a decay function over time to reflect the gradual
recruitment of trees and recovery of the opening. During the first decade of harvest or burning, the
opening equals 1.0, diminishing to 0.75 in decade 2, 0.50 in decade 3, and 0.25 in decade 4.

Wildlife objectives

Grizzly bear: In grizzly bear habitat within MAG4 (management area 6b), timber harvest was limited to
no more than 5 percent per decade in core and 10 percent per decade in non-core. In grizzly bear habitat
within MAG3 (which includes management area 6a), timber harvest was limited to no more than 2.5
percent per decade in core and 5 percent per decade in non-core. There was no limit in MAG?2 for grizzly
bear because of the already limited amount of acres that may be treated in those management areas.

Lynx: For lynx habitat, all stand-replacing fire and timber harvest was limited to no more than 15 percent
per decade by management area group (with MAG1 excluded), and lynx habitat was not precommercially
thinned.

For multistoried lynx habitat, timber harvest and prescribed burning was limited by management area
group to no more than 60 percent of acres in cover types TMX-CM or IMX-CM within management area
groups 3-5.

Whitetail deer (winter range): To manage for whitetail deer winter range, no more than 30 percent of the
area (by management area group) would be in an opening. Openings are defined as one acre of opening
for every one acre of regeneration harvest or stand-replacing wildfire. An opening remains an opening for
60 years, with a decay function over time. During the first decade of harvest or burning, the opening
equals 1.0 acre, diminishing to 0.85 acre in decade 2, 0.70 acre in decade 3, 0.50 acre in decade 4, 0.35
acre in decade 5, and 0.20 acre in decade 6. After that, the stand fully functions as thermal cover.

Silvicultural prescriptions

To meet the intent of management intensity by management area group, silvicultural prescriptions for
timber harvest were allocated by management area group as shown in table 2-15.

Table 2-15. Silvicultural harvest prescription by management area group

Management Area Group Harvest Prescription
2 No limit; all available

3or4 At least 20% GS, remaining EA of all timber managed acres

5 At least 5% GS, remaining EA of all timber managed acres

Note. EA = even-aged management, GS = group selection (uneven-aged management).

Limits were placed on the amount of uneven-aged management and commercial thinning that could occur
in the model. These constraints were developed because these treatments do not achieve the desired
condition for larger opening sizes and because opportunities for these treatments are limited on the Forest.
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The constraints represent how the Forest expects to implement the revised forest plan. The following
silvicultural constraints were applied forestwide:

e Group selection was limited to no more than 5,000 acres per decade.

e Commercial thin was limited to no more than 10,000 acres per decade.

The assessment of the Flathead National Forest (USDA, 2014) indicates that only 70 acres of group
selection and 7,348 acres of commercial thinning treatments occurred on the Forest from 2001 to 2012.
Thus, these constraints are conservative limits compared to the actual treatments that have occurred on the
Forest.

To further meet the intent of management intensity by management area group, acres treated by
management area group were subject to the limitations shown in table 2-16.

Table 2-16. Limits to timber harvest by management area group

Management Area Group Constraint
5 No constraint
4 No constraint
3 Limit to no more than 50% of all acres allocated to timber
management
2 Limit to no more than 2,000 acres of timber harvest per
decade

Prescribed burning was limited to no more than 7,500 acres per year because of operational and logistical
limitations on the amount of burning the Forest can accomplish.

Disturbance processes—Stand-replacing wildfire

The amount of natural disturbance (stand-replacing fire) was determined using SIMPPLLE. Twenty
simulations for 5 decades were made to estimate the amount of acres with fire disturbance. The resulting
amount of stand-replacing fire was input into the Spectrum model by species and size class for each
decade. Decades 1 through 5 used actual acres burned in the SIMPPLLE model, while decades six
through 25 used an average of the first 5 decades. The acres reflect high-severity wildfire that is stand-
replacing (not mixed- or light-severity burning) under the selected suppression scenario (50 percent
suppression in wilderness, 100 percent in non-wilderness). For more information regarding the
SIMPPLLE modeling, see Henderson (2017).

The acres shown in Table 2-17 and Table 2-18 were themed to stand-replacing fire over each decade.
Acres vary by management area group, with 80 percent of disturbance occurring in management area
groups 1-3 and 20 percent in management area groups 4-5.

Table 2-17. Natural disturbance (stand-replacing wildfire) by cover type

Spectrum Cover Type Decade Decade Decade Decade Decade Decade > 5
(Level 5) 1 2 3 4 5 (Average)
IMX-WD 681 1,241 2,502 2,827 2,603 1,971
IMX-WM 474 702 1,234 959 930 860
IMX-CM 3,503 5,791 10,946 10,599 9,973 8,162

LP 11,048 14,194 16,666 14,372 11,497 13,555
TMX-WM 6 10 9 30 31 17
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Spectrum Cover Type Decade Decade Decade Decade Decade Decade > 5
(Level 5) 1 2 3 4 5 (Average)
TMX-CM 11,373 14,110 21,290 23,418 22,532 18,545

Total 27,085 36,048 52,647 52,205 47,566 43,110

Note. IMX-CM = Shade intolerant mix—Cool-moist, IMX-WD = Shade intolerant mix—Warm-dry, IMX-WM = Shade intolerant mix—
Warm-moist, LP = lodgepole pine, TMX-CM = Shade tolerant mix—Cool-moist, TMX-WM = Shade tolerant mix—Warm-moist

Table 2-18. Natural disturbance (stand-replacing wildfire) by size class

Size Class (transition Decade Decade Decade Decade Decade Decade >5
size) 1 2 3 4 5 (Average)
Seedling/sapling 6,201 11,345 14,597 12,249 12,066 11,291
Small 9,524 5004 6,707 10,861 8,840 8,187
Medium 8,861 15,426 20,997 15,812 11,422 14,504
Large 2,499 4,273 10,346 13,283 15,238 9,128
Total 27,085 36,048 52,647 52,205 47,566 43,110

Management objectives

Linear programming models such as Spectrum optimize an objective function subject to a set of
constraints. An objective function is defined in terms of its type, discount rate (if applicable), duration,
and contributing activities and outputs. The constraints in the model are described in the previous section.
The following discussion provides a description of the objective functions that were used for developing
the model.

Objective to move towards desired condition

For the action alternatives, the objective function for the model was to move towards the desired
condition for vegetation, as defined in the revised forest plan. The desired condition was defined by cover
type and size class, and then goals were developed to achieve desired condition.

Table 2-19 and Table 2-20 display the goals for species and size class, respectively, based on the desired
condition ranges for vegetation in the revised forest plan. These goals did not vary by alternative. In the
model, every acre that is not within the desired condition minimum and the desired condition maximum is
assigned a “penalty point.” Penalty points can accrue in any time period in the model but can become less
as the forest moves toward desired conditions through time. The objective is to minimize total penalty
points. Thus, alternatives with lower overall penalty points do a better job of moving vegetation towards
desired conditions than those alternatives with higher penalty points.

Desired conditions were defined by cover type (forest dominance type) and size class. Goals were set to
achieve desired conditions. Because of the greater importance of certain species and size classes, penalty
points were doubled for white pine and ponderosa pine and for medium size.

Table 2-19. Species composition—Percent of all forested NFS acres

Forest Dominance Type Forestwide Percentage to Maintain or Move Towards
Ponderosa pine 6%
Douglas-fir 18%

18% (in order to improve the ability to find a solution, this goal was removed from

Western larch the model because as it was easily achieved)

Lodgepole pine 15%
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Forest Dominance Type Forestwide Percentage to Maintain or Move Towards
TMX-CM (subalpine 38 % (in order to improve the ability to find a solution, this goal was removed from
fir/lspruce) the model because as it was easily achieved)
TMX-WM (grand fir/western 20,
red cedar) °
Western White Pine 3%

Note. TMX-CM = Shade tolerant mix—Cool-moist, TMX-WM = Shade tolerant mix—Warm-moist

Table 2-20. Species composition — percent of all forested National Forest acres

Forestwide Percent to

Size Class Maintain or Move Towards
Seedling/sapling (less than 5" d.b.h.) 24%
Small tree (5 to 9” d.b.h.) 20%
Medium tree (10 to 15” d.b.h.) 24%
Large tree (greater than 15” d.b.h.) 32%

Note. d.b.h. = diameter at breast height.

Objective to maximize timber

For alternatives A and D, the model was run with an objective function to maximize timber output levels
in the first decade. For alternative D, the results were then ‘rolled over’ (the first-decade harvest levels
were input as a constraint) and the model was rerun with the objective of moving towards vegetation
desired condition.

Results of Spectrum Modeling

Table 2-21 displays the objective functions used to run each alternative and certain key outputs:
production of timber in both million board feet (mmbf) and million cubic feet (mmcf) in the first decade
with a budget constraint; the number of acres managed for timber production over the planning horizon
with a budget constraint; timber budget in the first decade; production of timber in both million board feet
and million cubic feet in the first decade without a budget constraint; the number of acres managed for
timber production over the planning horizon without a budget constraint; the unconstrained timber budget
in the first decade, and the desired future condition penalty scores with and without budget constraints.

Table 2-21. Timber harvest, acres managed, and budget by alternative

Time Alternative | Alternative | Alternative | Alternative
Item Units Frame A B Modified C D
Maximum
L . Maximum Desired Desired Timber/
Objective Function N/A ) Timber Condition Condition Desired
Condition

Sawtimber Meeting
Utilization Standards mmbf decade 1 28.2 27.3 18 29.2
with Limited Budget

Sawtimber Meeting

Utilization Standards mmcf decade 1 5.8 55 3.9 5.9
with Limited Budget
Budget (Limited) mm$ decade 1 4.1 4.1 2.8 4.1
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Time Alternative | Alternative | Alternative | Alternative
Item Units Frame A B Modified C D
Acres Allocated to model
Timber Management acres horizon 463,773 398,758 312,426 334,990
with Limited Budget (250 years)
Sawtimber Meeting
Utilization Standards mmbf decade 1 524 38 18 63.5
with Unlimited Budget
Sawtimber Meeting
Utilization Standards mmcf decade 1 10.8 7.6 3.9 13
with Unlimited Budget
Budget (Unlimited) mm$ decade 1 7.6 5.5 2.8 9.1
Acres Allocated to model
Timber Management acres horizon 471,661 421,823 361,040 436,182
with Unlimited Budget (250 years)
) . model
DFC SCOBre with Limited | penalty horizon N/A 18,485,458 = 23,129,453 = 23,088,325
udget points
(250 years)
. model
DFC Score with penalty .
Unlimited Budget points horizon N/A 18,234,206 | 22,823,416 23,560,374
(250 years)

Note. DFC = desired future condition, mmbf = million board feet,, mmcf = million cubic feet, mm$ = million U.S. dollars.

Table 2-21 indicates that alternative B modified does the best job at achieving the desired future condition
of the action alternatives. Alternative D harvests the most timber of the alternatives but has the worst
desired future condition score of the action alternatives. The desired future condition penalty points was
not calculated for alternative A as it was not run with this objective function.

Sensitivity analysis

A sensitivity analysis was conducted to examine the trade-offs caused by the constraints and determine
whether the Spectrum model is working correctly. For the sensitivity analysis, a total of 15 runs were
made to test the major features and the effect of various constraints on the results. All sensitivity analysis
runs used the acres and analysis units from alternative B (from the draft EIS). The results would be
similar for all alternatives. All runs were made with the objective to move towards vegetation desired
future condition.

A set of four calibration runs was made to test the major features of the model. A set of three baseline runs
was then made to identify extreme solutions and establish comparison points for measuring the effects of
tested constraints. Finally, a set of eight sensitivity runs was made to test the effect of individual or a set
of constraints on the model results.

An additional sensitivity analysis run was made between the draft and the final EIS to determine the
effect of the higher-intensity timber management that occurs under management area 6c¢. Sensitivity run 8
was made using the analysis areas from alternative D, which has a greater amount of management area 6¢
than the other alternatives, and running the model with the same objective function as alternative B, to
move towards the vegetation desired future condition. The results of this sensitivity analysis run
(sensitivity run 8) were then compared to the results of alternative B modified to understand the increased
timber production that would be possible under management area 6c.

Table 2-22 displays a brief description of the runs that were made for the sensitivity analysis and the
purpose of each run.
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Table 2-22. Type, description, and purpose of sensitivity analysis modeling runs

Run Type

Run Description

Purpose of Run

Calibration Run 1
(CR 1)

Calibration Run 2
(CR 2)
Calibration Run 3
(CR3)
Calibration Run
(CR 4)

Baseline Run 1
(BR 1)

Baseline Run 2
(BR 2)

Baseline Run 3
(BR 3)

Sensitivity Run 1
(SR 1)

Sensitivity Run 2
(SR 2)

Sensitivity Run 3
(SR 3)

Sensitivity Run 4
(SR 4)

Sensitivity Run 5
(SR 5)

Sensitivity Run 6
(SR 6)
Sensitivity Run 7
(SR 7)

Sensitivity Run 8
(SR 8)

No constraints; all management regimes
allowed on all acres, including (unlimited)
wildfire

No constraints; all management regimes on
all acres but with no wildfire

No constraints; all management regimes on
all acres; wildfire constrained to projections

Adds harvest policy constraints (NDY <
LTSY in perpetuity) to CR 3

DFC baseline with minimal constraints
(harvest policy; silvicultural restrictions by
MA group)

No management baseline (no vegetation
management and no wildfire)

Maximum volume baseline (BR 1 with
maximum cubic feet volume all decades)

Adds watershed opening constraints to BR
1

Adds lynx constraints to BR 1
Adds winter range constraints to BR 1

Adds grizzly bear constraints to BR 1

Adds silvicultural limit constraints for group
selection, commercial thinning, and
prescribed burning to BR 1

Adds MA group level group selection
treatment mix constraints to BR 1

Adds budget constraints to BR 1

Runs alternative D with objective of
maximizing vegetation DFC

Calculates the “best” (lowest) DFC score the
model can derive, although unrealistic

Shows the best DFC score when wildfire is not
part of the vegetation model

Shows the best DFC score when wildfire is
part of the vegetation model

Demonstrates the effect of harvest flow
constraints on the vegetation model

Calculates a baseline for comparing all
sensitivity runs

Calculates a DFC score resulting from no
vegetation management

Calculates the highest sustainable harvest
level for comparison to BR 1

Measures the effect of constraints on
watershed openings

Measures the effect of constraints on lynx
habitat

Measures the effect of constraints on big
game winter range

Measures the effect of constraints on core and
non-core grizzly bear habitat

Measures the effect of silvicultural limits on the
amount of group selection, commercial
thinning, and prescribed burning

Measures the effect of limits on uneven-aged
management within MA groups

Measures the effect of budget constraints

Measures the effect of greater intensity timber
production in MA 6¢ by comparing results with
alternative B using the same objective function

Note. DFC = desired future condition, LTSY = long-term sustained yield , MA = management area, NDY = non-declining yield.

