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Chapter 1: Overview and Assessment Background

1.1 Document Structure

The Lolo National Forest is embarking on the process to revise its land management plan under the 2012
Planning Rule (36 CFR 219.19). This assessment is a rapid evaluation of relevant existing conditions,
status, and trends on the Lolo National Forest and represents the first stage in the plan revision process.
This assessment is organized into three chapters and six appendices:

e Chapter 1: Overview and Assessment Background
o Chapter 2: Assessment Findings: Biophysical Elements
e Chapter 3: Assessment Findings: Socioeconomic Elements and Multiple Uses
e Appendices:
¢ Appendix 1: Maps
¢ Appendix 2: Carbon Assessment
¢ Appendix 3: Natural Range of Variation Methods and Results

¢ Appendix 4: Evaluation of Forest Health Monitoring Data to support Lolo National Forest Plan
Revision

¢ Appendix 5: Data Sources and Adjustments Used to Estimate Forest Attributes
¢ Appendix 6: Scenery Management System Inventory Overview

Cross-references to tables, figures, and maps are located throughout the document. Tables and figures
located within the main body of the assessment are referenced as “table” or “figure.” References to maps
located in appendix 1 are listed as “figure” with an “A1” prefix before the number (e.g., see figure Al-
01).

Data 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.

Map Disclaimer: These maps are intended to depict physical features as they generally appear on the
ground and may not be used to determine title, ownership, legal boundaries, legal jurisdiction, including
jurisdiction over roads or trails, or access restrictions that may be in place on either public or private land.
Obtain permission before entering private lands and check with appropriate government offices for
restrictions that may apply to public lands. Lands, roads, and trails within the boundaries of the national
forest may be subject to restrictions on motor vehicle use. Obtain a Motor Vehicle Use Map or inquire at a
local Forest Service office for motor vehicle access information. Natural hazards may or may not be
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depicted on the map, and land users should exercise due caution. These maps may not be suitable for
navigation.

1.2 Purpose of the Assessment

The National Forest Management Act (NFMA) of 1976 requires every national forest or grassland
managed by the Forest Service to develop and maintain an effective land management plan (commonly
known as a forest plan) and to amend or revise the plan when conditions significantly change. The
process for the development and revision of plans, along with the required content of plans, is outlined in
planning regulations often referred to as the planning rule. The current rule is the 2012 National Forest
System land management planning rule.

The Lolo National Forest is beginning the first phase of the planning process to revise its plan, which was
signed in 1986. As stated in the 2012 planning rule, planning for a national forest is an iterative process
that includes three phases which are complementary and may overlap. The intent of the planning
framework is to create a responsive process that informs integrated resources management and allows the
Forest Service to adapt to changing conditions, including climate change, and improve management based
on new information and monitoring. The planning process consists of the following phases:

e Assessment phase. The evaluation of existing information, such as relevant ecological, economic,
and social conditions, trends, and sustainability, and its relationship to the land management plan
within the context of the broader landscape.

e Revision phase. The updating of information, including identification of the need to change the
forest plan based on the assessment, development of a proposed plan and alternatives, consideration
of the environmental effects of the proposed plan and alternatives, provision for public review and
comment of the proposed plans, provision to object before a proposed plan is chosen, and, finally,
approval of the selected plan.

e Monitoring phase. The continuous observation and collection of feedback for the planning cycle
that is used to test relevant assumptions, track relevant conditions over time, and measure
management effectiveness.

This document provides a summary for the assessment phase. The purpose of the assessment is to provide
and evaluate existing information about relevant ecological, economic, and social conditions; trends and
sustainability; and relationships to the land management plan. The assessment is not a decision-making
document, it provides current information on topics relevant to the plan area. The assessment does
describe expected future trends under the current management framework; however, it does not speculate
or determine how future management may change in the revised plan. This assessment contributes to the
planning process by—

e Providing information to help identify the need for change in the land management planning
process;

¢ Identifying and evaluating a solid base of existing information relevant to the land management
plan;

¢ Building a common understanding of that information with the public and other interested parties
before starting the land management planning process;

e Developing relationships with interested parties, government entities, American Indian tribes,
private landowners, and other partners; and
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e Developing an understanding of the complex topics across landscapes that are relevant to planning.

During this phase, the Responsible Official manages the process by setting the scale, scope and timing of
the assessment as well as identifying the topics to be analyzed in depth and ensuring that the most
important, relevant information is synthesized. The Responsible Official must also engage the public and
government entities early in this process and make the report available to the public.

The assessment sets the stage for the integrated approach to be taken in land management planning, as
emphasized in the planning regulations. Integrated resource management is defined as multiple use
management that recognizes the interdependence of ecological resources and is based on the need for
integrated consideration of ecological, social, and economic factors (36 CFR 219.19). For this reason, the
assessment findings outline key connections between social, economic, and ecological sustainability.

1.3 The Assessment Process

The Lolo National Forest issued a Notice of Intent to Prepare an Assessment and Initiate Plan Revision on
3/16/2023. Beginning in January of 2023, revision team staff and Forest leadership held an array of public
engagement activities designed to gather early public input on the assessment (refer to Section 1.8). The
Draft Assessment was prepared by the Northern Region Land Management Plan Revision Team, using
input and review from Lolo National Forest staff and leadership, and public input. This Revised
Assessment was published in September 2023 following a formal comment period (see section 1.3.3 for
summary of changes between the Draft and Revised Assessment.

1.3.1 Best Available Scientific Information

The 2012 Planning Rule requires the responsible official to use the best available scientific information to
inform the development of a revised plan. The foundation of scientific information from which the plan
components will be developed is provided by this assessment. The best available scientific information is
represented by the collective body of information used and is reflected in the literature cited section.

The 2012 Planning Rule acknowledges that the best available scientific information may include expert
opinions, inventories, or observation data prepared and managed by the Forest Service or other agencies,
universities, reputable scientific organizations, and data from public and governmental participation.
Specialists use many resources including but not limited to peer-reviewed and technical literature;
databases and data management systems; modeling tools and approaches; information obtained via
participation; local information; workshops and collaborations; and information received from public
engagement. This information was used to evaluate conditions, trends, and risks.

Chapters 2 and 3 discuss science contradictions and areas lacking information. Ecosystems and social and
economic conditions are complex and contain an enormous number of known and unknown factors that
interact with each other, often in unpredictable ways. As such, there are gaps in the scientific information
available. The level of uncertainty with the findings associated with each element assessed in this
document varies and is addressed in each section.

Moving forward, additional information will be gathered as it becomes available; therefore, additional
scientific information may be added to the environmental impact statement and the planning record prior
to the record of decision. Information submitted by the public will continue to be considered. Section
1.3.3, below, describes the comments we received on the Draft Assessment related to best available
scientific information. The documentation of the ongoing literature review and rationale for responses to
literature submitted will be summarized in the draft environmental impact statement.
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1.3.2 Scope, Scale, and Timing

The responsible official has established the scope, scale, and timing of the assessment process. The
geographic scope of this assessment includes all lands within the administrative boundary of the Lolo
National Forest, as well as consideration for conditions and the management situation on surrounding
lands. Where relevant for individual resource topics, the information is presented at smaller scales such as
Ranger districts, landscape areas, and watershed boundaries.

The assessment provides the foundation for the plan revision process. As such, it has been prepared prior
to the identification of the need to change to ensure the relevant information is gathered that will inform
the plan development process. The timeframe considered in the assessment includes the status and trends
that have occurred under the existing 1986 Forest Plan. Where relevant, some resource areas are assessed
using a much longer timescale into the past for reference (e.g., the natural range of variation analysis for
ecosystems). In addition, the assessment includes information related to likely future trends.

The key topics of the assessment include the fifteen topical areas presented in the land management
planning handbook (FSH 1909.12.10 (11)(b). Each topical area was considered, and the information
relevant to the Lolo National Forest compiled in this assessment. In addition, relevant information
regarding relevant land management plans on surround landscapes was considered.

e Terrestrial ecosystems, aquatic ecosystems, and watersheds.
e Air, soil, and water resources and quality.

e System drivers, including dominant ecological processes, disturbance regimes, and stressors, such
as natural succession, wildland fire, invasive species, and climate change; and the ability of
terrestrial and aquatic ecosystems to adapt to change.

e Baseline assessment of carbon stocks.

e Threatened, endangered, proposed and candidate species, and potential species of conservation
concern.

e Social, cultural, and economic conditions.

e Benefits people obtain from the National Forest System in the planning area (ecosystem services).
e Multiple uses and their contributions to local, regional, and national economies.

e Recreation settings, opportunities and access, and scenic character.

e Renewable and nonrenewable energy and mineral resources.

o Infrastructure, such as recreational facilities and transportation and utility corridors.

e Areas of tribal importance.

¢  Cultural and historical resources and uses.

e Land status and ownership, use, and access patterns.

e Existing designated areas located in the plan area including wilderness and wild and scenic rivers
and potential need and opportunity for additional designated areas.

1.3.3 Changes between the Draft and Revised Assessment

The Revised Assessment includes updates based on the information submitted by the public; refer to
section 1.8.1 for a description of the public comment period and process. A separate document titled
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Summary of Public Comments: Draft Assessment and Potential Species of Conservation Concern is
available on the Lolo National Forest Web Hub and describes the public comments received in further
detail. A broad range of comments and perspectives were received on the Draft Assessment and the
Potential Species of Conservation Concern lists. Six major themes of public comments were identified.
The following sections describe each theme, the general response, and if and where edits were made to
the Draft Assessment.

Public comment theme 1: Comments not Relevant to this Planning Stage

The first theme includes comments asking for considerations in the revised plan (the proposed action), or
for analysis considerations relevant to the development of alternatives or the draft environmental impact
statement analysis. These issues are not directly relevant to the assessment or potential species of
conservation concern but do present important issues and considerations that the team will consider in
later steps in the planning process. Many different topics and resource areas were included in these
comments. These comments and issues are not addressed in this revised assessment. However, they may
be used later to develop alternatives or in the effects analysis of the draft environmental impact statement.

Public comment theme 2: Process and Coordination

These comments were related to the plan revision process and how the planning team works with other
agencies and partners such as the counties; Montana Fish, Wildlife and Parks; Montana Department of
Natural Resources and Conservation; the Bureau of Land Management, and private entities such as The
Nature Conservancy and Five Valleys Land Trust that manage adjacent lands. There were also comments
asking for clarity about the role of the assessment in the planning process. One comment pointed to a
need to clarify the influence of litigation on forest management projects. Finally, multiple commenters
pointed to the importance of tribal outreach, involvement, and consultation, including the inclusion of
indigenous tribal ecological knowledge. Specific tribes that were mentioned include the Confederated
Salish and Kootenai Tribes and the Nez Perce Tribe.

The planning team expanded the discussions of process and coordination in the revised assessment with
other agencies, tribal governments, and private entities in Chapter 1 and the Executive Summary.
Coordination with other agencies and partners is a crucial element of the revision process. Moving
forward, the planning team will continue to emphasize the importance of partnerships and coordination in
the plan development process.

Public comment theme 3: Best Available Scientific Information

Across all the comment themes, commenters provided scientific citations and references to inform the
plan revision. Some of the information provided is more relevant to the plan development or
environmental analysis stages of the process. Other comments addressed the issue of using the scientific
information more broadly. Several comments explicitly requested that the plan revision process include an
independent science review. Some requested to include more information and literature that the public has
previously provided to project planning efforts on the Lolo, such as the Wildfire Adapted Missoula
project. We received several comments suggesting that the assessment needs to include more monitoring
information and results of monitoring from the 1986 Forest Plan, and a concern that the Lolo National
Forest does not adequately accomplish monitoring requirements.

The citations and references submitted were reviewed by specialists to inform the Revised Assessment.
Additional information has been incorporated or acknowledged in the relevant resource sections, as
described for themes 4, 5, and 6, below. All attached publications and those for which a complete citation
was provided have been filed for continued review for applicability during the revision process. Those
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comments that provided context and rationale for the use of the literature were more easily addressed than
those that did not. Some references were not presented with a full citation or were presented using website
links that are outdated; the team is attempting to locate these items, but it was not possible to give them
all full consideration for the revised assessment.

Monitoring is an important topic to provide context for trends, as well as to illuminate potential needs for
change in the revised planning process. Some aspects of monitoring that were brought up in comments,
such as whether required monitoring has been accomplished in the past, is a plan implementation issue;
however, the team will consider that information moving forward as context to ensure that the revised
plan includes a monitoring program that is both robust and achievable. Where commenters pointed to
specific conclusions that they felt were not accurate based on monitoring, the team reviewed information
and adjusted if needed. The team will continue to consider monitoring information as the preliminary
need to change document is developed with public input.

The assessment phase identifies and evaluates information relevant to the issues that will be considered
later in the development of plan components and other plan content. The revised assessment reflects the
science the team has identified as most relevant to this stage of the process, as cited in this document and
listed in the bibliography. The request for an independent science review is being given careful
consideration moving forward. Some of the issues and the related body of science presented by
commenters are large, complex, and represent competing scientific perspectives; the Forest Service
recognizes these important issues and will continue working through the conversation on best available
scientific information with the public.

Public comment theme 4: Distinctive Roles and Contributions

We received an array of comments asking for additional information and clarification in the description of
the distinctive roles and contributions of the geographic areas on the Lolo National Forest. Some
commenters provided detailed descriptions of elements such as the history and culture of rural
communities, the history and role of the logging industry, the economic importance of landscapes, the
conservation values of landscapes, and requests to clarify and emphasize the importance of the Lolo for
landscape connectivity as well as native plant and animal species diversity. There were also comments
that provided specific information on geological, topographical, and recreational values. The planning
team has incorporated much of the suggested information and provide more detailed descriptions of
distinctive roles and contributions in this revised assessment (section 1.5).

Public comment theme 5: Potential Species of Conservation Concern

Many comments were related to the Potential Species of Conservation Concern List and Rationale. Some
comments included concerns on the process itself. Others identified specific species that the commenter
felt warranted additional consideration as a species of conservation concern, and some provided specific
information or literature to support their rationale. The comments covered a wide range of species.

For species that are currently listed as proposed, candidate, threatened, or endangered under the
Endangered Species Act (e.g., grizzly bear, Canada lynx, whitebark pine, and bull trout), the regulations
do not allow for them to also be considered for species of conservation concern listing; however, the
revised plan will include plan components to support provide ecological these species as appropriate.
Over time, if the federally listed species change, the species of conservation concern list may be revisited
as needed. No edits were made to the potential species of conservation concern list for these species.

For other species identified, the planning team and Regional Office biologists are reviewing the
comments and rationale provided in the context of species of conservation concern requirements. This
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review will be used by the Regional Forester, Leanne Marten, to establish the species of conservation
concern list that the Lolo National Forest will use for plan development. This list is not yet available at
the writing of this revised assessment. The revised plan must provide for the persistence of all native
species in the plan area. It is possible that some species may not meet the criteria for a species of
conservation concern but may warrant specific plan components to support their persistence, or to address
other concerns, threats, or public interests. All species will be further evaluated in this context during plan
development and the subsequent environmental analysis.

Public comment theme 6: Resource-Specific Input

This theme encompasses the many comments that provided input, science, content suggestions, and
concerns about the assessment for specific resource topics listed below. Many commenters requested
additional information or corrections to the analysis, incorporation of additional scientific information,
and inclusion of conflicting viewpoints. Others commented that the conditions, status, and trends of the
resource were either inadequately or incorrectly described in the Draft Assessment. Many commentors
were particularly concerned about the influence of climate change and increasing human pressures as
drivers and stressors that need to be addressed in the revised plan. The planning team has incorporated
updates to the Revised Assessment where necessary. There are some complex and wide-reaching issues
that cannot be fully explored or resolved at the assessment stage; rather, in some cases this revised
assessment acknowledges areas of conflict and uncertainty and identifies where additional work and
review is needed to address the issue moving forward in the planning process.

The subthemes and assessment sections that include updates for this theme include:

e Air quality (section 2.9)

e Aquatic, wetland, and riparian ecosystems (section 2.3)

e At-risk wildlife and hunting, fishing, and wildlife viewing (section 2.6.2 and section 3.10.5)
¢ Climate change (section 2.1.1)

e Cultural, historical, and tribal topics (section 3.4)

e Designated areas (wilderness section 3.9.1)

e Energy and minerals (section 3.10.4)

e Fire, fuels, and fire management (sections 2.1.2 and 3.3)

e Fish and other aquatic wildlife (section 2.6.3)

o Forest vegetation management (sections 2.1.9)

e Infrastructure and lands (sections 3.8 and 3.7)

e Landscape pattern and connectivity (section 2.5)

e Livestock grazing (sections 2.1.8 and 3.10.3)

e Public information, interpretation, and education (section 3.2)

o Sustainable recreation (section 3.5)

e Terrestrial wildlife species: grizzly bear and wolverine (section 2.6.2)
e Social and economic considerations (section 3.1)

e Soils and geology (section 2.8)
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e  Watershed condition and water uses (section 2.7 and 3.10.6)

1.4 The Lolo National Forest Setting

The Lolo National Forest is located west of the Continental Divide in the Northern Rocky Mountains of
western Montana. It includes over 2 million acres of public land. The Forest Supervisor's office is in
Missoula, Montana, with five Ranger District offices in Missoula, Superior, Plains, Ninemile Valley, and
Seeley Lake. The Forest surrounds the growing urban community of Missoula and adjoins many rural
communities in western Montana. The planning area is defined as all National Forest System lands within
the administrative boundary of the Lolo National Forest. This planning area is surrounded by seven other
National forests, borders the Flathead Indian Reservation on three sides, and includes inholdings of
private land, state, and land managed by other federal agencies. Given its juxtaposition with lands
managed by these entities, the management context of for the Lolo is complex. There are eight major
landscape areas, or geographic areas, identified to help capture the diversity of conditions across the
landscape (Table 1, Figure 1, and figure A1-02).
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Table 1—Geographic areas that comprise the Lolo planning area

Geographic area Ranger District(s) Total Acres | NFS Lands | Non-NFS Lands
Clearwater Upper Blackfoot = Seeley Lake 596,187 347,697 246,314
Greater Missoula Missoula 313,865 158,906 154,953
Lolo Creek Missoula 174,178 154,248 19,930
Lower Clark Fork Plains/Thompson Falls 816,475 490,092 325,589
Middle Clark Fork Ninemile and Superior 538,712 419,520 118,203
Ninemile/Petty Creek Ninemile 286,738 212,534 74,204
Rock Creek Missoula 267,631 245,729 21,887
Saint Regis Superior 249,966 229,067 20,899

Total 3,243,752 2,257,793 981,979
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Figure 1—Geographic areas on the Lolo National Forest

The Lolo National Forest is influenced by both continental and maritime climates. These climate
conditions, combined with a variety of soil types and topography, provide for a range of environmental
gradients that support forests, grasslands, and shrublands of high ecosystem diversity and connectivity.
Ecosystems on the Forest range from dry ponderosa pine and moist western red cedar in the valley
bottoms to cold high elevation alpine mountaintops above the timberline. Most of the species that occur in
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the northwest United States are represented here, including some threatened and endangered species. The
geographic location of the Forest provides connectivity between large blocks of undeveloped land.

Clean air, clean water, beautiful scenery, a variety of environments to recreate in, and a place to make a
living are just some of the ecosystem services important to people provided by the Lolo National Forest.
Multiple tribes have retained treaty rights to hunt, fish and gather resources on land the tribes ceded to the
U.S. government, as well as on land they retained. People continue to be drawn to this area as they have
been for centuries in part because of the proximity of public land to communities and opportunities. For
people who seek solitude, the Lolo also offers remote lakes and trails, four designated wilderness areas,
and a National Recreation Area. People are also drawn here to make a living from the forest resources.
From forest products to services such as outfitting and guiding, people depend on the health and
sustainability of the Forest.

1.5 Distinctive Roles and Contributions

The 2012 planning rule (36 CFR 219.7(1(ii)) and associated handbook (FSH 1909.12.22.32) require that
revised plans describe the plan area’s distinctive roles and contributions within the broader landscape.
This content describes roles for which the plan area is best suited, considering the Agency’s mission, the
unit’s unique capabilities, and the resources and management of other lands in the vicinity. These
considerations should be described early in the planning phase to provide focus or context and aid in
developing plan components to help provide an all-lands approach and provide a foundation for desired
conditions and objectives. This section describes preliminary distinctive roles and contributions of the
plan area within the broader region identified by the revision team with input from the public. The major
ecosystem services and other benefits described here are topics that we expect the plan area to provide.

Early in 2023, public workshops were held in Missoula, Paradise, Seeley Lake, and Superior to gather
preliminary input on distinctive roles, contributions, and ecosystem services. For each of the items
mentioned below, there was substantial discussion and participants shared a range of detailed and
knowledgeable perspectives. More detailed meeting notes and perspectives of participants are available in
the planning record, and on the Lolo Revision Webhub. In brief, some common themes identified during
these sessions included the following:

e Access for recreation and the opportunity for everyone to enjoy recreation activities, scenery, and
cultural resources and maintain a healthy quality of life. The proximity of these opportunities to
local communities is important and unique. Many participants expressed close connections between
people and landscapes, and that lands on the Lolo National Forest are a source of pride for
communities. Recreational uses highlighted included hiking, skiing, snow shoeing, enjoyment of
quiet places and opportunities for solitude, snowmobiling, motorized recreation, non-motorized
uses including on lakes, rock climbing, equestrian uses, boating and swimming, scenic driving,
huckleberry picking, foraging, camping, hunting, fishing, photography, and mountain biking.

o Participants expressed an interest in providing for ecological health and biological elements on the
landscape such as supporting the diversity of plants and animals, healthy vegetation and restoration
of fire-adapted ecosystems given the influences of climate change, carbon sequestration, habitat
connectivity, clean water, and healthy streams. Adequate consideration of climate change and
associated scientific information and resource trends was emphasized. Perspectives and values on
un-managed and undisturbed natural landscapes were shared.

e We heard an emphasis on the provision of economic opportunities and support for rural
communities, including examples such as supporting local timber industry, grazing, and tourism,
and the incorporation of active management opportunities to provide economic inputs and
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ecosystem health. Input included desires for management activities such as prescribed burning and
timber harvest to promote desired conditions, provide wildfire mitigation, and protect values at risk.
The provision of other multiple uses such as firewood gathering, huckleberry, and mushroom
picking was also important.

Distinctive roles are further discussed at two scales in this document: forestwide and for each geographic
area. It is not known at this time if the revised plan will develop plan components for geographic areas,
management areas, or both. The distinctive roles and contributions will become part of the revised plan,
and as such will continue to be revised and updated based on internal and external input throughout the
process. Work is currently ongoing with tribes to provide additional description and understanding of the
areas of tribal importance for each geographic area.

1.5.1 Forestwide Ecological Characteristics

The Lolo National Forest supports a diversity of vegetation types due to its geography, geology, elevation,
and climate. Due to its landform and juxtaposition on the landscape, it plays a crucial role in providing
habitat connectivity across western Montana between ecosystems and habitats for many species. For
example, the Lolo National Forest provides corridors between three of the identified grizzly bear recovery
ecosystems: the Northern Continental Divide Ecosystem, the Cabinet Yaak Ecosystem, and the Bitterroot
Ecosystem. The Lolo National Forest connects to lands managed by seven other national forests, the
Flathead Reservation, as well as lands managed by State agencies, the Bureau of Land Management, and
private landowners.

The range of growing conditions varies from warm, moist, and dry valley bottoms to cold, steep, non-
forested ecosystems. Disturbance processes such as wildfire, insects, disease, and aboriginal burning have
played the primary role in the development of forest and grassland ecosystems over long time periods.
Historically, wildfire was a major system driver that maintained the capacity of ecological systems to
provide the various renewable resources in certain amounts in perpetuity. More recently, logging and
vegetation management has also influenced ecosystem conditions. Notable forest communities include
western white pine and whitebark pine, both of which have been impacted by white pine blister rust, as
well as western larch, ponderosa pine, western red cedar bottomlands, and limited populations of
subalpine larch. The Lolo also hosts a variety of research natural areas and special botanical areas
designated to preserve and study representative and unique plant communities and supports several tree
improvement areas critical to the Northern Region’s reforestation and tree improvement programs.

The Lolo National Forest supplies high-quality water that supports a variety of uses throughout the Clark
Fork basin. The Forest represents a hub of several major watersheds that are important for fisheries; these
watersheds are known as the “five valleys.” Cold water fisheries are particularly important for the
conservation of bull trout, a federally listed at-risk species, as well as many other plants and animals.
Riparian ecosystems, including habitat conditions created by beaver, are also key features of the
ecosystems on the Lolo.

The Lolo National Forest is home for 17 conifer and five hardwood tree species, over 200 bird species, at
least 20 species of fish, over 60 mammal species, and an estimated 1,500 plant species including 250 non-
native plant species. The Lolo supports large areas of habitat that have been relatively undisturbed by
humans over the last century, such as those lands found in inventoried roadless and wilderness areas, as
well as areas that have been influenced by active management that provide valuable habitat conditions.
These and similar habitats on adjacent ownerships are valuable for wildlife, especially wide-ranging
carnivores. The presence of large, undeveloped areas is one reason that nearly all the terrestrial and
aquatic species that were present when Lewis and Clark journeyed through 200 years ago persist today.
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Nevertheless, several species on the Forest are listed as threatened, candidate, or proposed under the
Endangered Species Act. Due to its landform and juxtaposition on the landscape, the Lolo National Forest
plays an important role in connectivity between ecosystems for many species across western Montana.

1.5.2 Forestwide Cultural and Historic Characteristics

The Lolo National Forest encompasses an area with a long and rich historic and pre-contact cultural
record. Near the end of the Pleistocene ice age the lower reaches of the Clark Fork, Bitterroot, and
Flathead River valleys were inundated with waters from Glacial Lake Missoula. The earliest evidence of
human occupation in the area occurs after the lake drained for the last time, around15,000-13,000 years
ago. Many Indigenous groups traveled through or permanently resided in western Montana and helped
shape these ecosystems. Members of the Salish, Nez Perce, Coeur d’Alene, Kalispel, Kootenai, Blackfeet,
and Shoshone groups used or passed through this area. In historic times, only the Salish, Kalispel, and
Kootenai permanently occupied the area now encompassed by the Lolo National Forest. The Forest
borders three sides on what is now the Flathead Indian Reservation. A portion of the Forest has a deep
connection to the Nez Perce. The 1877 flight of the Nez Perce from their homelands to their current
reservation took place on the most southern end of the Forest: creating the Nee Mee Poo National Historic
Trail. Congress passed the National Trails System Act in 1968, establishing a framework for a nationwide
system of scenic, recreational, and historic trails.

Shortly after the early explorers arrived, the fur trade brought both trappers and traders who traveled
along the Clark Fork River and its tributaries. The first settlers in western Montana arrived in the 1850s.
In the 1860s through the turn of the century, gold strikes throughout southwestern Montana caused an
influx of miners. The first reports of mineral deposits in western Montana date to the mid to late-1850s
when gold placers were reported. After the initial rush, lode mining quickly replaced placer mining as the
dominant and more economically proficient mining method. By the 1860s, the natural resources of the
land were attracting settlers to pursue farming, ranching, and logging. The construction of the Northern
Pacific Railroad, and later the Chicago Milwaukee Railroad, played an important role in the settlement
and development of this region. Logging and the forest products industry has historically played a
significant role in forest management since the early 1800s. The first known sawmill was built in the
nearby Bitterroot Valley in 1845. Portions of the Lewis and Clark National Historic Trail is also located
on the Forest.

In the early 1900s, the Forest Service began its work in the area to build trail and road systems, oversee
timber harvests, livestock grazing, mining activities, and suppressing forest fires. The historic Savenac
tree nursery, the Ninemile Remount Depot, and Camp Paxson are three examples of important historic
Forest Service sites that have been preserved. The Lolo National Forest has established an active heritage
resource program that has focused on identifying, protecting, and interpreting the most significant
heritage properties. Patrol cabins in the Bob Marshall and Great Bear wildernesses are examples of early
Forest Service history that have been protected and are eligible for listing on the National Register of
Historic Places. Multiple properties located on the forest are listed on the National Register of Historic
Places. Numerous other historic and areas of traditional use have been identified. Evaluation, protection,
and interpretation of these properties are important responsibilities for the Lolo National Forest to uphold.

The Lolo National Forest has a rich history of providing forest products to meet local and national needs,
as well as supporting livestock grazing and mineral exploration. The culture of the rural communities that
arose around these activities has greatly influenced ecosystems and lifestyles in western Montana.
Missoula was the center of a flourishing forest products industry whose jobs and products were a
dominant feature of the local economy for nearly a century. This continued after World War II as the Lolo
contributed forest products to an expanding national economy. Beginning in the mid-1960s, stronger
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environmental laws, changing public desires, increasing foreign imports, and changing mill technology
resulted in a loss of employment related to logging, mills, and related fields, and an associated decline in
the economic stability of communities dependent on the forest products industry. Other factors, such as
increased mechanization and efficiency, also contributed to the loss of jobs in this industry. Livestock
grazing permits on the Forest supported ranches that were located on the valley floor and lower foothills
of the Clark Fork valley.

1.5.3 Forestwide Social and Economic Characteristics

There are several social and economic characteristics distinctive for the Lolo, including recreation
opportunities and designated areas, the forest products industry, livestock grazing, mining, municipal
watersheds, the presence of large acreages of land recently acquired by private landowners, and the
expanse of the wildland-urban interface.