Table 2-23 displays the results of the sensitivity analysis for selected outputs for the calibration runs and
sensitivity run 1 through sensitivity run 7. The results of sensitivity run 8 are shown in table 2-24. This
table indicates the best desired future condition score is attained under calibration run 1, with the most
flexibility in management and no constraints. The desired future condition score is greatly affected by a
lack of management, with the worst desired future condition score occurring under the second baseline
run, no management. The analysis also indicates that the desired future condition is not greatly affected
by any one set of constraints in the model, as shown in the results for each sensitivity run (i.e., sensitivity
run 1 through sensitivity run 8).

Table 2-23 also indicates the timber harvest levels are most affected under sensitivity run 7, the budget
constraints, and sensitivity run 4, the grizzly bear constraints. These constraints have the largest impact on
timber harvest.
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Calibration run 4 demonstrates that the harvest policy constraints have an impact on the quantities of timber harvest for each decade but do not

have a large impact on the desired future condition score. Because the harvest policy constraints do not greatly affect the desired future condition

score, there should be no need to consider a departure from these constraints in order to achieve desired future conditions more quickly.

Table 2-23. Sensitivity analysis results—Desired future condition score and other selected outputs for decades 1, 2, and 3

Commercial Regeneration Budget
Timber Harvest Thinning Harvest Group Selection Prescribed Burning (million
mmbf/year (acreslyear) (acreslyear) (acreslyear) (acreslyear) dollars/year)

DFC Dec. Dec. = Dec. | Dec. & Dec. Dec. @Dec. Dec. Dec. Dec. Dec. | Dec. | Dec. | Dec. | Dec. | Dec. | Dec. | Dec.
Run Score 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
CR1 7,113,318 100.8 0.0 20.7 29,059 - - - - - 26,887 - 7,726 905 - - 43.6 0.3 11.1
CR2 | 14,009,659 96.0 0.4 11.4 24,011 - - 817 1,503 323 25,845 - 1,077 582 - - 41.8 2.8 2.0
CR 3 | 12,758,944 68.7 0.0 0.0 26,803 - - - - - 22,082 - - 905 - - 35.9 0.2 0.0
CR4 | 12,843,184 31.5 299 29.9 18,608 - - - - - 19,323 3,387 | 2,950 905 - - 29.2 5.5 5.1
BR 1 | 14,920,756 56.1 57.0 57.4 2,376 1,213 950 - 1,602 | 1,604 5,970 2,272 | 2,369 | 4,510 - 2,252 8.7 8.4 8.4
BR2 | 54,215,332 0.0 0.0 0.0 - - - - - - - - - - - - 0.0 0.0 0.0
BR3 | 43,976,926 89.3 89.5 94.6 156 156 3,277 44 44 4,016 7,664 7,048 | 2,755 - - - 13.3 13.5 13.7
SR 1 | 14,920,924 56.2 57.2 57.7 2,376 1,239 923 - 1,600 | 1,704 5,983 2,278 | 2,251 4,510 - 2,247 8.7 8.6 8.3
SR 2 | 15,769,562 4.7 42.8 43.2 7,707 2,012 200 - 2,050 @ 3,718 1,731 304 - 4,219 - 2,466 6.6 6.2 6.3
SR 3 | 14,922,346 55.7 56.7 56.9 2,376 1,121 1,041 - 1,604 | 1,408 5,946 2,272 | 2,587 | 4,510 - 2,262 8.6 8.4 8.4
SR4 | 15,428,139 33.7 33.9 34.8 6,250 2,286 @ 1,124 - 1,088 | 1,898 1,600 1,303 - 5,518 - 2,390 5.4 5.2 5.0
SR5 | 15,538,861 56.5 56.5 57.2 1,000 1,000 | 1,000 | 2,591 2,759 | 3,418 500 500 500 - 3,163 | 3,706 8.1 8.1 8.2
SR6 | 14,972,802 56.7 56.1 62.3 4,649 200 200 1,039 721 3,724 4,613 3,209 - 4,510 - 2,623 8.8 8.3 8.9
SR7 | 15,563,233 | 24.7 26.1 279 8,740 3,650 33 - 426 2,436 - 1,134 - 6,840 - 2,858 4.1 4.1 4.1
SR8 | 16,878,588 @ 27.7 27.7 27.9 1,000 1,000 | 1,000 | 1,378 | 1,623 | 1,924 - - - 492 3,834 | 4,995 4.1 4.1 4.1

Note. BR = baseline run, CR = calibration run, Dec. = Decade, DFC = desired future condition, mmbf = million board feet, SR = sensitivity run.
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Table 2-24 compares the results of sensitivity run 8 with the results of alternative B. Both runs were made
with unlimited budgets. The results indicate the output levels with an allocation to management area 6¢
rather than management area 6b results in an increased projected timber sale quantity of 3.5 million board
feet or an approximately 10 percent increase in timber production over alternative B.

Table 2-24. Timber harvest, acres managed, and budget for sensitivity run 9 compared to draft EIS alternative
B

Item Units | Time Frame | Alternative B from Draft EIS | Sensitivity Run 8
Objective Function n/a Desired Condition Desired Condition
Sawtimber Meeting Utilization mmbf Decade 1 38.4 41.9
Standards with Unlimited Budget | yymcf Decade 1 7.7 8.4
Budget (Unlimited) mm$ Decade 1 5.6 6.1
Acres Allocated to Timber Model
Management with Unlimited Acres | Horizon (250 415,294 420,548
Budget years)

Note. mmbf = million board feet, mmcf = million cubic feet, mm$ = million U.S. dollars.

SIMPPLLE Modeling Results of Vegetation Change over Time

This section of the appendix displays outputs for the vegetation characteristics as modeled with
SIMPPLLE. For projection of vegetation conditions into the future, multiple simulations were run with
the same natural ecological processes and disturbances parameters as was included in the natural range of
variation analysis, but assuming a fire suppression logic similar to current practice, and adding in the
projected harvest and prescribed burn treatment outputs from the Spectrum model. Vegetation conditions
were projected out through five timesteps (5 decades) under a “warm dry” climate scenario. Thirty
iterations of the model were run to capture the variability and inherent uncertainties that would occur with
timing and location of disturbance events (such as fire). This variability is reflected as a range in the
vegetation characteristics that result by the fifth decade.

Fire, insects, disease, and timber harvest are the disturbances that impact vegetation change in the model,
interacting with climate and vegetative succession, over the five decade modeling period. As discussed
earlier, though best available science and professional knowledge are used to develop the model, we
cannot know with certainty the location, timing or pattern of fire and insect/disease events. Similarly,
exact locations and timing of anticipated harvest treatments cannot be predicted with certainty. Model
projections portray a possible outcome based on our best efforts, and are most useful to provide
comparative rather than absolute values. Because of the variation in existing vegetation condition values
between Forest Inventory and Analysis and VMap (see Trechsel, 2016a for details), an adjustment factor
was applied to the SIMPPLLE outputs in order to provide a proper comparison to the desired condition
for the vegetation attribute.

Figure 2-2 displays the range in acres as averaged across all alternatives across the 5-decade modeling
period. Information on the modeling aspects for each of the disturbance types follows. Additional
information on disturbances and treatments can be found in section 3.3.2 in the final EIS.
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'Figure 2-2. The average mean, minimum, and maximum percent per decade of Forest area affected by
different disturbances and treatments, as modeled over a 5-decade future period.

Wildfire

The effects of future climate on fire activity is one of the major uncertainties, and it is unclear whether
there will be a continuation in the current trend, an increase, or even a potential decrease in fire activity as
the future forest may not sustain the requisite fuel loads to continue burning at current levels. Therefore, a
“Future Range of Variation” was evaluated in the model that included runs with the current trend as well
as increased and decreased fire activity as driven by climatic variables. Results of this analysis are
displayed in figure 2-3, which shows the minimum, maximum, and average amount of fire modeled for
each alternative. In the figure, none of the lines represent all data from a single run; it is likely, for
instance, that five separate runs were used to represent the maximum fire line (e.g., a different run for
each time period). Therefore, the wildfire acres displayed in the figure do not imply an “even flow” of
acres burned over time. Most (over 90 percent) are stand-replacing fires. The model simulations reflect
the reasonable assumption that under warmer climate periods, drier conditions would also occur, and
therefore a higher amount of fire could be expected across the landscape when compared to normal
climatic periods
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Figure 2-3. SIMPPLLE model outputs over the 5-decade future model period for minimum, maximum, and
average acres of total fire (90+ percent stand-replacement severity) by alternative, for NFS lands.

Insect and Diseases

As seen in Figure 2-4 to Figure 2-7, insects and disease, particularly the bark beetle, will play a role in
influencing vegetation conditions over the next 5 decades. Mountain pine beetle mainly affects forests
dominated by lodgepole pine, particularly those in the medium and large size classes. Douglas-fir beetle
affects Douglas-fir, mostly by removal of the very large and large tree sizes and an associated drop to
smaller forest size classes, decreases in density, and sometimes a shift in species composition. Root
disease also plays a major role in influencing stands where Douglas-fir occurs, with similar results in
reducing density and sometimes size class as well as potentially shifting species composition. Subalpine
fir and grand fir are also affected by root disease in similar ways. Spruce beetle is present, but the model
results suggest that the forest and landscape conditions that support high beetle population levels will be

uncommon on the Flathead over the next 5 decades.
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Figure 2-4. Mountain pine beetle activity as projected over the next 5 decades.
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Figure 2-5. Douglas-fir beetle activity as projected over the next 5 decades.
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Figure 2-6. Root disease activity as projected over the next 5 decades.
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Figure 2-7. Spruce beetle activity as projected over the next 5 decades.

Prescribed Fire

This is a management treatment, projected by the Spectrum model, that is allowed to be applied (in the
model) across all areas of the Forest except within designated wilderness areas or within the grand
fir/cedar dominance type on the warm-moist potential vegetation type. Table 2-25 displays modeled acres
of prescribed fire by each action alternative as averaged over the 5-decade period. Approximately one
quarter of these acres are low-severity underburns, with a similar proportion between the alternatives.
These occur primarily in the warm dry potential vegetation type where early successional fire-resistant
species occur. The remainder are moderate- to high-severity burns applied primarily in the cool-moist
potential vegetation type but also in the cold type. No prescribed fire is modeled to occur in alternative A
because the existing plan has no specific objectives or direction related to implementation of prescribed
fire. However, in reality, prescribed fire is and would continue to be used as a tool to achieve desired
vegetation and fuel conditions under the current plan, similarly as might occur under the action
alternatives.

Currently, the Forest conducts prescribed burns on about 2,500 acres per year on average (i.e., 25,000
acres per decade). The model estimates the potential for more acres of prescribed burning over the next 5
decades on average. This may be an overestimation of the amount of acres that would actually be
reasonably implemented due to anticipated limitations on burning in lynx habitat (multistory forest) as
well as logistical considerations. However, prescribed fire is also anticipated to become an increasingly
important tool for management of forest conditions and landscape patterns to maintain or improve desired
ecosystem resilience. Refer to appendix A of the forest plan for lynx direction and to the Vegetation
section of the final EIS for additional information. Refer also to Trechsel (2017b) for graphs displaying
treatments over time.

Timber Harvest

Harvest as modeled in Spectrum is of three general types: regeneration, commercial thinning, and group
selection. In regards to effects to vegetation in the modeling process, regeneration harvest results in the
removal of most existing trees, changing the forest size class to seedling/sapling. Subsequent reforestation
(planting or natural regeneration) occurs, and in some cases this results in altering the original species

2-32 Appendix 2: Vegetation and Timber Analysis Process



Flathead National Forest Revised Forest Plan FEIS Volume 4

composition and/or forest density class. Commercial thinning removes a portion of the existing trees,
which mainly results in reduced forest density but may also increase size class and change forest
composition. Group selection harvest reduces stand densities and tends to maintain or increase the shade-
tolerant tree species (e.g., grand fir, subalpine fir) as compared to shade-intolerant species because of the
small openings and denser forest canopy conditions that are not as conducive to establishment and
development of shade-intolerant species.

Table 2-25 displays the model results in acres per decade of harvest and prescribed burn treatments by
alternative, as averaged across the 5-decade future model period. Trechsel (2017b) contains graphs that
display the change across the 5-decade time period. The acres harvested and prescribed burned fluctuate
over this period as influenced by the internal workings of the Spectrum model and how it chooses to
apply particular treatments to achieve objectives while meeting all the management constraints (refer to
previous section, which provides details on the Spectrum model components). Though vegetation
conditions are a factor that drives model assignment of treatment types and timing, it are broad
generalizations of what is actually a very diverse and site-specific determination in the real world. The
precise acres and pattern of treatment types over time resulting from the model should not be given undue
significance because it is the actual on-the-ground situation, with all its complexities, that will determine
exactly where and which treatments would be applied. However, the model outputs do provide a useful
and reasonable assessment of the influence of harvest and prescribed burning and a valid comparison of
the relative difference between alternatives. Treatments projected by the model over the 5-decade period
were input into the SIMPPLLE model, where, in combination with natural disturbances and succession,
they influenced changes in vegetation conditions over the time period (these are summarized in the next
section).

Table 2-25. Average acres per decade® of commercial harvest and prescribed fire treatments over the 5-
decade future model period, by alternative.