The Lolo National Forest offers many recreational opportunities that are unique by virtue of their close
proximity to communities. Landscapes rich in history with abundant wildlife and accessible wildlands
provide a backdrop for diverse day-use recreation. A wide range of developed and dispersed recreation
opportunities are available. Designated wilderness areas and other undeveloped lands offer primitive
experiences of such things as hiking, fishing, camping, horseback riding, or photography. In Missoula, the
University of Montana’s student population adds another layer of recreation users. Smaller communities
in western Montana such as Seeley Lake, Superior, St. Regis, Plains, and Thompson Falls also have
National Forest System land at their doorsteps which adds to their residents’ quality of life. The road and
trail system provides a recreational connection between people and their national forest. Unroaded areas
are also prominent; the Lolo National Forest overlaps several congressionally designated wilderness
areas. In addition to primitive recreation, designated wilderness provides opportunities to study
ecosystems that have been relatively undisturbed by non-indigenous humans, although tribes may have
been burning or otherwise managing these lands in pre-colonial times. They provide reference conditions
for vegetation, watersheds, and wildlife, and provide secluded habitat. Additional administratively
designated areas include inventoried roadless areas, research natural areas, and special interest areas
which also provide primitive and semi-primitive recreation opportunities and conservation of biodiversity.

The bulk of the road system was constructed in the decades following World War II when demand for
building materials was high and the Lolo National Forest had a large timber sale program. The forest
products industry and the Forest’s contribution to the supply of raw materials remain important
contributors to the diversity of the regional economy, and especially to the local economics of Seeley
Lake, St. Regis, Superior, and Thompson Falls where wood processing facilities are located. It is also an
integral part of the rural culture of many communities, connecting people to the forest. Logging
infrastructure, present within and supported by materials from the Lolo National Forest, support forest
management and restoration activities across the State. Sanders, Mineral, Powell, and Granite counties
include large areas of National Forest System land and are dependent on the contribution of those lands to
their economies. In addition to commercial timber products, the Lolo National Forest has always been a
place where residents and tribes could harvest non-timber forest products such as firewood, berries, or
mushrooms.

Livestock grazing and mining are less prominent uses on the Lolo but are of high importance to some
communities and individuals. Much of the livestock grazing occurs on small grassland areas, under sparse
forest canopies, along roadsides, and on transitory rangelands created by timber harvesting. Although
grazing has steadily declined since the 1950s, active cattle allotments are still present. Most of the open
rangelands today are in big game winter range and riparian areas, and steep, forested terrain is not
conducive to grazing. The bulk of the production from small to moderate-sized mines in or near the Lolo
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National Forest (especially near Superior) has been from lead, silver, and zinc. Some areas on the Forest
have a moderate to high occurrence and development potentials for metallic minerals. Most areas of the
forest are open to mineral entry. Areas withdrawn from mineral entry include designated wilderness areas
and administrative and recreation sites with an investment in facilities. While there have been no
economic discoveries of oil and gas resources west of the Continental Divide in Montana, the areas
underlying and immediately adjacent to the west flanks of the Glacier Park and Swan ranges have been
recognized as an area with a high potential for the occurrence of oil and gas resources.

Several municipal watersheds are found on the Lolo National Forest, including Ashley Creek which
serves Thompson Falls and Rattlesnake Creek which serves the communities near Missoula; providing
the needed quantity of clean water is an important ecosystem service supported on the Forest in these
areas.

Since 1986, the Lolo National Forest has acquired over 200,000 acres of lands previously held by other
landowners, including private timber companies. These parcels occur on a variety of sites with a range of
ecological conditions as well as established uses and infrastructure. The scope and scale of these lands is
distinctive, as is the need to develop a management framework for these lands.

The wildland-urban interface is the line, area, or zone where structures and other human development
meet or intermingle with undeveloped wildland or vegetative fuels. This term describes an area within or
adjacent to private and public property where mitigation actions can prevent damage or loss from
wildfire. The Lolo National Forest currently has the largest number of wildland-urban interface acres on
National Forest System lands in western Montana, most of which were historically influenced by low
intensity, non-lethal understory fire regimes.

1.5.4 Distinctive Roles by Geographic Area

Clearwater Upper Blackfoot

The Clearwater Upper Blackfoot geographic area is comprised of the Seeley Ranger District. It is
generally rural with the town of Seeley Lake being the largest community. The area is a year-round
recreation destination and supports a tourism-based economy and boasts remarkable scenery. The natural
settings provide for high-quality recreation opportunities from summer water-based activities to winter
snow play. The area is a regionally known destination for snowmobiling, cross-country skiing, and dog-
sled racing. Adjacent lands are in a variety of other ownerships including industrial forest lands, state
lands, and other private lands. Specific unique recreation opportunities found in this geographic area
include: The chain of lakes linked by the Clearwater River (Seeley Lake, Salmon Lake, Lake Inez, Lake
Alva, Rainy Lake, and Summit Lake), with associated cabin rentals and recreation sites; hundreds of
miles of trail popular in both winter and summer; the Clearwater Canoe Trail; and the Scapegoat
Wilderness within the larger Bob Marshall Wilderness Complex.

The area is a stronghold for species such as grizzly bear, Canada lynx, loons, and bull trout. There is an
adfluvial bull trout fish population that migrates upstream from Salmon Lake, Seeley Lake, Lake Inez,
and Lake Alva. The location of this geographic area is important for habitat connectivity of many species
of wide-ranging wildlife. Unique ecological characteristics present in this area include the national
champion western larch tree in the Girard Grove; the Blackfoot-Clearwater Wildlife Management Area;
the Seeley Lake Game Preserve; and the Pyramid Peak Research Natural Area.

The forest management industry has played an important economic role for the communities of this
geographic area. Pyramid Mountain Lumber was established in 1949 in Seeley Lake and is the oldest
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surviving family-owned mill in Montana. More recently, extensive land acquisition has occurred; past
activities on these lands emphasized production of wood fiber with high road densities. The Scapegoat
Wilderness and adjoining inventoried roadless areas are buffered by largely undeveloped lands to the
south. Local communities and organizations have worked together to protect and expand wildland
qualities through acquisition of land and conservation easements.

Greater Missoula

The Greater Missoula area is one of three geographic areas on the Missoula Ranger District. It is
characterized by its close proximity to the City of Missoula. Missoula is home to a large and growing
population which frequently visits and recreates on the Lolo National Forest. The area boasts several
prominent “backdoor” recreation areas, including the only national recreation area in the Northern Region
of the Forest Service. The proximity of Rattlesnake Wilderness to urban communities is unique. The
recreational-urban interface of this geographic area is extensive and public lands are easily accessible
from the city. Residents and visitors enjoy the trails that wind through the city limits, the surrounding
foothills and the adjacent backcountry and wilderness. The Missoula area offers float fishing on the
Blackfoot, Bitterroot, and Clark Fork rivers as well as opportunities for frisbee golf, mountain biking, and
alpine skiing. The area east of Highway 93 includes a large portion of intermixed lands where recreational
activities are emphasized, and substantial land acquisitions have occurred. Notable social and ecosystem
characteristics found in this geographic area include the Rattlesnake National Recreation Area, Upper
Rattlesnake Lakes, Montana Snowbowl alpine ski area, Blue Mountain Recreation Area, Pattee Canyon
Recreation Area, Rattlesnake Creek municipal watershed, and the Rattlesnake Wilderness. Several forest
products businesses exist in the Greater Missoula area that provide essential services and employment
opportunities and support the management of federal and state lands.

Ecological characteristics of note in the Greater Missoula area include several research natural areas
(Sheep Mountain Bog, Shoofly Meadows, Council Grove, and Plant Creek).

Lolo Creek

The Lolo Creek geographic area is located on the western side of the Missoula Ranger District. The
southeast portion of this geographic area is mainly non-motorized, backcountry lands without roads,
including proximity the Selway-Bitterroot Wilderness and an area recommended as wilderness in the
1986 Forest Plan. The western half of this geographic area has been managed primarily as timber lands
with a large part of the upper watershed in checkerboard ownership. Much of the checkerboard private
timberlands have been recently acquired by the Lolo National Forest. The corridor directly adjacent to
U.S. Highway 12, from the town of Lolo west to Lolo Pass, has several developed campgrounds, picnic
areas, interpretive sites, dispersed camping sites and national historic trails. Other unique characteristics
found on the Lolo Creek geographic area include the Lolo Pass recreation area and visitor center and Lolo
Peak. Portions of the Nez Perce and the Lewis and Clark National Historic Trails are located in this area.

Ecological characteristics of note in the Lolo Creek area include the Mary’s Frog Pond Botanical Area,
the Carlton Ridge Research Natural Area as well as unique subalpine and whitebark pine ecosystems in
the Carlton Lake Basin.

Lower Clark Fork

The Lower Clark Fork area is made up of the Plains and Thompson Falls Ranger District. It encompasses
the scenic mountains and valleys of the lower Clark Fork River and its major tributaries, the Flathead and
Thompson rivers, and Prospect Creek. Private lands on the open valley bottoms and lower mountain
slopes are mainly rural, agriculture, or industrial forest lands. This geographic area has a rural character.
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Recreation is an increasingly important part of the local economy, including floating and fishing, and the
area boasts high scenic quality. Large portions of the Thompson River drainage are in mixed ownership,
primarily a checkerboard pattern of industrial timberlands ownership that support a wide range of
industrial and recreational uses. Murr Creek Canyon, which flows into the Thompson River, is a deep
canyon feature that retains a semi-primitive setting in an area of intermingled ownership that has been
heavily roaded. The main Prospect Creek drainage includes a paved highway, several high-voltage utility
lines, a petroleum pipeline, and an increasing number of private developments. Other unique
characteristics found in this area include the Clark Fork River, Noxon and Thompson reservoirs; the St.
Regis-Paradise (Highway 135) National Scenic Byway; the Prospect Creek scenic route and recreation
connection to north Idaho; the Thompson River Road scenic route, working forests with high recreational
use, bull trout and grizzly bear habitats; the Ashley Creek municipal watershed; and the Plains Tree
Improvement Area. Forest industry businesses are also present and important to the economies of rural
communities, as well as providing the critical infrastructure needed for forest management and restoration
work.

The Cube Iron-Silcox Big Hole Peak and Fishtrap areas north and east of Thompson Falls are part of the
Cabinet-Yaak grizzly bear recovery area. The geographic area is also home to a large, easily viewable
population of bighorn sheep. Prospect Creek and Thompson River and its tributaries are considered bull
trout strongholds for the lower Clark Fork watershed. Other prominent ecological characteristics include
Glacial Lake Missoula features, whitebark pine forest communities, bighorn sheep wildlife viewing
opportunities along the Clark Fork and Thompson River, and the Barktable Ridge and Ferry Landing
Research Natural Areas.

Middle Clark Fork

The Middle Clark Fork area contains portions of both the Superior and Ninemile Ranger Districts, and
boasts a variety of recreation opportunities, including, but not limited to, fishing, floating, and mountain
biking, and an array of notable historic resources. Most of the area has been managed with a timber
emphasis for many decades. The area has a well-developed road system, contains several inventoried
roadless areas that offer non-motorized recreation opportunities and quality habitat for fish and wildlife.
There are approximately forty alpine lakes found in scenic glacial cirque basins, many with catchable
populations of trout. Specific social and economic contributions found in this geographic area include the
Clark Fork River Alberton Gorge; the Fish Creek State Park (the largest state park in western Montana);
the Great Burn proposed wilderness; the Bonneville Power Administration 500 KV powerline; the
Stateline Trail, which provides beautiful scenery and unique recreational opportunities; and the
Clearwater Crossing Trailhead, which contains exceptional pack stock facilities.

Ecological features of note in this area include the Cedar Creek Zoological Area; a uniquely high
concentration of high-elevation lakes along the Montana-Idaho state line, and the Montana State record
ponderosa pine.

Placer mining operations were common in valley bottoms in the late nineteenth and early twentieth
century. Intact sections of the historic Mullan Military Road (a National Historic Engineering Landmark
designated by the American Society of Civil Engineers) are present, as is the Cedar Creek drainage
Historic Mining District.

Ninemile/Petty Creek

The Ninemile/Petty Creek is located on the Ninemile Ranger District. The Interstate 90 (I-90) corridor,
which roughly parallels the Clark Fork River, bisects this area. The communities of Alberton, Ninemile,
Huson, and Frenchtown constitute one of the fastest growing areas in Missoula County. Abandoned mine
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sites in the mid- to upper Ninemile drainage are contributing to watershed degradation and have been the
focus of extensive reclamation efforts in recent years. Specific unique characteristics found in the
Ninemile/Petty Creek area include the Reservation Divide Trail, which has superb views into Ninemile
and as far north as Glacier National Park.

Ecological features of note in this area include the Petty Creek Research Natural Area, and the Ninemile
Demographic Connectivity Area, which is intended to improve connectivity between the Northern
Continental Divide Ecosystem and the Bitterroot Ecosystem. In addition, both the Ninemile and Petty
Creek watersheds are important producers of native fish including bull trout and westslope cutthroat trout.

This area hosts a prominent array of historic features, including the Ninemile Ranger Station which is on
National Historic Register; the Forest Service working ranch at Ninemile; the Northern Region Pack
Train, winter boarding program, and Ninemile Wildlands Training Center; the historic Civilian
Conservation Corps Camp; a historic mining district; the Remount Depot National Historic Site; and Cha-
paa-qn Peak.

Rock Creek

The Rock Creek geographic area is located on the southeastern portion of the Missoula Ranger District,
approximately 20 miles from Missoula, MT. This National Forest System land comprises 80 percent of
the Rock Creek drainage and is administered by the Beaverhead-Deerlodge and Lolo National Forests.
Most of this area is comprised of lands of primitive character, including the Welcome Creek Wilderness
and other large roadless expanses. The area along the Clark Fork valley and the upper slopes of the
Sapphire Divide has been managed for forest products and is in a checkerboard ownership pattern. Much
of the private land in these sections is industrial timberland. The middle and upper reaches of Rock Creek
are composed of private lands and National Forest System lands administered by the Beaverhead—
Deerlodge National Forest.

The Rock Creek drainage lies in the central portion of the Northern Rocky Mountains and drains into the
Clark Fork of the Columbia River. Rock Creek is distinguished from other areas on the Lolo National
Forest by its unique steep, rugged terrain, talus slopes, and dry vegetation types. This area supports a
trophy bighorn sheep herd, and a unique bunch grass big game winter range. Rock Creek also provides
important cold-water habitat. The area also supports sensitive summer range areas, including wet
meadows, high-elevation basins, and dense stands of security cover. There are several historic cabins
located in this geographic area.

Rock Creek is an outstanding fishery that has national recognition for fishing quality and fish production.
The Montana Department of Fish, Wildlife and Parks has classified the lower 51.3 miles of Rock Creek as
a Blue Ribbon Trout Stream. Rock Creek is the only Blue Ribbon Trout Stream where National Forest
System land comprises the majority of the watershed and streambanks. This classification is based
primarily upon Rock Creek's productivity for fishing. Other considerations are the stream's availability,
aesthetics, and use. An issue specific to Rock Creek was identified by both Forests in 1986: "how can the
Forests continue to protect the fishery, wildlife, and recreational values in the Rock Creek Blue Ribbon
Trout Stream?" In total, there are approximately 280 miles of fishable streams exist in the drainage. Other
values and use in the area include wilderness, recreation, timber harvest, livestock grazing, big-game
winter range, and oil and gas leasing.

St. Regis

The St. Regis geographic area is located on the western side of the Superior Ranger District and supports
a blend of forest product and tourism-based economies and contains a notable array of cold-water streams
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important for aquatic habitat. The area is a regionally known destination for snowmobiling and draws
many Washington and Idaho users in addition to Montana residents. The area offers year-round motorized
and non-motorized recreation opportunities. While summer recreation continues to grow, road and area
closures have dramatically reduced winter recreation. Other social and economic characteristics found in
the St. Regis area include Lookout Alpine Ski Area and Resort, St. Regis Basin, the St. Regis-Paradise
National Scenic Byway, the Route of the Hiawatha Trail (part of the Rails-to-Trails program), the Ward
Eagle Inventoried Roadless Area, the Taft sub-station for the Bonneville Power Administration 500 Kv
powerline, and a portion of the Stateline Trail is also present here. In addition, there are several businesses
in Mineral County that are important to the economies of rural communities and provide critical
infrastructure needed to support forest management and restoration activities. This area supports high-
elevation lakes; and the Little Joe Slide Geologic Area which displays notable geologic features. The
Historic Savenac Tree Nursery and Visitor Center is found in this geographic area.

1.6 Major Drivers and Stressors

Stressors are factors that may directly or indirectly degrade or impair ecosystem composition, structure, or
ecological processes in a manner that may impair its ecological integrity (36 CFR 219.19). Drivers may
be considered synonymous with stressors, although drivers do not necessarily impair ecological integrity.
In fact, some drivers are necessary to support ecosystem integrity. Some drivers may become stressors
when they occur outside of the frequency, severity or extent than what is expected in the natural range of
variation. Many drivers and stressors that impact ecosystem conditions are related to natural disturbances
or influences, while others are anthropogenic in nature. Many drivers and stressors interact with each
other to create complex effects and feedback loops and can impact social and economic sustainability as
well as ecological sustainability. The major drivers and stressors on the Lolo National Forest include:

e Climate change and drought,
e Wildland fire, including shifting regimes, the impacts of fire suppression and exclusion,
o Insects and disease, including shifts in natural population dynamics due to climate change,

e  Water resources and conditions influenced by loss of keystone species such as beaver as well as
dams and water diversions, flooding, and stream flows,

e Invasive species, including invasive plants, diseases, and aquatic species,
e Roads, with respect to sediment delivery as well as habitat security and fragmentation,
e Effects of past and present mining, livestock grazing, and vegetation management activities, and

e Population growth and associated increases in recreation pressures and the expansion of the
wildland-urban interface.
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1.7 Current Management Constraints and Opportunities

The current Lolo National Forest Plan was signed in 1986, and there are over forty amendments to the
plan that have been incorporated to keep pace with updated law, regulation, policy, and environmental
conditions. The management areas associated with the 1986 plan, as amended, are displayed in figure A1-
01.

The goals outlined in the 1986 plan include providing a sustained yield of timber; providing habitats for
all indigenous wildlife and increasing populations of big-game animals; providing dispersed recreation
and a pleasing environment including clean air, clean water, and diverse ecosystems; conserving energy
resources; being a “good host” to the public; contributing to the recovery of federally listed species; and
meeting or exceeding State water quality standards.

Over the last thirty-five plus years, the environmental and regulatory context for the Lolo National Forest
has changed in ways that were not foreseen or addressed in the planning efforts conducted in 1986. Broad
changes that have altered the context of forest planning, and that present both challenges and
opportunities for management include:

e Legal frameworks, policy, science, social conditions (such as values and stressors),
¢ Influences of ecosystem drivers and stressors such as climate change,

e Over 200,000 acres of land acquisitions,

e Local economies and evolving social expectations for ecosystem services,

¢ Changes in the ways that people use and recreate on the Forest, and

¢ New information related to managing ecosystem and socioeconomic sustainability provided by best
available scientific information and monitoring.
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1.8 Public Engagement, Cooperation, and Coordination

The Lolo National Forest and the plan revision team began public engagement for the assessment in
December of 2022. The cornerstone of this engagement has been a public engagement and participation
strategy. The goal of public engagement during the assessment phase has been to set a tone of broad and
transparent engagement, in recognition of the wide array of interests involved in plan revision. Agency
staff have been using engagement strategies designed to meet people where they are. The following broad
outcomes are desired from public engagement:

e Meet the requirements of the 2012 planning rule and other relevant regulations,
e Result in a well-informed and comprehensive land management plan, and
e Maintain and build relationships that carry forward to plan implementation and monitoring.

The 2012 planning rule requires public participation during the assessment, plan development, and
monitoring phases of land management planning. Input opportunities are required for a variety of specific
topics. During the assessment phase, informal input opportunities were offered for the development of the
public engagement strategy and the assessment. These engagements included the invitation to provide
input into the distinctive roles and contributions and to help identify the best available scientific
information. In addition, formal comment periods were offered for the Preliminary Wild and Scenic
Rivers Inventory, Draft Wilderness Inventory, and the Draft Assessment. Engagement events during
development of the assessment also set the foundation for reviewing the potential species of conservation
concern. A comment period on the potential species of conservation concern also occurred concurrently
with the draft assessment.

1.8.1 Assessment Public Engagement and Participation

Plan Revision Public Engagement and Participation Strategy

The Lolo plan revision process is coordinated by a plan revision team in the Northern Regional Office
and the staff on the Lolo National Forest. Public engagement responsibilities emphasized for the regional
revision team include providing education, outreach tools and materials, facilitating, building
relationships with Lolo staff and the public, managing revision processes, and conducting analysis. The
Lolo National Forest leadership and staff inform the engagement strategy and support processes with
local knowledge, maintain and build relationships, and participate in engagements. We asked interested
stakeholders; members of the public; state, local, and federal agencies; and Indian tribes to help guide
engagement opportunities that meet their interests and abilities while sharing the following principles:

e Be respectful and accountable; listen and respect divergent views.

¢ Share knowledge and information; be honest.

e Value each other’s time; provide timely feedback and keep the process moving forward.
e Be inclusive of all stakeholders.

e Be grounded in the best available scientific information and indigenous traditional ecological
knowledge.

e Be flexible and adaptive; think innovatively and creatively.

e Focus on interests rather than positions.
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The public engagement strategy includes diverse opportunities for interested parties to be involved. The
Rule includes requirements for outreach to specific groups, and the strategy is designed to ensure that all
members of the public have access to information and equitable opportunities to provide input. The
following groups were identified in the engagement strategy:

e Federally Recognized Indian Tribes

e Local and State Governments and other Federal Agencies

e Youth

e Underserved communities, Low-income, and Minority Populations
e Collaborative Groups and Resource Advisory Committees

e User Groups

e Economic interests (individuals, groups, and communities)

¢ Non-governmental conservation and advocacy organizations

e Local communities

e Other interested parties

Draft Assessment Public Engagement and Outreach

To engage the diverse array of interested parties, the Lolo staff and revision team employed a variety of
tools and strategies to achieve goals ranging from informing, involving, consulting, and collaborating.
Information tools for engagement have included the development of a robust and interactive website that
houses a library of informational documents, recorded webinar content, and a calendar of events. In
addition, the team compiled a list of contacts and provides frequent email updates using the GovDelivery
email platform. Social media accounts are used weekly to provide information, and newsletters are
distributed to community locations for posting. Press releases were also utilized to inform the public of
milestones during the assessment phase, including the opportunity to provide input on the draft
engagement strategy and participate in engagement events for the development of the assessment. To
involve, consult, and collaborate with the public, the staff hosted a variety of events that included several
educational webinars per month, monthly ranger chat and revision team office hours, and several in
person and online workshop events.

Since December of 2022, our mailing list has grown from roughly 500 to approximately 830 contacts.
Engagement opportunities have reached a variety of interested parties from December 2022 to April 2023,
the Assessment phase, as listed below.

e Educational Webinars: 9 hosted, with an estimated 248 participants total.
e In person Ranger Chats: 25 hosted, with an estimated 267 participants total.
e Revision Team Office Hours: 5 hosted, with an estimated 31 participants total.

e Assessment Workshop (“Common Ground in the Lolo): 4 sessions hosted online and in person,
with an estimate 126 participants total.

e Draft Wild and Scenic Rivers Inventory Workshop: 3 online sessions hosted, with an estimated 34
participants total.
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e Draft Wilderness Inventory Workshop: 3 in-person and 1 online session hosted, with an estimated
45 participants total.

o Interagency Governmental Working Group Meeting: 1 meeting hosted, with an estimated 20
participants total.

e In support of the public engagement strategy, a variety of innovative communication tools have
been used, including GovDelivery email updates, press releases, social media posts, continual
website updates, and a variety of education materials posted on that website such as a frequently
asked question library, recordings of webinar presentations, and other resources. To ensure
transparency, meeting notes and summaries for all engagement events are documented and posted
to public files available through the plan revision website. The website also hosts a geospatial
library of information.

¢ During the informal comment period for the draft public engagement strategy (December 2022), we
received approximately 20 comments through our Revision email address. These comments were
used to refine the engagement strategy. We also received over 125 comments on the draft wild and
scenic rivers and wilderness inventories, through the formal comment database and an online
Talking Points Collaborative mapping tool. These inventories will provide the foundation for the
evaluation phases of the wild and scenic rivers and wilderness recommendation processes. The
evaluation process for these topics will commence following completion of the assessment.

¢ Engagement events thus far have reached a diverse audience, and interest in the Lolo Plan Revision
continues to grow. The team continues to incorporate feedback to refine the engagement strategy.

Draft Assessment Comment Period

An opportunity to submit comments on the Draft Assessment and Potential Species Of Conservation
Concern List and Rational was provided for 30 days from June 9, 2023, through July 8, 2023. The
comment period was advertised with a press release on May 17, 2023, four email announcements to over
800 self-subscribed recipients (on May 1, 2023; May 16, 2023; June 1, 2023; and June 9, 2023), multiple
social media posts, and with postings on the Lolo National Forest Plan Revision Web Hub. Forest Service
staff also provided verbal invitations and reminders at all public engagements in May and June. Options
to submit comments included the online Content Analysis and Response Application (CARA), postal
mail, and email (SM.FS.LNFRevision@usda.gov). The review documents and supporting information
were posted to the Web Hub on the day the comment period opened.

During the comment period, the planning team continued to host virtual “Open Office Hours”, and a
second Interagency Governmental Working Group was held in June. In addition, Forest Supervisor
Carolyn Upton hosted a “Draft Assessment Roundtable Discussion” engagement event in Missoula on
June 14, 2023, shortly after the start of the comment period. Based on this engagement, the planning team
provided an additional potential species of conservation concern-focused Office Hours session (June 27,
2023) to address concerns and provide additional information about the process.

Several requests to extend the 30-day comment period were received, both verbally during engagement
events and in writing through the email or the CARA platform. The Forest Supervisor decided not to
extend this comment period and provided her rationale in a letter to the public posted to the Lolo Web
Hub on June 29, 2023.

Approximately 87 comments were received on the Draft Assessment. Approximately 10 of these were
duplicates submitted to more than one commenting platform. Approximately eight comments were form
letters (the exact same content as another commenter). Therefore, approximately 69 unique comment
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letters were received. The number of comments received were distributed across the available
commenting platforms as follows:

¢ CARA: Forty-eight comments were received directly through this platform, available from the
revision website. Some individuals submitted multiple unique comments.

e Email: Thirty-seven emails with comments were received, several of which were duplicated in
CARA.

e Postal mail: Two hardcopy letters were received in the mail, one of which was duplicated in CARA.

As stated in the planning rule directives, “the public will have further opportunities throughout the plan
development or revision phase and NEPA scoping to provide comment on information in the assessment
or provide new information as it relates to the proposed action and other possible alternatives.”
Accordingly, the planning team continues to receive and consider input related to the assessment. To date,
approximately nine comments have been received outside of the comment period. These comments are
included in the revision of the assessment. Additional input and comments that are received will also be
given consideration to the extent possible but may not be timely to reflect in the revised assessment.

All comments submitted via email or hardcopy were uploaded into CARA. Every letter was reviewed,
and each unique issue or subject within the letter was identified. Similar issues and comments across all
letters were grouped up into themes to facilitate an efficient review and response. A “Summary of Public
Comments” document was posted to the Web Hub on August 14, 2023, to describe the comments
received and the responses to each theme. A GovDelivery email was also sent on August 14, 2023, to all
subscribers announcing the posting of this document.

Section 1.3.3, above, describes the changes that were made to produce this revised assessment based on
the public comments received.

1.8.2 Indian Tribes and Intertribal Organizations

American Indian tribes are sovereign nations. As such, they are entities with which the Forest Service
maintains a government-to-government relationship. Through treaties, tribes have reserved rights and
privileges for their tribal members on off-reservation lands ceded to the U.S. Government. The Forest
Service manages some of the off-reservation lands ceded in the treaties. The agency has legal
responsibilities to American Indian tribes that are clarified in statutes, executive orders, and case law
enacted and interpreted for the protection and benefit of the tribes. In meeting these responsibilities, the
Forest Service consults with tribes whenever our proposed policies or management actions may affect
their interests. Each tribe is different and is recognized as part of a separate and unique government. There
are differences in treaty rights from one tribe to another, significant cultural differences between tribes,
and there are differences in the historic relationships between tribes and the lands on and near their
ancestral homelands. In some cases, several tribes may each have legitimate interests in the same lands
because they each may have occupied or otherwise used those lands during different historic periods.
Because of the treaty rights of American Indian tribes, tribal members retain rights to use national forest
lands in ways that are not allowed to the general public.

Forest Service leadership and staff approached federally recognized Indian Tribes with a potential interest
in the Lolo plan revision early in the pre-assessment phase and are committed to ensuring that the
agency’s trust responsibilities are a key focus of the revision process, and to ensure that indigenous
traditional ecological knowledge is incorporated into the planning process. Based on the Tribal
consultation that occurred with the previous plan revision effort (in the early 2000s), the current 1986
plan does not fully address issues and concerns that have been raised by the Tribes.
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Federally recognized Indian Tribes that have expressed interest in the management of the Lolo National
Forest include the Confederated Salish and Kootenai Tribes, the Blackfeet Tribe, the Coeur d’ Alene Tribe,
the Nez Perce Tribe, and the Shoshone-Bannock Tribe. Members of the Salish, Nez Perce, Coeur d’Alene,
Kalispel, Kootenai, Blackfeet, and Shoshone groups used or passed through this area. In historic times,
the Salish, Kalispel, and Kootenai permanently occupied the area now encompassed by the Lolo National
Forest. The Forest borders three sides on what is now the Flathead Indian Reservation. The Lolo National
Forest contains landscapes that are important spiritually to the Tribes for cultural activities and also
supports key trust resources such as fish, wildlife, and plants.