Commercial Harvest and Prescribed Fire | Alternative A | Alternative B Modified | Alternative C | Alternative D

HARVEST

Group Selection 5,068 0 8,089 2,998
Commercial Thinning 0 30,891 25,554 13,774
Even-Aged Harvest 13,625 14,906 5,263 13,710
Total Commercial Harvest 18,693 45,798 38,906 30,481

PRESCRIBED FIRE
Low Severity (Underburn) 0 10,111 9,826 8,794
Moderate/High Severity 0 35,998 39,230 32,528
Total Prescribed Fire 0 49,109 49,056 41,322

a. Acres of input as allocated spatially across the Flathead National Forest by the SIMPPLLE model (original source of acres is from
Spectrum modeling)
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Quantitative Results and Comparison

Figure 2-8 through figure 2-27 provide a summary of the quantitative results of the analysis of change in
vegetation as modeled with SIMPPLLE, using treatments as projected in the Spectrum model and the
natural disturbance processes (fire and insects and disease) and vegetative succession as projected within
the SIMPPLLE model. The results are displayed as a range in the proportion of area at timestep 5 (the
fifth decade) for each alternative. The current condition of the vegetation attribute (from the Forest
Inventory and Analysis Hybrid 2011 database) and the desired condition are displayed in these figures for
comparison. Refer to Trechsel (2016a) for information on how desired conditions were developed. Graphs
displaying the vegetation conditions by decade as they change across the 5-decade model period are
provided in USDA (2017). Taken together, the figures and graphs provide the detailed output results that
were used to inform the effects analysis and comparison of alternatives disclosed in section 3.3
(Vegetation) of the final EIS. Since desired conditions in the plan for vegetation components are provided
both at the forestwide scale and by potential vegetation type (depending on the particular attribute), the
future vegetation conditions were analyzed at these two scales to allow for comparison.
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Figure 2-9. Modeled vegetation dominance types (minor species) forestwide at decade 5.
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Figure 2-10. Modeled conifer species presence (major species) forestwide at decade 5.
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Figure 2-11. Modeled conifer species presence (minor species) forestwide at decade 5.
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Figure 2-12. Modeled conifer species presence in the warm-dry broad potential vegetation type group at

decade 5.
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Figure 2-13. Modeled conifer species presence in the cold broad potential vegetation type group at decade 5.
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Figure 2-14. Modeled conifer species presence (major species) in the warm-moist broad potential vegetation
type group at decade 5.
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Figure 2-15. Modeled conifer species presence (minor species) in the warm-moist broad potential vegetation
type group at decade 5.
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Figure 2-16. Modeled conifer species presence (major species) in the cool-moist broad potential vegetation

type group at decade 5.
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Figure 2-17. Modeled conifer species presence (minor species) in the cool-moist broad potential vegetation

type group at decade 5.
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Figure 2-18. Modeled forest size class, forestwide, at decade 5.
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Figure 2-19. Modeled forest size class in the warm-dry broad potential vegetation type group at decade 5.
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Figure 2-20. Modeled forest size class in the warm-moist broad potential vegetation type group at decade 5.
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Figure 2-21. Modeled forest size class in the cool-moist broad potential vegetation type group at decade 5.
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Figure 2-22. Modeled forest size class in the cold broad potential vegetation type group at decade 5.
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Figure 2-23. Modeled forest canopy cover class, forestwide, at decade 5.

2-42

Appendix 2: Vegetation and Timber Analysis Process




Flathead National Forest Revised Forest Plan FEIS Volume 4

70

[ 50 year Max

& Min

= T T NRV Max/Min %
60 -

""" Current %
>0 == WARM DRY L U U
40 D

w
o

Percent of Area

==
R

10
0 [ —
AltA | AltB | AltC | AltD | AltA | AltB | AltC | AltD J AltA | AltB | AltC | AltD | AltA | AltB | AltC | AltD
Mod Mod Mod Mod
Very Low Low Moderate High

Canopy Cover Classes and Alternatives

Figure 2-24. Modeled forest canopy cover class in the warm-dry broad potential vegetation type group at
decade 5.
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Figure 2-25. Modeled forest canopy cover class in the warm-moist broad potential vegetation type group at
decade 5.
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Figure 2-26. Modeled forest canopy cover class in the cool-moist broad potential vegetation type group at
decade 5.
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Figure 2-27. Modeled forest canopy cover in the cold broad potential vegetation type group at decade 5.
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Appendix 3. Modeled Wildlife Habitat Assessment

NOTE: Changes made to the SIMPPLE Model between the draft EIS and the final EIS

The Flathead National Forest made modifications to the SIMPPLLE model between the publication of the
draft EIS and the final EIS to correct some assumptions that were brought to light during the draft EIS
analysis. Modifications include adjustments to the model logic and assumptions for Douglas-fir and
spruce beetle activity and for the amount of fire activity in the future. In addition, further corroboration of
the SIMPPLLE VMap vegetation database with the Forest Inventory and Analysis summary database was
done to improve estimates and correlation of large/very large forest size classes and species presence
between the two databases. These updates to SIMPPLLE resulted in differences in estimates for some
vegetation characteristics into the future (over a 5-decade period) in the final EIS compared to the draft
EIS. Detailed information on the model updates conducted between the draft EIS and final EIS and the
resulting vegetation changes can be found in several planning record exhibits (Trechsel, 2017a, 2017b;
USDA, 2017).

Because changes in projected vegetation conditions might influence wildlife habitat condition estimates,
the wildlife biologist and vegetation specialist on the forest plan revision team reviewed the differences in
model outputs in the context of the wildlife habitats, results, and conclusions documented by the
Ecosystem Research Group in the following wildlife habitat assessment. The results of this review can be
found in the addendum beginning on page 65 of this appendix.
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Chapter 1. Introduction

The Flathead National Forest is engaged in a land management plan (forest plan) revision effort.
Ecosystem Research Group was contracted by the U.S. Forest Service (USFS) to conduct an independent
analysis of the effects of the Flathead National Forest’s forest plan alternatives on 11 select wildlife
species and one species guild, including federally listed species; species of conservation concern; species
of interest for trapping, hunting, subsistence, or observing; and species associated with riparian areas. In
addition, Ecosystem Research Group modeled habitat connectivity over a 50-year period for marten, a
species known to be associated with patches of forest cover in relatively close juxtaposition to each other.

Ecosystem Research Group conducted the assessment using the USFS SIMPPLLE (SIMulating Patterns
and Processes at Landscape scalL.Es) model. The SIMPPLLE model is a spatially explicit model which
uses logic pathways to predict how forests respond over time to succession, wildfires, and insect and
disease risks based on cover types, size classes, crown closure, aspect, and slope (Chew, Moeller, &
Stalling, 2012). The SIMPPLLE model also allows the logic coefficients to be adjusted to reflect the
potential that the future climate may become warmer and drier in the northern Rockies as a result of
global climate change impacts. In order to ensure the relevance of the modeled variables to a particular
forest or landscape, they must be adjusted to fit local growing sites, insect risks, and fire behaviors.
Adjustments to the SIMPPLLE model’s system knowledge for the Flathead National Forest were
completed during the fall of 2015.
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Figure 3-1. Flathead National Forest modeling area

The SIMPPLLE model was used to evaluate how habitats change over a 50-year period by forest plan
alternative. Modeling was performed assuming a trend to continued warmer, drier summer conditions
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using warmer and drier climate settings for years 30-50. The area modeled a total of 3.25 million acres,
including all 2.27 million acres of the Forest (Figure 3-1).

The wildlife species selected are similar in that the literature suggests that key characteristics of
vegetation habitat quality and availability that can be modeled are primary drivers and stressors.
Furthermore, the species are comparable in that, with the exception of elk and white-tailed deer, all are
“specialists” rather than “generalists,” which is notable because specialists require a narrow set of
vegetative conditions for suitable habitat and are thus more likely to become at-risk from changes in
habitat over time. Lastly, the 11 wildlife species occupy substantially different habitats across the Flathead
National Forest including large diameter, open-grown ponderosa pine (habitat for flammulated owls),
very large diameter larch, ponderosa pine, black cottonwood, and western redcedar (Thuja plicata) snags
(habitat for pileated woodpeckers), and mid-upper elevation interior, mature forests (habitat for American
martens). Modeled habitat can be compared against the natural range of variation to identify major
departures from historic conditions that might place a species at risk. The disturbances (wildfire, insects,
disease, and human vegetation management) or lack thereof that created such departures can be identified
from modeled results. The timeframe and duration of situations where habitat is limited can also be
derived from modeled results.

Because the SIMPPLLE model is a spatially explicit model, it allows for the evaluation of available
habitat over time and the arrangement of that habitat in terms of patch size. For example, the analysis for
American marten includes a species-specific habitat assessment and an examination of general changes in
patch size and habitat connectivity over time within designated areas.

1.1 Area Description

The Flathead National Forest represents the portion of USFS Northern Region with moderate to high
elevations, moderate to high precipitation, and relatively productive growing sites. Valley bottoms
typically are forested with mixes of Douglas-fir, western larch, and grand fir. Less common are western
redcedar, lowland hemlock, black cottonwood, paper birch, quaking aspen, and white pine on mesic sites
or ponderosa pine on drier sites. Mid-elevations and riparian areas are forested with stands of Douglas-fir,
western larch, lodgepole pine, subalpine fir and Engelmann spruce. High elevations contain stands of
subalpine fir and Engelmann spruce with lodgepole pine, mountain hemlock, and whitebark pine at the
highest elevations (USDA, 2011a, 2011b). Nearly all of the mature whitebark pine has succumbed to
white pine blister rust in the last half century.

The Flathead National Forest is different from other national forests in western Montana (i.e., Lolo,
Bitterroot, and Kootenai National Forests) in that valley bottoms and foothills generally lack the warm,
dry habitat group that is characterized by open stands of ponderosa pine and frequent, low-severity
wildfires. Habitat for open forest-associated species such as flammulated owls, therefore, occurs at
substantially lower levels than on other forests in western Montana. Another difference on the Flathead
National Forest is that low-elevation valleys and south- to west-facing slopes tend to have substantially
higher snow depths than on comparable low-elevation slopes on adjacent forests. This makes wintering
conditions for wild ungulates (e.g., elk, white-tailed deer, and mule deer) more challenging than on
adjacent forests. The Flathead National Forest also has a higher percentage of Engelmann spruce-
subalpine fir (about 80 percent of forest acres) than other western Montana forests and occurs at the
eastern periphery of the range of western redcedar, western hemlock, and western white pine.

1.2 Questions Addressed

The habitat assessment addresses the following questions:
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e How does habitat for the modeled species change during the 50-year period by alternative?
e What combination of disturbances or lack therecof is responsible for those changes?

e Are projected long-term vegetation changes consistent with the recovery of federally listed species
as mandated by the Endangered Species Act (Endangered Species Act of 1973; Pub. L. 93-205, Stat.
884,16 U.S.C.)?

e Are projected long-term vegetation changes consistent with providing the ecological conditions
necessary to maintain or restore a viable population of a species of conservation concern in the
planning area, within the authority of the Forest Service and the inherent capability of the plan area
(36 CFR 219.9(b)(1))?

¢ How do the forest plan alternatives affect habitat availability over time, and are management
activities that are included in the alternatives more or less important in influencing future wildlife
habitats than are natural disturbances that are predicted to occur?

e For at-risk species, do the forest plan alternatives sustain or improve habitat over time?

Four forest plan alternatives are compared in this analysis. Table 3-1 outlines total acres of modeled
mechanical treatments and prescribed burns over the 50-year model period, by alternative. Total human-
generated disturbance, including various types of logging and prescribed burning, represents a modest
percentage of the Forest’s 2.69 million acres. Acres treated over the 50 years range from 4 to 18 percent
of total forest acres.

Table 3-1. Modeled vegetation management treatments by alternative

Ecosystem Ecosystem Group
Clearcut with Commercial Management Management Selection
Alternative Reserves Thinning Broadcast Burn Underburn Cut
A 73,087 -- -- -- 25,985
B 76,233 161,214 200,777 45,093 -
C 28,272 120,334 196,153 49,130 42,011
D 72,840 72,716 162,639 43,970 14,810

Chapter 2. Methods

2.1 How The SIMPPLLE Model Works and Modeling Assumptions
Used

SIMPPLLE was initially developed for the USFS Northern Region as a management tool to integrate
disturbance processes and vegetation conditions at a range of spatial scales.

Specifically, SIMPPLLE’s purpose is to provide the user with the ability to:

e Simulate ranges of conditions of plant communities and processes that can be expected for specific
landscapes;

e Provide a basis for identifying the probability of disturbance processes and vegetation conditions;

o Simulate future vegetation changes caused by disturbance processes at multiple landscape scales;
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e Simulate how changes in vegetation patterns influence the activity of fire, insect, and disease
processes;

e Simulate management treatment alternatives for their impact on disturbance processes and the
attainment of desired conditions at landscape scales, and;

o Identify areas of high priority for treatments that can help achieve and sustain desired conditions at
landscape scales.

The SIMPPLLE model was used in the Flathead National Forest’s forest plan revision for two purposes:
to calculate natural range of variation and to project the landscape conditions of the alternatives for
analysis in the environmental impact statement (EIS). This section discusses the use of SIMPPLLE to
analyze natural range of variation and to compare alternatives. The introduction describes the nature and
utility of SIMPPLLE. This is followed by a discussion of data sources, calibration, and results specific to
the Forest.

The SIMPPLLE model is a stochastic vegetation simulation model used to model vegetation conditions
for the national forests. It takes a landscape condition at the beginning of a simulation (including past
disturbances and treatments) and uses logic to grow the landscape through time, while simulating natural
processes (growth, wildfire, insect damage, etc.) that might occur on that landscape during the simulation,
accounting for the effects of those processes. Process occurrence in a timestep is dependent on many
factors, including the vegetation’s conditions at that timestep, the occurrence of past processes at a site,
and proximity to other areas experiencing the outbreak of a particular process. Simulation timesteps are
typically 10 years, and simulations often are made for multiple timesteps. The logic assumptions in the
model are set by the analyst and come from a variety of sources, including expert opinion, empirical data,
and modeled data from other forestry computer applications such as the Forest Vegetation Simulator.

One of the main utilities of the model is its stochastic nature. The model is typically run for multiple
iterations to allow the manager to see a variety of possible projections, look for patterns, and adjust
management response accordingly. Managers cannot know with precision the specific types, locations,
and extents of natural disturbances that will occur on the landscape. Therefore, the SIMPPLLE model will
randomly assign wildfire, insect, and disease processes on the landscape in a manner consistent with what
is known about the nature of these disturbances (e.g., insect-prone stands have a higher hazard and
probability of getting an infestation, especially in a dry climate cycle). As with fire, estimates of insect
and disease activity are modeled based on our best available information but are associated with a high
level of uncertainty. Though it is reasonable to assume that there will be an increase in insect and disease
activity over the next five decades, it is believed that the infested acres and length of the outbreak of
Douglas-fir and spruce beetle in particular, are substantially overestimated in the model (see the Flathead
National Forest’s forest plan, final EIS, appendix 2).

The other main utility of the SIMPPLLE model is its spatially interactive nature. A process occurring on
one site is dependent, to an extent, on the processes that are occurring on adjacent sites. Consider a fire
event, for example. SIMPPLLE simulates fire by assigning fire starts with a probability consistent with
what historic records indicate for the area and climate. Each start is then given the opportunity to grow.
The size the fire grows to is dependent on the surrounding vegetation as well as the historic probability
that it will end with a weather event (or, if simulating fire suppression, whether or not there are enough
resources to put the fire out). The type of fire that spreads (lethal, semi-lethal, or non-lethal) is dependent
on the vegetation conditions of the site (including past disturbance or treatment), the climate assumption
for the timestep, its elevational position relative to the burning fire (uphill, downhill, etc.) and whether it
is downwind or not. Again, the fire process will stop according to the probability of a weather-ending
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event, successful fire suppression, or its running up against a natural barrier such as the treeline or a lake.
SIMPPLLE will then determine the effect of the fire by considering whether there are trees present
capable of reseeding/resprouting the site (in the case of a lethal fire), whether the stand’s fuel conditions
have been reduced (for semi- or non-lethal fires), and whether there has been a change in size and/or
species on the site.

2.2 SPECTRUM Model and Associated Uncertainties

Vegetation treatments for each alternative were determined with Spectrum, a software modeling system
designed to assist decision makers in exploring and evaluating multiple resource management choices and
objectives. Models constructed with Spectrum apply management actions to landscapes through a time
horizon and display resulting outcomes. Management actions are selected to achieve desired goals
(objectives) while complying with all identified management objectives and limitations (constraints).

Both the SIMPPLLE and Spectrum models use a given set of assumptions, including the amount of stand-
replacing fire and insect or disease activity and the rate of tree growth and stand structure change over
time (succession). These assumptions are based on analysis and corroboration of actual data (such as fire
history and historical vegetation information) and review of scientific literature, as well as professional
judgement and experience of resource specialists familiar with the ecosystems and forest types of the
Flathead National Forest. Though best available information and knowledge is used to build these models,
there is a high degree of variability and uncertainty associated with the results because of the ecological
complexity and uncertainty of future events.

2.3 Identifying Natural Range of Variation

The 2012 planning rule directives (Forest Service Handbook 1909.12, chap. 20) describe using the natural
range of variation as a basis from which to understand ecosystem integrity and establish desired future
conditions that enhance the resiliency of the landscape. In the zero code of these directives is the
definition of natural range of variation, generally: “the variation of ecological characteristics and
processes over scales of time and space that are appropriate for a given management application.” The
definition goes on to suggest that “the pre-European influenced reference period considered should be
sufficiently long, often several centuries . . .” and should “. . . include short-term variation and cycles in
climate.”

For the Flathead plan revision, we chose to model vegetation conditions from AD 960 through 2000. This
reference period allowed us to simulate the conditions associated with much of the time period known as
the Medieval Climate Anomaly as well as the other end of the climate spectrum known as the Little Ice
Age. The inclusion of the Medieval Climate Anomaly in the simulation is potentially valuable in that it
might indicate conditions and processes that could occur in the modern climate regime (Calder, Parker,
Stopka, Jimenez-Moreno, & Shuman, 2015).

Vegetation Conditions

The Northern Region VMap product for the Flathead National Forest was used to populate the landscape
with dominance type, size, and density information needed by the SIMPPLLE model. VMap is a
vegetation map derived mainly from remotely sensed (satellite) data calibrated with on-the-ground sample
data. The dominance type was supplemented with secondary species data using a combination of “looks
like” data provided with the VMap product and quantities of species presence indicated by Forest
Inventory and Analysis data. The “looks like” data is a similarity percentage to other polygons that are
typed with a particular dominance type. For instance, a Douglas-fir VMap polygon may have a “looks
like” value for ponderosa pine of 20 percent. This might indicate there is ponderosa pine on the site, just
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not in sufficient quantity for it to dominate the site. If Forest Inventory and Analysis indicates there is
more ponderosa pine on the landscape than the VMap has as a dominance type, we searched for the most
likely sites to add ponderosa pine as a secondary component by searching for the appropriate “looks like”
threshold for each species. For instance, a “looks like” threshold for ponderosa pine of 15 percent would
mean the site in question would be classified as a Douglas-fir and ponderosa pine mix. Ultimately the data
from this process is used to populate the grid of 150 m squares used in the SIMPPLLE simulation.

That said, we realize that pinning down an exact starting condition is not of much value for natural range
of variation (it is valuable for doing futuring and analyzing the plan alternatives, but that is another
discussion). For one, it is a fallacy to assume that the conditions on the ground today are representative of
vegetation conditions in the year 960. Secondly, the starting conditions for natural range of variation are
arguably not critical to the simulation. Other natural range of variation studies, such as those conducted
by LANDFIRE, use random starting conditions (USGS, 2013). Therefore, to begin each simulation in the
year 960, the current vegetation conditions derived from VMap/Forest Inventory and Analysis are
simulated with the climate data from the past 15 decades, mainly to “wash” out the influences of modern
vegetation management and fire suppression. Ultimately, the vegetation conditions resulting from this
initial 150-year projection were used to approximate the landscape at year 960.

Initial Logic Assumptions in SIMPPLLE

The initial SIMPPLLE model logic used for the Flathead forest plan came from a long history of expert
opinion, trial and error, and research that has been maintained and documented in logic files that are
passed from Forest to Forest. These assumptions are documented in the model itself, through the
assumption documentation screens. Before the Flathead planning team effort, the Nez Perce-Clearwater
National Forests revised their logic in 2012 for a natural range of variation run, and these assumptions
were used as a basis for the Flathead analysis. However, there were several key points of logic updates
made specific to the Flathead that are described next. Specifically, these were fire severity assumptions,
fire size and start assumptions, and some pathway modifications that describe vegetation growth (for
example, in avalanche chutes).

Historic Climate

In consultation with the Rocky Mountain Research Station in Missoula, Montana, we determined that the
appropriate indicator of past climate was the Palmer Drought Severity Index (Anderson & Thompson,
2013). Data for the index is typically reconstructed for localized points, and the data point nearest the
Flathead National Forest was used to evaluate the climate for the area. Data is presented as a yearly
indicator and therefore had to be generalized to a decadal average for simulations in the SIMPPLLE
model. The data was smoothed using a 30-year third order “spline” function, which means that a curve
was fitted for each year using a localized set of 30 data points. A random starting year within the first
decade was then chosen to represent that decade, and points every 10 years from then were used to
represent the full set of decadal index values. Finally, the points were categorized into three climate
scenarios—wetter, drier, and normal—based on their quartile. The driest quartile indicated the dry
decades of the simulation, the middle two were considered “normal,” and the wettest represented the wet
decades.

Natural Range of Variation Summaries by Species

Natural ranges of variation are modeled for each wildlife species. For instance, the natural range of
variation for the flammulated owl represents the upper and lower range of flammulated owl habitat (i.e.,
open, large diameter ponderosa pine/Douglas-fir forest). Results of SIMPPLLE-modeled habitat for each
of the 12 species is “bracketed” by the natural range of variation showing the degree to which current and
future modeled levels of habitat compare with the natural range of variation. This provides an indication
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of risk of long-term viability for each species. Habitat levels for a given species at or above the maximum
natural range of variation suggest the species is not at risk. Conversely, habitat levels near or below the
minimum natural range of variation suggest the species is at some potential risk of becoming nonviable
over time.

2.4 Modeling to Compare Alternatives

Thirty replications of each scenario were run through SIMPPLLE to determine a range of possible
outcomes. Results were compiled and analyzed across all 30 simulations to represent a realistic range of
projected future conditions, keeping track of average levels as well as the maximum and minimum levels.

2.5 Wildlife Species and Habitat Query Designs

This analysis evaluates the level of currently available habitat and models potential future habitat in 10-
year increments over 50 years for the following wildlife species: flammulated owl, fisher, American
marten, Canada lynx (stand initiation foraging habitat), Canada lynx (multistoried foraging habitat),
black-backed woodpecker, olive-sided flycatcher, pileated woodpecker, moose/elk summer foraging
habitat, white-tailed deer winter habitat, forested habitat connectivity, species associated with riparian
areas, and the northern goshawk.

As discussed previously, habitats for wildlife species are correlated to vegetation parameters as affected
by growth, forest succession, and disturbances (i.e., fires, insects, disease, and human disturbances) over
time. These parameters were captured in remotely sensed images and classified using R1-VMap polygons
that were then used to create SIMPPLLE modeling landscapes. The literature was searched to find the
best available science correlating vegetation characteristics to the species’ habitat requirements. This
process was repeated, refinements were made, and concurrence was achieved with key USFS personnel.

The vegetative habitat components for each species were selected from the habitat group, cover type, size
class, and density fields in the SIMPPLLE modeling files. SIMPPLLE simulations were used to
determine changes to the habitats from wildfire, insects and diseases, or vegetation treatments on National
Forest System lands. The following sections describe the literature that helped determine necessary
vegetation habitat components for the selected species and the vegetation parameter query used to model
available habitat.

2.5.1 Flammulated Owl

Flammulated owls are strongly associated with mature xeric ponderosa pine/Douglas-fir stands in
montane forests with snags (Hays & Rodrick, 2003; Hayward & Verner, 1994; Samson, 2006b). Although
they prefer ponderosa pine forests, flammulated owls will also use open Douglas-fir forests (Marti, 1997).
Home ranges composed of at least 75 percent old ponderosa pine/Douglas-fir forest were occupied more
continuously than home ranges consisting of less than 75 percent in this forest type (Linkhart, Reynolds,
& Ryder, 1998; R. T. Reynolds & Linkhart, 1992).

Flammulated owls prefer open canopy (less than 40 percent cover) (Samson, 2006a) and avoid dense
young stands of Douglas-fir (Wright, Hejl, & Hutto, 1997). Flammulated owls also avoid clearcuts and
intensively cutover areas but will use thinned or selectively logged stands.

Flammulated owls are secondary cavity nesters that often use abandoned pileated woodpecker
(Dryocopus pileatus) or northern flicker (Colaptes auratus) cavities as nest sites. These may be reused for
several years (McCallum, 1994). These nest sites may have pockets of dense Douglas-fir near the nest
that are used for roosting (Wright, 1996). Some researchers suggest that this owl may be “semi-colonial,”
based on observations of clusters of calling owls with large “silent” areas between them (McCallum,
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1994); however, this may be a function of habitat patchiness (Howie & Ritcey, 1987). Observations of
clusters of breeding owls indicates that they may not reproduce if patches of suitable habitat are small and
isolated or if open patches for feeding and dense young patches for roosting are not in close proximity to
large snags for nesting (Wright, 1996).

Query Design

Ponderosa pine communities, used by flammulated owls, are extremely uncommon on the Flathead
National Forest and are at severe risk due to fire exclusion. This has caused open ponderosa pine stands to
convert through succession to dense stands dominated by Douglas-fir. Early and mid-20"-century logging
removed many of the largest ponderosa pines. Forest Service monitoring often reports flammulated owls
within relatively dense stands (> 40 percent crown closure), yet the research (Hayward & Verner, 1994;
Wright, 2000) suggests that flammulated owls require open understories to successfully forage for moths
and grasshoppers. Since few existing mature ponderosa pine stands are open (15-39.9 percent crown
closure) due to long-term fire exclusion, flammulated owls may be selecting dense stands simply because
those are all that remain in most areas. The query for flammulated owls assumes that highly suitable
nesting habitat is limited to forested stands with an average greater than 15-inches diameter at breast
height (d.b.h.) and crown closures of less than 40 percent. Based upon Forest Inventory and Analysis data,
forests with an average diameter greater than 15-inches d.b.h. contain sufficient snags to provide habitat
for the species that excavate nesting cavities used by flammulated owls (pileated woodpeckers and
flickers). SIMPPLLE logic pathways show that dense stands of potential habitat (stands > 40 percent
canopy closure) will convert to highly suitable habitat (stands < 40 percent crown closure) if treated by
underburning, are burned by low- to moderate-severity wildfire, are attacked by Douglas-fir beetles, or
are harvested or commercially thinned to remove understory and midstory trees. At a home range scale,
timing of treatments would be designed to create a mosaic consisting of mature forest and dense
understory patches of small trees, shrubs, and openings.

The query design for flammulated owl] suitable habitat includes the following layers:

o Cover types: all cover types within the following habitat groups that include either ponderosa pine
or Douglas-fir including mixed stands that contain western larch, grand fir, western white pine,
western redcedar, and lodgepole pine.

¢ A2, warm and very dry
¢ BI1, warm and dry
¢ B2, moderately warm and dry
e Tree size class: > 15-inch d.b.h., including:
¢ 15-19.9-inch d.b.h.
¢ 20+-inch d.b.h.
e Stands of 15-39.9 percent canopy cover

In addition, the following assumptions were made:

The SIMPPLLE model is dependent upon stand-level data (R1-VMap) and did not allow the
incorporation of snag densities or understory composition. Thus, we integrated Forest Inventory and
Analysis summary data to determine if snags for nesting exist at sufficient numbers within the larger size
classes.
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2.5.2 Fisher

Fishers (Martes pennanti) prefer dense, mesic, mature, and late-seral coniferous stands in low- to mid-
elevation forests (Arthur, Krohn, & Gilbert, 1989; Jones & Garton, 1994). Fishers require specific
structural elements, particularly very large trees and coarse woody debris (Ruggiero, Aubry, Buskirk,
Lyon, & Zielinski, 1994). Diverse structural components, including fallen logs and stumps as well as
some seedlings, shrubs, and herbaceous cover, are important habitat characteristics (Meyer, 2011). Earlier
research suggests fishers are disproportionately tied to large, low- to mid-elevation forested stream
bottoms and high canopy cover (Jones & Garton, 1994). In Montana, fisher habitat modeled by Olson et
al. (2014) follows this pattern. In northern Idaho, however, habitat modeled by Olson et al. (2014) shows
a pattern of large tracts of land independent of drainage patterns. In Montana, this spatial pattern may be
associated with prevalence of stand-replacing wildfires outside of stream bottoms and/or more
precipitation falling as snow as elevations increase. Raine (1983) found that movements of fisher were
restricted by the soft, thick snow cover that was present during midwinter whereas marten did not appear
to be hindered by soft snow cover to the degree that fisher were.