Personal contacts (emails and phone calls) were made with each Tribe in the spring and summer of 2022,
Formal letters of introduction to the process were sent to each Tribe in the winter of 2022-2023. In-person
introductions to the process were held with the Confederated Salish and Kootenai Tribes in the summer of
2022, and with the Nez Perce Tribe in spring of 2023. The Confederated Salish and Kootenai Tribes
requested and have been granted cooperating agency status for the Lolo Plan Revision process. Forest
Service staff and Confederated Salish and Kootenai Tribes’ staff began working together to develop a
memorandum of understanding in December of 2022, and the Forest Supervisor met with the Tribal
Council in March of 2023 to formalize and initiate the memorandum of understanding. Starting in May of
2023, Confederated Salish and Kootenai Tribal representatives have attended monthly interdisciplinary
team meetings, and the Tribal Heritage Protection Officer and the Forest Heritage Program Manager also
meet monthly to work on codeveloped products for plan revision. The Tribe provided comments to the
Draft Assessment during these meetings, and these edits have been incorporated into this document. In
addition, Forest Service and Tribal staffs have been meeting directly on the topic of potential species of
conservation concern and other species of cultural importance. Outreach is also occurring to other tribal
members, including presentations to the Tribal Elder’s Councils and a field trip with tribal youth on the
topic of culturally important plant species.

The Nez Perce Tribe has also expressed an interest to be involved in the process. Staff began
correspondence in the spring and summer of 2022, and the Forest Supervisor and other staff met with the
Nez Perce Tribe in April of 2023 to introduce the revision process. Review and comment on the Draft
Assessment and Potential Species of Conservation Concern List and Rational was also invited from this
Tribe. In July of 2023, Nez Perce staff visited Lolo National Forest leadership and staff in Missoula to
present a tribal treaty rights and historical background training. In summer of 2023, correspondence went
out to both the Confederated Salish and Kootenai Tribes and the Nez Perce Tribe offering to establish
quarterly government-to-government updates on plan revision. Monthly email correspondence occurs
with all tribes offering to meet and discuss the process. In addition, several representatives from the Coeur
d’ Alene Tribe attended the first Interagency Governmental Working Group meeting in the spring of 2023.

Based on the extensive consultation that occurred with the most recent plan revision effort (2003-2006),
we recognize that tribal issues often occur at a scope beyond forest plan revision, that each tribe may
identify different issues, and that there is a need for the Forest Service to support public education on the
agency'’s treaty obligations to the tribes, including the legal rights of tribal members to access and use
National Forest System lands. Issues that have been previously raised by the tribes relative to federal land
management on the Lolo National Forest include, but are not limited to:

e Visible acknowledgement of American Indian issues and the Forest Service trust responsibilities.

e A systematic approach to protection of traditional cultural properties and other important American
Indian interests on National Forest System lands.
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e Road and trail access for traditional and other uses protected by treaty rights, as well as other
occupancy and use rights protected by treaties.

e Restoration, protection, and monitoring of habitat for culturally significant species.
e Designated areas of culturally significant forest products.

e Use of traditional Indian place names.

¢ Consideration of proclaimed aboriginal territory.

e Attention to water rights and hunting rights.

e Address conflicts between gray wolf and sheep.

1.8.3 Cooperation with States, Local Governments, Federal Agencies,
and other landowners

Due to its central geographic location, the Lolo National Forest overlaps or is adjacent to a variety of
other agency and governmental jurisdictions. The Lolo National Forest and its management affect a
variety of agencies and governments, including the State of Montana (notably the departments of Fish,
Wildlife and Parks, Department of Environmental Quality, Department of Natural Resources and
Conservation, Montana Natural Heritage Program, and Montana State Historic Preservation Office), the
Bureau of Land Management, the US Fish and Wildlife Service, Indian Reservations, the Bureau of
Indian Affairs, the U.S. Environmental Protection Agency, the Bonneville Power Administration, the U.S.
Natural Resource Conservation Service, the U.S. Bureau of Reclamation, several Indian Tribes as well
numerous counties and associated community councils. The plan area specifically overlaps 9 counties, but
the preliminary economic area of influence includes 27 counties in western Montana and northern Idaho.
The Lolo also shares borders with seven other national forests (Flathead, Helena-Lewis and Clark,
Beaverhead-Deerlodge, Bitterroot, Nez Perce Clearwater, Idaho Panhandle, and Kootenai).

The services that the resources of the Lolo National Forest provide to other agencies and governments and
their constituents include, but are not limited to, water provisioning, spiritual values and quality of life,
forest products, wildlife habitat, and tourism related activities such as recreation. Common resource
management issues and concerns include, but are not limited to, wildfire risk and safety, climate change
mitigation and ecosystem resilience, species diversity, and economic sustainability of communities.

To involve and cooperate with all relevant agencies, an Interagency Governmental Working Group has
been formed as part of the public engagement strategy. The purpose of this group is two-fold: first, to
encourage interagency understanding and dialogue to foster an all-lands approach; and second, to ensure
all impacted agencies have the information needed to provide meaningful comment to the revision
process. Representatives from over 70 agencies and governments, including local, state, and federal
elected officials, were invited to participate in this group using the GovDelivery platform followed by
personal one-on-one contacts. Informal input was gathered at the first meeting of this group in March of
2023. Attendance at this first meeting included representatives from the following agencies:

e Coeur d’Alene Tribe

e Montana Department of Natural Resources and Conservation
e Montana Department of Fish, Wildlife, and Parks

e US Bureau of Land Management

e US Fish and Wildlife Service
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e US Environmental Protection Agency

e Office of Congressman Ryan Zinke

e Office of Senator Testor

e Office of Senator Daines

e Missoula County

e Bonneville Power Administration

e City of Missoula
Many of the members of this group also routinely participated in other public engagement events.
The planning team encourages agencies and governments to request cooperating agency status; it is at the
purview of those agencies to request the status based on their interest and capacity. Several county and
State agencies and one tribal government have requested cooperating agency status for the Lolo plan
revision process thus far. This status is relevant to the NEPA process for plan revision. Memorandums of
understanding have been developed with each agency to identify the areas of specialized expertise they
will provide to the revision process. To date, the cooperating agencies for the Lolo Plan Revision include:

e Confederated Salish and Kootenai Tribes

¢ Mineral County

e Montana Department of Natural Resources and Conservation

e Montana Department of Fish, Wildlife and Parks

e Missoula County has requested cooperating agency status, and development of a memorandum of
understanding is currently underway at the writing of this revised assessment.

Representatives from cooperating agencies attend monthly interdisciplinary team meetings and were
provided with pre-release materials for the Draft Assessment and Potential Species of Conservation
Concern Lists and Rational. Additional staff meetings are also held regularly to discuss specific planning
elements.

Land Management Planning Across the Broader Landscape

The 2012 Planning Rule places focus on coordination, cooperation, and collaboration between
governmental interests and the Forest Service as they work together to fulfill their missions. The Rule
requires that the Forest Service coordinate land management planning with the planning efforts of other
agencies and governments. Coordination helps ensure that management is consistent across ecosystems
and jurisdictions and achieves mutual goals where possible. To achieve this goal, the Forest Service must
review relevant state, local, and tribal land use plans and policies, and assess their interrelated impacts.

Many of the agencies affected by the management of the Lolo National Forest have management plans for
lands and natural resources. Common objectives and issues found in these plans include providing for
health and human safety as well as for ecological and economic sustainability. The following management
plans were identified and reviewed during development of the assessment. Additional plans may be
identified as we proceed through the planning process.

e The Montana Forest Action Plan (Montana Department of Natural Resources and Conservation)

e Montana Statewide Comprehensive Outdoor Recreation Plan (Montana State Parks)
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e Montana Wildlife Action Plan (Montana Department of Fish, Wildlife and Parks)

e Resource Management Plan (Bureau of Land Management Missoula Field Office)

e county wildfire protection plans

e county growth policies and resource use plans

e The Confederated Salish and Kootenai Tribes Resource Management Plan

e U.S. Fish and Wildlife Service recovery plans for bull trout, grizzly bear, and Canada lynx.

¢ Surrounding national forest land management plans (Flathead, Helena-Lewis & Clark, Beaverhead-
Deerlodge, Bitterroot, Nez Perce Clearwater, Idaho-Panhandle, Kootenai)

Detailed information on each of these plans is not required content for the Draft Assessment; at this phase,
we conducted a broad review and established a process for considering relevant themes from these plans.
As described in preceding sections, we also engaged early with our agency partners and continue to build
relationships and provide a framework for working together. Additional consideration and more detailed
documentation concerning how these plans are used to inform the plan development process will be
available in the draft environmental impact statement later in the process.

Key areas of interest and opportunities to align objectives with other agency plans include the extent and
condition of the wildland urban interface and appropriate wildfire management response, efforts to
support management on private lands, the impacts to rural communities and economics, supporting the
recovery of listed species, seeking edge-matching and consistency in management across other national
forests, and support of tribal rights, interests, and concerns.

There are several key planning efforts or unique conditions on lands adjacent to the Lolo managed by
other agencies that provide important context for planning and present an opportunity for seeking
consistent objectives where appropriate. For example, the Bureau of Land Management is currently
conducting a large ecosystem analysis at the watershed scale on lands it recently acquired in the
Clearwater Upper Blackfoot geographic area to inform future project-level planning. In addition, Montana
Fish, Wildlife and Parks is working with the University of Montana to create the Fish Creek Watershed
Recreation Management Plan on its newly acquired Fish Creek Wildlife Management Area that is also
adjacent to the Lolo National Forest. This agency also manages the Blackfoot-Clearwater Wildlife
Management Area and the Seeley Lake Game Preserve. A close partnership with Montana Fish, Wildlife
and Parks is also crucial to align species management goals and objectives. There are also high-use
recreation areas managed by the county that are adjacent to National Forest System lands, such as Mt.
Dean Stone, Mt. Sentinel, Mt. Jumbo, Seecley Lake trails, parts of the Marshall Mountain area (Missoula
County), and Murphy Creek Trails (Mineral County), where cross-boundary coordination of recreation
opportunities and issues is particularly important. Montana Department of Natural Resources and
Conservation also manages state lands intermixed with federal lands, and of particular importance is the
objectives outlined in the Montana Forest Action Plan, implementing the Good Neighbor Authority, and
responding to the Wildfire Crisis Strategy.

In addition, county planning (such as county wildfire protection plans, growth policies, and resource use
plans) sets important context for how the Forest can support the objectives of county agencies. The Lolo
is a neighbor for many private landowners, ranging from individual homeowners to large corporations.
For example, the Nature Conservancy has acquired substantial acres of former corporate timber lands in
the Blackfoot Valley and slowly selling those lands to the USFS, Bureau of Land Management, State of
Montana, and private conservation buyers. Five Valleys Land Trust also owns and manages lands in the
vicinity of the Lolo National Forest, including the Marshall Mountain area. There are also many
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communities and individual homeowners that have land adjacent to the Lolo National Forest, and the
wildland-urban interface is growing. The management of these lands and seeking opportunities to foster
an all-lands approach to management, such as restoration activities and fire mitigation, is also important
context to recognize for planning.
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Chapter 2: Assessment Findings: Biophysical
Elements

This chapter presents the key findings for biophysical elements. We first present a broad overview of the
primary ecosystem drivers and stressors that influence all biophysical elements of the Lolo National
Forest. Following the ecosystem drivers and stressors overview there is a section for each of the primary
biophysical elements. In these sections, we present key takeaways, a summary that provides background
information and context, and a more detailed discussion of the current conditions, status and trends which
includes descriptions of key interactions and system drivers and stressors. This information provides the
context necessary to understand the existing conditions and current management framework. In some
cases, there are appendices that provide more detailed information (Arno and Fiedler 2005).

2.1 Ecosystem Drivers and Stressors

Broadly, ecosystem drivers are the dominant ecological or human-influenced processes that shape the
ecosystem. For the purposes of land management planning, stressors are those factors that may directly or
indirectly degrade or impair ecosystem composition, structure, or ecological process in a manner that may
impair its ecological integrity (36 CFR 219.19). Some factors can be either a driver or a stressor
depending on the conditions and context under which it is operating. This section provides an overview of
the primary drivers and stressors that influence conditions on the Lolo National Forest. More detailed
discussion disclosing the effects that these drivers and stressors have on specific ecosystem conditions is
found throughout this chapter.

2.1.1 Climate Change

Historical and projected climate and best available scientific information on climate change and climate
change impacts for the Lolo National Forest are presented by The Northern Rockies Adaptation
Partnership (Halofsky et al. 2018b;a). This effort was part of a broader evaluation of resource
vulnerability on Forest Service Northern Region national forests and adjacent jurisdictions. Here we
summarize some key findings of the Northern Rockies Adaptation Partnership synthesis and provide a
high-level summary of climate change impacts for key resources and ecosystem services of the Lolo
National Forest. While climate change is expected to be a major ecosystem stressor in the coming
decades, it is also acknowledged that there is an incomplete understanding of both climate change and its
potential impact to forests and ecosystems. General consequences of projected climate change impacts are
briefly summarized, with more detail provided in each resource section. For a more complete discussion
of climate and climate change impacts on the Lolo National Forest, see The Northern Rockies Adaptation
Partnership (Halofsky et al. 2018b;a) and references therein.

The Lolo National Forest is dominated by an inland mountain climate. Air masses that develop over the
Pacific Ocean release moisture in the Cascade Range and over the mountains of northern Idaho. West-
central Montana occupies the rain-shadow area, which receives dried-out Pacific air and little moisture in
the valley bottoms—about 13 inches annually (Lackschewitz 1991). Humidity is high in this region,
except during the summer months, and winters are cold and moist. Microclimate also has a big effect on
the distribution, abundance, and productivity of vegetation. For example, steep south-facing slopes with
low retention of snow and soil moisture in summer are generally less productive and have different
species composition than north-facing slopes. Finklin (1988) provides detailed description of the area’s
climate.
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The Lolo National Forest is part of the Central Rockies subregion identified by The Northern Rockies
Adaptation Partnership. The annual mean monthly minimum temperature increased by about 2.6 °F over
the historical period of record (1895-2012), while the annual mean monthly maximum temperature
increased by about 1.3 °F (Figure 2). By 2100, temperature is projected to increase 6 to 12 °F for the
annual mean monthly minimum, and 5 to 11 °F for the annual mean monthly maximum (Figure 2). Mean
monthly minimum and maximum temperatures are projected to increase for all seasons. The mean
monthly minimum temperature (spring and autumn) and the mean monthly maximum temperature
(winter) may rise above freezing. In contrast to temperature, there is a high degree of uncertainty in how
precipitation patterns will change. Seasonal precipitation is projected to be slightly higher in winter and
spring and slightly lower in summer than during the historical period of record (Figure 2). Changes in
climate affecting mountain snowpack will have important hydrologic implications. Climatic extremes are
difficult to project, but they will probably be more common, driving biophysical changes in terrestrial and
aquatic ecosystems. Droughts of increasing frequency and magnitude are expected in the future,
promoting an increase in wildfires, insect outbreaks, and nonnative species. These periodic disturbances,
will rapidly alter productivity and structure of vegetation, potentially altering the distribution and
abundance of dominant plant species and animal habitat.
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Figure 2—Observed and projected trends in total precipitation (a) and average daily maximum temperature
(b) projections for the Clark Fork Valley and Mountains Ecoregion. Observed history is indicated by grey
bars. Modeled history is shown by shaded grey area. Two possible futures are shown: one in which humans
drastically reduce and stabilize global emissions of heat-trapping gases (blue line, also known as RCP4.5),
and one in which we continue increasing emissions through the end of the 21st century (red line, also known
as RCP8.5). Station data for temperature and precipitation were interpolated and stored as a gridded

observational dataset. Data are available via Data.gov.
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There is a great deal of uncertainty about the magnitude and rate of climate change, especially as
projections are made at more local scales or for longer time periods (Ryan and Vose 2012). Despite the
uncertainty in downscaled projections, scientists expect the earliest changes will be at ecotones between
lifeforms (e.g., upper and lower treelines). There is also general agreement that ecological disturbance —
rather than the direct effects of climate on individuals or species — will likely be the primary facilitator of
environmental change. Nevertheless, increased temperatures are expected to result in a reduction in water
available to trees and understory plants. Trees will respond to reduced water availability, higher
temperatures, and changes in growing season length in diverse manners. Changes in vegetation
composition and structure will be the result of changes in both the life cycle processes and responses of a
plant to disturbance.

Effects of climate change on wildfire is a primary vulnerability for the Lolo National Forest. Large and
severe wildfires occurring more frequently are being driven by warmer and drier fire seasons (Running
2006, Abatzoglou and Williams 2016, Higuera and Abatzoglou 2021). Wildfires are also accelerating
transitions to non-forest, with growing evidence of conifer tree recruitment failure due to environmental
constraints on seedling survival (Stevens-Rumann et al. 2018, Davis et al. 2019), and limited seed
dispersal and positive feedbacks to frequent reburning (Prichard et al. 2017, Parks et al. 2019). Warmer
temperatures will likely result in increased fire frequency and intensity, creating more favorable
conditions for invasive species, which may decrease overall forage quantity, quality and biodiversity.

One of the clearest signals from climate and streamflow models is that seasonal shifts in precipitation and
increased temperature will likely result in lower summer flows and, in lower elevation streams, earlier
and potentially higher and more frequent peak flows (Mantua et al. 2010, Wu et al. 2012). Earlier
streamflow timing has already been recorded across western North America (Stewart et al. 2005). By the
2040s, spring snow water equivalent is projected to decline by 22-35% in the Columbia Basin (Littell et
al. 2010). Decreasing snowpack and declining summer flows will alter timing and availability of water
supply, affecting agricultural, municipal, and public uses in and downstream from national forests, and
affecting other forest uses such as livestock, wildlife, recreation, firefighting, road maintenance, and
instream fishery flows. Declining summer low flows will affect water availability during late summer, the
period of peak demand (e.g., for irrigation and power supply). Increased magnitude of peak stream flows
may damage roads near perennial streams, ranging from minor erosion to extensive damage, thus
affecting public safety, access for resource management, water quality, and aquatic habitat. Bridges,
campgrounds, and national forest facilities near streams and floodplains will be especially vulnerable,
reducing access by the public.

Climate change introduces additional uncertainty about how forests—and forest carbon sequestration and
storage—may change in the future. Climate change causes many direct alterations of the local
environment, such as changes in temperature and precipitation, and it has indirect effects on a wide range
of ecosystem processes (Vose et al. 2012). Further, disturbance rates are projected to increase with climate
change (Vose et al. 2018) making it challenging to use past trends to project the effects of disturbance and
aging on forest carbon dynamics. Given the complex interactions among forest ecosystem processes,
disturbance regimes, climate, and nutrients, it is difficult to project how forests and carbon trends will
respond to novel future conditions. The effects of future conditions on forest carbon dynamics may
change over time. As climate change persists for several decades, critical thresholds may be exceeded,
causing unanticipated responses to some variables like increasing temperature and carbon dioxide
concentrations. The effects of changing conditions will almost certainly vary by species and forest type.
Some factors may enhance forest growth and carbon uptake, whereas others may hinder the ability of
forests to act as a carbon sink, potentially causing various influences to offset each other.

33 Chapter 2



Lolo National Forest Land Management Plan
Revised Assessment

The Lolo National Forest produced an assessment specific to watershed vulnerability with focus on water
supply, bull trout, western pearlshell mussel, and infrastructure risks along with specific management
implications (Wade et al. 2016). This Watershed Climate Change Vulnerability Assessment for the Lolo
National Forest was the lattermost assessment of a broader national effort (Furniss et al. 2000) and
provides the following key findings:

o Bull trout: Populations are projected to be more exposed to changes in flow than to increased
temperatures. Because the rankings are relative across watersheds within the Forest, this does not
necessarily indicate that bull trout are expected to be more impacted by flow than by temperature,
only that relative to other areas in the Forest, temperature increases were not expected to be as great
in bull trout local populations as in watersheds not inside a bull trout local population area. Bull
trout generally occupy higher elevation streams which represent some of the best remaining
thermally suitable areas, and higher elevation streams are projected to warm less quickly than lower
elevation streams. However, bull trout local populations are also situated in areas that are projected
to have some of the greatest increases in winter flows, particularly in the western half of the study
area. Further, the higher elevation headwater streams favored by bull trout currently have lower
flow and may be particularly susceptible to projected reductions in summer flows.

e  Water Supply: Lower summer flows are predicted with higher elevation headwater streams exhibit
higher vulnerability except for Rock Creek. On streams with water diversions and withdrawals,
projections are likely underestimate issues and vulnerability because these factors exacerbate or
override lower base flows because of climate change.

e Infrastructure: Winter flooding is expected to increase on recreation sites, trails, and roads with
greatest exposure at lower elevations and relatively less exposure at higher elevations.
Vulnerability increases where infrastructure is in floodplains or areas of high geologic hazard.
Forty-four percent of the 12" code hydrologic unit code watersheds in the study area had roads in
the highly vulnerable category of high combined exposure and sensitivity. The high vulnerability
areas are scattered throughout the forest and are generally concentrated in lower elevations.

Across the Lolo National Forest, the number of intermittent streams is expected to increase with issues
exacerbated by human activities, such as water diversions and withdrawals (Acuna et al. 2014).
Groundwater, seeps, and springs are expected to decrease in volume and presence, which is expected to
negatively affect water availability for domestic water sources, as well as various terrestrial, semi-aquatic,
and aquatic species.

In summary, the Northern Rockies Adaptation Partnership (Halofsky et al. 2018b;a) and Lolo Watershed
Climate Change Vulnerability Assessment (Wade et al. 2016) indicate that a warming climate will rarely
be the direct agent of change for ecosystems on the Lolo National Forest. Rather, most of the changes will
likely result from responses to climate change-induced disturbance or to some combination of other
climate-exacerbated stressors. Whether it is changes in precipitation and runoff volumes and timing,
invasive species (such as, white pine blister rust), drought, uncharacteristic wildfires, elevated native
insect and disease levels, lower summer flows or higher peak flows, the most significant effect of climate
change is likely to be further exacerbating these stressors and “stress complexes” (McKenzie et al. 2009).
In turn, these stressors could have negative consequences on infrastructure resilience (campgrounds, roads
and trails) and ecosystem services including water supplies, air quality, forage, wildlife and fisheries, and
wood supplies. Although the exact timing and magnitude of climate change driven ecosystem change is
uncertain, it will clearly be one of the most important ecosystem stressors in the coming decades.
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2.1.2 Fire

The Northern Rocky Mountain ecosystems are often referred to as fire-driven systems. This
acknowledges fire as the major disturbance process that shapes the forests and shrublands of this area.
The Northern Rocky Mountains experience summertime thunderstorms. Monsoonal moisture from the
southwest moves up from the Great Basin and produces intense, dry lightning storms. Storms can produce
thousands of lightning strikes, but only when the conditions are ideal for ignition would a wildfire start.
Fire is a natural process and many fires on the Lolo National Forest are started by lightning. However,
humans have also been a source of fire on the landscape for centuries, and intentional or not, have
influenced vegetation successional dynamics. Fire plays innumerable ecological functions, including
driving species structure and composition, carbon and nutrient recycling, snag and tree cavity creation,
and stimulating seeding and sprouting of vegetation.

Historical Fire Regimes

A fire regime represents the periodicity and pattern of naturally occurring fires, described by frequency,
biological severity, and aerial extent (Anderson 1982). The historical fire regime is a classification of the
role fire would play in the absence of modern human intervention but including the influence of
aboriginal fire use based on the average number of years between fires (fire frequency or mean fire
interval) combined with severity (the amount of vegetation replacement) and its effects to the dominant
vegetation (Agee 1993, Lentile et al. 2006). A spatially explicit map of historical fire regimes available
from the LANDFIRE project (https://landfire.gov/fireregime.php) was used to assess historical fire
frequencies and severities for the Lolo National Forest. These data were mapped to 30-meter pixels and
assigned values from the Fire Regime Group theme. Each fire regime group describes a range of
historical fire frequencies and historical fire severities. Based on the Fire Regime Group Description field
in the database, six Fire Frequency Classes were assigned to each pixel on the map. Table 2 shows the
distribution of the six Fire Frequency Classes across all ownerships on the Lolo National Forest.

Table 2—Distribution of the LANDFIRE Fire Frequency Classes based on Fire Regime Groups across the
Lolo National Forest analysis area (all ownerships)

Frequency Class Acres
Very frequent (6-15 years) 200,621
Frequent (16-35 years) 1,244,591
Moderately frequent (36-100 years) 863,551
Infrequent (101-200 years) 890,907
Very Infrequent (201-500 years) 15,007
Rock, Water, Other 29,075

Total | 3,243,752

Based on the range of mean fire return intervals defined for each class in Table 2, we can estimate the
minimum and maximum amount of fire that occurred historically on a yearly basis for each fire regime
class. To calculate historical area burned, one, divided by minimum and maximum mean fire return
interval is the maximum and minimum percent of the class burned per year. Table 3 shows the estimated
extent of Lolo National Forest burned annually by fire regime class based on the LANDFIRE Fire
Regime Group map.
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Table 3— Estimated historical annual fire by fire frequency class based on minimum and maximum Mean
Fire return Intervals (MFRI) for the Lolo National Forest

Frequency Class Max Min percent Min acres Min Max percent Max acres
MFRI per year per year MFRI per year per year

A: Very frequent (6-15 15 7 14,043 6 17 34,106

years)

B: Frequent (16-35 35 3 37,338 16 6 74,675

years)

C: Moderately frequent 100 1 8,636 36 3 25,907

(36-100 years)

D: Infrequent (101-200 200 1 4,455 101 1 8,909

years)

E: Very Infrequent (201- 500 0 30 201 1 750

500 years)

Rock, Water, Other 0 0 0 0 0 0
Total n/a n/a 64,501 n/a n/a 144,347

Current Fire Regimes

The extent of recent fire on the Lolo National Forest was estimated using a fire atlas developed for the
entire Northern Rockies (https://www.fs.usda.gov/rds/archive/Catalog/RDS-2009-0006). Using atlases to
identify recent fire occurrence by year takes advantage of their strengths, including extensive mapping of
known fires, while minimizing the influence of their limitations including that the locations of perimeters
may be inaccurate and may include unburned areas, and small fires may not be recorded (Morgan et al.
2008). The Lolo National Forest portion of a fire atlas for the northern Rockies recently compiled to
identify and map years of recent extensive fires between 1889 and 2003 was used. In addition, we
compiled acres of fire on a yearly basis using the most recent Monitoring Trends in Fire Severity
(https://www.mtbs.gov) data to map fire extent between 2004 and 2020. According to these data,
1,505,120 acres of fire have occurred on the Lolo National Forest between 1889 and 2020 (Figure 3).
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Figure 3—Recent acres burned by fire by year on the Lolo National Forest (1889 through 2020)
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Recent research using historical fire atlases in adjacent areas of British Columbia, Canada in similar forest
types identified distinct phases of wildfire regimes from 1919 to 2019 (Baron et al. 2022). The fire atlas
data on the Lolo National Forest suggests a similar trend but with slightly different years. It is apparent on
the Lolo National Forest that fire was active up until 1939 with frequent and large fire events. Fire
activity decreased in 1920, coinciding with effective fire suppression influenced by a mild climatic
period. In 1985, the combined effects of fire exclusion and accelerated climate change fueled a shift in
fire regimes of various forest types, with increases in area burned through 2020.

Changes from Historical Fire to Current Fire

We mapped the distribution of the more recent fire events shown in Figure 3 across the LANDFIRE Fire
Frequency Classes and compared those to the estimates of eighty years of historical minimum and
maximum acres of fire and show the results of that mapping analysis below in Table 4. Table 4 quantifies
recent fire in two different phases of wildfire regimes shown in column two and column three. In column
two, the acres of wildfire between 1940 and 2020 are tabulated across the historical fire frequency classes.
In column three, the acres of wildfire between 1985 and 2020 are tabulated across the historical fire
frequency classes. The Infrequent and Very Infrequent frequency classes are the only classes where recent
fire approaches minimum levels of historical fire. Recent fire in the Moderately Frequent, Frequent, and
Very Frequent classes has not approached the minimum amount of historical burning.

Table 4—Comparison of the more recent fire events shown in Figure 3 across the LANDFIRE Fire Frequency
Classes to the estimates of eighty years of historical minimum and maximum acres of fire.

LANDFIRE Total Acres Acres burned Minimum estimate of Maximum estimate
Historical acres burned from 1985 to acres for 80 years of of acres for 80
Fire from 1940 2020 historical fire years of historical
Frequency to 2020 fire
Class

A: Very 200,471 56,300 25,268 1,122,640 2,726,412
frequent (6-
15 years)

B: Frequent | 1,243,66 285,024 216,869 2,984,796 5,969,592
(16-35 5
years)

C: 862,908 171,940 126,546 690,326 2,070,978
Moderately

frequent

(36-100

years)

D: 890,244 335,721 268,070 356,098 712,195
Infrequent

(101-200

years)

E: Very 14,996 2,561 1,956 2,399 59,985
Infrequent

(201-500

years)

Fire in Riparian Areas

Fire in and near riparian areas is an important disturbance element driving ecosystem processes, such as
large woody debris recruitment to stream channels, reducing conifer encroachment, and increasing
deciduous vegetation; all of which can enhance filtering and flow modulation roles of riparian areas and
provide the basis for beaver colonization, among other benefits (Bisson et al. 2003). Riparian areas
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frequently differ from adjacent uplands in attributes influencing fire regime: vegetative composition and
structure, geomorphology, hydrology, microclimate, and fuel characteristics (Dwire and Kauffman 2003).
Although these features, combined with land management, may contribute to different fire frequency,
severity, behavior, and extent fire remains a critical driver of ecological processes in riparian areas (Bisson
et al. 2003). Riparian areas may contribute to limiting the extent and severity of wildfire by altering burn
patterns, providing unburned refugia, and filtering ash and silt from post-wildfire debris flow. Beaver
occupancy can reduce the wildfire severity by expanding the lateral extent of the aquatic ecosystem,
serving as a natural fuel break, especially for ground fire (Fairfax and Whittle 2020). The ability of
riparian areas to support unburned refugia and filter post-debris flow can be impacted by high-severity
wildfires.

Some riparian plant species, such as aspen, cottonwood, green ash, chokecherry, or coyote willow possess
natural defense mechanisms to some stressors, having the ability to sprout after fire or flood (Hansen et al.
1995). These adaptations to disturbances facilitate survival and reestablishment following fires, thus
contributing to the rapid recovery of many streamside and seep habitats.
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2.1.3 Insects and Disease

Conditions on the Lolo National Forest are conducive to insect infestations, based on climatic conditions
and widespread susceptibility of forests across most of the area (density, composition, and age/size class
within cover types) following nearly a century of disturbance exclusion. Hot-dry summer conditions have
re-occurred since multidecadal dry cycle initiated in 2000 and are promoting forest vulnerability that has
increased the probability of insect eruptions and potential for compounding disturbances (see appendix 4
for more information). Novel instances of secondary insect pests causing damage, exotic insect
colonization, and pests occurring in new geographic locations are being promoted by multidecadal
summer dry cycle and warmer temperatures (see appendix 4 for more information). Forest insects and
disease have had a major impact on the composition and structure and this trend is expected to continue
(Byler and Hagle 2000). See appendix 4 for more information.

Insects

Insect eruptions often cause most damage within homogenized forest conditions that are susceptible
(density, age and size class, composition) to insect-attack during prolonged dry periods when weather and
climatic exposure enhances vulnerability in susceptible stands. Hot-dry conditions promote physiological
stress that reduced natural tree defenses and directly impacting insect phenology, including the number of
generations produced per year (Fettig et al. 2022). Currently, most of the Lolo National Forest cover types
are susceptible to insect-attack and have been exposed to hot-dry summer conditions that have
progressively caused reduced soil moisture and drying across the western U.S. (Krist et al. 2015, Williams
et al. 2020). Insect pest damages have been elevated during this dry cycle with active Douglas-fir beetle,
fir engraver, Douglas-fir tussock moth, western spruce budworm, mountain & western pine beetles, pine
engraver, twig beetles, black pineleaf scale, and wood boring beetle damages noted within Forest Health
Protection ground visits and Aerial Detection Surveys (Hicke et al. 2020). Multiple instances of ‘novel’
damages caused by insects not considered as primary agents are occurring, including:

¢ Pine engraver causing pine mortality in large-diameter (20-30” diameter at breast height) ponderosa
pines beyond their typical 10” diameter at breast height host size in conjunction with unprecedented
summer of 2021 heat event.

e Black pineleaf scale causing severe (up to 80%) ponderosa pine mortality and stand failure in
infested stands along the Frenchtown Face and other locations.

e The exotic balsam wooly adelgid causing true fir dieback and mortality.
e Douglas-fir tussock moth erupting in novel locations like the Missoula valley.

e Douglas-fir beetle progressing from fire-injured tree colonization to outbreaks in vulnerable,
adjacent stands following fire-injured tree colonization in the Rice Ridge wildfire perimeter.

Insect eruptions and damages are expected to increase into the near future if the current multidecadal
summer dry cycle persists. This includes continued Douglas-fir beetle-caused mortality in mesic mixed
conifer and dry Douglas-fir cover types, increased bark beetle and twig beetle activity impacting
ponderosa pine cover types, increased balsam wooly adelgid spread in mesic-mixed conifer and spruce/fir
cover types, further Douglas-fir tussock moth and western spruce budworm defoliation outbreaks in dry
Douglas-fir and mesic mixed-conifer cover types, and increased potential for bark beetle eruptions
following wildfire and blowdown across all cover types as probability for compounding disturbances is
enhanced by dry conditions. The risk of these events would be temporarily reduced with a transition to a
multidecadal wet cycle; however, as temperature increases are projected to be continuous, insect damages
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are anticipated to be more severe after that wet cycle during the next dry cycle unless forest susceptibility
conditions change.

Disease

Increasing temperatures and unprecedented summer dry conditions increase a tree’s susceptibility to tree
diseases including root diseases, one of the most impactive types of forest disease in the region. Root
disease infections cause years of slowed growth ending in wind-throw or death of the impacted tree by
other interacting factors such as bark beetles. This can contribute to a cycle of suppressed regeneration,
unsuccessful recruitment, and increased fuel loadings while impacting long-term site productivity. In
Region 1, root diseases impact mesic-adapted conifer species such as Douglas-fir and true firs more
severely than more drought-tolerant species such as pines and larch. If dry cycle conditions persist, mesic
mixed conifer stands can be expected to be increasingly maladapted which will increase their
susceptibility to root diseases, increasing the impacts of these diseases on the landscape (Kim et al. 2021).
Forest Inventory and Analysis data shows that approximately half of plots in the mixed mesic conifer
cover type on the Lolo National Forest have root disease. As mixed mesic conifer cover type is the most
common cover type on the Lolo, we expect root disease to continue with impacts worsening across
infected sites, often in tandem with insect-caused mortality, primarily during periods when high
temperatures interact with dry summer conditions as climate continues to change.

Continuing hot and dry conditions can also be expected to exacerbate pre-existing stressors to trees,
making conditions such as subalpine fir decline more severe (Lalande et al. 2020) and worsening the
impact of dwarf mistletoes (Kliejunas 2011) and opportunistic diseases. Ponderosa pine in western
Montana has been showing increasing crown symptoms in response to hot and dry summers and a
combination of Diplodia shoot blight and western gall rust. Diplodia shoot blight is known to interact
with water stress (Sherwood et al. 2015) and together with western gall rust, the crown dieback in these
trees in western Montana has been significant.

Disease spread and impacts are expected to vary in future years with long-term wet and dry cycles. A
return to wet cycle conditions may ameliorate physiological stress of drought and decrease tree
susceptibility to disease, however, many fungal pathogens depend on seasonal moisture for reproduction
and spread. Increased moisture could cause increases in needle diseases and further promote the spread of
the invasive rust fungus white-pine blister rust (Sturrock et al. 2011). Sporulation of the white pine blister
rust fungus Cronartium ribicola depends on 48 hour periods of 100% humidity (Sturrock et al. 2011).
Increases in moisture could increase the frequency of wave years of this invasive pathogen, enhancing its
ability to disperse far distances. Wet-cycle conditions also support the growth and establishment of mesic-
adapted conifers such as Douglas-fir and true firs which are more susceptible to root diseases generally.
Although dry conditions are expected to increase the susceptibility of trees to root disease, a return to wet
cycle conditions could cause an increase in the overall abundance of these pathogens even though the
impact on individual trees may be reduced.
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2.1.4 Beaver

Beavers are a keystone species that historically were responsible for some of the greatest biodiversity and
ecological systems on the Lolo National Forest. Beavers were likely as formative of a disturbance agent
as wildfires and floods for valley bottom ecosystems. Although beaver populations are rebounding, levels
are far below potential. Consequently, valley bottoms and the extent of riparian vegetation are departed
from potential ecological conditions and services. Because beavers are a very large, but mostly missing,
disturbance agent on the landscape, understanding beaver habitat potential along with potential riparian
habitat is essential in management considerations of valley bottom ecosystems and stream corridors.

Beavers as an Ecosystem Driver

Over the past thirty years, research has highlighted the role of beavers as a keystone ecosystem species
and improved our understanding of the cascading effects of beaver presence on landscape processes. One
of the greatest changes to disturbance regimes in valley bottoms is the lack of beaver activity. In most of
the temperate Northern Hemisphere, beavers historically altered low-gradient, small-stream ecosystems
by constructing series of dams in suitable habitat. Beaver dams numbered in the tens to hundreds of
millions across the Northern Hemisphere historically. Almost every northern temperate ecosystem that
had trees or shrubs growing along streams also once had beaver dams (Pollock et al. 2015). Beaver
populations have declined significantly largely because in the 19th century they were trapped for fur or oil
or to create hay and agricultural fields instead of wetlands and wet meadows (Halley et al. 2012). More
recently there has been widespread recognition that beaver dams play a vital role in maintaining and
diversifying stream and riparian habitat (Pollock et al. 2015).

Beavers are ecosystem engineers (Naiman et al. 1988, Pollock et al. 2015). Beavers, through dam
building and vegetation harvest, exert profound influence on the habitats they occupy and drastically
modify hydrologic, geomorphic, and biologic processes across spatial and temporal scales. In the types of
stream systems found across much of Montana, the effects of beaver activity are mostly positive, resulting
in:

¢ Increased landscape-scale water storage (Naiman et al. 1986, Naiman et al. 1988, Westbrook et al.

2006, Jin et al. 2009, Nyssen et al. 2011, Majerova et al. 2015).

e Reconnection of stream channels to their floodplains (Westbrook et al. 2006, Polvi and Wohl
2012;2013, Pollock et al. 2014, Majerova et al. 2015).

e  Water quality improvements, including sediment retention and nutrient cycling, reducing suspended
sediments, improving nutrient cycling, and removing and storing contaminants (Castro et al. 2017).

e Attenuation of flood events (Puttock et al. 2021).

e Bolstered landscape resilience to disturbances such as fire and drought (Fairfax and Small 2018,
Silverman et al. 2019, Fairfax and Whittle 2020).

¢ Enhanced biodiversity (Naiman et al. 1988, Russell et al. 1999, Wright et al. 2002, Cooke and Zack
2008, Bartel et al. 2010, Kivinen et al. 2020),

e Creation of diverse fish habitat, including overwintering, spawning, and rearing areas (Jakober
1998, Collen and Gibson 2001). Most research suggests that the increased complexity of habitat
created by beaver dams is beneficial to many fish species (Schlosser and Kallemeyn 2000, Collen
and Gibson 2001, Pollock et al. 2003, Benda et al. 2004, Kemp et al. 2012, Pollock et al. 2012).
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e Baseflow and groundwater recharge. Beaver dams can play a critical role in replenishing alluvial
aquifers by trapping and storing water and redirecting surface water (Pollock et al. 2015). Stream
rehabilitation and subsequent beaver colonization on the Lolo increased baseflow by at least 0.5
cubic feet per second per mile (Brissette 2016).

¢ Creation of habitat for wildlife species. The list of waterfowl and overall birds that use beaver
ponds is long and varies by region. Beaver habitats provide numerous species and abundance of
aquatic insects. The diverse cover provides numerous nesting, forage, refuge, and isolated
opportunities for breeding pairs. Many amphibians and reptiles not only thrive in beaver
environments but are highly dependent on the wetlands and habitat niches they create. Beaver
canals can be important movement corridors and overwintering habitat. By diversifying the
landscape with different sizes and ages of ponds, streams can significantly increase the biodiversity
of amphibians.

Beaver have a disproportionately large effect on their environment relative to their abundance (Pollock et
al. 2015). One Montana study found 200% higher aquatic invertebrate emergence rates, 60% higher
abundance of spiders, and 75% higher deer mice in stream segments with beaver (McCaffery and Eby
2016). Abundant literature exists on beaver impacts on biodiversity and ecological importance, especially
in drought conditions. Beaver’s ability to produce wetlands is especially important in the west where
riparian and wetland habitats make less than 2 percent of the landscape yet provide habitat for more than
80 percent of wildlife species (Hansen et al. 1995).

Land use changes, and ecosystem degradation have caused summer water temperatures and rivers to
frequently exceed levels suitable for aquatic life (Kaushal et al. 2010). Climate change models predict that
water temperatures are warming, and summer maximums are often the single most limiting factor in fish
species (Rieman and Isaak 2010). In many regions, systemic effects of beaver have the ability to lower
stream temperatures (Pollock et al. 2015). Beaver damming can increase local stream temperature on the
surface layer (McCaffery 2009) but decrease temperature in bottom layer thermal ranges (Bobst 2019)
and lower overall stream temperature on larger system scales. Stream temperatures were lowered on a
stream segment after beaver dam analogue rehabilitation on Teepee Creek, Lolo National Forest
(McDowell et al. n.d.).

The notion that beaver dams block fish passage is largely unsupported by the literature. The literature
suggests that beaver dams may act as temporary barriers, especially during low-flow periods. As flows
increase, dams typically become more easily passable by both juvenile and adult fish, with a diversity of
flow paths over, through, under, and around these permeable structures (e.g., via side channels formed
from lateral overland flow) (Schlosser 1995, Pollock et al. 2014). Flow paths continually change with
beaver maintenance, construction, and abandonment and with fluctuations in discharge (Lokteff et al.
2013). Dams might even provide a competitive advantage to certain native fish species relative to non-
natives (Powers and Orsborn 1985, Lokteff et al. 2013). Lokteff et al. (2013) studied the effects of beaver
dams on the movement of one native trout species and two non-native species in two northern Utah
streams. The authors found that all three species were able to pass through beaver dams, but the native
trout passed dams more frequently than either of the non-native species.

Beaver Status and Associated Departures from Historic Conditions

The Lolo has assessed the following items to improve understanding and assist future forest stewardship
of ecological services supported by beaver and beaver habitat:

e Riparian vegetation presence and departure from likely historic spatial extents.
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e  Wetland presence and departure from likely historic spatial extents.

e Developed an informal technical paper displaying reference beaver conditions when beaver
populations are allowed to exist to more natural levels (Sylte 2020).

e Beaver habitat suitability mapping (i.e., potential land area in the Lolo’s valley bottoms that beaver
could occupy if favorable conditions existed to maintain populations).

o Exploration of restoration options for beaver, wetlands, and riparian vegetation.

e Review of wildlife Montana Species of Concern, for important beaver influences on sensitive fish,
amphibians, reptiles, mammals, or birds (see planning record exhibit R01-003).

Fifty-four animal species (40 percent) listed as Montana species of concern are rated as not having
associated habitat, habitat needs, minor overlap, unknown, or not detriment/beneficial to beaver. This
leaves 75 animal species (almost 60 percent) listed as Montana species of concern that are directly
impacted by beaver with both positive and negative impacts.

Recent assessment on the extent of existing riparian vegetation versus the potential riparian footprint, has
been conducted. Contrasting the current extent of riparian acreage with the acres of potential riparian
footprint provides an estimate of how much the presence of riparian vegetation may be departed from
potential conditions, and intact riparian and valley bottom ecosystems. The extent of riparian vegetation is
far below potential, which coincides with our awareness with lack of beavers as one of several
disturbance agents that are needed in valley bottom ecosystems (see section 2.3).

In addition, wetlands are a distinct and important feature of riparian habitat types and ecology in valley
bottoms (wet-river corridors). The current number and acreage of wetlands influenced and/or maintained
by beavers on the Lolo National Forest are shown in Table 5. These values provide additional perspective
at the lack of beaver presence currently and at the great departure from historic conditions. These values
also provide management perspective on the recovery that is possible, which also provides stewardship
challenges in determining the means and approaches to achieve the highest ecological potential.

Table 5—Wetlands influenced by beavers on the Lolo National Forest

Number of Number of Percent of Acreage of all Beaver- Percent of
national beaver- wetlands that national influenced wetland area
wetland influenced are beaver wetland wetland area that is beaver

inventory wetlands influenced (by inventory (acres) influenced
wetlands occurrence) wetlands

20,150 398 2.6 52,801 271 0.5

The extent of the valley or drainage bottom area that beaver and beaver dams likely historically
influenced can be labeled a “Beaver Influence Area”. A beaver influence area can be approximated by the
streamside areas that are inundated by a large flood (i.e., 50-100-year flood magnitude) because any
elevations that could not be accessed by large floods likely would also not be influenced by beaver. In
contrast, areas that are low enough that a large flood could access could very well be influenced by beaver
historically when they were unconstrained, and dams existed across entire valley bottoms. Beaver
influence areas are also known to occupy hillsides up to 12% gradient (Sylte 2020).

Various models can be used to approximate a reasonable potential beaver influence area. For this
assessment, the beaver influence area was approximated by aggregating three distinct valley/wetland
mapping approaches: 1) floodplain mapping from the Lolo’s climate change vulnerability assessment
(Wade et al. 2016); 2) the National riparian areas base map (see planning record exhibit L-001); and 3) the
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National Wetlands Inventory. Each of the models produce a different floodprone area layout and represent
an area that could reasonably be inundated by flooding (Figure 4). If we assume that beaver were able to
occupy valley bottoms from margin to margin (except where second-level terraces curve in and out), then

an aggregate of the greatest area approximated by floodplain modeling may be the best estimate of the
beaver influence area.
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Figure 4—Lolo Creek example of floodprone areas on the Lolo National Forest. Green indicates National
Forest System lands. Dark blue, pink, and brown are the combination of mapping that represents the likely
floodprone/beaver extent area.

These modeled projections are supported by empirical data in Colorado, Montana, and Alaska (Sylte
2020). This work demonstrated that the extent of riparian vegetation is grossly different between the two
scenarios of riparian vegetation-beaver present versus riparian vegetation-beaver absent. The presence of
beaver equates to riparian vegetation existence that is valley wall to valley wall in these scenarios, which
provides empirical evidence of what riparian vegetation and wetland presence could be. Although beaver
prefer low gradient terrain, when the populations are unconstrained (i.e., allowed to persist for significant
time periods and rich high abundance), beaver are known to also occupy steeper intermittent drainages
and areas of hillside seeps and springs (see planning record exhibit R01-001).

Addressing beaver and beaver habitat recovery is one of the approaches to recovering the ecological
potential of the riparian systems on the Lolo. Beginning in 2013, the Clark Fork Coalition received
funding from the Forest to develop a model that accurately describes beaver habitat potential. With the
long-term goal of supporting beaver habitat restoration and use of beavers to enhance watershed health,
this assessment identified sites able to support beaver after habitat conditions are improved to support
beaver populations and transplants. A revised Habitat Suitability Index model was developed in 2015.
Since this time, the Beaver Restoration Assessment Tool model has been developed and used to project
suitable habitats for beaver damming activity across the state of Montana.

Because model validation is important, the Clark Fork Coalition, supported by a Forest Service citizen
science program, embarked on a substantive effort to validate initial beaver habitat suitability model
predictions (Leach 2020). This work concluded that the NetMap model over-predicts beaver habitat in
larger order streams but may capture segments on larger channels where beavers are able to make use of
side channels in broad floodplains. They also found that the GIS overlay model over-predicts habitat in
very small headwater streams, largely due to a lack of data for perennial stream flow and, finally, that the
GIS overlay model lined up well with ground-truthing for beaver habitat presence and habitat (current or
historic). On the stream reaches visited by the Clark Fork Coalition field crew, they noted that beaver
activity was highest where log jams were present or larger streams had side channels. They surmised that
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beaver had difficulty establishing in simplified, single channels without wood jams. Selection of sites for
restoration depend on multiple other restoration and management considerations. Multiple restoration
opportunities also exist on private lands. A story map of the assessment can be found at:
https://storymaps.arcgis.com/stories/Sa23afa0d6c94d5099fc21cf91fcadfl
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2.1.5 Flooding, Stream Flows, and Groundwater

National Forest System lands contribute much of the surface flows to the headwater streams and rivers of
Western Montana. The relationship between mountainous areas, snowpack accumulation, and runoff
cause National Forest System lands to function like reservoirs for downstream communities, ecosystems,
and economies. Research suggests that climate change may shift the timing of snowmelt and peak flows
to earlier in the year in Western Montana Watersheds. Local gage data suggests that a shift toward earlier
runoff and peak flows may already be occurring on Lolo National Forest. As timing of stream flow shifts
due to climate change, water scarcity may become an issue for maintaining stream flows to support
aquatic life and for the communities surrounding the Lolo (Wade et al. 2016). Promoting watershed health
and resilience is critical to provide ecosystem services relating to stream flows and ground water.

Streams, rivers, wetlands and meadows throughout the Lolo National Forest provide essential ecosystem
benefits by serving as key components of the hydrologic cycle and biodiversity hot spots. Mountainous
watersheds receive up to three times the precipitation compared to adjacent valley bottoms, where the
higher density population centers are located. Water originating in the headwater catchments ultimately
provides surface and subsurface water for users in Western Montana to sustain their communities and
economies. Healthy watersheds provide more, higher quality water than degraded watersheds.

Historical land use has affected the function of some watersheds, in some instances degrading water
quality and decreasing useable water amounts for downstream users. Historical anthropogenic
degradation of freshwater, riparian and wetland ecosystems has contributed to the decline and extirpation
of native species from our watersheds. Increased climatic variability looking into the near future adds
additional stress to already impaired watershed function and ecosystems. Restoring headwater watersheds
on the Lolo can help to mitigate the negative effects of historical land use, improve resilience and
watersheds function into the future, promote ecological integrity, and enhance water resource security.

Flooding and Stream Flow

Flow regimes are challenging to predict because they are a function of multiple variables. Climate,
geology, topographic conditions, and other factors play into flow characteristics. Past efforts to map flow
regime were inaccurate, especially in headwater drainages; however, as this field continues to advance,
modeling efforts to predict flow patterns will likely produce more accurate maps.

The Lolo National Forest and adjacent National Forest System lands are a significant contributor of water
locally and nationally (National Forest Contributions to Streamflow | US Forest Service Research and
Development (usda.gov). National Forest System lands contribute 72 percent of the discharge of the
Blackfoot River (943 out of 1,320 thousand-acre-feet per year), 74 percent of the Clark Fork River just
above its confluence with the Bitterroot River (2,140 out of 2,910 thousand-acre-feet per year), 93 percent
of the Bitterroot River (2,090 out of 2,250 thousand-acre-feet per year), 73 percent of the Clark Fork
River at Cabinet Gorge Reservoir (13,300 out of 18,400 thousand-acre-feet per year), and 98 percent of
the St. Regis River (524 out of 536 thousand-acre-feet per year). These headwater streams are the
lifeblood of local ecosystems, communities, and economies while also being crucial contributors to the
Columbia River and major population centers downstream. The Columbia River discharges the most
water out of any river in the country at its mouth, from this location 44 percent of the discharge originates
in watersheds on National Forest System lands (80,100 out of 183,000 thousand-acre-feet per year).

As of 2023, there are 29 operational in-situ meteorological stations deployed on or near Lolo National
Forest. 15 are situated on lands managed by the Forest Service. Stations range in elevation from 2380’ to
7905°. Most stations are at low-elevation sites and high elevation instrumentation lacks some basic
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meteorological sensors (such as wind and radiation). Elevation is the largest predictor of annual
precipitation on the Forest; however, long-term monitoring also indicates that the West Zone of the forest
receives more precipitation than the East Zone (figure A1-07).

Watershed hydrology of the Lolo National Forest is snowmelt dominant. Annual peak flows typically
occurred between the end of April and the beginning of June with May 20th being the mean date of peak
flow at all gages on Lolo National Forest between 1950 - 2022, The summer months can bring
convective thunderstorms, occasionally producing peak flows on small catchments that are orders of
magnitude greater than spring runoff. Rain-on-snow events can produce large run-off events at atypical
times and can be magnified by ice jams; this is illustrated by the outlier values on the St. Regis River and
Prospect Creek for Jan 16, 1974 (Figure 5) when a major rain-on-snow event caused January flooding
throughout Northwestern Montana. Research suggests that climate change may shift the timing of
snowmelt and peak flows to earlier in the year in western Montana watersheds (Gillan et al. 2010) and
throughout the western U.S., with some suggesting that a shift is already occurring (Hamlet and
Lettenmaier 2007). Local gage data suggests that a shift toward earlier runoff and peak flows may
already be occurring on Lolo National Forest - every gage site, except the Bitterroot near Missoula, shows
a tendency toward earlier peak flow since 1950 (Figure 5). The Climate Change Watershed Vulnerability
Assessment (Wade et al. 2016) found that flow in watershed along the Montana-Idaho boarders are
expected to be 22 to 40 days earlier by the 2040s and 28 to 68 days earlier by the 2080s. Climate change
may impact the frequency of flooding in the Western U.S. (Hamlet and Lettenmaier 2007).
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Figure 5—Date of peak flow, expressed as Julian date, on Lolo National Forest gaged streams and rivers,
1950-2022. Trend lines are dotted lines.

Through implementation of a water compact between the Forest Service and State of Montana since 2007,
the Lolo National Forest has acquired 12 instream flow water rights. These junior water rights set a
minimum flow rate necessary to support native fisheries and aquatic ecosystems. The Forest has collected
data to acquire instream flow water rights on 78 discreet stream reaches; as of 2023, 31 of those water
rights have been issued by Montana Department of Natural Resources and Conservation.

As timing of stream flow shifts due to climate change, water scarcity may become an issue for the
communities surrounding Forest, especially those that rely on waters originating in the watersheds along
the Montana-Idaho border and the higher tributaries of the Blackfoot River (Wade et al. 2016). There are
83 6 code hydrologic unit watersheds in basins that are legislatively closed to new water rights (figures
A1-32 and A1-32a); however, most of watersheds (approximately 83 percent) remain open for new water
right acquisition. The basins which remain open are concentrated in the areas that were identified as most
vulnerable to water scarcity (ibid).

As of 2023, there are 3,144 active non-Forest Service claims (where the Forest Service is not the sole
owner) with points-of-diversion on National Forest System land (Table 6).
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Table 6—Range of water rights by type on the Lolo National Forest

Purpose Number of Water Rights
Agricultural spraying 1
Commerecial 55
Domestic 1,567
Fire protection 7
Fish and wildlife (consumptive) 53
Fishery (non-consumptive) 10
Industrial 21
Institutional 3
Irrigation 601
Lawn and garden 82
Mining 100
Multiple domestic 65
Municipal 14
Other purpose or unknown 17
Power generation 18
Recreation 25
Stock 505

Total 3,144

Adjudication for water rights with a priority date earlier than July 1, 1973, is ongoing for most of the

basins within the Lolo National Forest (Table 7).

Table 7—Adjudication status of basins in the Lolo National Forest

Basin Name

Adjudication Status

Rock Creek

Clark Fork above Blackfoot River
Bitterroot River, North End Subbasin
Flathead River below Flathead Lake

Clark Fork between Blackfoot River and Flathead
River

Clark Fork below Flathead River
Blackfoot River

Groundwater

Still in case consolidation/resolution phase
Preliminary decree/objection period projected for 2023
Preliminary decree/objection period projected for 2025

Preliminary decree/objection period projected for end of
2023

Preliminary decree/objection period projected for 2023

Preliminary decree/objection period projected for 2023
Awaiting final decree

The underlying geology of the Lolo is dominated by Belt supergroup Precambrian rock, and streams have
formed in fissures or fractures in this material. Granitic intrusions from the Idaho Batholith are present in
isolated areas. Valley bottoms are composed of glacial till and unconsolidated alluvial deposits of tertiary
and quaternary ages. These deposits are porous and readily store and transport groundwater. Elevations
below approximately 4,200-feet have been influenced by repeated fills and drains of Glacial Lake
Missoula (12,000-15,000 years ago), as evidenced by lacustrine and flood deposits.
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More than half of Montanans depend on groundwater for their primary water supply. Current withdrawal
represents a small percent of the available groundwater, recognizing that the amount of available
groundwater far exceeds that of available surface water. According to the Montana Groundwater Atlas
provided by the Montana Natural Resource Information Service, groundwater provides 94 percent of
Montana’s rural domestic water supply and 39 percent of the public water supply
(https://docs.msl.mt.gov/geoinfo/WIS/pdf/gwatlas/mtgwa.pdf). Montana uses over 188 million gallons of
groundwater per day for domestic use, public water supplies, irrigation, livestock, and industry (Hutson et
al. 2005).

Considering orographic effects on precipitation and the contribution of National Forest System lands to
surface streamflow, National Forest System lands have similar significance in discharge contribution to
surface aquifers due to their inherent connection with streamflow. Surface aquifers in western Montana
valleys are often associated with tertiary or quaternary glacial and alluvial deposits that make up the
valley floors typical in basin and range type geology. Currently there is not enough data to numerically
differentiate snowmelt recharge events from the Lolo versus deeper groundwater resources and which of
those two has a larger impact on aquifers. However, hydrogeologic assessments (English and Marvin
2000, Marvin 2000, Schmechel 2015) indicate that in proximity to surface water some springs and wells
may be under direct influence of surface water recharge driven by snowpack accumulation and
precipitation. Groundwater recharge to shallow aquifer systems (hyporheic zones) has substantial
importance to stream and river flow during base-flow, in some cases being critically important for surface
water quantity, water quality, and/or thermal buffering for aquatic biota. Another key gap in understanding
stems from confined aquifers with “older” water and their hydrologic connection with (and this recharge
potential) to surface waters or surficial aquifers.