Fishers prefer late-seral forests over other habitats (Ruggiero et al., 1994). Yet, studies have shown that in
the Rocky Mountains, there are times of the year where young to medium-age stands of conifers are
preferred (Jones, 1991; Roy, 1991). Fishers do not have as strong a habitat relationship to interior forests
as do American martens. Yet fishers avoid large open areas with low canopy closure, an aversion that may
limit population expansion (Jones & Garton, 1994). At a landscape scale, Sauder and Rachlow (2014)
found that the percentage of mature forest was not the best supported variable for predicting fisher
occupancy, nor was the percentage of high canopy cover. Sauder and Rachlow (2014) found that fisher
selected:

e Low- to mid-elevation mesic, mixed conifer forests in more contiguous and complex shapes,

e Landscapes where mature forest (defined as greater than 65 feet tall) comprised greater than 50
percent of the landscape,

o Landscapes where openings (defined as areas with less than 10 percent canopy cover) comprised
less than 5.4 percent of the landscape.

Accordingly, it has been concluded that fishers are at risk from large stand-replacing wildfires, insect
outbreaks, and habitat modification that removes the structural components they need for denning and
resting (USFWS, 2009). There has been an increase in large stand-replacing wildfires on portions of the
Flathead National Forest and adjacent Glacier National Park since the late 1980s.

Query Design

Olson et al. (2014) developed a coarse-scale land cover-based approach to determine the amounts and
distribution of probable fisher habitat based on current vegetation and certain biophysical conditions.
Sauder and Rachlow (2014) used a multi-scale product model to characterize both the configuration and
composition of forest selected by fisher based on the monitoring of habitat use by individual animals. The
Olson study determined the spatial probability of fisher habitat distribution was most influenced by
several environmental variables such as tree canopy height, montane riparian vegetation, topographic
position of habitat, and annual precipitation.

The query design for fisher habitat is based on the Olson model (Olson et al., 2014) and uses a
combination of R1-VMap, Montana Natural Heritage Program, and Forest Inventory and Analysis data.
Denning and resting habitat was modeled as forests with an average d.b.h. class greater than 10 inches,
since trees in this class on the mesic habitats of the Flathead National Forest generally have an average
height greater than 65 feet tall. High-elevation habitat types were excluded because annual precipitation
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falling as snow is too high for use by fisher. Forest with a canopy cover class less than 15 percent was
excluded from fisher habitat based upon the definition of an opening by Sauder and Rachlow (2014). The
following mapped fields are included in the mapped layer:

e Cover type: any dominance types in the habitat groups below with presence of western larch,
Douglas-fir, western hemlock, western redcedar, cottonwood which may provide cavities used for
resting and denning.

e Habitat groups:
¢ B3, moderately warm and moderately moist
¢ Cl1, moderately warm and moist (grand fir)
¢ (2, moderately warm and moist (western redcedar)
¢ DI, moderately warm and moist (western redcedar)
¢ D3A, lower elevation cool moist to moderately dry with white pine, (subalpine fir, spruce)
¢ El, moderately warm and moist to wet (western redcedar)
¢ E2, cool moist to moderately dry (subalpine fir)
¢ F1, cool moist to moderately dry (subalpine fir)
e Tree size class: > 10-inch d.b.h. for denning, resting in a mature landscape, including:
¢ 10-14.9-inch d.b.h.
¢ 15-19.9-inch d.b.h. (denning/resting)
¢ >20-inch d.b.h. (denning/resting)
e Canopy cover > 15 percent, including:
¢ 15-39.9 percent
¢ 40-69.9 percent
¢ 70-100 percent

In addition, the following assumptions were made:

Fine-scale habitat selection includes determining the presence of snags and coarse woody debris. VMap
data does not provide information on these variables. Our query design uses Forest Inventory and
Analysis data to identify stands where the presence of snags and coarse woody debris is likely.

2.5.3 American Marten

American marten (Martes americana) prefer moist, mid- to late-seral coniferous forests with moderate- to
high-canopy closure at mid to high elevations (Ruggiero et al., 1994). Martens are often labeled as an
“interior forest species” since they prefer large patches of late-seral forest (Ruggiero et al., 1994). Marten
prefer high densities of snags and coarse woody debris (Buskirk, Forrest, Raphael, & Harlow, 1989) as
complex physical structure near the ground provides refuge sites, access to prey, and a protective thermal
environment (Buskirk & Ruggiero, 1994). Martens are “subnivean” foragers (Ruggiero et al., 1994) and
are thus well suited to deep snow conditions.
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Query Design

On the Flathead National Forest, all moist habitat groups from warm to cool (e.g., grand fir, western
redcedar, and subalpine-fir/spruce) were included as potential marten habitat, consistent with locations of
published research as well as numerous marten observations (MNHP, 2013; Tomson, 1999; Wasserman,
Cushman, Schwartz, & Wallin, 2010).

The query design for marten includes the following layers:

e Cover types: Douglas-fir through subalpine fir
e Habitat groups:
¢ B3, warm and moderately moist
¢ Cl1, moderately warm and moderately moist
¢ (2, moderately warm and moist
¢ D1, moderately cool and moist
¢ D3A, lower elevation cool moist to moderately dry with white pine, (subalpine fir, and spruce)

¢ D3B, higher elevation cool moist to moderately dry with whitebark pine (subalpine fir,
mountain hemlock)

¢ El1, moderately cool and wet
¢ E2, cool and wet
¢ F1, cool moist to moderately dry (subalpine fir)
¢ F2, moderately cool and moderately dry
e Tree size class: > 10-inch d.b.h., including:
¢ 10-14.9-inch d.b.h.
¢ 15-19.9-inch d.b.h.
¢ >20-inch d.b.h.
e Stands > 40-100 percent canopy cover, including:
¢ 40-69.9 percent
¢ 70-100 percent

In addition, the following assumptions were made:

The SIMPPLLE model is dependent upon stand-level data (R1-VMap) and did not allow the
incorporation of snag densities or coarse woody debris. Forest Inventory and Analysis summary data are
used to determine if snags and coarse woody debris exist in sufficient amounts within the larger tree size
classes.

2.5.4 Canada Lynx

The Canada lynx (Lynx Canadensis) is listed as a threatened species under the ESA. Squires et al. (2013)
described the distribution of lynx in Montana based on 81,523 telemetry points for resident lynx from
1998-2007. In Montana, lynx are primarily found in the northwestern portion of the state from the western
border, through the Purcell Mountains and east to Glacier National Park, then south through the Swan and
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Mission Mountains and the Bob Marshall Wilderness Complex to Highway 200. In northwest Montana,
reproducing populations are documented in the North Fork, Middle Fork, South Fork, and Swan
drainages of the Flathead National Forest, in the Purcell Mountains on the Kootenai National Forest, and
in the Swan and Mission Mountain areas on the Lolo National Forest. The Flathead National Forest
provides core habitat for the Canada lynx.

Potential lynx habitat is generally described as moist, boreal coniferous vegetation with cold, snowy
winters that provide a prey base of snowshoe hares (Lepus americanus). Additionally, sites that typically
have deep snow depths provide lynx, with their big feet, a competitive advantage (Koehler & Aubry,
1994) over other mid-sized predators (e.g., coyotes, bobcats). Primary vegetation in the northern Rockies
that provides for snowshoe hares, and thus lynx, includes subalpine fir and Engelmann spruce forest types
as well as mesic lodgepole pine and aspen (Populus tremuloides) forests at mid to high elevations
(Koehler & Aubry, 1994).

Squires et al. (Squires, Ruggiero, Kolbe, & DeCesare, 2006) found that the highest lynx densities are in
extensive mesic, spruce/subalpine fir forests. Although Engelmann spruce and subalpine fir were the
dominant tree species in forests used by lynx, these forests also contained a mix of conifer species
including Douglas-fir, western larch, and lodgepole pine. Lynx avoided dry conifer forests containing a
high proportion of Douglas-fir trees, ponderosa pine trees, and grass in the understory (Squires, Decesare,
Kolbe, & Ruggiero, 2010). Extensive dry, cold lodgepole pine forests have few if any lynx, which likely
explains why cold, dry lodgepole-dominated forests east of the Continental Divide have no reproducing
subpopulations (Squires et al., 2006).

Mature forests also provide concentrations of coarse woody debris for denning habitat although
concentrations of woody debris in other situations (e.g., roadside slash) occasionally provide denning
habitat (Butts, 1992; Koehler & Aubry, 1994). Squires, in his study of lynx in northwest Montana (2008;
2010), found that lynx located their dens in multistoried stands, in generally concave or drainage-like
topographies. Lynx generally denned in mature spruce-fir forests with high horizontal cover and abundant
coarse woody debris. Eighty percent of dens were in mature forest stands and 13 percent in mid-seral,
regenerating stands. Young stands that were either naturally sparse or mechanically thinned were seldom
used for denning. Squires found that denning habitat is generally abundant across the coniferous forest
landscape. Foraging habitat (stand initiation and multistoried) is considered limiting, whereas denning
habitat is likely not limiting.

Stand initiation hare habitat is made up of young, dense stands of saplings (and shrubs) that have
regenerated after a disturbance such as a timber harvest or stand-replacing wildfire. These stands provide
adequate cover and browse for reproduction and survival of snowshoe hares. On average, forest stands
begin to provide winter habitat for snowshoe hares 15-20 years after disturbance (Koehler & Aubry,
1994), once trees and shrubs are tall enough to extend above the snow (Koehler & Brittell, 1990), and will
often continue to provide habitat for another 20-25 years unless they are thinned. Denser stands appear to
offer better habitat conditions for snowshoe hares; stands with less than 1,000 stems per acre are
insufficiently dense to provide high-quality habitat for hares (Griffin & Mills, 2007).

Multistoried hare habitat includes older forest stands that provide dense coniferous understories that
maximize cover and browse for hares at varying snow depths throughout the winter. Only multistoried
stands in which tree limbs typically touch the snowline and in which the understory is dense provide
winter habitat for snowshoe hares. Horizontal cover found in multistory forest stands is a major factor
affecting winter hare densities.

Squires studied lynx resource selection in summer vs. winter, including lynx success in capturing
snowshoe hares (Squires et al., 2010). Lynx selected a mosaic of forest stages to meet their seasonal
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resource needs, with winter being the most constraining season for lynx in terms of resource use. During
winter, lynx foraged primarily within a narrow elevation band composed of mature, large diameter trees
(which Squires defined as greater than about 11linches d.b.h.) with higher horizontal cover, more abundant
hares, and deeper snow than available in areas outside this elevation band. These preferred forests
included spruce-fir in the overstory and midstory forming a multistory structure with high horizontal
cover from conifer boughs touching the snow surface. During winter, the primary component of
horizontal cover was subalpine fir followed by sapling and other tree densities. Sapling and other tree
densities in forests used by lynx during winter were about 1,000 stems/acre for saplings and about 280
stems per acre for other trees. During winter, the proportion of tree size classes in forests used by lynx
averaged 0.05 saplings (< 3 inches d.b.h.), 0.19 pole (about 3-7 inches d.b.h.), 0.42 mature (about 7-11
inches d.b.h.), and 0.29 large (> 11 inches d.b.h.) (Squires et al., 2010). Stands with dense understories or
seedling-saplings providing multistoried lynx habitat typically have moderate canopy closure or open
patches in the canopy that allow dense seedling-saplings to redevelop. Where overstory canopies are too
dense to allow understory development, thinning of the overstory by insect/disease or vegetation
management may allow those understories to develop. Conversely, once multistoried habitat is
established, further thinning likely reduces the value of those stands for snowshoe hares and the suitability
for lynx.

Squires found that lynx avoided openings in winter, and when they did use openings it was often within
about 400 feet of cover (Squires et al., 2010). although cover is important to lynx while searching for food
(Brand, Keith, & Fischer, 1976), lynx often hunt along edges (Mowat, Poole, & O'Donoghue, 2000). The
Northern Region Lynx Management Direction (USDA, 2007) provides specific direction for vegetation
management on National Forest System lands within lynx habitat. The standards most applicable to long-
term changes in vegetation conditions include: (1) limiting regeneration by timber management projects
on National Forest System lands within lynx analysis units so that “unsuitable habitat” (stands too young
to provide winter stand initiation hare habitat) does not exceed 15 percent of the lynx habitat in a lynx
analysis unit per decade, (2) limiting regeneration by vegetation management projects so that habitat in
the stand initiation structural stage that does not yet provide winter snowshoe hare habitat cuamulatively
does not exceed 30 percent of the lynx habitat in a lynx analysis unit in total, (3) limiting timber
harvesting that would reduce multistoried hare habitat except under specified conditions (e.g., up to a
specified number of acres in the wildland urban interface), (4) limiting pre-commercial thinning that
would reduce stand initiation hare habitat except under specified conditions, and (5) providing for linkage
areas.

Query Design

We used mapped lynx habitat for the Flathead National Forest, which is based on lynx telemetry locations
and elevations with presence of deep fluffy snow, having boreal forest habitat types (Pfister, Kovalchik,
Amo, & Presby, 1977) that are capable of producing snowshoe hare and lynx habitat. We conducted two
analyses for lynx to assess their distinct habitat requirements: (1) a stand initiation habitat analysis and (2)
a potential multistoried habitat analysis. Additionally, all cover types with presence of subalpine
fir/Engelmann spruce (which may be mixed with other species) were identified as potential habitat, to
disclose how much of that potential habitat currently has subalpine fir or spruce and is in either a stand
initiation or multistoried condition. If potential habitat is currently forested with western larch (typical
seral species on warmer subalpine fir habitat types) or is in a single-storied, dense stem exclusion
condition, that habitat is considered “potential” but may not provide snowshoe hare habitat in its current
condition. Modeled multistoried habitat is limited to cover types that contain subalpine fir or Engelmann
spruce (which may be mixed with other species) within subalpine fir/spruce habitat groups. Stand
initiation hare habitat may be any cover types within grand fir, subalpine fir/spruce (often mixed with
other species) because grand fir on the Flathead National Forest (although not abundant) occurs in close
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juxtaposition to subalpine fir/spruce lynx habitat and is known to produce snowshoe hares. Once trees in
the 0-5-inch d.b.h. class reach a VMap canopy cover class of 40 percent, they are generally dense enough
to provide summer and later winter hare habitat.

Stand Initiation Hare Habitat
The query design for lynx stand initiation hare habitat includes the following:

Lynx habitat layer for the Flathead National Forest

Habitat group/cover type: subalpine fir series (excluding the E1 habitat group), including the
following habitat groups:

¢ (2, moderately warm and moist (grand fir)
¢ DI, moderately cool and moist
¢ D3A, lower elevation cool moist to moderately dry with white pine (subalpine fir, spruce)

¢ D3B, higher elevation cool moist to moderately dry with whitebark pine (subalpine fir,
mountain hemlock)

¢ E2, cool moist to moderately dry

¢ F1, cool and moderately dry

¢ F2, moderately cool and moderately dry
¢ Gl1, cold and moist

¢ Since lynx primarily use spruce-fir forests (Squires et al., 2010; Squires et al., 2006), any cover
type containing subalpine fir or Engelmann spruce was retained from within the habitat groups.

¢ Lynx do not use dry habitats at low elevations or on southerly facing slopes such as ponderosa
pine, dry Douglas-fir, or dry Douglas-fir/western larch cover types.

¢ Lynx do not use highly mesic habitats at low elevations such as western redcedar; thus, habitat
group E1 was removed.

Tree size class: 0-5-inch d.b.h. seedling/sapling

Canopy cover 40-100 percent; VMap canopy cover classes greater than or equal to 40 percent
accounted for eighty-five percent (5,515 of 6,505) of Squires’s lynx telemetry locations on the
Flathead National Forest.

At least 20 or more years since the previous stand replacing disturbance (high severity fire or
regeneration logging) to model forest in the 0-5 inch d.b.h. class that are above winter snow depths
and thus available to snowshoe hares. Forest in the 0-5 inch d.b.h. class and less than 20 years since
the stand replacing disturbance are also summarized to model levels of lynx habitat in an unsuitable
condition as identified in the Northern Rockies Lynx Management Direction (USDA, 2007).

Multistoried Hare Habitat
The query design for lynx multistoried hare habitat includes the following:

Lynx habitat layer for the Flathead National Forest

Habitat group/cover type: subalpine fir series (excluding the E1 habitat group), including the
following habitat groups:

¢ (2, moderately warm and moist
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¢ DI, moderately cool and moist
¢+ D3A, lower elevation cool moist to moderately dry with white pine, (subalpine fir, spruce

¢ D3B, higher elevation cool moist to moderately dry with whitebark pine, (subalpine fir,
mountain hemlock)

¢ E2, cool moist to moderately dry

¢ F1, cool and moderately dry

¢ F2, moderately cool and moderately dry
¢+ Gl, cold and moist

¢ Since lynx primarily use spruce-fir forests (Squires et al., 2010; Squires et al., 2006), any cover
type containing subalpine fir or Engelmann spruce was retained from within the habitat groups
and modeled as suitable habitat.

¢ Lynx do not use dry habitats at low elevations or on southerly facing slopes such as Ponderosa
pine, dry Douglas-fir or dry Douglas-fir/western larch cover types.

¢ Lynx do not use highly mesic habitats such as western redcedar; thus, habitat group E1 was
removed.

e Tree size class: > 10-inch d.b.h., including:
¢ 10-14.9-inch d.b.h.
¢ 15-19.9-inch d.b.h.
¢ >20-inch d.b.h.

¢ Multistoried lynx habitat is provided by forests with a high proportion of trees in the 7-11-inch
and 11+-inch diameter class, so all diameter classes with an average above 10 inches were
included

e Stands > 40 percent canopy cover, including:
¢ 40-69.9 percent
¢ 70-100 percent

¢+ VMap canopy cover classes greater than or equal to 40 percent accounted for 85 percent (5,515
of 6,505) of lynx telemetry locations on the Flathead National Forest.

In addition, the following assumptions were made:

Although snowshoe hares require a dense understory, the SIMPPLLE model is dependent on R1-VMap
classes and did not allow the incorporation of understory density. The Northern Region Lynx
Management Direction is highly prescriptive and is incorporated into all Flathead National Forest forest
plan alternatives. Thus, this SIMPPLLE analysis identifies subtle differences in the amount and
arrangement of possible stand initiation hare and multistoried hare habitat over the 50-year time period.

2.5.5 Black-backed Woodpecker

Black-backed woodpeckers (Picoides arcticus) are associated with boreal and montane coniferous forests
that have experienced recent burns. Black-backed woodpeckers are known to use three types of forested
habitat: (1) post-fire areas that have burned within one to six years, (2) areas with extensive bark beetle
outbreaks causing widespread tree mortality, and (3) areas of smaller disturbances scattered throughout
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the forest caused by wind throw, ice damage, or other occurrences that produce small patches of dead
trees. These conditions all provide habitat for the black-backed woodpecker’s primary food source,
woodborer beetles and larvae. In an Oregon forest with a bark beetle epidemic, overall nesting success
averaged 68.5 percent (Goggans, Dixon, & Seminara, 1987). In contrast, nest success was 100 percent for
nests monitored in burned forests of western Idaho (Saab & Dudley, 1998).

Within those habitats, black-backed woodpeckers select a diverse mixture of conifer species, none of
which is by itself essential to the species. These include ponderosa pine, spruce, western larch, mountain
hemlock (Tsuga mertensiana), Douglas-fir, and lodgepole pine (Dixon & Saab, 2000).

Black-backed woodpeckers nest in snags at high densities in burned areas and can colonize very small,
isolated burns (Hitchcox, 1996). Black-backed woodpeckers in the northern Rockies have a high degree
of relatedness and can colonize burns across a wide geographic range (Pierson, 2009). Hoyt and Hannon
(2002) concluded that black-backed woodpeckers can colonize new burns from up to 50 kilometers away.

High-severity stand-replacing wildfires may be particularly important for this species (Hutto, 1995),
though the woodpeckers may also select lower-intensity fires such as controlled burns (Russell et al.,
2009). Black-backed woodpecker abundance was not correlated to burn size but was best correlated to the
number of small snags remaining after fire in the northern Rockies (Hutto, 1995). Forristal (2009) found
that black-backed woodpeckers showed changing preferences for nest snag characteristics over time and
recommended that the full range of snag species and diameters should be a component of maintaining
black-backed woodpecker nest habitat. At the plot scale, snag density was the most important predictor of
nest-site occurrence, with increasing snag numbers > 9 inches d.b.h. associated with black-backed
woodpecker nesting. In the Blue Mountains located in northeastern Oregon, the mean d.b.h. of nest trees
was 37 cm (14.6 in) (n = 15), and trees were generally recently dead (< 5 year) (Bull, Peterson, &
Thomas, 1986). Hejl et al. (2000) concluded that salvage logging eliminated black-backed woodpecker
habitat, even when some unburned trees were left.

Query Design
The query design for black-backed woodpecker includes the following layers:

e Habitat group/cover type: all habitat groups (excluding high elevation alpine cover types WB, WB-
ES-AF, and AL-WB-AF), including:

¢ A2 warm and very dry

¢ BI1, warm and dry

¢ B2, moderately warm and dry

¢ B3, warm and moderately moist

¢ Cl1, moderately warm and moderately moist

¢ (2, moderately warm and moist

¢ D1, moderately cool and moist

¢ D3A, lower elevation cool moist to moderately dry with white pine, subalpine fir, spruce

¢ D3B, higher elevation cool moist to moderately dry with whitebark pine (subalpine fir,
mountain hemlock)

¢ El1, moderately cool and wet

¢+ E2, cool and wet
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¢ F1, cool and moderately dry
¢ F2, moderately cool and moderately dry
¢ Gl1, cold and moist
e Tree size class > 10-inch d.b.h., including:
¢ 10-14.9-inch d.b.h.
¢ 15-19.9-inch d.b.h.
¢ >20-inch d.b.h.
e Canopy cover > 15 percent, including:
¢ 15-39.9 percent
¢ 40-69.9 percent
¢ 70-100 percent

¢ Canopy cover is of minor importance in predicting black-backed woodpecker habitat (Saracco,
Siegel, & Wilkerson, 2011), but we excluded the lowest canopy cover class to rule out forests
with regeneration harvest prior to burning or salvage after burning.

For timestep zero, a GIS layer including the locations of all severities of wildfire (low, moderate, and high
severity) in the past 10 years was used to select existing habitat. Most of the acreage burned on the
Flathead National Forest during this time period has been high severity. This 10-year time period
incorporated Caton’s (1996) six-year occurrence following fires and Hutto’s (personal communication)
finding that trees stressed by wildfire may continue to die over a 10-year period, prolonging the use of
burned forests. For modeled future timesteps, black-backed woodpecker habitat includes those stands
meeting the habitat group and tree size class that are modeled to burn during those timesteps. Since black-
backed woodpecker nesting success was found to be lower in mountain pine beetle-killed habitats
compared to post-fire habitats, mountain pine beetle-killed habitats are not considered high-quality
nesting habitat on the Forest, although black-backed woodpeckers may live there during intervals between
fires.

In addition, the following assumptions were made:

The SIMPPLLE model is dependent upon stand-level data (R1-VMap) and thus is unable to incorporate
snag densities. We assume that nest snags in burned forests exist in sufficient numbers for black-backed
woodpeckers (Hitchcox, 1996). Further, the availability of nest snags within burned forests has not been
found to be limiting for black-backed woodpeckers.

2.5.6 Olive-sided Flycatcher

Olive-sided flycatchers (Contopus cooperi) are found in montane and northern coniferous forests, most
often in forest openings, forest edges near natural openings (meadows, canyons, rivers) or human-made
openings, and in open to semi-open forest stands (Altman & Sallabanks, 2012). They can be found in dry
to moist sites across a range of elevations. Occurrence of olive-sided flycatchers is influenced by the
presence of relatively open canopies, tall trees for aerial fly-catching/foraging, and perches for singing
(Altman & Sallabanks, 2012).

In mixed conifer forests and in redcedar-western hemlock forests in Idaho, olive-sided flycatchers were
found to be significantly more abundant in a matrix of clearcuts than in landscapes of old-growth forest
(Evans & Finch, 1994; Sally J. Hejl & Paige, 1994). Hutto and Young (1999) found olive-sided
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flycatchers were more abundant in early post-fire habitats than in any other major cover types, although
they had similar occurrence in seed tree cover types and were only slightly less common in clearcut and
shelterwood cover types, occurring more frequently in disturbed than in undisturbed forest in the northern
Rockies. Intermediate successional stages (e.g., dense even-aged sapling-pole or mature forests) are
generally not suitable. Consequently, regional shifts in logging practices or decadal-scale fluctuations in
fire occurrence could create local or regional variation in habitat availability, without necessarily leading
to a net decline in habitat (Kotliar, 2007).

Query Design

The query design for olive-sided flycatcher includes the following layers:

e Cover type: Douglas-fir through subalpine fir
e Habitat groups:
¢ BI1, warm and dry
¢ B2, moderately warm and dry
¢ B3, warm and moderately moist
¢ Cl1, moderately warm and moderately moist
¢ (2, moderately warm and moist
¢ D1, moderately cool and moist
¢+ D3A, lower elevation cool moist to moderately dry with white pine (subalpine fir, Picea)

¢ D3B, higher elevation cool moist to moderately dry with whitebark pine (subalpine fir,
mountain hemlock)

¢ El1, moderately cool and wet

¢+ E2, cool and wet

¢ FI1, cool and moderately dry

¢ F2, moderately cool and moderately dry

¢ To determine both the mid-seral forest as well as openings that olive-sided flycatchers require, two
distinct tree size classes were examined:

¢ 0-5-inch d.b.h.

¢ >9-inch d.b.h., including:
=  9-14.9-inch d.b.h.
= 15-19.9-inch d.b.h.
=  >20-inch d.b.h.

e For the same reason as above, we examined two distinct canopy cover classes:

¢ Within the 0-5-inch d.b.h. size class: all canopy covers 15-100 percent

¢ Within the > 9-inch d.b.h. size class: 15 percent-69.9 percent canopy cover, including:
= 15-39.9 percent
= 40-69.9 percent
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In addition, the following assumptions were made:

Olive-sided flycatchers require edges between openings and stands of mature forest. Analysis of
seedling/sapling habitat (at all canopy cover levels) adequately represented openings in the landscape.
The relative abundance of the seedling/sapling habitat and mature forest habitat was assessed in the time
series modeling results.

We assume that if the ratio of seedling/sapling to mature forest stays within natural range of variation (as
defined by SIMPPLLe modeling (see section 2.3) over the five-decade period, then olive-sided
flycatchers will not be at risk. If either openings or mature forests drop to levels below natural range of
variation, then olive-sided flycatchers would be determined to be at risk. Some forest patches modeled as
providing habitat for black-backed woodpeckers may also provide habitat for olive-sided flycatchers.
Olive-sided flycatchers may be found to be at no risk at the planning unit scale but will be at risk in
certain landscapes for a given time period as a consequence of larger than normal wildfires.

2.5.7 Pileated Woodpecker

Pileated woodpeckers (Dryocopus pileatus) are most often associated with mature forests (Shackelford &
Conner, 1997; USDA, 2000). The species is a primary cavity excavator that nests in western larch,
ponderosa pine, and black cottonwood (Populus trichocarpa) snags (Bull, 1987; McClelland, 1977). In
Montana, pileated woodpeckers select larch for nesting more frequently than other tree species, followed
by ponderosa pine, black cottonwood, aspen, western white pine, grand fir, and lastly, Douglas-fir
(McClelland & McClelland, 1999). Snags selected for nesting are very large diameter (> 20-inch d.b.h.)
and tall (= 40 feet) (Bull, 1987; McClelland, 1977). Bull and Holthausen (1993) found that pileated
woodpecker abundance increased as the amount of forest without logging, > 60 percent canopy closure,
and old-growth trees increased.

In recent decades, many forests inhabited by pileated woodpeckers have changed considerably from large
continuous areas of mature and old forests with dense canopy cover (Bull & Holthausen, 1993) to
relatively open canopies (< 30 percent closure) with an increasing number of snags and logs as a result of
increased levels of insect infestation. Bull et al. (2007) studied the density of nesting pairs and traditional
home ranges of pileated woodpeckers in two study areas over a 30-year period, and in five additional
study areas over 15 years following extensive insect-caused tree mortality and timber harvest (during the
1990s). Although canopy closure declined due to tree mortality in five of the seven areas they studied and
some of the forests were no longer classified as old growth, they continued to function as habitat for
pileated woodpeckers because of the nesting, roosting, and foraging habitat provided. As a result,
modeling included forests with average VMap diameter classes greater than 15 inches d.b.h. and greater
than 15 percent canopy cover that are likely to include foraging habitat as well as some very large nest
and roost trees.