It is incorrect to assume that groundwater extraction and changes in land use cannot significantly alter
aquifer levels. Groundwater level drawdown occurs when outflows exceed inflows. Comparing
monitoring results of groundwater levels in areas of high residential and commercial development (that
were historically agricultural lands), current agricultural lands, and reference conditions that are like pre-
European settlement conditions would help quantify the complex interactions between land management
actions (both on and off National Forest System lands), hydrology, geology, and groundwater levels. The
interactions between surface water and groundwater (in confined, semi-confined and unconfined aquifers)
are inherently complex because the number of variables at play in modeling such behavior and the
difficulty and cost associated with monitoring water that flows underground. Groundwater contamination
caused by industry exists in the following locations and has both groundwater and surface water effects:

e Silver Bow Creek/Upper Clark Fork River, headwaters of the Clark Fork River, is a current
superfund remediation site.

o Flint Creek, tributary to the Clark Fork River.
e Mikehorse Dam, headwaters of the Blackfoot River.

e Milltown Dam, at the confluence of the Clark Fork and Blackfoot Rivers, Completed Superfund
site immediately upstream of Missoula with onsite repository.

e Stone Container, Clark Fork River just downstream of Missoula.

e Previous Superfund Cleanup Sites on the Lolo (Tarbox, Nancy Lee, St. Louis Creek, Kennedy
Creek).

e Flat Creek Current Superfund Cleanup Site.
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While the Lolo National Forest cannot control surface and groundwater use in the valley bottoms of larger
valleys and river systems adjacent to forest lands (i.e., Missoula Valley, Bitterroot Valley, Clark Fork
Valley, etc.) it can promote watershed health in the headwaters where most precipitation falls. Restoration
projects aimed at floodplain connectivity, wet meadow restoration, wetland restoration, and beaver
reintroduction in the smaller headwater valley bottoms on National Forest System lands promote
groundwater recharge and runoff flow attenuation (Powers et al. 2018, Bobst et al. 2022). Pre-European
colonization, the bottoms of many broad alluvial valleys in the American West were river-wetland
complexes that were highly adapted to local disturbance regimes and served as hubs of biodiversity (Wohl
et al. 2021). In such ecosystems there is a high degree of connection between surface and groundwater. In
certain settings, water deposited underground into surface aquifers during runoff could be withdrawn
during the late-summer and fall as stream flow for transport to the valley bottoms of larger valleys.
Restoring and utilizing mountainous watersheds to realize the water quality and quantity benefits they
provide is not a novel concept but necessitates a holistic mindset that recognizes the inherent ties between
watersheds, freshwater ecosystems, and downstream water users.

Land management activities the Lolo conducts pertaining to fire prevention, timber extraction, and
vegetation management affect the water cycle in watersheds and thus water yield to downstream systems.
Annual water yield is defined as the total volume of water flowing out of a watershed in a given year,
including both surface and subsurface flows (Vigerstol et al. 2021). Assuming no long-term storage, water
yield in a watershed is the difference between precipitation and evapotranspiration. A long-held
assumption is that there is an adverse relationship between forest cover and water yield. However, more
recent reviews of research indicate that post disturbance (i.e. timber harvest or forest fires) that decrease
forest cover may increase, decrease, or cause no significant change to water yield in a watershed
(Goeking and Tarboton 2020). The relationship between forest cover in mountainous watersheds and
water yield is complicated by variables like aspect, elevation, latitude, seasonal snowpack accumulation
and prevailing wind direction (ibid). Additionally, climate variability over water years may dominate
forest cover as the primary driver for water yield (Kurzweil et al. 2021). Land management activities that
affect forest cover may significantly change water yield in a watershed, but effects must be analyzed on a
case-by-case basis while recognizing that complex interactions of many variables drive water yield.

Surface and Ground water provide municipal water supply to both residents and municipalities. At times
of municipal water scarcity, the topic of increasing stream flows for water yield through additional forest
harvest has gained political and media attention (see section 3.10.5: Municipal Watersheds). There are
four stream diversions to irrigation canals where the diversion structure is on the Lolo National Forest:
Quast ditch from Rattlesnake Creek, Dunham ditch from Dunham Creek (and possibly Shoup Creek), an
unnamed ditch from Cottonwood Creek (near the confluence with Little Shanley Creek), and the Alder
Creek ditch which has inter-watershed transfer of water from Alder Creek to the Dry Fork Creek in the
Little Bitterroot watershed. Additionally, there are seven irrigation diversion canals that convey water
across approximately 11 miles of National Forest System land.
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2.1.6 Invasive Species

A species is invasive if it meets two criteria: (1) it is a nonnative organism to the ecosystem under
consideration, and (2) its introduction causes, or is likely to cause economic or environmental harm, or
harm to human, animal, or health (Obama 2016). Invasive species includes all taxa, including plants (such
as state and county designated noxious weeds), vertebrates, invertebrates (such as emerald ash borer, non-
native mussel larvae, New Zealand mudsnail), and pathogens (such as blister rust). Invasive forest insects
and pathogens are addressed in section 2.1.6. Invasive species tend to spread aggressively because they
lack the natural controls, such as predatory insects and disease, which may have evolved within their
native ranges. As a result, they can displace native species, change hydrology and microclimatic features,
increase soil erosion, alter wildfire intensity and frequency, and generally disrupt natural processes and
reduce overall native community diversity. The 2012 Planning Rule identifies invasive species as a
stressor to natural processes.

Invasive Plants

Invasive plants are one of the most immediate and disruptive threats to ecosystem function and integrity.
Invasive weed infestations can substantially change biological diversity by affecting the amount and
distribution of native plants and animals. They can also have negative effects on forest regeneration,
wildlife and livestock forage, native plants associated with tribal rights, landscape and soil productivity,
fire cycles, nutrient cycling, riparian and hydrologic function, water quality, and human recreational
activities (Miniat et al. 2021). Non-native plants have either accidentally or deliberately been introduced
into the Northwest mountain ecoregions as a result of historical and current land uses based on livestock
ranching, farming, and timber harvesting (Parks et al. 2005). Many of these species arrived in the
Northwest between 1850 and 1920 and have spread to surrounding native ecosystems.

Invasive plant management prioritization on the Lolo National Forest relies heavily on the official
Montana Noxious Weed lists, the Aquatic Invasive Species list, and pertinent county noxious weed lists
(Montana Natural Heritage Program 2023a). A noxious weed is defined by Montana code annotated
(MCA 7-22-2101, 2014) as “any exotic plant species established or that may be introduced in the state
that may render land unfit for agriculture, forestry, livestock, wildlife, or other beneficial uses or that may
harm native plant communities”. The Lolo National Forest is continually collecting and updating spatial
inventory data of invasive plants, but many areas have not yet been inventoried. Information is regularly
shared with the Montana Heritage Program which maintains a statewide species occurrence database. The
Forest has successfully implemented weed management activities as reported in the 2021 Biennial
Monitoring and Evaluation Report. On a yearly average, the Forest treated 5,772 acres between 2018 and
2020, compared to an annual average of 2,859 acres between 2000 and 2001. However, the report cites a
lack of inventory and monitoring leading to an increased potential of new invaders to take hold on the
forest and existing infestations to grow in size and severity.

As of March 2023, the Montana Natural Heritage Program database records 44 state or county listed
invasive plant species occurring on the Lolo National Forest. Some of them are common and widespread,
such as spotted knapweed (Centaurea stoebe), oxeye daisy (Leucanthemum vulgare), common St. John’s-
wort (Hypericum perforatum), leafy spurge (Euphorbia virgata), and cheatgrass (Bromus tectorum).
Other species, such as yellow starthistle (Centaurea solstitialis), Japanese knotweed (Polygonum
cuspidatum), medusahead (Taeniatherum caput-medusae) and ventenata (Ventenata dubia) are only
known from a handful of locations but are a high priority for eradication or containment due to their
potential to invade native ecosystems and interrupt ecological processes. Several other high priority
weeds are known to be present in the vicinity of the Lolo National Forest but have not yet been recorded

54 Chapter 2



Lolo National Forest Land Management Plan
Revised Assessment

in the plan area. These include dyers woad (Isatis tinctoria), purple loosestrife (Lythrum salicaria), and
Rush Skeletonweed (Chondrilla juncea) (Lesica 2012, Montana Natural Heritage Program 2023a).
Aquatic invasive plants recorded within or adjacent to Lolo National Forest are fragrant waterlily
(Nymphaea odorata), flowering rush (Butomus umbellatus), yellowflag iris (Iris pseudacorus), eurasian
water-milfoil (Myriophyllum spicatum), and curly-leaf pondweed (Potamogeton crispus).

According to the Natural Resources Manager database queried in 2023, mapped invasive plants occupy a
footprint of 74,464 acres or 3.3% of the plan area but are not evenly distributed across the Forest. About
44% of the mapped invasive plant footprint is located within a 100-foot corridor of roads. Invasive plant
species are also more commonly recorded in the non-forested and warm dry broad potential vegetation
types compared to those in cooler habitats and higher elevation (Table 8). This is partly explained by
uneven survey efforts between easily accessible road-side areas versus backcountry and wilderness.
However, it is well documented that transportation routes provide corridors for mid to long-distance
invasive plant dispersal (Tyser and Worley 1992, Gelbard and Belnap 2003, Mortensen et al. 2009,
McDougall et al. 2018). A systematic study of roadside vegetation in the Wallowa Mountains of eastern
Oregon showed decreased non-native species abundance with increased canopies and higher elevations
(Averett et al. 2016). The authors suggest that the high canopy closures of mid-elevation forests provide
barriers to non-native species establishment and act as buffers to upper subalpine and alpine ecosystems.

Table 8—Mapped invasive plant species on the Lolo National Forest by broad potential vegetation type
(broad potential vegetation type)

Broad Potential Vegetation Type = Mapped Acres | Broad Potential Vegetation Type

(Footprint) (percent)
Non-Forested 5,244 9.9
Wetlands/Riparian/Water 1,507 6.3
Warm Dry 45,985 6.7
Warm Moist 9,331 2.5
Cool Moist 11,335 1.5
Cold 1,059 0.3

Parks et al. (2005) explored the relationship between vegetation type, elevation, and disturbance on the
presence of non-native plants and found an overwhelming importance of disturbance in facilitating non-
native plant establishment. Altered riparian ecosystems and low elevation disturbed shrub steppe,
grassland and pine forests are especially vulnerable to plant invasion, but many non-native plants are
generalists and less limited by environmental gradients than native species (Parks et al. 2005). Broadly
adapted species such as Dalmation toadflax (Linaria dalmatica) appear to be more restricted by properties
of the native community than climatic conditions (Pollnac and Rew 2014).

Disturbances may include natural events such as floods, windstorms or wildfire which create
opportunities for invasive plant establishment by decreasing vegetation cover and increasing light levels.
Disturbances resulting from human activities are the cause of most of today’s problems with invasive
species (Hobbs and Humphries 1995). At local scales, the number of invasive species and their abundance
are generally highest in and around disturbed patches, corridors, and edges such as riparian corridors,
transportation corridors, skid trails and haul routes associated with timber harvest, and fuel treatments
(Benninger-Traux et al. 1992, Buckley et al. 2003, Gelbard and Belnap 2003, Larson 2003).
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In western Montana ponderosa pine forests, restoration treatments were found to increase non-native
species cover; the combination of thinning and subsequent burning resulted in higher increases than either
thinning or burning alone (Metlen and Fiedler 2006). Many of the non-native species of recently treated
ponderosa pine forests, such as common mullein (Verbascum thapsus) and prickly lettuce (Lactuca
serriola), are considered transient members of the understory and do not pose a threat to native plant
communities (Martinson et al. 2008). However, a long-term study in the Bitterroot Valley showed some
invasive plants persisting for decades, albeit at low covers (Jang et al. 2021). Species present 23 years
after treatment included spotted knapweed (Centaurea stoebe) and meadow hawkweed (Hieracium
caespitosum).

In grass-, shrub-, and woodland ecosystems, chronic ungulate grazing by wildlife and livestock increase
the potential for exotic plant invasion, especially when coupled with disturbances such as wildfire (Vavra
et al. 2007). A study of western Montana grasslands in 2011 to 2014 determined that the three most
impactful exotic species at that time were cheatgrass (Bromus tectorum), spotted knapweed (Centaurea
stoebe) and leafy spurge (Euphorbia virgata) (Pearson et al. 2016). The invasion of spotted knapweed
into native bunchgrass communities has lowered forage availability to elk during late winter and early
spring (Rice et al. 1997). Annual grasses such as cheatgrass (Bromus tectorum) and ventenata (Ventenata
dubia) cure early in the season compared to perennial grasses, and ventenata is not considered palatable to
livestock because of its high silica content. Grasslands invaded by these species do not provide
dependable forage for wildlife or livestock (Pellant 1996, Hart and Mealor 2021). While ventenata has
only been recorded in few locations on the Lolo National Forest, it is widespread in many Montana
counties. This species has rapidly invaded the Pacific Northwest bunchgrass prairie and spread into
shrublands, scablands, woodlands and forest mosaics in eastern Oregon and adjacent Idaho within the last
two decades (Averett et al. 2016, Jones et al. 2018, Averett et al. 2020).

Increasing dominance of invasive annual grasses has altered fire regimes in many ecoregions of the
United States (Fusco et al. 2019). Frequent fire is often followed by increased abundance of invasive
grasses which further creates fuel conditions that facilitate combustion, resulting in a “grass-fire cycle
(D'antonio and Vitousek 1992). This feedback cycle is well documented for arid and semiarid ecosystems,
but invasion by ventenata (Ventenata dubia) may also pose a threat to forested environments (Kerns et al.
2020).

The response of non-native plants to climate change in the northern Rocky Mountains will likely vary
depending on the specific ecological amplitude and life history strategy of individual species (Loechman et
al. 2018). However, for the Lolo National Forest, bioclimatic modeling indicates increased invasion risk
for yellow starthistle (Centaurea solstitialis), cheatgrass (Bromus tectorum) and tamarisk (Tamarix spp.)
but decreased suitability for leafy spurge (Euphorbia virgata) (Bradley et al. n.d.), (Adhikari et al. 2020).
In a warming climate, broadly adapted invaders of higher elevation ecosystems may have the capacity to
spread into subalpine and alpine environments (Pollnac and Rew 2014).

Aquatic invasive plants can severely alter environmental conditions, ecosystem processes, plant and
animal communities, and human uses of water bodies. Freshwater aquatic habitats appear to be
disproportionately vulnerable to and negatively affected by invasive species compared to terrestrial
habitats (Moorhouse and Macdonald 2014) because of the wide range of potential pathways for spreading
live organisms, such as, boats, ballast water, and the aquarium trade and the susceptibility of aquatic
systems to hydrologic, nutrient, and other disturbances (Lodge et al. 1998, Zedler and Kercher 2004).
Aquatic invasive plants not only drive alteration of habitats but also benefit from habitat degradation in
response to anthropogenic stressors and disturbances (MacDougall and Turkington 2005).
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The extent to which invasive plants impair aquatic habitats and can be effectively controlled depends on a
variety of factors, including site conditions, detection and response times, and management decisions.
Thick dense mats of Eurasian watermilfoil reduce light penetration and water movement, deplete oxygen
levels, and affect water temperatures with adverse effects on native aquatic vegetation. Similarly, fragrant
waterlily can reduce light, increase water temperature and encourage algal growth which impacts water
quality and wildlife habitat (King County 2010). Flowering rush can form dense stands in previously
unvegetated shallow fringes of lakes. If left unchecked, potential impacts such as changes in water
temperature regimes, nutrient transfers, and altered sediment transport, deposition, and accretion rates are
likely to increase. These dense stands can also provide habitat for snails as vectors for pathogens and non-
native fish, such as, northern pike that predate cutthroat trout (Oncorhynchus clarkii), bull trout
(Salvelinus confluentus), and juvenile anadromous salmonid (Oncorhynchus) species (Area 2019).

Terrestrial Invasive Invertebrates and Vertebrates

As of March 2023, there are no known populations of Montana high priority terrestrial invasive
invertebrates or vertebrates within Lolo National Forest boundaries according to Montana Natural
Heritage Program data. The Montana Natural Heritage Program identifies two high priority species in
Montana with a high potential to expand in Montana through human activities: eastern heath snail and
feral swine.

Eastern heath snail (Xerolenta obvia) is listed as a high priority snail in a preliminary risk assessment of
alien non-marine snails and slugs of priority quarantine importance in the United States (Cowie et al.
2009). The overall USDA qualitative pest risk is medium and was recommended for delimitation,
containment, and eventual eradication. The expansion of eastern heath snail populations locally in
Montana and in Michigan and in Ontario, Canada indicates it is not significantly impeded by climate. The
adaptations that allow this species to survive adverse temperatures and low humidity protects it from
extreme winter temperatures and weather (Forsyth et al. 2015). The climate matching model produced by
the US Fish and Wildlife Service demonstrated the central Montana region was a close climate match for
eastern heath snail. The overlap between the predicted range of eastern heath snail and grain, pulse, and
brassica growing regions is extensive.

Eastern heath snail negatively impacts Montana’s agricultural, recreational, and environmental resources.
Cattle may reject pasture and cut forage contaminated with snail mucus (Baker 2002, Grains Research
and Development Corporation 2003). The Melissa blue butterfly, Plebejus melissa (Edwards), feeds on
Lupinus perennis (sundial lupine), which is preferred forage for eastern heath snails. The western
subspecies, P. melissa melissa, Melissa blue, also feeds on Astragalus alpinus L. (alpine milkvetch),
Glycyrrhiza lepidota Pursh. (American licorice), Lotus corniculatus L. (bird' s-foot trefoil), Lupinus x-
alpestris A. Nelson (Great Basin lupine), and Medicago lupulina L. (black medick), so it is likely not
threatened by either habitat loss or feeding by eastern heath snail (Lotts and Naberhaus 2021). The eastern
subspecies of this butterfly, the Karner blue, Pmelissa samuelis, is threatened by habitat loss and loss of
its single host plant and is considered critically endangered by U.S. Fish and Wildlife Service. Eastern
heath snail can carry tapeworms and roundworms which is a concern for bighorn sheep and reintroduction
efforts. Eastern heath snail has the potential to displace several native mountain snails (Oreohelix sp.)
listed by the Montana Natural Heritage Program as Species of Concern. Eastern heath snail attaches to
surfaces including wood, metal, knapweed, chokecherry, hollyhocks, roses, and grasses (Montana
Department of Agriculture 2014). Eastern heath snails have been transported outside of the Belt, Montana
area by attaching to and moving on hard surfaces (e.g., gardening pots, pallets) and natural materials (e.g.,
hay, soil, firewood, gravel). Eastern heath snail was transported in gravel to Monarch, Montana adjacent
to Helena-Lewis & Clark National Forest; this population expanded into the National Forest (ibid).
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Feral swine were first brought into the United States in the 1500s by early explorers and settlers as a
source of food. Their geographic range species is rapidly expanding, and its populations are increasing
across North America because of their highly adaptable nature and reproductive efficiency. The growing
population of feral swine in Alberta and Saskatchewan, Canada is likely to colonize northern Montana (U.
S. Department of Agriculture 2021). Their range has also been expanded through the illegal translocation
of swine by humans and escapes from enclosures; the highest potential pathway into Lolo National Forest
is through these pathways. Feral swine have not been confirmed in Montana; however, the Montana
Board of Livestock receives frequent reports of feral swine, yet no reports have led to a positive
identification of feral swine. The state’s goal is to remove the animals before the population becomes
established, damage increases, and the swine become more difficult and expensive to eradicate (U. S.
Department of Agriculture 2021).

In Montana, feral swine are defined as a hog, boar, or pig that appears to be untamed, undomesticated, or
in a wild state or appears to be contained for commercial hunting or trapping (MCA §81-29-101).
Montana’s laws defining feral swine do not include a genotypic definition because domestic swine species
can revert to a feral state in just a few generations. Individuals may not import, transport, possess,
intentionally feed, expand the range, or profit from the release, hunting, trapping, or killing of feral swine
(MCA §81-29-104). In addition, individuals may not intentionally, knowingly, or negligently allow swine
to live in a feral state (MCA §81-29-104).

Feral swine compete with native wildlife for food, habitat, and water. Feral swine diets overlap with those
of native wildlife, such as bear, deer, and turkey, which results in competition for important and limited
natural food supplies. Feral swine activity will often deter other species from living in an area, resulting in
competition over prime habitat. Feral swine wallow in mud to maintain proper body temperature where
they can monopolize and contaminate limited water sources. Feral swine also prey directly on the nests,
eggs, and young of native ground nesting birds and reptiles. Feral swine have been documented killing
and eating deer fawns, and actively hunting small mammals, frogs, lizards, and snakes (USDA-APHIS
2021). Feral swine can carry 30 viral and bacterial diseases, and nearly 40 parasites that may affect
humans, pets, domestic livestock, and wildlife species (Ruiz-Fons et al. 2008, Meng et al. 2009). Feral
swine can also harbor the causative agents of important foodborne diseases such as Escherichia coli (E.
coli), Salmonella spp. and Trichinella spiralis (Brown et al. 2018). Feral swine can also transmit many of
these diseases to pets, including pseudorabies.

Aquatic Invasive Invertebrates

Aquatic invasive invertebrates can displace native species, clog waterways, impact irrigation and power
systems, degrade ecosystems, threaten recreational fishing opportunities, and can cause wildlife and
public health problems. Since most systems experience multiple invaders (Kuebbing et al. 2013),
understanding the additive and interactive effects of invaders, including invasional meltdown is key to
understanding overall invader impacts. For example, the ecological effects of dreissenid mussels are
considered the one of the most extensive, causing local extinction of many native mollusks, modifying the
food chain and fish assemblages, and contributing to the collapse of valuable sport fish populations
(Pimentel et al. 2005, Strayer 2010). Once established, these mussels commonly reach densities more than
100,000 individuals per square foot (Higgins and Vander Zanden 2010), clogging pipelines and water
intakes and disrupting operations at hydroelectric power plants, municipal water supply facilities, and
irrigation systems. Recreational boaters will incur costs from removing mussels on hulls, engines, and
steering components. Beaches could become encrusted with sharp shells. A recent study (Nelson 2019),
reported the potential economic damages of dreissenid mussels were to colonize all waterbodies in
Montana totaled $72.4 to $121.9 million in mitigation costs, $23.9 to $112.1 million in lost revenue, and
$288.5 to $497.4 million in property value losses. According to the Montana Natural Heritage Program
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database, as of March 2023 there are three aquatic invertebrates found within the Lolo National Forest
geographic area are faucet snails (Bithynia tentaculata), virile crayfish, and New Zealand mudsnail.

Faucet snails are found in Upsata and Browns Lakes; the popularity of these lakes in proximity to Lolo
National Forest increases the potential risk of introduction to waterbodies on the Forest. Faucet snails
have the potential to have major ecological and economic impacts. The snail is an intermediate host for
four species of trematode parasites that can be lethal to waterfowl when snails are ingested (Huffman and
Roscoe 1986, Hoeve and Scott 1988, Roy et al. 2016). During the Spring of 2006, approximately 22,000—
26,000 migrating waterfowl were killed by ingesting faucet snails infected with trematodes in the Upper
Mississippi River National Wildlife and Fish Refuge (Sauer et al. 2007). Faucet snails may also alter
aquatic ecosystems by grazing on biofilms or filter feeding from the water column, which likely gives
them a competitive advantage over native snails and may enhance the faucet snail’s survival in eutrophic
habitats (Schock et al. 2019). Faucet snails could incidentally become entrapped and survive on the dry
surfaces of small fisheries gear (e.g., dip nets, boots, or small seines) for several hours to several days. If
it not disinfected (every faucet snail killed), transport of the gear may be a pathway for expansion of the
faucet snail’s range (Mitchell and Cole 2008).

Virile crayfish (Faxonius virilis) is native to eastern Montana but has been transported by human activity
west over Continental Divide the last 30 years according to the Montana Natural Heritage Program. It is
an omnivorous scavenger that shreds and consumes large pieces of organic matter. Virile crayfish
shredding can have substantial effects on the food web by providing smaller organic materials to
invertebrates and fishes feeding lower and smaller on the food chain and may compete for food resources
with other shredders. Virile crayfish are a vector of a pathogen that causes lesions to develop on the
crayfish; researchers uncertain what pathogen causes these lesions. Greater than 90% of the virile crayfish
collected in Placid (Lolo National Forest) and Tally (Flathead National Forest) Lakes had lesions. Lesions
were more severe and more prevalent on virile crayfish west of the divide (non-native) compared to east
(native in some sites). The conservation impacts of this invader as a vector of an unknown pathogen could
potentially be significant.

New Zealand mud snail (Potamopyrgus antipodarum) is found in Beavertail Pond in Missoula County
and Mitchell Slough and Skalkaho Creek in Ravalli County, based on the Montana Natural Heritage
Database as of 2023. This species is a successful invader because of its opportunistic traits and tolerance
of broad ranges of environmental conditions. Optimal conditions for successful New Zealand mud snail
establishment are stable hydrology, slow water velocity (or refugia in waters with high velocities), high
specific conductivity, and moderate salinity (Hall et al. 2006, Geist et al. 2022). As detritivore-herbivores,
they impact multiple compartments of aquatic ecosystems and their functioning. They can become
extremely abundant and has one of the greatest secondary-production rates reported for any stream-
benthic invertebrate (Hall et al. 2006). Minimal genetic variation within and among invasive populations
and minimal predation and parasitism suggest environmental factors constrain populations. New Zealand
mud snail alter invertebrate and algal communities and can resist digestion by many fish species. This
lack of digestion combined with expanding New Zealand mud snail populations suggest that snail-eating
fish are unlikely to regulate New Zealand mud snail populations and may aid in local range expansion.
Morphological and life history traits facilitate more highly effective transport of the species and difficulty
detecting it, such as, small body size, a parthenogenic reproduction strategy that allows a single individual
to establish a new population, resistant and operculate shell allows this species to tolerate desiccation and
passage through digestive tracts of some other organisms, and broad environmental tolerances as listed
above (Levri et al. 2007, Loo et al. 2007, Butkus and Vaitonis 2019). Water-based human recreation has
the highest potential to move this species longer distances between watershed followed by fish and
wildlife; it can attach to waterfowl and be ingested by fish who then transport it. Downstream drift is
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probably the most significant means of transport once a population is established in flowing waters (Geist
et al. 2022). Aquatic systems with favorable conditions may be more susceptible to not only the invasion
of New Zealand mud snail, but also to larger ecological impacts by facilitating rapid population growth
and dominance over the resident community and resources (Geist et al. 2022).

Aquatic Invasive Vertebrates

Aquatic invasive vertebrates in the plan area include several non-native fish species that can be
categorized as cold-water species and cool-water species. Warm-water species such as largemouth bass
(Micropterus salmoides), pumpkinseed (Lepomis gibbosus), and yellow perch (Perca flavescens) are also
present in the assessment area but are mostly restricted to lakes and fishing ponds either because of their
habitat requirements for lake-like conditions and/or warmer temperatures. These species pose little threat
to native fisheries. Other invasive vertebrate species include American bullfrogs and snapping turtles.

The cold-water category of non-native fish primarily include brook trout (Salvelinus fontinalis), brown
trout (Salmo trutta), and rainbow trout (Oncorhynchus mykiss). These species were introduced to western
Montana by management agencies to provide increased recreational angling opportunities in the early- to
mid-1900s. This practice was discontinued in the 1970s after research showed this was harmful to native
fish communities. Because stream conditions in western Montana are ideal for introduced cold-water
species, they reproduce naturally and have become a permanent component of the fish community. They
now greatly outnumber native trout species in many systems. Brook, brown, and rainbow trout, while still
sought after by anglers, threaten native fish through a variety of mechanisms (see section 2.6.2). Although
brook trout and rainbow trout populations appear to be stable in number and distribution, brown trout
numbers are declining in many western Montana systems for unknown reasons. Brown trout are still
expanding their range on the Lolo National Forest as they have a slightly warmer water preference than
other trout so climate change appears to be increasing their suitable habitat. Lake trout (Salvelinus
namaycush) are another non-native, cold-water fish found in many western Montana watersheds, but are
currently only found on the far western edge of the assessment area (Noxon Reservoir). This reservoir is
primarily downstream of the Lolo National Forest on the Clark Fork River such that the hydropower dam
in Thompson Falls prevents lake trout from moving upstream into Lolo watersheds; fish ladder
technicians at Thompson Falls Dam ensure no lake trout are allowed to pass upstream.

The cool-water category of non-native fish in the plan area primarily include northern pike (Esox
lucious) and smallmouth bass (Micropterus dolomieu). These species were likely introduced illegally by
the public in the early 1990s to provide recreational opportunities. Although these species have also been
able to reproduce naturally in some areas, they are not as abundant as the non-native cold-water trout
species.

Northern pike generally require slower water with abundant aquatic vegetation to spawn; these conditions
do not occur often on the Lolo National Forest. Exceptions include the natural chain of lakes in the
Clearwater River system near Seeley Lake and the unnaturally occurring reservoirs created by dams (ex.
Thompson Falls Reservoir). Northern pike numbers in the Clark Fork River portion of the area were
substantially reduced after the Milltown Dam east of Missoula was removed in 2011 but now appear to be
stable in both abundance and distribution.

The illegal introduction of smallmouth bass may have occurred later than northern pike as they are not as
widely distributed in the plan area despite being more accustomed to flowing waters. The largest
concentration of smallmouth bass on the Forest currently is in the Clark Fork River between Thompson
Falls and Paradise and upstream into the Flathead River. This portion of the Clark Fork appears to be
somewhat of a transportation corridor for smallmouth bass that are more abundant in the Noxon Reservoir
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downstream of the plan area and large sections of the Flathead River to the north. In fact, Montana Fish,
Wildlife, and Parks and other management partners have allowed smallmouth bass to be passed upstream
of the Thompson Falls dam via the fish ladder in recent years because they are already ubiquitous above
and below the dam. Smallmouth bass do not seem to continue upstream in the Clark Fork River and into
other Lolo National Forest watersheds in detectable numbers for reasons that are unclear. However,
smallmouth bass are becoming increasingly established in the Clearwater chain of lakes to include
Salmon and Seeley lakes. With sizable source populations now on either side of the plan area and suitable
habitat in between, it is likely that smallmouth bass will increase in number and distribution in coming
years. Walleye (Sander vitrieus) are another cool-water species that often becomes established in western
Montana watersheds but are currently restricted to the Noxon Reservoir by the Thompson Falls Dam. Fish
ladder technicians ensure no walleye are passed upstream into other Lolo National Forest watersheds.

American Bullfrogs (Lithobates catesbeianus) are known to occur on the Lolo National Forest along the
Clark Fork and Bitterroot Rivers and adjacent private ponds, based on the Montana Natural Heritage
Program database in 2023. One inductive model (Montana Natural Heritage Program and Parks 2023)
that predicts the current distribution and relative suitability of general year-round habitat for American
Bullfrog at large spatial scales across the entire state of Montana, predicted medium and high suitable
habitat mostly along the Clark Fork and Bitterroot Rivers with some low suitability habitat along the
tributaries within Lolo National Forest.

Snapping turtles are non-native and invasive to Western Montana. They have been recorded on
Rattlesnake Creek (pet released) and backwaters of the Clark Fork River near Milltown. One model from
the Montana Natural Heritage Program predicts the current distribution and relative suitability of general
year-round habitat for snapping turtles at large spatial scales across the entire state of Montana, identified
moderate suitable habitat along the Clark Fork River and low suitable habitat in some of the creeks within
Lolo National Forest. Typically, snapping turtles spend most of their time under the water buried in mud,
only coming to the surface to breathe and find nesting sites (Montana Fish Wildlife and Parks 2022b).
They prefer muddy or sandy bottom aquatic habitats with ample vegetation or debris, like those of
sloughs, backwaters, and ponds (Reichel 1995). The western Montana population dispersal pathway is
most likely human introduction, walking from one waterbody to another, and along riparian corridors
(Montana Fish Wildlife and Parks 2022b). Snapping turtles are resilient and voracious predators that can
overtake a pond or lake ecosystem and severely impact native populations of fish, waterfowl, amphibians,
and possibly native turtles (Moldowan et al. 2015); however, their very low recruitment rate (Montana
Fish Wildlife and Parks 2022b) and heavy predation to their nests combined with other threats to their
young may reduce their threat to native species and habitat. The Montana Fish, Wildlife and Parks
received (Montana Fish Wildlife and Parks 2022b) only three reports of juvenile snapping turtles during
the 2022 trapping effort in the Swan Lake area and no juveniles were trapped. It was also recommended
that monitoring, trapping, and public education continue.
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2.1.7 Mining

The Lolo National Forest has a long history of mining and mineral development across and adjacent to
the administrative boundary. Legacy mining has resulted in a cascade of environmental impacts across the
forest that now comprises an important component of the forest’s program of rehabilitation work
involving substantial partner cooperation and coordination. Current and forecasted interest in mineral
development across the forest is relatively limited. The current regulatory framework in tandem with
1986 forest plan direction has provided an effective framework for managing mining requests and
mitigating or avoiding legacy effects at the scope and scale seen historically. This section focuses on the
influence of mining as an ecosystem stressor; refer to section 3.10.4 for more information on mineral
resources and mining as a multiple use on the Lolo National Forest.

There has been a history of mining on the Lolo National Forest dating from the 1860s to the turn of the
20" century. Early mining activities began with the discover of placer gold deposits, generally focused on
precious metals. Although hard-rock mining has occurred, the most significant mineral deposits currently
being worked are associated with placer mines. Some areas on the Forest have a moderate to high
occurrence and development potentials for metallic minerals. While there have been no economic
discoveries of oil and gas resources west of the Continental Divide, the areas underlying and immediately
adjacent to the west flanks of the Glacier Park and Swan Ranges have been recognized as having high
potential for the occurrence of oil and gas. Coal bearing units also exist, either at the surface or at depth,
west of Missoula near Frenchtown and in the Ninemile valley area. There is low potential for geothermal
development on the Lolo National Forest.

Legacy mining effects on land productivity and water quality form the focus of the Forest’s restoration
program of work. Impacts include direct effects from mining across National Forest lands and indirect
effects from mining on adjacent or nearby private lands. Many streams across the Forest are 303(d) listed
for impairment related to past mining and multiple mainstem and tributary streams have been designated
as Superfund sites under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) of 1980. A variety of projects across the Forest are ongoing to address environmental damage
in coordination with the Environmental Protection Agency and the Montana Department of
Environmental Quality. Nancy Lee, Tarbox, St. Louis Creek, Kennedy Creek, and Flat Creek are all
recent (within 20 years) or current superfund and CERCLA cleanup sites.

The Ninemile watershed is one example of legacy mining impacts and rehabilitation work. The Total
Maximum Daily Load process completed by Montana Department of Environmental Quality in 2006
identified probable causes and sources of impairment. Sedimentation, low flow alterations, and habitat
alterations were identified as impairments in the mainstem or selected tributaries. In the mainstem
Ninemile valley bottom, dredging straightened over five miles of Ninemile Creek and left linear waste
rock piles that impaired aquatic habitat, reduced baseflows, and created long-term water quality issues.
Starting in 2015, the Lolo National Forest partnered with Trout Unlimited, Montana Fish Wildlife and
Parks, Missoula County, Montana Department of Natural Resources and Conservation and Department of
Environmental Quality to address mining impacts. Since that time, over $7,000,000 as of 2023 have been
spent to remove waste rock and restore channel and floodplain systems. Over five miles of channel or
valley bottom rehabilitation have been completed in the mainstem and tributaries, yielding measured
improvements in baseflow, water quality, and aquatic habitat by reducing land loss and sedimentation.
The highest sediment loading in the basin had placer mining origins that as of 2022 have been remediated.

The Montana Bureau of Mines and Geology, in coordination with the Forest, inventoried and conducted a
preliminary characterization of abandoned and inactive mines in the administrative boundary. This
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inventory included an assessment of human health and environmental risks at each site. Methods and
findings of this effort were documented in Montana Bureau of Mines and Geology Open File Report 476
(Hargrave et al. 2003). In total, 109 sites were visited and existing or potential water quality exceedances
were noted at 19 of them (ibid). This report represents the best available information regarding current
mine-related water quality exceedances across the Forest. Another iteration of water quality
characterization may be warranted at these sites to better inform management needs.

Considering the existing portfolio of mine-related water and aquatic restoration work and the continued
backlog of restoration needs across the Forest, mine-related restoration is likely to continue in coming
years. Administration of mining activity under the 1986 plan in tandem with other relevant regulatory
authorities has limited the magnitude and extent of resource adverse resource effects compared to mining
administered prior to 1986. Cumulative effects of small mining operations continue to be evaluated.
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2.1.8 Livestock Grazing

This section provides an overview of the influence of livestock grazing as an ecosystem stressor; refer to
section 3.10.2 for information on livestock grazing as a multiple use. Capable and suitable rangelands are
limited on the Lolo National Forest. Challenges to managing livestock include rangeland conversion to
other land uses and maintaining resilient productive rangeland ecosystems with associated multiple-uses
and climate variables. Since the 1950s, grazing use has generally been declining. Current grazing uses
consist of 11 cattle grazing allotments (figure A1-26); there are no active allotments for sheep or goats.

A considerable amount of the literature has focused on assessing the environmental and ecological
impacts of grazing federally managed public land (Runge et al. 2018). Literature suggests that grazing has
substantial environmental impacts, both beneficial and harmful to some conservation goals (Krueger and
Sheley 2002). The Rocky Mountain Research Station GTR374 (McKelvey and Buotte 2018) provides
reference that generally U.S. rangelands are not improperly grazed to the point of degradation, and
improper grazing is not the normal condition across rangelands in the Northern Region.

Unwise use by livestock can be a common cause of deteriorated riparian zones in western rangelands
(Knopf and Cannon 1981). Improper livestock grazing can have numerous direct and indirect effects on
soil infiltration by trampling, compaction, and loss of vegetation cover on both upland and riparian sites.
Impacts are often greater in riparian zones because livestock seek shade, water, and succulent vegetation
in which these areas provide (Andrew et al. 2004). Overuse by livestock in riparian zones can reduce
bank stability through vegetation removal and bank trampling, increase soil compaction and
sedimentation, cause stream widening or down cutting, and can change vegetation composition (Platt
1991). Other ecological challenges that may arise in grazing allotments can include the spread of noxious
weeds and the presence of nonnative invasive forage species. Additional information found in the
invasive species section (section 2.1.6).

A Columbia River Basin analysis and evaluation of stream attributes included streams in reference and
managed areas, which included areas within portions of the Lolo NF. The data used to determine the
status and trends of stream conditions in reference and managed stream reaches were collected as part of a
large-scale stream reach monitoring program within the Interior Columbia River Basin. The literature
indicated the general status and trend of stream conditions were improving within the study area (Roper et
al. 2019). All allotments and site-specific streams within the Lolo NF may not be reflected by the study
area and was a broadscale approach within the Columbia River Basin to assess trend.

To address the potential resource impacts of livestock grazing, the 1986 Plan incorporated grazing
standards. Adaptive management practices used in allotment management plans include deferment and
rest from grazing, cultural and mechanical vegetation treatments, infrastructure to control livestock, and
conservation measures to protect federally listed plants and animal species. Current management of
grazing seeks to maintain the ecological integrity of rangeland ecosystems. The reduction in upland grass
and herbaceous fuels caused by grazing may be a positive management objective in some places.
Disturbances can impact grazing practices; for example, areas affected by drought or burned by wildfire
may need to be rested from grazing while the vegetation recovers.

Adaptive strategies for managing livestock and the greatest success with ecosystem resilience may be
achieved by managing within the carrying capacity, adjusting stocking rates to allow plant recovery,
adjusting season of use, deferred grazing systems, and increasing the time or rest between periods of
grazing.
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According to the 2021 Biennial Monitoring Report for the Lolo National Forest, livestock use is being
managed with the carrying capacity of the existing allotments and that the Lolo National Forest has been
successful with managing and updating the existing permits and achieving forest plan direction. Impacts
have and continue to occur in some wetlands and stream segments; future monitoring is planned to
improve our understanding, and impacts will be further addressed with appropriate remedial actions.
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2.1.9 Forest Vegetation Management

Forest vegetation management includes activities such as timber harvest, prescribed fire and other fuel
reduction treatments, reforestation activities, and other stand tending activities such as precommercial
thinning. These actions are drivers of vegetation change and have the potential to influence vegetation
conditions trends at both the stand-level and landscape-scale depending on the type of treatment, the
spatial extent and placement of those treatments. Timber harvest on the Lolo National Forest had the
greatest role in influencing forest conditions during from 1920 to the 1990s which corresponded with a
moister climate and fire suppression that limited the influence of other ecosystem drivers such as wildfire
and insects. Since the 1800s, the timber-harvest industry has played a major role in the development of
rural communities and culture, and helped establish the infrastructure needed to accomplish forest
management activities which remain important today.

Forest vegetation management activities that are focused on improving resilience or resistance to natural
disturbances may include mechanical harvest or fuels manipulations such as hand thinning and piling,
prescribed fire, or a combination of activities. Typical outcomes of activities may include: 1) reducing
overall stand densities; 2) reducing canopy fuels, heavy surface fuels, and ladder fuels; 3) increasing the
mean diameter of trees in stands, and 4) shifting composition toward the more drought- and fire- tolerant
species as appropriate for the site. The application of prescribed fire is also important to achieve other
ecological objectives in fire-adapted ecosystems including but not limited to nutrient cycling, fire
hardening of certain tree species for long-term snag retention, creation of seedbeds for reforestation, and
reducing accumulated fuel loading while stimulating understory vegetation response.

Timber harvest is a tool used not only to provide timber products and contribute to the local economy but
also to achieve multiple resource objectives. The objective of any timber harvest project varies depending
on the location and local landscape conditions, but objectives may include reducing insect or disease
impacts, improving wildlife habitat, altering vegetation conditions to enhance forest resiliency, reducing
fuel loadings and fire risk, increasing tree growth rates, and improving timber productivity. Timber
harvest especially in conjunction with prescribed fire will continue to be a valuable tool in the future to
maintain ecological integrity as evidence suggests that proactive management can prepare many
landscapes for future wildfires and the maintenance work they can provide (Hessburg et al. 2021).

Regeneration harvest refers to any removal of trees intended to assist in the regeneration of a new age
class or to make regeneration of a new age class possible (Forest Service Handbook 1909.12.60).
Regeneration harvest may include even-aged, two-aged, and uneven aged methods. In particular, even- or
two-aged regeneration harvests that remove most existing mature trees and establish a new forest
dominated by seedlings are important methods to adjust species composition, increase forest structural
diversity across landscapes, and establish early successional plant communities. An intermediate harvest
entry modifies an existing stand and does not promote the establishment of regeneration. Intermediate
harvest is a collective term for any treatment or tending designed to enhance growth, quality, vigor, and
composition of the stand after establishment or regeneration and prior to final harvest (Forest Service
Manual 2470). There are many possible purposes for intermediate harvest, including modification of
species composition and structure for a variety of objectives such as improved resiliency to disturbances,
as well as enhancing the quality, growth, or commercial value of trees. Variants of intermediate cuttings
include commercial thinning, improvement harvest, sanitation, salvage, and liberation harvest.
Reforestation and other non-commercial stand tend treatments (such as pre-commercial thinning) are
often conducted to meet objectives or maintain desired conditions in harvested stands over time.
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Following harvest, treatment of ground fuels, surface fuels and ladder fuels is often necessary to meet
desired conditions with respect to fire resilience and fuel loadings. There is increasing scientific evidence
that thinning stands without dealing with the fuels that is generated by the thinning activity can increase
the intensity of subsequent wildfires in the short-term (North et al. 2007, Ager et al. 2010, Kalies and
Yocom Kent 2016), and that the combination of mechanical treatment followed by fire is the best
approach to achieve fuels reduction and improve fire resilience and ecological function. Prescribed fire is
the primary technique for dealing with slash, small residual trees, surface and ladder fuels, and some
ground fuels (litter and duff). Prescribed fire may take the form of underburning, broadcast burning, or
burning fuel concentrations, such as jackpot burning and the burning of hand piles. The type of fire
applications applied is dependent on the objectives of treatment, such as desired levels of fuel
consumption and tree mortality. Mechanical forms of fuel treatment, such as mastication, may be an
alternative where fire cannot be used. Prescribed fire and fuel reduction activities are also used without
harvest activities, as stand-alone management tools to achieve desired vegetation conditions. In many
areas, the application of prescribed fire is the best or only tool to influence vegetation condition.

Table 9 shows the acres of regeneration harvest, intermediate harvest, and fuels treatments that occurred
from 2018-2021 as reported in the 2021 Biennial Monitoring Evaluation Report for the Lolo National
Forest(U.S. Department of Agriculture 2022a).

Table 9—Vegetation treatment summary 2018-2021. Data source: FACTS

Activity 2018 2019 2020
Accomplished Accomplished Accomplished
Acres Acres Acres
Acres regeneration and removal harvests 5,023 3,061 3,828
Acres planting prior regeneration harvests 126 37 167
Acres intermediate harvest to reduce forest 264 918 3,593
density
Acres stand improvement activities 1,763 403 1,366
Acres mechanical fuels treatments not 9,295 3,610 5,035
related to timber harvest
Acres of prescribed burning 9,674 7,727 1,909
Acres planting following wildfire 977 1,244 2,427
Total 27,122 17,000 18,325

Forest vegetation management practices are used to meet multiple resource objectives including providing
for jobs and wood products to communities; improving forest health, vigor, and productivity; and
providing for vegetation diversity. In recent decades, management practices are primarily used to assist in
restoration of ecosystem processes, improve resilience, promote certain wildlife habitats, to reduce or
alter fuels to modify or change fire behavior, or to meet a combination of these objectives. Relative to
other ecosystem drivers and stressors such as insects and disease or wildfire, vegetation management has
a relatively small footprint on the Lolo National Forest. Nevertheless, forest management practices have
influenced ecosystem conditions in many areas. Vegetation management remains an extremely effective
tool for achieving desired vegetation conditions in key areas such as the wildland urban interface and can
have meaningful landscape-scale restoration impacts when designed and implemented strategically (Ager
2013, Hessburg et al. 2021). Many factors, such as law, policy, regulations, public expectations, and
litigation affect the scope and scale of the role that vegetation management plays on the landscape.
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2.1.10 Recreation

Recreation opportunities across the Lolo National Forest provide a wide variety of activities and settings
to connect people to the land and add value to the quality of life for visitors and local communities.
Trends in uses and additional information regarding recreation are detailed in section 3.4. This section
focuses on recreation as a stressor on forest resources and ecosystems.

While some recreational uses create very little impact on forest and aquatic ecosystems, other uses can be
very impactful and present challenges if unmanaged. Dispersed camping is a common ecosystem stressor
associated with recreation on National Forest system lands. This involves camping in areas that do not
provide infrastructure or facilities to support use and are not managed as developed recreation site or
campgrounds. When unmanaged dispersed camping areas receive high and frequent use, health and safety
issues and resource issues, such as sanitation, compaction, vegetation impacts, and erosion, can result. As
use continues, additional infrastructure and recreation management may be needed to reduce resource
impacts and manage these uses. Management approaches, including, but not limited to, site hardening,
installing barriers to manage parking and concentrate use areas, and installing toilet and garbage
collection facilities. Additionally, management often emphasizes visitor education and enforcement of
Leave No Trace principles and pack-in pack-out policies to reduce resource impacts.

Instream wood is an essential ecosystem component serving many purposes with primary functions of
flood energy dissipation and fisheries habitat. Most valley bottom streams are significantly lacking in
wood as compared to historic conditions, and more wood is needed in most stream systems to improve
the health of theses ecosystems. Concurrently, large instream wood and wood jams can be inconvenient or
even hazardous to recreationists in terms of blocking passage to floaters and entrapment. This challenge
presents a situation where public safety directly conflicts with ecological needs in these riparian systems.
Various agency officials, professional outfitters and guides, and members of the public have discussed this
challenge on several occasions on rivers such as the Bitterroot River, Clark Fork, and Rock Creek. With
an increase of boating, rafting, and floating on rivers across the Forest, further conversations in meeting
both resource needs and supporting safety will be needed.

In some cases, developed recreation opportunities are operated and maintained through special use
authorizations, such as developed ski areas. For these operations, the construction and maintenance of
roads, access routes, pipelines, power lines, water wells, diversions, storage tanks, reservoirs, and other
facilities can encroach directly on drainages and flood prone areas, alter water yield and runoff regimes,
cause erosion/land loss and sediment delivery to streams (Burt and Rice 2009, David et al. 2009). As with
all development, facilities such as buildings, parking lots, and sanitary systems can also contribute
pollutants to water quality.

As the level of development of recreation opportunities increase, so does the infrastructure required to
support those areas. The ability of the forest to maintain those features varies as staffing and budgets
fluctuate. Public health and safety are prioritized, followed closely by reducing resource impacts. In
recent years, additional funding sources and partnerships have allowed the forest to address backlog
maintenance at developed recreation sites. Information regarding additional Great American Outdoors Act
funding is found under section 3.4.
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2.1.11 Infrastructure

Infrastructure on the Lolo National Forest includes roads, trails, recreation infrastructure, administrative
facilities, bridges, utilities, and dams. Roads, trails, and recreation infrastructure provide mechanisms for
people to access and enjoy the National Forest. In addition, the road network facilitates land management
activities such as timber harvest, hazardous fuels reduction, and restoration activities. Refer to section 3.7
for more detailed information on the conditions, status, and trends of infrastructure on the Lolo National
Forest. This section focuses on the role of infrastructure as a stressor for ecosystems.

Transportation corridors are one of the most prominent threats to watersheds and aquatic ecosystems.
Stressors on systems are singular and/or cumulative depending on the resource impacted and variety of
scenarios such as location, condition, quantity, and/or sensitivity to climate change impacts. Examples of
stressors are barriers to aquatic organism passage (e.g. fish passage) such as roads and diversion dams,
water quality issues cause by erosion and sedimentation, encroachment on stream/floodplain structure and
functions, large wood loss, shade loss, vegetation trampling, among many others.

Transportation system location, use, and maintenance can affect forest and aquatic ecosystems. Poorly
maintained roads and trails can extend channel networks via interception and routing of water, increase
sediment delivery, reduce stream access to floodplains, and interfere with woody debris and other nutrient
cycles. Roads can also impact wildlife habitat connectivity by creating barriers to both aquatic organism
passage and wildlife habitat passage at road/stream crossings where structures are not sufficiently sized or
poorly located. Stream crossings are often located in lower gradient stream segments where fish would
typically spawn, which the structure presence can either preclude spawning, or in the case of a stream
ford, trample fisheries eggs and fry. A properly installed stream crossing structure reduces new streambed
substrate disturbance; however, the approaches to these crossings are still likely to be sources of fine-
grained soil delivered to the stream, adding to the level above base rates. The aquatic biota of intermittent
streams is also sensitive to these activities (Mullins et al. 2005). Poorly located trails and roads that run
along streams are also impactful, especially if the stream begins running down the road or trail or is
captured completely. Infrastructure higher in watersheds can likewise fragment movement corridors for
terrestrial species, disturb native plant species, lead to introductions of non-native plant species, and
threaten soil and archeological resources. To the degree that they facilitate human presence and
disturbance, roads, trails, and recreational developments and can impact organisms that require
undisturbed habitat or seclusion.

There are approximately 3,165 miles of road open for public use either seasonally or year-round. There
are also “undetermined roads” across the Forest which are not managed as part of the transportation
system. Many of these routes are legacies of past management that are discovered during project planning
and implementation activities and have not been evaluated with respect to their inclusion in the
transportation system. Nearly half of known undetermined roads are located on recently acquired lands.

In general, most forest roads, developed recreation sites, and trails are clear of floodplains, alluvial fans,
and wetlands such that they do not generally impact aquatic systems. However, the Lolo contains many
miles of roads within 100 feet of waterbodies where roads can impair the natural function of riparian and
aquatic ecosystems. Sections 2.7.2 and 3.7 describe management efforts and trend of road
decommissioning, which has resulted in removal of undersized culverts that were fish barriers. Efforts
have removed hundreds of miles not needed for the long-term transportation system, reduced maintenance
costs, and improved impacted wildlife, fish, and water quality. The Lolo National Forest implements Best
Management Practices along with many other project design features and resource protection measures
when implementing management projects. Routine road maintenance is performed, including actions such
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as culvert cleaning. These efforts collectively contribute to ameliorating the negative impacts of the road
network and associated impacts to resources and result in an overall trend of improvement.

Unauthorized off-road and off-trail use by motorized and non-motorized vehicles creates another
unmanaged recreation challenge. In addition to the impacts resulting from transportation systems as
previously described, these unauthorized uses result in damage to sensitive ecosystems, resources, and
disturb wildlife. Evidence of off-road vehicle activity is readily apparent in riparian areas. In moderately
used areas, this may consist of visible tracks, while in heavily used areas vegetation may be completely
denuded. As pressure on forest infrastructure increases and new uses are developed, existing forest
infrastructure should be managed to support these uses and encourage visitor to stay on managed and
authorized road and trail systems.

The Lolo National Forest also manages dam infrastructure under various management scenarios
depending on the dam type and usage. Dams range from small diversion dams associated with water
rights, to lake elevation control, to large dam complexes within the Rattlesnake Wilderness Area. The dam
complexes in the Rattlesnake Wilderness area are not owned by the Forest; they are operated and
managed through a special use authorization. These dams have not been used for water delivery in more
than 30 years, suffer from a lengthy maintenance backlog, and are largely non-operational.
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2.2 Terrestrial Ecosystems

2.2.1 Introduction

In this section, status and trends of ecological integrity are described for terrestrial ecosystems. The
analysis for terrestrial ecosystems provides results for the National Forest System lands on the Lolo
National Forest. However, ecosystem conditions and trends do not follow administrative boundaries. It is
important to understand the broader context of the landscape to provide a comprehensive understanding
of ecosystems and foster an “all-lands approach”. Therefore, vegetation data and modeling processes
were applied across all lands within and immediately adjacent to the Lolo National Forest. In appendix 5,
detailed tables of conditions across all lands provide results for both National Forest System lands and
lands of other ownerships in the analysis area. Appendix 3 provides more information on the natural range
of variation analysis.

Information Sources

This analysis draws on the best available scientific information relevant to the ecosystems on the Lolo
National Forest. Literature sources that were the most recent, peer-reviewed, and local in scope or directly
applicable to the local ecosystem were selected and cited. Uncertainty and conflicting literature is
acknowledged and interpreted when applicable.

e Forest Activity Tracking System: The Forest Activity Tracking System is the activity tracking
database used to record management and natural events on National Forest System lands.
Information in this database is used to quantify the extent and type of management actions that have
occurred or are planned to occur. Spatial and tabular information is required when activities occur.
This database is the newest of several databases developed over the years and used by the Forest
Service in the Northern Region; older records from previous systems are incorporated. The earliest
activity records date back to the 1940s or 1950s, when activity tracking protocols were adopted.
Older records are likely not as accurate due to improvements in modern record keeping. Site-
specific records of harvest activities during the initial settlement of the area are not available but are
addressed qualitatively using other information sources such as boundary reports compiled when
National Forest Reserves were proposed.

e Northern Region Existing Vegetation Database: Mapping of current vegetation is based on the
USDA Forest Service Northern Region vegetation database (VMap). VMap is a geospatial dataset
developed using the Northern Region existing vegetation classification system (Barber et al. 2011).
It is a remotely sensed product derived from satellite imagery, airborne acquired imagery, field
sampling and verification. Detailed metadata for this database can be found in the project file. The
VMap data used for this analysis was developed in 2016 and updated with major disturbances
though 2022. Accuracy of the VMap data varies depending on the particular attribute (Ahl and
Brown 2017).

e Forest Inventory and Analysis and the Northern Region Summary Database: This analysis draws on
measurements collected on spatially balanced forest inventory and analysis (FIA) grid plots. The
forest inventory and analysis grid is a nationwide grid which includes 363 plots on the Lolo
National Forest. This dataset is used to display estimates because it spatially represents all National
Forest System lands. Forest inventory and analysis plot data is summarized in the Northern Region
summary database, which includes statistical reporting functions and derived attributes (Bush and
Reyes 2015, Bush et al. 2016).
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Forest Inventory and Analysis and VMap are distinctly different data sources used to estimate current
vegetation conditions. Each dataset has advantages and disadvantages; depending on the application, both
datasets are used in this assessment. Because Forest Inventory and Analysis data is spatially balanced and
measured at regular intervals using the same methods, it is ideal for broad scale assessment and
monitoring. However, because there is only approximately one plot per 6,000 acres, this data is less useful
at finer spatial scales. Forest Inventory and Analysis data is essentially nonspatial and cannot be used to
understand how attributes vary across space or at finer spatial scales such as potential vegetation types.
While VMap data is spatial and offers wall-to-wall coverage for a suite of forest attributes, it is based on
image classification models (not direct measurements) and can only be used to estimate stand-level
averages for characteristics such as stand size, density or dominance type. See Appendix 5 for a
description of the datasets, an analysis of their differences, and potential causes underlying them.

Defining Terrestrial Ecosystems: Potential Vegetation Types

Potential vegetation was used as the primary means of defining and mapping terrestrial ecosystems.
Potential vegetation represents the plant community expected under historical climatic conditions in the
absence of significant natural or human-caused disturbance (Pfister and Arno 1980). Potential vegetation
provides a basis for understanding ecological dynamics including successional development (Arno et al.
1985), fire regimes (Fischer and Bradley 1987, Barrett 1988, Morgan et al. 2001) and site productivity
(Milner 1992). While there are theoretical and practical limitations to the use of potential vegetation types
(Chiarucci et al. 2010), the framework is powerful when used correctly and key assumptions are
understood (Somodi et al. 2012).

The Forest Service’s Northern Region has identified potential vegetation groups called Broad Potential
Vegetation Types that are recommended for use at broad spatial scales to facilitate consistent analysis and
monitoring (Milburn et al. 2015, Roberts 2022). Each R1 Broad Potential Vegetation Type is assessed as
an ecosystem — a spatially explicit, relatively homogeneous unit of the Earth that includes all interacting
organisms and elements of the abiotic environment within its boundaries (36 CFR 219.19). Each
ecosystem, in turn, can be described in terms of its structure, composition and function — both in terms of
natural range of variation and the current condition. In contrast to potential vegetation, existing vegetation
describes what currently exists on a particular site. The characteristics of existing plant communities can
be highly variable over time and space within a potential vegetation type. The existing conditions reflect a
particular site’s unique disturbance history, landscape setting and biophysical characteristics.

Figure A1-27 and Table 10 show the approximate distribution and extent of the Broad Potential
Vegetation Types on the Lolo National Forest. Warm Dry and Cool Moist Forests are the most common.
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Table 10—Broad potential vegetation types found on the Lolo National Forest

Broad potential vegetation types Plan area Plan area
(percentage estimate) (estimated acres)

Alpine <1 3,116
Mesic Grassland <1 12,442
Not Classified <1 18,064
Sparse 1 27,999
Riparian Wetland <1 4,674
Xeric Grassland <1 12,442
Warm Dry Forest 41 928,407
Cool Moist Forest 35 788,432
Cold Forest 10 225,486
Warm Moist Forest 10 236,889

Note: Data source is Forest Inventory and Analysis data. These estimates are based on Forest Inventory Analysis plot data and do
not match the distribution of mapped potential vegetation types.