Query Design
The query design for pileated woodpecker includes the following layers:
e Habitat Groups:
¢ A2 warm and very dry
¢ BI1, warm and dry

¢ B2, moderately warm and dry

¢ B3, warm and moderately moist
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¢ Cl1, moderately warm and moderately moist

¢ (2, moderately warm and moist

¢ D1, moderately cool and moist

¢+ D3A, lower elevation cool moist to moderately dry with white pine (subalpine fir, Picea)

¢ D3B, higher elevation cool moist to moderately dry with whitebark pine (subalpine fir,
mountain hemlock)

¢ El, moderately cool and wet
¢+ E2, cool and wet

¢ FI1, cool and moderately dry

For nesting, pileated woodpeckers selectively prefer western larch, and ponderosa pine for nest sites,
followed by black cottonwood, aspen, western white pine, grand fir, and lastly, Douglas-fir (McClelland
& McClelland, 1999).

Thus, the following cover types were included for suitable habitat:

'CW', 'CW-ES-AF', 'DF', 'DF-AF', 'DF-C', 'DF-C-ES-AF', 'DF-ES', 'DF-ES-AF', 'DF-GF', 'DF-LP',
'DF-LP-AF', 'DF-LP-ES', 'DF-LP-ES-AF', 'DF-PP-GF', 'DF-PP-LP', 'DF-WP', 'DF-WP-AF', 'DF-
WP-ES', 'DF-WP-ES-AF' 'WB-DF-ES-AF', 'DF-WP-GF', 'L', 'L-C', 'L-C-ES-AF', '"L-DF', 'L-DF-
AF', 'L-DF-C', 'L-DF-ES', 'L-DF-ES-AF', 'L-DF-GF', 'L-DF-LP', 'L-DF-PP', 'L-DF-WP', 'L-ES', 'L-
ES-AF', 'L-GF', 'L-LP', 'L-LP-AF', 'L-LP-ES', 'L-LP-ES-AF', 'L-LP-GF', 'L-PP', 'L-PP-LP', 'L-WP"',
'L-WP-C', 'L-WP-GF', 'PP', 'PP-DF'

Tree size class: > 15-inch d.b.h., including:

¢ 15-19.9-inch d.b.h.

¢ >20-inch d.b.h.

Stands > 15 percent canopy cover, including:
¢ 15-39.9 percent

¢ 40-69.9 percent

¢ 70-100 percent

¢ Exclusion of the lowest canopy cover class to rule out forest with regeneration or salvage
harvest.

In addition, the following assumptions were made:

Although pileated woodpeckers use very large-diameter snags and live trees with heart rot for nesting, the
SIMPPLLE model is dependent upon R1-VMap and did not allow the incorporation of very large snag
densities. The Flathead National Forest used Forest Inventory and Analysis summary data to determine
the number of acres with at least 8 or 10 large (15-19.9-inch d.b.h.) and very large (> 20-inch d.b.h.) trees
per acre (depending on habitat type group). A R1-VMap texture file was then used to spatially map those
acres. Forest Inventory and Analysis data were also evaluated to ensure that sufficient large snags exist at
the forest scale to provide nesting habitat, assuming random distribution.
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2.5.8 Moose and Elk Forage

Forage for moose and elk was modeled due to changes in scientific knowledge that have occurred over
the last few decades and a desire to model predicted changes in habitat in the future. A century of research
on elk (Toweill & Thomas, 2002) consistently concluded that the limiting factor on elk populations was
access to winter ranges containing substantial amounts of forage. Forage availability on summer range
was considered abundant under all combinations of disturbance (wildfire, logging, grazing) or lack
thereof (wildfire suppression) and not limiting to populations. The first forest plans in the Northern
Region reflected that philosophy (USDA, 1986b). Winter ranges were designated and targeted for
periodic prescribed burning or logging designed to mimic low-severity wildfires. Human disturbance was
often precluded during the winter to avoid displacing wintering elk. Concerns regarding summer range
were generally focused on retaining adequate security (Hillis et al., 1991) designed to slow the hunter
harvest and retain branch-antlered bulls in the post-season population.

That model appeared to be adequate through the 20" century. Elk populations that were reestablished in
the 1930s and 1940s (after near extirpation due to unregulated harvest and market hunting) increased
through the 1960s and 1970s and were declared in many herd units to be at carrying capacity. Populations
in western Montana continued to increase in the 1990s, raising Montana Fish, Wildlife, & Parks (MFWP)
concerns about achieving sufficient harvest to minimize landowner conflicts.

In the 1970s, elk populations in the Selway herd unit of northern Idaho, an area characterized by dense
coniferous forests mostly within a designated wilderness, began to decline. That decline has continued
into the 2010s to the extent that populations today are only about 10 percent of what they were prior to the
1970s. Elk populations within other northern Idaho herd units have not shown declines; however, those
herd units contained substantial amounts of natural openings, agricultural lands, or industrial forest lands.
This suggested that within herd units dominated by dense forest and a lack of natural disturbance (i.e.,
wildfire, or human disturbance that mimicked wildfire), limited summer range forage could be the cause
of population declines. Although elk populations on the Flathead National Forest have not suffered the
declines that the Selway has, forest conditions on the Forest are similar in some areas in that natural
openings are scarce and coniferous forests are dense unless maintained by fire or timber harvest.

Ongoing research (Proffitt et al., 2015) in the Bitterroot National Forest suggests forage availability on
the summer range does affect elk populations, as much or more than winter range forage availability.
Other recent studies have also indicated that management can be improved by integrating nutritional
ecology on elk summer range (Cook et al., 2001). For example, many of the important food plants,
including shrubs such as red stem ceanothus, serviceberry, and Rocky Mountain maple, as well as grasses,
grow only in forest openings or in forests with a more open canopy. Controlled burns or other vegetation
management strategies aimed at creating a mosaic of forest conditions can be especially beneficial by
providing abundant food resources in close proximity to cover. Furthermore, Profitt et al. (2015) suggest
that a lack of disturbance due to long-term wildfire suppression was largely responsible for population
declines in some areas. Profitt et al. (2015) also studied effects of elk calf survival from predation.
Although wolf populations in the area were high, they found substantially greater predation from
mountain lions.

Moose are more specialized than elk and tend to utilize more mesic sites with dense shrub communities.
Since the 1990s, populations in Montana appear to have declined, as evidenced by aerial survey trends
and hunter harvest statistics, but the significance and causes of the apparent trends were unknown
(Smucker, Garrot, & Gude, 2011). In 2013, MFWP began a 10-year study designed to improve
understanding of means to monitor the current status and trends of moose populations as well as the
relative importance of factors limiting population growth (DeCesare et al., 2012).
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Throughout northwest Montana, moose populations increased and expanded in range through the early
1990s, which is believed to be due to prevalence of early successional forest created by fire and timber
harvest (Brown, 2006), which is generally favorable to moose. Moose frequently use both logged and
burned forest habitat in the first 10 to 30 years (Brown, 2006; Smucker et al., 2011; Telfer, 1995). In the
Yaak River drainage of northwest Montana, moose selected clearcut areas logged 15-30 years previously,
as well as areas within 100 meters of a cutting unit (Matchett, 1985). Across western Montana, sharp
declines in timber harvest on national forest lands during the 1990s resulted in less early successional
forest habitat than existed 50 years ago (Smucker et al., 2011). This trend is now being reversed in some
areas of the Flathead National Forest due to an increase in wildfires that have occurred since 2000.
Although shrub-dominated habitats are used year-round, these areas are very important in winter because
they provide much higher quantity and quality of forage compared to other available habitats (Van Dyke,
Probert, & Van Beek, 1995). Studies suggest that wildfire may be most beneficial to moose when a
mosaic of burned and unburned forest patches is created at a landscape level. In many areas, moose
forage in willow habitats until snow depth increases and then they move into conifer forests, where they
forage on subalpine fir (Tyers, 2003) and yew.

The query design for ungulate foraging habitat includes the following layers:

e Habitat group/cover type: subalpine fir series, including the following habitat groups:
¢ BI1, warm and dry
¢ B2, moderately warm and dry
¢ B3, warm and moderately moist
¢ Cl, moderately warm and moderately moist
¢ (2, moderately warm and moist
¢ DI, moderately cool and moist
¢+ D3A, lower elevation cool moist to moderately dry with white pine (subalpine fir, Picea)

¢ D3B, higher elevation cool moist to moderately dry with whitebark pine (subalpine fir,
mountain hemlock)

¢ EIl, moderately cool and wet
¢+ E2, cool and wet
¢ F1, cool and moderately dry
¢ F2, moderately cool and moderately dry
¢ Gl1, cold and moist
e The following habitat groups were included for elk only:
¢ All non-forested grassland habitat groups (NF1, NF1A, etc.)
e Tree size class: 0-5-inch d.b.h. seedling/sapling
e Canopy cover 0-100 percent, or combinations of:
e Tree size > 15-inch d.b.h. with:
= Canopy cover 0-15 percent

In addition, the following assumptions were made:
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Although elk security habitat is important, the SIMPPLLE model is dependent upon R1-VMap and did
not allow the incorporation of road management data. On the Flathead National Forest, elk security
habitat is modeled using other methods.

2.5.9 White-tailed Deer Winter Habitat Snow-Intercept Cover

Snow-intercept cover for white-tailed deer was modeled due to changes in scientific knowledge that have
occurred over the last few decades and a desire to model predicted changes in habitat in the future.
Research by Mundinger (1982; 1984) in the Swan Valley of Montana strongly tied white-tailed deer
winter survival to mature conifers with dense canopy closure. Mundinger (1982; 1984) concluded that
even though forage was limited under dense canopies, snow interception provided by dense canopies
allowed white-tailed deer to move around and find limited winter forage and avoid the substantial caloric
expenditure that would have been expended by plunging through deep snow within forest openings or
under more open stands. MFWP subsequently found that wintering white-tailed deer on the Flathead
National Forest foraged on arboreal lichens that were hanging on coniferous forest branches or had been
blown to the ground by wind (T. Their, MFWP, personal communication, 2010). Other researchers
(Toweill & Thomas, 2002) acknowledge that of all native ungulates, white-tailed deer are the least
capable of surviving deep snow. Current forest plan (USDA, 1986a) measures accommodate wintering
white-tailed deer based on these and other Montana Fish, Wildlife and Parks recommendations..

Although Mundinger’s (1982; 1984) findings are irrefutable based on the habitat and winter weather
conditions he studied in the 1970s, changes in low-elevation snowpack conditions associated with a
changing climate may reduce the importance of snow-intercept cover in the future. The severe winter
conditions under which Mundinger did his research in the 1970s have become increasingly milder,
especially at low elevations where white-tailed deer winter. Although extreme winter weather conditions
still occur (e.g., US Weather Service data indicates that the winter of 1996-97 stands as a fairly severe
year in terms of total snowfall), the occurrence and duration of these severe events is becoming
increasingly uncommon and of much shorter duration.

In addition, the 2012 planning rule (USDA, 2012) requires an ecosystem and biodiversity approach to
national forest management. Mixed ponderosa pine, western larch, and Douglas-fir communities, which
provide essential habitat for flammulated owls, require frequent disturbance resulting in relatively open
canopies and open understories. Survival and continuous recruitment of very large ponderosa pine and
western larch trees needed for nesting by pileated woodpeckers is increased where stand densities are
lower and stand-replacing fires are less frequent. Measures that would optimize cover for either wintering
white-tailed deer or nesting flammulated owls and pileated woodpeckers are clearly opposed to each other
at the scale of a forest stand. Measures to protect winter white-tailed deer habitat may be less important
during the new “norm” of relatively warm, low-snow winters in the intermountain valleys. However,
because there is uncertainty regarding winter precipitation in models of future climate, the Flathead
National Forest incorporated parameters into its modeling of alternatives at a landscape scale. Snow-
intercept cover is modeled as forests with an average diameter class of at least 10 inches and at least 40
percent canopy cover. Similar to fisher, forest with a canopy cover class less than 15 percent was defined
as an opening for purposes of modeling future vegetation treatments. In landscape areas mapped as white-
tailed winter habitat by MFWP, no more than 30 percent of the habitat could be in an opening at any
given time (ERG, 2015).

Query Design

The query design for white-tailed deer winter range includes the following:

e MFWP winter white-tailed deer habitat layer
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e Cover type: All, excluding high elevation alpine cover types WB, WB-ES-AF, and AL-WB-AF
e Habitat groups:

¢ A2 warm and very dry

¢ BI1, warm and dry

¢ B2, moderately warm and dry

¢ B3, warm and moderately moist

¢ Cl1, moderately warm and moderately moist

¢ (2, moderately warm and moist

¢ D1, moderately cool and moist

¢+ D3A, lower elevation cool moist to moderately dry with white pine (subalpine fir, Picea)

¢ D3B, higher elevation cool moist to moderately dry with whitebark pine (subalpine fir,
mountain hemlock)

¢ El, moderately cool and wet

¢+ E2, cool and wet

¢ FI1, cool and moderately dry

¢ F2, moderately cool and moderately dry
e Tree size class > 10-inch d.b.h., including:

¢ 10-14.9-inch d.b.h.

¢ 15-19.9-inch d.b.h.

¢ 20+-inch d.b.h.
e Stands > 40 percent canopy cover, including:

¢ 40-69.9 percent

¢ 70-100 percent

2.5.10 Habitat Connectivity

Connectivity, as coined in 1984 by Merriam (USDA, 1997), refers both to the abundance and spatial
patterning of habitat and to the ability of animals to move from patch to patch of similar habitat.
Structural connectivity is the physical relationship between patches of habitat or other ecological units;
functional connectivity is the degree to which landscapes actually facilitate or impede the movement of
organisms and processes of ecosystems (Ament, Callahan, McClure, Reuling, & Tabor, 2014). Corridors
are a means by which connectivity can be provided. They are strips or stepping stones of “hospitable
territory traversing inhospitable territory providing access from one area to another” (USDA, 1997). The
effectiveness of a corridor depends upon the species using it, the type of movement, and the type of
corridor (Hunter, 1996). Animals need connectivity to forage within their home range, for dispersal to
new home ranges, for migration between locations, and for genetic interaction between meta-populations.
According to American Wildlands (American Wildlands, 2008), maintaining the ecological connections,
or wildlife movement corridors, between major wildland habitats is one of the most pressing challenges
for habitat and wildlife conservation in the northern Rockies today.
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Many connectivity or corridor studies focused on single species, but in recent years there has been more
emphasis considering connectivity for multiple species at a large landscape scale. In 2007, American
Wildlands initiated a Priority Linkage Assessment that identified, catalogued, and prioritized the threats
to, and opportunities for, maintaining connectivity in the northern Rockies. The outputs of the assessment
included a GIS shapefile that contained polygons of major linkages, species of concern in each, priority of
each linkage, and a field that distinguishes which linkages are used for seasonal movement (American
Wildlands, 2008). In 2015, the Nature Conservancy mapped the “penetrability” of the terrestrial

landscape across the Pacific Northwest.