Assessing Ecological Integrity

As required by the 2012 Planning Rule, terrestrial ecosystems are assessed using the concept of ecological
integrity as a guiding framework. The rule defines ecological integrity as the quality or condition of an
ecosystem when its dominant ecological characteristics (for example, composition, structure, function and
connectivity) occur within the natural range of variation and can withstand and recover from most
perturbations imposed by natural environmental dynamics or human influence (36 CFR 219.19). By
capturing the ability of ecosystems to “withstand and recover from most perturbations,” this definition
describes resilience as a fundamental component. Moreover, the 2012 Planning Rule explicitly puts the
natural range of variation at the core of assessing ecological integrity. As the definition suggests, it is
assumed that maintaining ecosystems within the natural range of variation will provide resilience.
Ecological integrity forms a crucial part of the plan’s ecosystem-based approach for a conservation
strategy—for example, a habitat-based approach, versus species-specific management (Hunter et al.
1988). A key assumption of this approach is that intact ecological conditions mean habitats, and the
species dependent on them, persist (Agee 2003). It is assumed that by maintaining these conditions,
critical ecological and evolutionary processes such as nutrient cycling and sediment transport, biotic
interactions, dispersal, gene flow and disturbance regimes, will also be maintained and provide the
necessary environmental conditions for climate adaptation (Beier and Brost 2010).

Waurtzebach et al. (2016) outline some key characteristics and assumptions associated with the ecological
integrity framework. They note that ecological integrity:

e Emphasizes the importance of ecological processes such as natural disturbance regimes that provide
the structures and functions upon which the full complement of species in an ecosystem or
landscape depends.

e Assumes that ecological systems that retain their native species and natural processes are more
resistant and resilient to natural and anthropogenic stresses over time (including climate change).

o Emphasizes the intrinsic value of native biodiversity of ecosystems, beyond its functional role in
supporting the renewal and reorganization of ecosystem function and structure over time.
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e Uses the natural range of variation as a reference point for promoting resilience (the capacity to
reorganize while undergoing change to still retain essentially the same function, structure, identity,
and feedbacks).

¢ Ecosystem integrity is typically assessed by considering dominant ecosystem components including
function, composition, structure and connectivity (Andreasen et al. 2001). Composition refers to
attributes associated with the species within an ecosystem, such as species dominance, richness, or
evenness. Structure generally refers to physical features, such as stand density or tree size. Function
encompasses ecological processes such as herbivory, succession, and fire. Connectivity denotes the
degree to which the landscape facilitates or impedes movement among resource patches.

Specific key ecosystem characteristics representing ecological function, composition, structure, and
connectivity have been identified. Key ecosystem characteristics are measurable (for example,
quantitative or qualitatively) and there is data or means to distinguish and describe them. Estimated
changes in key ecosystem characteristics over time serve as the basis for evaluation of ecological
sustainability and forest resilience. In this section, we assess elements of composition and structure across
all forested ecosystems. Functional characteristics are addressed in section 2.1; connectivity is discussed
in section 2.4. Key ecosystem characteristics used for these elements of terrestrial ecosystems include:

e Composition: cover type
e Structure: size class, large-tree structure, density class, vertical structure, old growth, and snags
¢ Function: wildfires, insects and disease, climate change, and other drivers and stressors.

Each ecosystem is assigned a level of integrity based on the following criteria:

e High: If the ecosystem remains on current trajectory it is expected to continue delivering major
functions and services including supporting biodiversity and productivity expected for this
ecosystem without human interference. Drivers, stressors, and key ecosystem characteristics exhibit
the range of variation that was common in the past.

e Moderate: If the system remains on current trajectory it is expected to deliver major functions and
services including supporting biodiversity and productivity at a reduced level relative to
expectations for this ecosystem. One or more drivers, stressors, and key ecosystem characteristics
are compromised in a way that disrupts disturbance regimes or characteristics of the system.
However, compromised features are not those that determine the identify of this system or,
significant characteristics are only modestly compromised. Drivers, stressors, and key ecosystem
characteristics exhibit a range of variation that was not common in the past but within a range that
resulted in resilience.

e Low: If the system remains on current trajectory it is expected to deliver some major functions and
services including supporting a portion of the biodiversity and productivity at a reduced level
relative to expectations for this ecosystem without human interference or active restoration. One or
more drivers, stressors, and key ecosystem characteristics are significantly compromised. However,
compromised features are not those that determine the identify of this system—we don’t expect a
radical type-change. Drivers, stressors, and key ecosystem characteristics exhibit a range of
variation that was not common in the past but within the range; resilience is possible.

e Poor: The ecosystem currently is (or is trending toward) experiencing a type-change or is incapable
of delivering major functions and services including supporting biodiversity and productivity
expected for this ecosystem type without herculean human interference and maintenance. Drivers,
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stressors, and key ecosystem characteristics exhibit a range of variation rarely or never exhibited in
the past.
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2.2.2 Summary of Terrestrial Ecosystems

Eighteen ecosystems on the Lolo National Forest have been assessed (Table 11); some of these
ecosystems overlap with each other. Many ecosystems are at moderate or high integrity; however, eight
ecosystems are estimated have a low or poor level of ecosystem integrity. Ecosystems with low or poor
integrity may require actions to improve and change their expected trend, while management in
ecosystems with higher integrity may emphasis maintenance of existing conditions and trends.

Table 11—Summary of terrestrial ecosystem integrity on the Lolo National Forest

Terrestrial Ecosystem Ecological Integrity Restoration Confidence
Potential
Warm dry forest, lower elevation Low High High
Warm dry forest, upper elevation Moderate High High
Warm moist forest Low High Moderate
Cool moist forest Moderate Moderate High
Cold forest, lower elevation Moderate Low Moderate
Cold forest, upper elevation Low Moderate Moderate
Whitebark pine parklands Poor Low Moderate
Western redcedar bottomlands Moderate Moderate Moderate
Subalpine larch Low Moderate Moderate
Aspen stands Moderate Moderate High
Cottonwood forest Low Low High
Xeric grasslands Low Moderate High
Mesic grasslands, lower elevation Low Moderate High
Mesic grasslands, upper elevation Moderate Moderate High
Xeric shrublands Moderate Moderate Moderate
Mesic shrublands Moderate Moderate Moderate
Alpine and sparse, high elevation High Low Moderate
Sparse, low elevation Moderate Moderate Moderate
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2.2.3 Coniferous Forest Ecosystems

Coniferous forests are defined as the land area occurring on habitat types (sensu Pfister et al. 1977)
classified as “forested” types by the Northern Region (U.S. Department of Agriculture 2005). For
management and analysis, the Northern Region has hierarchically grouped individual forested habitat
types in to meso-scale vegetation classes known as habitat type groups (Roberts 2022) and to coarse-scale
vegetation groupings known as broad potential vegetation types (Milburn et al. 2015). Each entity in each
classification scale of potential vegetation types can be defined as an ecosystem — a spatially explicit,
relatively homogeneous unit of the Earth that includes all interacting organisms and elements of the
abiotic environment within its boundaries (36 CFR 219.19). Here, we assess ecosystem integrity and
characteristics at two scales: across all forested ecosystems of the Lolo National Forest and separately
within each forested Broad Potential Vegetation Type.

Key Ecosystem Characteristics Forestwide

The species composition of existing vegetation in forested ecosystems is characterized by cover types,
which describe the species making up the plurality of vegetation (Barber et al. 2011, Milburn et al. 2015).
Dominance types describe the most common plant species present. Region 1 Cover Types are groupings
of dominance types that are used to simplify analysis for broad scale analysis (figure A1-27). Table 12
displays the approximate distribution of Region 1 Cover Types across geographic areas within the plan
area. More information on the natural range of variation of cover types as it compares to existing
conditions is provided for each potential vegetation type in subsequent sections of this assessment.

Table 12—Distribution of Region 1 Cover Types (Milburn et al. 2015) across geographic areas of the Lolo
National Forest. Data source: VMap

Cover type | Greater Lolo Lower @ Middle | Ninemile/ | Rock | Saint | Upper

Missoula | Creek | Clark | Clark Petty Creek | Regis @ Blackfoot-
(%) (%) Fork Fork Creek (%) River | Clearwater
(%) (%) (%) (%) (%)
Grass/Shrub/ 19 25 16 16 7 21 <5 36
Forb
Larch Mixed 11 5 9 6 9 <5 <5 9
Conifer
Lodgepole 14 32 18 16 14 20 17 9
Mixed Mesic 22 15 43 25 29 38 57 27
Conifer
Ponderosa 19 14 9 18 26 16 5 <5
pine
Spruce/ 14 8 <5 19 15 <5 13 18
Fir
Whitebark <5 <5 <5 <5 <5 <5 <5 <5

Unlike potential vegetation, the relative abundance of individual species and dominance types is
constantly in transition. Without disturbance, species dominance would slowly transition from early seral,
shade intolerant species to late seral, shade tolerant species. However, disturbances may intervene at any
point in the successional trajectory. The exclusion of fire since modern settlement has resulted in a higher
proportion of late seral, shade tolerant species at the expense of shade-intolerant types, a trend which
mirrors that of the larger Northern Rocky Mountain ecoregion (U.S. Department of Agriculture 2003).
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This is most evident in types where high frequency, low severity fires would have been common, such as
the hot dry and warm dry habitat type groups. On many of these sites, Douglas-fir has become dominant
over early seral species such as ponderosa pine. On more mesic sites, Douglas-fir can act like an early
seral species, giving way to subalpine fir or spruce with no disturbance.

Feedbacks between composition, structure and function interact in ways that are important consequences
for ecological integrity. For example, as species shift on a site, so do functional traits that influence
interactions with fire (such as stand density, canopy fuels, and canopy base heights as well as tree species
characteristics that include bark thickness, root depth, and retention of lower limbs, bark thickness or
needle shape) which, in turn, has important consequences for populations (such as reproduction or
germination strategies) with associated effects on wildlife habitat and other ecosystem services (Laughlin
et al. 2016, Hagmann et al. 2021). Moreover, loss of heterogeneity in species composition and associated
structural conditions leads the landscape more vulnerable to contagious processes such as insect outbreaks
and disease epidemics and uncharacteristic wildfire (Agee 1994, Hessburg et al. 1994, Hessburg and
Smith 1999, Jenkins et al. 2014).

Results of the natural range of variation modeling for the Lolo National Forest (appendix 3) are consistent
with the trends seem across the interior west (Hessburg et al. 1999a, Stine et al. 2014, Hagmann et al.
2021). At lower elevations, where frequent fire regimes are most disrupted, forests have experienced a
shift from early seral, fire-dependent species such as larch and ponderosa pine, to more shade tolerant and
less fire-resistant species such as Abies sp. and Douglas-fir. In addition, the foundational ecological role
of whitebark pine and western white pine have been severely compromised due to an invasive fungal
pathogen that causes white pine blister rust disease (Hines 2013). The combined effects of blister rust and
the loss of low- and patchy, mixed-severity fire has led to a species composition that is generally less fire
tolerant, economically valuable, and more vulnerable to insects and disease. In some areas, these shifts in
species composition have impacted ecological integrity, thereby compromising the ability of the Lolo to
provide important cultural, regulating, and provisioning services (ibid).

Forest density is a measure of the area occupied by trees. The density of trees can influence tree growth
and vigor; susceptibility to drought, insects and diseases, wildfires, and windthrow; and the rate of forest
succession as well as other attributes such as vertical structure. These factors in turn affect whether the
stand is suitable habitat for certain wildlife species. For this analysis, tree canopy cover is used as the
measure of density. Canopy cover is the percentage of ground covered by a vertical projection of the
outermost perimeter of the tree crowns, considering trees of all heights. Three canopy cover classes are
considered here: open (10-40% canopy cover), medium (40-60% canopy cover) and closed (>60%
canopy cover). Stands in a forested potential vegetation type with less than 10% canopy cover of trees is
considered (currently) nonforested.

Canopy cover is low when the stand is in the earliest stage of succession and dominated by seedlings. As
trees grow, crowns expand to fill up growing space, and canopy cover gradually increases. Growth of
understory trees over time also adds to the canopy cover and vertical structure as the forest grows into the
later successional stages. Disturbances and competition-based mortality can limit tree density. Site
productivity also affects canopy cover, with more productive, moist sites supporting higher densities, and
harsh sites with poor soils supporting lower densities. Frequent fire, particularly in the Warm Dry
potential vegetation type, can maintain low canopy covers at all stages of forest succession.

Forest density influences wildlife habitat, forest resilience, timber productivity, and fire hazard. More
open densities tend to be more resilient to fire as well as insects and diseases and promote the growth of
large trees. Moderate densities tend to maximize timber production. Higher densities provide valuable
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wildlife habitat particularly in the more productive forest types with less frequent fire return intervals.
Density also influences tree species composition and vice versa. For example, ponderosa pine and
lodgepole pine are intolerant of shade and cannot survive in the lower canopy layers. Shade tolerant
species, such as subalpine fir and spruce can prosper in dense stand conditions with limited light. Unless a
disturbance reduces competition from shade tolerant species, intolerant species will die out. Some cover
types, such as lodgepole pine, naturally grow at high density. Others, such as ponderosa pine, typically
grow at more open densities with natural disturbance regimes.

Maintaining appropriate amounts and spatial distribution of high-density forest is a critical component of
ecological integrity as these conditions provide cover and forage for wildlife. However, when high-
density forest is too abundant or too spatially aggregated, the resistance and resilience of large landscapes
may be at risk. In general, high-density forest has a greater likelihood of supporting a fast-moving intense
crown fire due to greater fuel quantities and the vertical and horizontal continuity of fuels. Lower forest
densities are therefore desired near communities or other values at risk from fire. In addition, as the
density increases, individual tree growth slows, a deficit of soil moisture develops and trees lose their
ability to withstand attacks by insects, pathogens, and parasites (Safranyik et al. 1998). Shifts towards
lower-density forests would likely increase the large tree size classes and concentrations described above.

Figure 6 displays current forest-wide proportions of density classes and the natural range of variation. A
density class distribution with the natural range of variation would contribute to ecological integrity.
Currently, the open density class is below the natural range of variation, while the closed class is over-
represented. Figure A1-30 displays a map of existing density classes.
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Figure 6—Natural range of variability (grey bars) and current condition estimate (black points; error bars
represent 90% CI) for the distribution of density classes across the forested area of the Lolo National Forest.
Current condition estimates are based on Forest Inventory and Analysis data.

Size class. Tree size is an indicator of the successional stage and age of forests. Forest size classes are
defined based on the predominant tree diameter in the stand; it is expressed here as the mean basal area
weighted average diameter. Basal area weighted average diameter is the average diameter of the live trees
weighted by their basal area. Basal area weighted average diameter is less influenced by small trees than
other methods of calculating a stand’s average diameter such as quadratic mean diameter. Since
management questions typically are concerned with the larger, dominant and co-dominant trees in a
setting, and basal area-weighted average diameter is influenced, to a greater extent, by larger trees, it was
selected by the Northern Region Vegetation Council to be used in the Northern Region existing vegetation
classification system. Details on how forests are classified by size are described by Barber et al. (2011).

A stand with a small or medium size class (5-10” or 10-15” diameter at breast height) may still have an
ecologically significant representation of large trees (>15” diameter at breast height) providing important
structural element in forested ecosystems. For example, based on Forest Inventory and Analysis data,
approximately 11% of stands in the pole size class (5-10”) and 48% of stands in medium size class (10-
15”) contain at least 10 trees per acre greater than 15”. This large tree structure in small or medium size
classes is important wildlife habitat and confers and element of resilience as these trees are generally
more fire resistant and fecund. A general association of the size class with tree age and forest successional
stage is made based upon knowledge of the successional patterns on the Lolo National Forest. Figure 7
shows that compared to the natural range of variation, pole-sized forests have become more prevalent and
very large forests are less common than they were historically. Figure A1-29 displays a map of existing
size classes.

80 Chapter 2



Lolo National Forest Land Management Plan
Revised Assessment

304

201

+

Percent Area

Grass/Shrub Seedling/Sapling Pole Sized Medium Large Very Large
(<10% tree cover) (<5in DBH)  (5-10in DBH) (10-15in DBH) (15-20in DBH) (>20in DBH)

Forestwide - Size Class

Figure 7—Natural range of variability (grey bars) and current condition estimate (black points; error bars
represent 90% CI) for the distribution of size classes across the forested area of the Lolo National Forest.
Current condition estimates are based on Forest Inventory and Analysis data.

Old-growth and mature forests are ecosystem characteristics of conservation concern recently
highlighted by Executive Order 14072 (Biden 2022). This order emphasizes fostering resilience in an era
of rapidly changing climate and recognizes the critical role forests play in slowing the pace of climate
change and conserving biodiversity as well as their importance to local communities, providing forest
products, and subsistence and cultural uses (U.S. Department of Agriculture and U.S. Department of the
Interior 2023). The Executive order calls attention to the importance of old-growth and mature forests on
Federal lands. These forests are at risk from climate-related stressors and disturbances, potentially
requiring climate-informed interventions to reduce these risks (ibid).

Old-growth forest represents a relatively small amount of total forested area at broad scales yet comprises
a large fraction of forest wood volume, biomass, and carbon stocks and disproportionately influence the
rate and pattern of tree regeneration and forest succession (Lutz et al. 2012). Old-growth is of value to
many wildlife species and is an important component of biological diversity (Thomas et al. 1988). These
forests contain biological legacies and seed sources that contribute to landscape resilience. The concept of
old growth involves not only the age of a forest but also other characteristics, such as snags, downed
woody material, and canopy layers (Johnson et al. 1995, Green et al. 2011). Though old-growth
ecosystems are typically distinguished by old trees, these stands are not necessarily in a late successional
condition nor free from anthropogenic disturbance (Foster et al. 1996).

On April 20, 2023, the USDA issued a technical report in fulfillment of Biden Executive Order 14072,
Section 2(b) (U.S. Department of Agriculture and U.S. Department of the Interior 2023). This report
provides definitions for mature and old-growth forests and an initial inventory of these conditions on
lands managed by the Forest Service and Bureau of Land Management. This report presents the finding
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that Forest Service and Bureau of Land Management lands combined contain 32.7 +/- 0.4 million acres of
old-growth and 80.1 +/- 0.5 million acres of mature forest, representing 18 percent and 45 percent of all
forested land managed by the two agencies respectively. To provide the initial inventory, the department
provided narrative and quantitative working definitions of both old growth and mature forest for each
Region. The narrative definitions are as follows:

e Old-growth forests are dynamic systems distinguished by old trees and related structural attributes.
Old growth encompasses the later stages of stand development that typically differ from earlier
stages in a variety of characteristics, which may include tree size, accumulations of large dead
woody material, number of canopy layers, species composition, and ecosystem function. In addition
to their ecological attributes, old-growth forests are distinguished by their ecosystem services and
social, cultural, and economic values. Old-growth forests have place-based meanings tied to
cultural identity and heritage; local economies and ways of life; traditional and subsistence uses;
aesthetic, spiritual, and recreational experiences; and Tribal and Indigenous histories, cultures, and
practices. Dialogue with stakeholders and Tribal Nations and integration of local and Indigenous
Knowledge with evolving scientific understanding are critical in identifying and stewarding old-
growth forests.

e Mature forests are delineated ecologically as the stage of forest development immediately before
old growth. Mature forests exhibit structural characteristics that are lacking in earlier stages of
forest development and may contain some but not all the structural attributes in old-growth forests.
The mature stage of stand development generally begins when a forest stand moves beyond self-
thinning, starts to diversify in height and structure, and/or the understory begins to reinitiate.
Structural characteristics that mark the transition from an immature to mature forest are unique to
each forest type; they may include but are not limited to abundance of large trees, large tree stem
diameter, stem diameter diversity, horizontal canopy openings or patchiness, aboveground biomass
accumulation, stand height, presence of standing and/or downed boles, vertical canopy layers, or a
combination of these attributes. Mature forests vary widely in character with age, geographic
location, climate, site productivity, relative sense of awe, characteristic disturbance regime, and the
values people attribute to or receive from them. Dialogue with stakeholders and Tribal Nations and
integration of local and Indigenous Knowledge with evolving scientific understanding are critical in
effectively managing mature forests.

To estimate old growth, the authors of the technical report utilized Old Growth Forest Types of the
Northern Region (Green et al. 2011) which has been used to define old growth in the Northern Region for
decades. These old-growth definitions are specific to forest type and habitat type group. Key attributes
include minimum thresholds of age, numbers, and diameter of the old tree component in the stand, and
the stand density. Associated characteristics are also described for each old-growth type such as
probabilities of downed woody material, number of canopy layers, and number of snags over nine inches
diameter at breast height. There are no specific criteria for minimum patch size. Based on Forest
Inventory and Analysis plot data on the Lolo National Forest as summarized in the R1 Summary
Database, old growth on the Lolo National Forest currently represents about 8% of the forested area and
is distributed across potential vegetation types as shown in Figure 8.
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Figure 8—Estimates of Large Tree Structure (Milburn et al. 2019) and Old Growth (Green et al. 2011) across R1 Broad Potential Vegetation Groups and
the Lolo National Forest. Data source: Forest Inventory and Analysis
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Prior to the mature and old growth report produced in response to President Biden’s Executive Order
(U.S. Department of Agriculture and U.S. Department of the Interior 2023), there was not a consistent
definition of “mature forest”. The working definition of mature forest presented in this report for the
Northern Region is based on the narrative framework from the national inventory (U.S. Department of
Agriculture and U.S. Department of the Interior 2023). We do not have a precise estimate of mature forest
on the Lolo National Forest using this definition. As mentioned in the "Mature and Old-Growth Forests:
Definition, Identification, and Initial Inventory on Lands Managed by the Forest Service and Bureau of
Land Management", the working definitions developed for the national inventory may need “further
refinement... to apply working definitions at local scales due to diverse ecology, forest types, site
characteristics, and varied management contexts” (ibid).

The later stage states of succession represented by mature and old-growth forest are not static and as these
stands age and die, they are replaced by younger forests. The location, proportion, and distribution of old-
growth and mature forest across the landscape therefore changes over time. These forests are vulnerable
to moderate or high severity fire, as well as insects and disease. Fire exclusion, particularly in low-
elevation warmer sites, has altered vegetation structure and composition in some old-growth forests. In
many areas, increasing tree densities and canopy layers have increased tree stress and vulnerability to
mortality from insects, disease, and fire.

There is no quantitative estimate of the natural range of variation of the abundance or distribution of old
growth. This is because the specific tree-level information required to classify any given stand as old-
growth or large tree structure cannot be estimated with the model used, which provides stand-level
averages of size and age. Based on the body of science and other information, including the condition of
forest size class discussed in the preceding section, it is likely that old growth is less abundant than it was
historically, while the amount of mature forest may be similar or higher.

The 2021 Biennial Monitoring Report for the Lolo National Forest (U.S. Department of Agriculture
2022f) found that the most current Forest Inventory and Analysis dataset (Hybrid 2015, with data
representing 2006-2015) as compared to the most recent prior dataset (Hybrid 2011, representing 2003-
2011), shows a reduction of approximately 18,000 acres of old growth. This reduction is attributed to
natural disturbances, including fire and insect and disease activity, and not a result of management
activities. Timber harvesting and prescribed burning do currently occur in old growth stands on the Lolo
National Forest, but management prescriptions and resource protection measures ensure that activities do
not reduce stand characteristics below the minimum criteria identified in Green et al. (2011). In areas that
are close to meeting the minimum criteria but are lacking one of the components (usually age),
prescriptions typically are designed to provide for succession to meet old growth in the future across the
Forest, which is aligned with the goals stated in 1986 Forest Plan Management Area 21.

Because of the influences of multiple ecosystem drivers and stressors, including climate change and
altered wildfire regimes especially in low elevation forests, the overall trend of old-growth forest
abundance may be declining because the pace of losses of existing old-growth and mature forest through
disturbances may be occurring at a faster rate than the natural successional processes that give rise to old-
growth. Most scientists agree that old forests and large trees are key components of resilient forests
ecosystems that should be a priority for conservation (Franklin and Spies 1991, Spies 2004, Lutz et al.
2012, Hessburg et al. 2015, Lutz et al. 2018, DellaSala et al. 2022, Barnett et al. 2023). The ability of
forest management practices to alter trends in old-growth and mature forest trends would be related to
site-specific and landscape level actions designed to increase forest resilience to major drivers and
stressors, including a consideration for the natural range of variation of composition, size, and density.
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Large trees. Even if they are not necessarily old, large diameter live trees, long-lived fire tolerant
ponderosa pine, western larch, and Douglas-fir, are uniquely valuable ecologically due to their
disproportionate contribution to resilience in dry and mixed mesic conifer forests (Lutz et al. 2012,
Hessburg et al. 2015). These trees can survive low to moderate fire, contributing to the recovery of the
forest after disturbance, promoting resilience, and providing long-term structural diversity. Where present
in sufficient numbers they contribute to late successional forest and, in some cases, old growth. They also
provide important wildlife habitat, both as live trees and when they die as snags and downed wood. The
decay and snag traits of these species are conducive to cavity formation and long-term snag persistence.
In addition to their ecological value, large old trees are also an important part of our combined cultural
heritage, providing people with aesthetic, symbolic, and spiritual value.

In the Northern Region, a forest size class describes an averaged, stand-level diameter, calculated as the
basal area weighted mean diameter at breast height of all trees in a stand (Barber et al. 2011). Because it
accounts for all trees, size class may be strongly influenced by a large number of small trees in given
stand which lower the overall average diameter. However, individual large trees often occur in stands
dominated by smaller trees. In these situations, the stand may have a relatively small average diameter,
but the presence of large trees provides important and unique ecological functions.

To characterize stands or plots where large- and very large-trees occur at certain minimum densities an
attribute has been developed for analysis and monitoring in Region 1: Large-tree Structure. The criteria
for defining large tree structure are based, in part, on analysis of old-growth found in Green et al. (2011)
and are designed to indicate thresholds of ecological importance. The methods and definitions for the
minimum requirements for large tree structure are described in detail by Milburn et al. (2019) but, in
general, stands must have at least 10 trees per acre greater than 15” to classify as large tree structure.
Unlike old growth, there is no minimum age requirement in the classification of large tree structure.
Stands with large tree structure commonly occur in forests classified into smaller size classes.

Based on Forest Inventory and Analysis data, approximately 11% of stands in the pole size class (5-10”)
and 48% of stands in medium size class (10-15") are classified as having large tree structure. Forestwide,
the proportion of forested land classified as large tree structure has been steady at approximately 21%
since 2007. Figure 8 provides estimates of large-tree structure by potential vegetation type.

Tree snags (standing dead trees) are critically important. The ecological conditions created by high
severity fire events, as well as the general level of snags and down wood are all elements of healthy,
productive, and biologically diverse forests (Bull et al. 1997, Hutto 2006;2008). Numerous species
depend on snags and down wood for foraging, denning, roosting, and nesting habitat. After snags fall,
they also store nutrients and moisture and aid in soil development. See the Soils section for more
discussion and assessment of coarse woody debris.

The amounts of snags and down wood and the amount of forest that has recently experienced severe fire
can all affect the sustainability of animal and plant species. Some species are restricted in their habitat
distribution to standing dead forests created by stand replacement fires (Hutto 1995). Snags are also the
major source of down wood in both upland and riparian areas. Different amounts, ages, species, and sizes
of snags typically exist throughout the forest landscape because of various disturbance agents and
competition-related mortality. At any given point in time, the quantity and extent of snag habitat
conditions will vary, but will be greatest following disturbance events, such as wildfire, wind events, and
insect and disease outbreaks. Snags and down wood density tend to be higher in riparian areas.

A report on snag conditions in western Montana forests was completed by Bollenbacher and others
(Bollenbacher et al. 2009) using forest inventory and analysis data. Updated data tables were produced in
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2021. Medium snags are the most prevalent; relatively few large or very large are present. Large snags
tend to occur in the Cool Moist broad potential vegetation group. In areas dominated by lodgepole pine,
early seral stands have the most snags due to a greater proportion of stand-replacing fires and species
intolerance to fire. The Warm Dry broad potential vegetation group often has a more even distribution of
snags into later seral stages because of a more frequent, less severe fire regime. All broad potential
vegetation groups show fewer mid-seral stage snags as snags transition to downed wood. Snags occur in a
clumpy manner, and in all groups the larger the snag the less common it is. This is due to: 1) fewer trees
living to an old age; 2) as trees age, they grow slower, not commonly reaching large diameters; and 3) the
inability of systems to contain large old trees and snags due to various types of disturbances
(Bollenbacher et al. 2009).

Figure 9 displays the natural range of variation and existing conditions for average snag densities (Figure
9a) and distribution of snags (Figure 9b), defined as the percent of the area containing at least one snag of
a given size class. We assume that the best indication of the natural range of variation is the abundance of
snags found in wilderness and roadless areas, where natural processes have by and large been allowed to
occur (Bollenbacher et al. 2009). The analysis area for snags is Forestwide by snag analysis group. Snag
analysis groups are consistent with Northern Region broad potential vegetation groups, except areas
dominated by lodgepole pine are addressed separately. This is important for the snag analysis because
lodgepole pine is relatively short lived, generally smaller in diameter than other species, and subject to
stand replacing disturbances which result in unique snag conditions and dynamics.

The 2021 Biennial Monitoring Report concluded that the 1986 Lolo Forest Plan emphasizes the need for
snags as an important habitat component, and that given the series of wildfires over the years across the
Forest, there is an abundance of snags where wildfire has resulted in tree mortality, particularly in areas
with more recent wildfire such as the 2017 and 2021 wildfires. Wildfire burns across a spectrum of
intensity and can result in diverse patterns of severity within varying tree species mix and age classes,
thus creating a variety of snag abundances to accommodate several species’ snag habitat needs.