The availability and arrangement of vegetative cover may affect connectivity for some animals. Some
species, such as marten, require moderate to high canopy cover (Ruggiero et al., 1994) with forest interior
conditions to help them avoid predators, whereas other species prefer more open or mixed habitats
(Tomson, 1999). Characteristics favorable for corridor/linkage zone functionality for most species,
especially the large carnivores, include low road density, low concentrations of human occupancy, an
abundance of productive foraging habitat, a robust mix of forested and non-forested habitats with
abundant edge, and gentle to moderate terrain (Craighead & Vyse, 1996; Servheen, Waller, & Sandstrom,
2001; Walker & Craighead, 1997). In general, a variety of open habitats such as montane grasslands, wet
meadows, shrublands, early-seral forest, riparian shrub associations, open-growth forest, talus slopes, and
burns generously distributed amongst blocks of mature interior forest provide a favorable linkage
environment that will accommodate a wider variety of species than unbroken forest alone (Costain, 2009).

Although there is no empirical evidence to support the concept of corridors (Rosenberg, Noon, &
Meslow, 1997), many conceptual models have been built to project connectivity across landscapes (Noss,
Quigley, Hornocker, Merrill, & Paquet, 1996; Walker & Craighead, 1997). For example, the Northern
Region Connectivity Protocol (USDA, 1997) provides a framework for describing corridors and the
effects of forest projects and other human activities. The aforementioned research suggests that sustaining
historic mixes of vegetation in terms of cover types, size classes, and patch sizes and arrangement all
contribute to sustaining well-distributed wildlife populations and avoiding genetically isolated
populations. Much of the research focuses on habitat fragmentation and isolation caused by urbanization
and residential development, which are prevalent in the Flathead Valley near Kalispell, but fortunately are
not a problem on large blocks of national forest land such as the Flathead National Forest. Rather, barriers
to animal movement are more likely to occur on adjacent private, developed lands.

The 2012 planning rule (USDA, 2012) includes a requirement that plan components for ecosystem
integrity (including connectivity) must take into account the interdependence of terrestrial and aquatic
ecosystems (219.8(a)(1)). There is an additional requirement in the 2012 planning rule to maintain or
restore the ecological integrity of riparian areas, “including plan components to maintain or restore
structure, function, composition, and connectivity . . .” (219.8(a)). Public comments on forest plans,
wilderness legislation, or individual projects often suggest that the establishment of large, permanent
reserves of late seral forest be provided for habitat connectivity. Such permanent reserves may indeed
provide long-term habitat when located within disturbance regimes where natural disturbances are
infrequent or occur at very small scales. Within the northern Rockies, however, natural, unavoidable
disturbances like wildfire, insect outbreaks, or root disease make the benefits of permanent reserves more
questionable. Recognition of the role of natural disturbance on the Flathead National Forest necessitates
an acceptance that connectivity provided by forest cover will change over time at a small or intermediate
scale and that most species are adapted to such changes, but that rapid succession will maintain
connectivity at a large scale.
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Query Design

Connectivity within the American Wildlands (American Wildlands, 2008) polygons, addressing multiple
species, is used for the query below. Recognizing that connectivity for some species is affected by a lack
of habitat components that take a long period of time to restore (Haber & Nelson, 2015), connectivity
across the Flathead National Forest was modeled using the query design for marten because they are one
of the species that is more limited by the amount and arrangement of mature tree cover. As a means of
assessing long-term habitat connectivity, and as a means of assessing the benefits of permanent reserves,
sample landscapes at years 2015 and 2065 were compared by acres of marten habitat, average patch size,
and percent habitat occurring in 2015 against the modeled habitat that still remained at 2065. Figure 3-2
presents the American Wildlands polygons in the vicinity of the Forest and those selected for this
analysis. Polygons were selected for analysis if they contained lands managed by the Forest. The
percentage of National Forest System lands in each connectivity area is displayed in Table 3-2.

The query design for connectivity includes the following:

e American Wildlands selected polygon layer

e Cover types: cool Douglas-fir through subalpine fir

e Habitat groups:

¢

¢

¢

¢

¢

B3, warm and moderately moist

C1, moderately warm and moderately moist

C2, moderately warm and moist

D1, moderately cool and moist

D3A, lower elevation cool moist to moderately dry with white pine (subalpine fir, Picea)

D3B, higher elevation cool moist to moderately dry with whitebark pine (subalpine fir,
mountain hemlock)

E1, moderately cool and wet

E2, cool and wet

F1, cool and moderately dry

F2, moderately cool and moderately dry

G1, cold and moist

e Tree size class: > 10-inch d.b.h. including:

¢

¢

¢

10-14.9-inch d.b.h.
15-19.9-inch d.b.h.
> 20-inch d.b.h.

e Stands > 40-100 percent canopy cover, including:

¢

¢

40-69.9 percent
70-100 percent

The query above is identified as dense, mature tree cover. Although forest stands in the 5-9.9-inch d.b.h.
class provide cover for connectivity and will be used by many forest associates, they may not have the
structural complexity to be used by all species. Thus, the connectivity model provides a conservative
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model of landscape-level connectivity for forest interior species. Nonetheless, cover provided by even
moderately dense pole or medium sized stands (5-9.9 and 10-15 inch d.b.h.) stands likely contributes to
the ability of wide-ranging carnivores to move across the landscape. For that reason, an additional query
identified as cover were applied to the aforementioned corridors identified by American Wildlands.

e Cover types:

¢ All forested cover types

e Habitat groups:

¢ All forested habitat

e Tree size class: > 5-inch d.b.h., including:
¢ 599inch d.b.h.
¢ 10-14.9-inch d.b.h.
¢ 15-19.9-inch d.b.h.
¢ >20-inch d.b.h.

e Stands > 40-100 percent canopy cover, including:

¢ 40-69.9 percent

¢ 70-100 percent

In addition, the following assumptions were made:

American Wildlands connectivity polygons on the Flathead National Forest do not include existing
wilderness areas or the Jewel Basin Hiking Area, but these areas have relatively low levels of human

influence. The specific effects of roads and human development on connectivity areas were not

considered in this query but are considered elsewhere (for example, refer to the final EIS sections 3.7.4
and 3.7.5 and the following figures in appendix 1 of the final EIS: 1-30, elk security in hunting season; 1-

38, grizzly bear security core in alternative A; and 1-39 through 1-41, grizzly bear secure core in

alternatives B modified, C, and D).

Table 3-2. Land management jurisdiction within the American Wildlands polygons

Connectivity Forest Service Forest State State Other Other Total
Area Name acres Service % acres % acres % Acres
Big Mountain 17,241 40.3% 4,528 10.6% 20,978 49.1% 42,748
Camas Creek 10,780 99.5% - 0.0% 51 0.5% 10,831
Coram 68,775 85.5% -- 0.0% 11,676 14.5% 80,451
Essex 18,636 94.2% - 0.0% 1,144 5.8% 19,780
Haskill Basin 39,797 41.1% 1,006 1.0% 56,141 57.9% 96,944
Idaho Hill 14,214 14.2% 5,565 5.6% 80,302 80.2% 100,081
Lost Trall - 15,318 83.0% -- 0.0% 3,131 17.0% 18,449
Kenelty
North Fork 20,727 54.1% 5,634 14.7% 11,948 31.2% 38,308
North Whitefish 75,776 96.3% 611 0.8% 2,290 2.9% 78,676
Range
Nyack Pinnacle 63,410 96.4% 344 0.5% 2,022 3.1% 65,776
Seeley-Clearwater 250,944 73.0% 52,202 | 15.2% 40,848 11.9% @ 343,993
3-27 Appendix 3. Modeled Wildlife Habitat Assessment



Flathead National Forest Forest Plan FEIS Volume 4

Connectivity Forest Service Forest State State Other Other Total
Area Name acres Service % acres % acres % Acres
South Glacier 40,104 97.2% -- 0.0% 1,166 2.8% 41,270
Swan Lake 15,123 76.3% 475 2.4% 4,226 21.3% 19,825
Swift Creek - 130,901 64.0% 44,638 21.8% 29,150 14.2% 204,690
Stillwater
Total 781,746 67.3% 115,002 9.9% 265,073 | 22.8% 1,161,822

.

ny .
West Glac

er

FNF Ranger Districts
Modeling Landscapes
[ | selected AWL for C

.~ AWLConnectivity Areas

i

7%

Figure 3-2. Flathead National Forest selected American Wildlands polygons for the connectivity analysis
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2.5.11 Riparian Habitat Conservation Area or Riparian Management Zone
Species

In the Northern Region, riparian shrub and deciduous tree communities are generally considered to

provide the highest levels of species diversity (Hutto & Young, 1999). Avian species occupying riparian

shrub and deciduous tree communities include species such as the American redstart, Wilson warbler,

northern waterthrush, veery, catbird, and long-billed marsh wren. Several species of bats also forage at

levels disproportionate to habitat availability above riparian shrub and deciduous tree communities.

In the mountainous West, riparian shrub and deciduous tree communities are disturbance dependent. On
wide, low-gradient drainages (e.g., the Swan River), periodic flooding maintains a very highly convoluted
pattern of meanders, sloughs, and oxbow lakes. Because this pattern is changing constantly due to
periodic flooding, cottonwoods and shrubs are the predominant vegetation, whereas conifers are patchier
and somewhat episodic since they only become established in the intervals between flooding events.
Beaver activity also helps to maintain cottonwood/shrub communities and complements the effects of
flooding. In the West, impoundments have interrupted this cycle to the detriment of cottonwood/shrub
communities. The only large impoundment affecting Flathead National Forest lands is the Hungry Horse
Reservoir, which was completed in 1953. Hungry Horse Dam inundated a segment of the South Fork of
the Flathead River and flooded an estimated 6,867 acres of riparian/wetland wildlife habitats, according to
MFWP.

Unlike low-gradient streams, moderate- or steep-gradient streams (e.g., Bowman Creek) tend to be
bedrock controlled. Flooding generally has little effect on the amount of sinuosity. Conversely, wildfires,
insect outbreaks, or human activities that mimic those natural disturbances limit conifer cover and allow
dense communities of riparian shrubs to occupy riparian zones. Beavers occur within moderate and steep-
gradient streams, however, their influence upon the shrub community is much less than within low-
gradient streams. In the absence of disturbance, conifers will quickly reoccupy upland riparian zones and
to varying degrees will shade out riparian shrubs.

Two human activities affecting natural disturbances in moderate- and steep-gradient streams include fire
suppression and riparian habitat conservation area or riparian management zone protective measures.
Wildfire history data suggest wildfire-burned acreages in the 20th century declined during the mid-1900s
until the 1980s, when fuel accumulations and warmer and drier weather began a trend of increasing
acreage and severity of wildfires. Wildland fire burned approximately 1,230,000 acres from 1889 to 1929
in the vicinity of the Flathead National Forest, about 40,000 acres between the 1930 and 1979, and about
575,000 acres in or adjacent to the Forest from 1980-2012 (USDA, 2013), including some riparian areas.

Because deciduous trees and shrubs along low-gradient streams are maintained by periodic flooding, the
query is designed to model those riparian deciduous communities that are maintained by other disturbance
factors such as fires, insects, and disease. The query is designed to assess the availability of habitats that
provide shrubs and deciduous trees within riparian habitat conservation areas/riparian management zones.
For timestep zero, a GIS layer including the locations of all VMap polygons with cover types dominated
by shrubs and deciduous trees was used, including VMap DOM mid-40 shrub, MX-POTRS, and MX-
POPUL. For purposes of modeling future vegetation treatments, there were minimal treatments in
landscape areas mapped as riparian habitat conservation areas/riparian management zones because these
areas are not suitable for timber production (ERG, 2015). Transitional forests resulting from moderate- or
high-severity wildfires and insect/disease within 20 years following disturbance was used to model future
forest openings containing riparian shrubs and hardwood trees. Since the VMap cover class 0-14.9
percent may be lacking in trees but contain dense shrubs, it was included in the model. On the Flathead
National Forest, once mixed conifer stands in upland riparian areas reach an average d.b.h. of 5 inches,
the presence of deciduous trees and shrubs has often been greatly reduced or eliminated due to conifer
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competition and shading, so these forests were not included for purposes of future modeling of highly
suitable habitat for species associated with riparian shrubs and deciduous trees.

Query Design

The query design for riparian species associated with shrubs and deciduous (hardwood) tree communities
that are not maintained by flooding includes the following layers:

o the Flathead National riparian habitat conservation area layer (2013)
¢ Sloping, moderate and high gradient streams > 4 percent slope
e Habitat groups:

¢  All that occur within the riparian habitat conservation area layer
e Tree size class < 5-inch d.b.h., including:

¢ 0-4.9-inch d.b.h.
¢ Stands of all canopy cover, including:

¢ 0-14.9 percent

¢ 15-39.9 percent

¢ 40-69.9 percent

¢ 70-100 percent

2.5.12 Northern Goshawk

In their status review of northern goshawk (Accipiter gentilis), the U.S. Fish and Wildlife Service
(USFWS) found that northern goshawks typically use mature forests or larger trees for nesting habitat
(the nest area); however, they are considered a forest habitat generalist at larger spatial scales (USFWS,
1998b). Northern goshawks typically select nest sites in mature coniferous forests with relatively closed
canopies (50-90 percent) and open, multistoried stands (Brewer, Bush, Canfield, & Dohmen, 2009;
Kennedy, 2003; Richard T. Reynolds, Graham, & Boyce Jr., 2008; Richard T. Reynolds, Graham, &
Reiser, 1992) of at least 30 acres or greater (Richard T. Reynolds, Joy, & Leslie, 1994). Norther