Snag conditions at a forestwide scale are similar to conditions expected under natural regimes and are
generally within the natural range of variation. At smaller scales of analysis, timber harvest and human
access can have substantial impacts on snag density, distribution and longevity (Wisdom and Bate 2008).
Presence of localized disturbances could also influence on snag conditions at smaller scales.
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Figure 9—(a) Estimates of snags per acre densities and (b) percent of plots having at least one snag on plot
with 90% confidence intervals by diameter thresholds, inside and outside of wilderness/roadless areas by
Snag Analysis Groups for Region One. See Bollenbacher et al. (2009) for additional detail. Data source:
Forest Inventory and Analysis
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Warm Dry Forest

The key takeaways of warm dry forests are:

e At lower elevations (ecotonal, lower 5% of Warm Dry Forest), the ecological integrity of the warm
dry forest ecosystem is rated as low. At lower tree line, there is potential for conversion to nonforest
due to the combined effects of exotic species and reduced natural tree regeneration as the climate
gets warmer and drier. At lower elevations, the introduction of invasive species has compromised
the provision of wildlife habitat including big game winter range.

e At higher elevations with more productive forest types, ecological integrity is classified as
moderate. Here, the reduced frequency of low severity fires and management legacies have led to
denser forests with fewer large trees and a more shade-tolerant species composition. These changes
have led to forests that are less resilient and more prone to large, stand-replacing disturbance
events. However, natural regeneration is less of a concern here compared to lower tree line
communities.

e Across the Warm Dry Forest, the potential to increase ecological integrity through active
management is high due to the potential to effectively implement treatments to achieve restoration
goals.

Summary. The Warm Dry Forest ecosystem occurs on approximately 928,000 acres or 41% of the Lolo
National Forest based on Forest Inventory and Analysis data. This ecosystem generally occurs below
5,500’ but is found at higher elevation on southerly and westerly aspects. The Warm Dry Forest
ecosystem is well-distributed (figure A1-27) and occurs in places that are water-limited and often subject
to late summer drought or water stress. When western larch is present it is always an early successional
species (dominant after disturbance). Grand fir, when it occurs in Warm Dry forests, is a late-successional
species and more shade-tolerant than ponderosa pine and western larch. Ponderosa pine and Douglas-fir
can play both late- and early successional roles, depending on the potential vegetation type (Pfister et al.
1977). Table 13 displays the current distribution of dominance types across Warm Dry Forests.

Table 13—Current distribution of Region 1 cover types (Milburn et al. 2015) across the warm dry forest
ecosystem. Based on Vmap data

Ecosystem Grass/Shrub Lodgepole Mixed Mesic Ponderosa Western Larch
(percent) Pine Conifer pine Mixed Conifer
(percent) (percent) (percent) (percent)
Warm Dry Forest 15 9 42 27 7%

The Warm Dry Forest ecosystem can be divided into two types: a lower-ecotone zone with a grass-
dominated understory and widely scattered, variably spaced trees (e.g. Douglas-fir-bluebunch
wheatgrass), and a higher elevation zone characterized by a shrubby understory and higher productivity
(e.g. Douglas-fir-ninebark). At the xeric ecotone, usually a belt of climax ponderosa pine forest separates
grassland from climax Douglas-fir forests. Where tree cover is present, it is ordinarily composed of open-
grown park-like stands of mature, large diameter ponderosa pine at low stocking levels, with occasional
pockets of Douglas-fir and a bunchgrass understory. Trees tend to be clumped where soil development is
adequate (Larson and Churchill 2012, Churchill et al. 2013). In areas just above the elevational or cold
tolerance of ponderosa pine, Douglas-fir dominated stands also occur with similar, widely spaced stand
structure and bluebunch wheatgrass and arrowleaf balsamroot or Idaho fescue understory. These grass and
forb dominated habitat types, such as ponderosa pine-bluebunch wheatgrass or Douglas-fir-bluebunch
wheatgrass form the low-elevation tree line and are somewhat rare on the Lolo (<5% of Warm Dry
forests).
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At higher elevations or in areas with more available soil moisture, Douglas-fir -ninebark is the most
common habitat type, representing about 40% of Warm Dry forests based on Forest Inventory and
Analysis data. Ponderosa pine, western larch, and lodgepole pine are seral components of many stands;
however, Douglas-fir is usually the dominant tree species in all stages of succession here (Pfister et al.
1977). Nine bark or oceanspray form a dense shrubby layer that dominates the undergrowth. Common
snowberry, white spirea, pinegrass, heartleaf arnica, and elk sedge are also well represented on Douglas-
fir -ninebark. Douglas-fir -blue huckleberry is also a common habitat type representing approximately
12% of the Warm Dry forests according to Forest Inventory and Analysis data. Here, huckleberry is well
represented in undergrowth throughout the habitat type and most stands have a mat of pinegrass and elk
sedge. Grand fir habitat types represent about 10% of Warm Dry forests and often form the boundary
between the drier Douglas-fir sites and the cooler subalpine fir sites. Douglas-fir is usually a major
component of seral stands while undergrowth is typified by numerous moist-site forbs and a diverse
mixture of shrub species which may gain temporary dominance during early successional stages.

Status and trends. Warm Dry forests provide ecosystem services including recreation, timber, and
wildlife habitat. Nearly all big game winter range occurs here. Historically, this system was shaped and
maintained by frequent fire including native burning and management techniques (Kimmerer and
Kanawha Lake 2001). Since European settlement in the nineteenth century, Warm Dry forests have been
affected by logging, grazing, roadbuilding, and fire suppression (Hessburg et al. 2015, Hagmann et al.
2021). Early logging practices that removed the largest diameter trees fire-intolerant species coupled with
fire suppression altered the structure of forests (particularly by increasing stand density), reduced their
ecological integrity, and increased their susceptibility to uncharacteristic, high-severity disturbances.
However, more modern vegetation treatments designed to retain large trees, establish fire intolerant
species, and promoting more open stand densities can improve both stand- and landscape-level resiliency
to disturbances.

Prior to Euro—American settlement, both accidental and intentional low- or mixed-severity fires burned
approximately every 5 to 25 years in Warm Dry forests (Arno 1976, Arno and Gruell 1983, Heyerdahl et
al. 2008). Fires ignited by lightning and by American Indian Tribes played a dominant role in shaping
forest structure and processes (Barrett and Arno 1982, Kimmerer and Kanawha Lake 2001) These
frequent surface fires maintained low and variable tree densities, light and patchy ground fuels, simplified
forest structure, influenced species composition of grass/forb layer, and favored large, fire-tolerant trees
(Davis et al. 1980, Hessburg et al. 2005).

Frequent surface fires also favored patchy regeneration by periodically exposing patches of mineral soil.
At the stand level, tree patterns in these forests were sometimes characterized by an uneven-aged mosaic
of individual trees, clumps ranging from 2 to more than 20 trees, and large, sinuous openings that
persisted for centuries in a dynamic system of fine-scale, gap-phase replacement (Agee 1993, Larson and
Churchill 2012). Surface fires also reduced the long-term threat of running crown fires by reducing the
fuel bed and metering out individual tree and group torching, and they reduced competition for site
resources among surviving trees, shrubs, and herbs. At the broader scales (multi-stand), the patterns of dry
forest structure and composition that resulted from frequent fires reinforced the occurrence of low- or
mixed-severity fires and spatially isolated conditions that supported high-severity fires. Consequently,
Warm dry forests were long-lived, relatively resilient to disturbances (fire, insect, and disease) and rarely
affected by severe disturbance events (Harvey 1994).

Warm Dry Forests have been significantly modified from their historical structure, composition, and
function (Brown et al. 2004, Hessburg et al. 2005, Hagmann et al. 2021). Above the xeric ecotone, these
forests support much higher tree density than historically, primarily due to the combined effects of fire
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suppression and grazing by domestic livestock (Figure 10) (Franklin and Agee 2003, Graham and Jain
2005). Moreover, these denser forests are often composed of more shade-tolerant and less-fire resistant
species (Hagmann et al. 2021). Current conditions increase susceptibility to drought and related insect
disturbances (Hessburg et al. 1999a, Franklin et al. 2013) and dramatically increase the potential for large,
stand-replacing events and consequent losses of important forest values such as wildlife habitat and
watershed protection, as well as threats to human infrastructure and communities (Davis et al. 1980, Ager
et al. 2010). Notably, about 45% of Warm Dry forests on the Lolo are in the wildland urban interface as
identified by Community Wildfire Protection Plans and the Healthy Forest Restoration Act.

In contrast to the higher elevations of the Warm Dry Forests, at the xeric ecotone, the primary stressor is
not greater competitive stress and increased susceptibility to severe disturbance events resulting from a
gradual change in structure and composition. Rather, at low elevations the primary risk is conversion to
grassland as regeneration becomes more difficult under future climate scenarios. While many effects of
climate change are anticipated to be gradual, there is also the potential for interacting disturbances such as
insects, drought and fire to drive systems towards sudden large-scale transformations (Millar and
Stephenson 2015). Dry forests that already occur at the edge of their climatic tolerance will be
increasingly prone to conversion to non-forests after wildfires due to regeneration failure (Stevens-
Rumann et al. 2018, Davis et al. 2019, Davis et al. 2020). Increases in non-native grasses, such as
cheatgrass, may facilitate this conversion due to the grass-fire cycle — a feedback process that can shift
current ecosystems to different vegetation types (Peeler and Smithwick 2018). This trend is likely to
continue in the future as large wildfires remove local seed source and suitable climate space for tree
regeneration becomes increasingly rare (Bell et al. 2014, Harvey et al. 2016).

The potential for large, stand replacing fire events can result in long-term change in warm dry forests due
to limited seed dispersal capacity and altered site conditions which contribute to loss of resilience to fire
by impeding forest regeneration (Stevens-Rumann et al. 2018, Davis et al. 2019), particularly in the case
of short interval reburns that are characteristically different than low-severity frequent fire (Coop et al.
2020). Conversions from forest to nonforest will likely continue as the climate warms and disturbance
frequency, severity, and interaction increase (Halofsky et al. 2020).

In addition to higher densities, Warm Dry forests of today contain fewer large and old trees compared to
the pre-settlement era (Hagmann et al. 2021). Large trees are of particular importance in warm dry forests
due to their disproportionate contributions to system-wide resilience, carbon storage, maintenance of seed
sources, and unique wildlife habitat (Lutz et al. 2012, Lutz et al. 2018). The loss of large trees is related to
selective harvesting and loss due to drought, bark beetle outbreaks, and wildfire (Stephens et al. 2018).
Remaining large and old trees are at higher risk of loss due to increased probability of high-severity
wildfire, insect outbreaks and competition from increased density of young trees. Increased competitive
stresses reduces the ability of old trees to resist bark beetle attacks and accelerates mortality, resulting in
losses of old trees faster than they can be replaced (van Mantgem et al. 2009, Lutz et al. 2018).
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Figure 10—Natural range of variation of density class and size class compared to the existing condition for
Warm Dry Forests. Natural range of variability (grey bars) and current condition estimate (black points; error
bars represent 90% CI) for the distribution of (a) density classes and (b) size classes on the warm dry broad
potential vegetation type. Density is divided in to four classes based on tree canopy cover: Grass/shrub
(<10%), Open (10-40%), Medium (40-60%) and closed (>60%). Size classes are defined based on basal area
weighted mean diameter: Grass/Shrub (<10% tree cover), Seedling/Sapling (.1-5" DBH), Pole (5-10" DBH),
Medium (10-15" DBH), Large (15-20" DBH), Very Large (>20" DBH). Current condition estimates are based on
Forest Inventory and Analysis data.

Warm Moist Forest
The key takeaways of warm moist forests are:

e The ecological integrity of the Warm Moist Forest ecosystem is low.

e Over a century of fire suppression has increased shade tolerant species and the potential for stand-
replacing disturbance events and simultaneously reduced the recruitment of large trees and early
seral species. Moreover, climatic trends are projected to lead to more drought stressed trees and
more frequent high severity fire, thereby further reducing the resiliency and ecological integrity of
the warm moist forest. The increased potential for large-scale, high severity fire threatens important
ecosystem services associated with productive environments with low fire return intervals including
long-term carbon storage and the maintenance of unique wildlife habitat such as large snags with
big cavities.

e The potential for management to help restore this ecosystem is high. Restoration of western larch
and complex in-stand and landscape forest structure can improve ecological integrity. Although
limited in extent, restoration of white pine can also occur using blister rust-resistant planting stock.

Summary. The Warm Moist Forest ecosystem occupies approximately 237,000 acres or 10% of the Lolo
National Forest based on Forest Inventory and Analysis data. This ecosystem mostly occurs on the west
side of the plan area on mountain slopes, structural benches, canyon walls, and flood plains between
2,500°-5,000’ (figure A1-27). The Warm Moist Forest provides critical ecosystem services including
wood products and unique wildlife habitat such as large amounts of downed wood and snags. In part due
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to a relatively low fire return interval and high productivity, this ecosystem also provides an important
source of Carbon storage and high recreational value. Table 14 displays the current distribution of
dominance types across the Warm Moist Forest ecosystem.

Table 14—Current distribution of Region 1 cover types (Milburn et al. 2015) across the warm moist forest
ecosystem. Based on Vmap data

Ecosystem Grass/Shrub Lodgepole Mixed Mesic Ponderosa Western Larch
(percent) Pine Conifer pine Mixed Conifer
(percent) (percent) (percent) (percent)
Warm Moist Forest 7 11 61 9 4

The Warm Moist Forest ecosystem is diverse and productive with respect to tree growth rates and tree
size growth potential. This type includes the most productive potential vegetation types found on the Lolo
National Forest (e.g. western redcedar/queencup beadlily and grand fir/queencup beadlily). The inland
maritime climate in northwestern Montana strongly influences stand development and fire occurrence in
these forests. Soils range from sandy, rocky, dry, and well-drained to deep, nutrient-rich, and moist. Soils
that maintain these forests include, but are not limited to, Spodosols, Inceptisols, and Alfisols. A defining
characteristic of some areas is a layer of fine-textured ash that caps residual soils (Jain and Graham 2005).

Numerous conifer species may be present during various stages of stand development including western
white pine, western red cedar, ponderosa pine, Douglas-fir, Engelmann spruce, lodgepole pine, subalpine
fir, grand fir, western larch, western hemlock and pacific yew. Presence and establishment of these species
depends on site conditions, fire frequency, disturbance history and magnitude, and seed availability
(Pfister et al. 1977, Fischer and Bradley 1987). All stages of stand development from early- to late-seral
occur within a landscape mosaic possessing all possible combinations of species and seral stages. Late
seral species include western red cedar, western hemlock and grand fir with western larch, lodgepole pine,
Douglas-fir, ponderosa pine and white pine are always the early- and mid-seral species (Daubenmire and
Daubenmire 1968). Ancient old growth western red cedar groves with very infrequent fire occurrence
(150+ years) and complex structural development are also present (Pfister et al. 1977). Undergrowth is
generally characterized by a rich variety of moist site species including western serviceberry, common
snowberry, Rocky Mountain maple, menziesia, queencup beadlily, common beargrass, starry false
Solomon's seal, twinflower, Columbia bromegrass, pinegrass, and elk sedge. Prior to 1900 western white
pine often dominated Warm Moist Forests, accounting for 15%-80% of the trees within stands (Hines
2013). The range of western white pine only extends into the western side of the Lolo National Forest;
therefore, while it was an important component in some places, its historic extent and dominance was not
as prevalent on many of the Warm Moist Forests within the plan area. In the early 20" century, an exotic
rust, white pine blister rust, decimated the once abundant western white pine (Jain 2017).

All stages of stand development in Warm Moist forests are culturally important to tribes. Native people
rely on these lands for seasonal gathering and traditional practices. To native cultures, western red cedar is
the “tree of life” it is used for boats, baskets, traditional medicines, tools, clothing, ropes, and nets. Native
people used western white pine medically to treat tuberculosis, stomach aches, sore and cuts.

Status and trends. A complex historical fire regime coupled with ongoing disturbance from snow, ice,
insects, and disease, created heterogeneity in patch sizes, forest structures, and compositions in the warm
moist forest Ecosystem. Native insects (e.g., bark beetles.) and diseases (e.g., laminated root rot) infected
and killed individuals, which tended to diversify vegetation communities and add coarse woody debris
and structure (Hagle 2010). Due to high productivity of vegetation growth, fuel loading is generally
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higher in all size classes than other forest types. Large, downed wood may account for 75 percent of fuel
loading, with rotting western red cedar persisting for many decades.

A mixed-fire regime best defines the role fire played in creating a mosaic of forest compositions and
structures (Agee 2005). On average, nonlethal surface-fires occurred at relatively frequent intervals (15-
25 years) in about a quarter of the area while high severity crown-fires burned about another quarter of
the area at intervals of 20-150 years but occasionally extended to 300 years. The mixed-fire regime
occurred across the rest of the moist forests at 20 to150 year intervals. Fires typically started burning in
July and were usually out by early September (Fischer and Bradley 1987, Hann et al. 1997, Jain and
Graham 2005). Mixed severity fires result in a patchy mosaic of all tree species, size, and age classes.
Following severe burns shrub competition may be severe with numerous shrub species or ceanothus (drier
area) dominating providing excellent wildlife forage for 20-30 years. Moisture is generally not forest-
regeneration limiting, but conifer seed source may be after large severe fires.

Root diseases have always been a major cause of tree mortality in Warm Moist forest ecosystems
(Lockman and Kearns 2016). However, the incidence and severity of root disease has increased in recent
decades due to changes in forest composition resulting from fire exclusion and altered forest management
practices (Bennett et al. 2022). One contributing factor was the selective harvesting used to remove
western white pine and other high-value trees following establishment of white pine blister rust (Healey et
al. 2016, Lockman and Kearns 2016). Selective harvesting and fire exclusion also affected many forests
that were previously dominated by pine and western larch, which are more tolerant of root disease. Many
of these forests are now dominated by a mixture of highly susceptible hosts such as Douglas-fir, grand fir,
and subalpine fir. Based on Forest Inventory and Analysis data, approximately 9% of the Warm Moist
Forest on the Lolo has a moderate to high level of root rot infestation. This level of infestation has been
associated with mortality resulting in a 25% or greater loss in basal area every fifteen years (Hagle 2010).

The Warm Moist Forest ecosystem looks and functions dramatically differently today than it did in the
late 1800s. One of the most notable changes is the near complete loss of western white pine, or “king
pine” as it was known due to its ecological and economic significance. During the early to mid-20th
century white pine became a casualty of overharvesting, pine beetle damage, lack of fire-mediated
opportunities for regeneration, and, perhaps most significantly, an invasive fungal pathogen that causes
white pine blister rust disease (Hines 2013). Its foundational role contributed to a landscape that was
resilient, fire-adapted, and provided abundant suitable habitat for terrestrial and aquatic species. Tree
species that are generally less fire tolerant, economically valuable, and more vulnerable to insects and
disease now dominate a landscape that is regularly subject to fire, impacting the persistence of these
forests and threatening their ability to provide cultural, regulating, and provisioning services (ibid).

In addition to major shifts in species composition, stand structure has also changed dramatically in the
Warm Moist Forest ecosystem. A disrupted fire regime has contributed to forests with higher tree
densities compared to the natural range of variation (Figure 11). In addition, large trees, once abundant in
these forests prior to the expansion of the Northern Pacific Railroad in the late 19th century, have been
greatly diminished. Large western red cedar, western larch, and western white pine were selectively
logged as these typically accessible forests were “high-graded” in the late 19th and early 20th

century. Additionally, most western white pine was harvested as it was assumed that it would die from
white pine blister rust. Limited mature and old growth stands remain. Based on Forest Inventory and
Analysis data, 8% of the Warm Moist Forest is currently old growth (90% confidence interval = 3-13%).
The large tree component that provided a foundational role to landscape resilience, and abundant suitable
habitat for terrestrial and aquatic species, is greatly reduced or absent. This change in large tree structure
and seed source impacts dispersal, regeneration mechanisms, site colonization, and species composition
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(e.g., western larch upslope seed dispersal) as well as other resource values such as carbon storage,
wildlife habitat, and fire resilience.
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Figure 11—Natural range of variation of density class and size class compared to the existing condition for
Warm Moist Forests. Natural range of variation (grey bars) and current condition estimate (black points; error
bars represent 90% CI) for the distribution of (a) density classes and (b) size classes on the warm moist
broad potential vegetation type. Density is divided in to four classes based on tree canopy cover:
Grass/shrub (<10%), Open (10-40%), Medium (40-60%) and closed (>60%). Size classes are defined based on
basal area weighted mean diameter: Grass/Shrub (<10% tree cover), Seedling/Sapling (.1-5" DBH), Pole (5-10"
DBH), Medium (10-15" DBH), Large (15-20" DBH), Very Large (>20" DBH). Current condition estimates are
based on Forest Inventory and Analysis data.

Cool Moist Forest
The key takeaways of cool moist forests are:

Ecological integrity of the Cool Moist Forest ecosystem is currently moderate.

Cool Moist forests are highly productive and relatively resilient to stressors. Because of greater
water availability, there is little risk of type conversion within this ecosystem. However, in the long-
term, the interaction of climate change, invasive species, and disease (such as blister rust and root
rot) presents a risk to the long-term sustainability of this ecosystem and its associated ecosystem
services.

The potential for management to restore this ecosystem is moderate because invasive species
management, planting early seral species, and reintroducing heterogeneity though use of fire and
timber harvest can help restore this system. Provision of ecological services related to water
quantity and quality may be compromised if climate change results in reduced snowpack storage
and regulation.

Summary. The Cool Moist Forest ecosystem occupies approximately 788,000 acres or 35% of the Lolo
National Forest (Forest Inventory and Analysis data). The Cool Moist Forest ecosystem typically
experiences relatively infrequent lethal fires and periodic, moderate severity fires. Mean fire return
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intervals may have much less importance than the range of fire intervals in this forest type (Halofsky et al.
2011). Depending on when and where they occur, these disturbances favor seral stands of western larch,
lodgepole pine and Douglas-fir with Engelmann spruce. The composition of western larch is relatively
sporadic depending on frequency of fire disturbance, which favors its establishment and development.
Mature, all-aged stands of spruce and subalpine fir are of more significance in moist, protected basins. In
these conditions spruce is often a long-lived seral species. On drier sites, spruce is usually less prevalent
unless lodgepole pine mortality opens growing space. While grand fir is sometimes present, it is at its
upper elevational limit. In some areas, stand replacement fires created pure even-aged stands of lodgepole
pine. Douglas-fir is sometimes absent because the sites are either too wet or too cool (e.g. frost pockets).
Table 15 displays the current distribution of dominance types across the Cool Moist Forest ecosystem.

Table 15—Current distribution of Region 1 Cover Types (Milburn et al. 2015) across the Cool Moist Forest
Ecosystem. Based on Vmap data.

Ecosystem Grass/Shrub | Lodgepole | Mixed Mesic | Ponderosa Spruce Western Larch
(percent) Pine Conifer pine fir Mixed Conifer

(percent) (percent) (percent) (percent) (percent)
Cool Moist Forest 21 25 25 1 18 10

The most prevalent habitat types in the Cool Moist Forest ecosystem are subalpine fir/beargrass-blue
huckleberry and subalpine fir/menziesia. Together these habitat types make up about half of the Cool
Moist Forest. Subalpine fir/menziesia an indicator of the maritime influence on cool exposures and upper
elevations. Subalpine fir is the most common species in mature stands along with spruce and lodgepole
pine. Western larch and Douglas-fir may occur to a lesser extent. Generally, lodgepole pine won't persist
beyond 120-160 years (Cooper et al. 1991), particularly where its seed source has not been maintained
due to long fire free intervals. The former is abundant on relatively dry slope ridges between 5,000 and
6,300 feet and typically merges with subalpine fir/menziesia on moist exposures. Douglas-fir and
lodgepole pine are the most important seral species on these sites.

Fire is a primary driver in Cool Moist Forests and the regime is characterized by primarily moderately
long-interval mixed and stand-replacement fires. Lightning strikes are frequent but will often result in
small, patchy spot fires. Moisture gradients control the fire regime of these systems relative to the lower-
elevation montane mixed conifer types. The relative frequency of which varies across the landscape in
response to climate topography and landscape setting. For example, when Cool Moist Forest is in
proximity to patches of dry forest, fire frequency may be higher and the effects less severe as the warmer
drier system acts as a “conveyor belt” for more frequent surface fires. Arno (1980) reported that almost 60
percent of the mature (greater than 100 years) western Montana subalpine fir/beargrass stands sampled
showed obvious evidence of ground fire after establishment. Such fires promote fire tolerant species, such
as larch or Douglas-fir, and set back establishment of the more shade-tolerant subalpine fir and spruce,
which in the absence of fire form dense understories and eventually take over the site (Fischer and
Bradley 1987). However, when Cool Moist Forest is surrounded by cold or wet forest types, the fire
regime may be influenced by this context; and fires may tend to be less frequent and more severe (Stine
et al. 2014). Fires of moderate severity probably help Douglas-fir maintain a position of dominance or
codominance with lodgepole in many stands. The more fire-resistant Douglas-fir or western larch has a
better chance of surviving such fires relative to lodgepole pine, and western larch in particular is able to
successfully regenerate in fire-created openings where mineral soil has been exposed. Severe, stand-
destroying fire will generally favor lodgepole pine on many of these sites. Some large, thick-barked
Douglas-fir trees will often survive fires severe enough to kill all the lodgepole pine trees, thereby
assuring the presence of Douglas-fir in the new stand (Fischer and Bradley 1987).
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Status and trends. Today, the Cool Moist Forest ecosystem does not look or function as it did 100 to 200
years ago. With the arrival of Euro Americans in the 1800s several change agents have affected this
ecosystem. Some of the most important factors include highly effective fire prevention and suppression
(largely since the 1930s), extensive sheep and cattle grazing and livestock fencing, development of
extensive road and railroad networks, subdivision of regional landscapes by ownership in to different land
uses, and timber harvest entry via selection cutting and clearcut logging (Hann et al. 1997, Arno et al.
2000, Stine et al. 2014). Invasives, such as hawkweed, and St. John’s Wort have become established near
disturbed areas. These and other factors have limited the function of some present-day Cool Moist Forests
and the ecosystem services that can be obtained from them.

Before fire suppression, fire intervals probably fell between 50 and 130 years (Fischer and Bradley 1987).
However, as small fires were systematically extinguished, the landscape has become more homogenized
and fuels more contiguous shifting the ecosystem from a mixed severity towards a stand-replacing fire
regime (Morgan et al. 1994, Quigley and Arbelbide 1997). As a result, current forest structure and species
composition differs from historical patterns in predictable ways. Natural range of variability modeling
indicates a decline in fire-dependent species such as western larch and the current landscape has greater
uniformity of structure, with a surplus of 10-15” size class and high-density forest (Figure 12). The
departure in structure and composition is in part due to effects of increasing density of shade tolerant
species in the understory, bringing down the stand-level average size. Longer fire intervals have also
cause seral herbaceous and shrub species to decline because they will have difficulty surviving under
extended periods of dense conifer coverage—the “stem- exclusion stage” (Oliver and Larson 1996). The
accompanying pattern of larger and more severe wildfires will pose increasing health risks due to smoke
production, as well as risks of fire threatening people and private property (Arno et al. 2000).

Resilience in these forests depends on ecological heterogeneity. Vegetation changes and management
activities have shifted fire regimes toward less frequent, but larger and more severe fires, which tend to
simplify the landscape into fewer, larger, and less diverse patches resulting in more homogenous
conditions (Stine et al. 2014). If the current trend continues, there will be a greater loss of multi-aged
stands of seral tree species. The intricate, fine-grained landscape mosaic of diverse stand structures and
compositions will be replaced by a coarser pattern of even-aged stands. This landscape pattern, once
established, can be reinforced by future large, stand-replacing fires associated with climate change.
Climate change will also likely increase moisture deficit during the growing season and increase
susceptibility to insect and disease outbreaks. Climate change may also decrease the effects of frost
pockets on larch regeneration which might be beneficial to western larch (Keane et al. 2018). Planting of
early seral species and promoting heterogeneity at multiple spatial scales can help maintain restore
ecological integrity in the Cool Moist Forest.
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Figure 12—Natural range of variation of density class and size class compared to the existing condition for
Cool Moist Forests. Natural range of variation (grey bars) and current condition estimate (black points; error
bars represent 90% CI) for the distribution of (a) density classes and (b) size classes on the cool moist broad
potential vegetation type. Density is divided in to four classes based on tree canopy cover: Grass/shrub
(<10%), Open (10-40%), Medium (40-60%) and closed (>60%). Size classes are defined based on basal area
weighted mean diameter: Grass/Shrub (<10% tree cover), Seedling/Sapling (.1-5" DBH), Pole (5-10" DBH),
Medium (10-15" DBH), Large (15-20" DBH), Very Large (>20" DBH). Current condition estimates are based on
Forest Inventory and Analysis data.

Cold Forest
The key takeaways of cold forests are:

¢ Ecological integrity for Cold Forest ecosystem, in general, is moderate. Whitebark pine, a subset
of this ecosystem found on cold dry sites, is rated as low and is summarized in Section 3.2.4 and
3.5.1. Whitebark pine decline is causing a downward trend in biodiversity and creating a
vulnerable state for Cold Forest ecosystems. Ecosystem services such as the availability and quality
of clean water is compromised with climate change induced reduction of snowpack and the effects
flow downstream to lower elevation ecosystems.

e The potential for management to help restore this ecosystem is moderate to low. Management
activities related to whitebark pine restoration can include hand thinning, mechanical cutting,
prescribed fire, wildfire use, and collecting materials followed by the planting of blister rust
resistant whitebark pine; see also Section 3.2.4. Nevertheless, the provision of ecological services
related to water quantity and quality may be compromised if climate change continues to result in
reduced snowpack.

Summary. Cold Forests occupy about 225,000 acres or 10% of the Lolo National Forest (Forest
Inventory and Analysis data) and generally occur above 6,000 feet in upper subalpine and timberline
settings across the entire plan area (figure A1-27). Species composition is largely governed by harsh
growing conditions such as low temperature, high exposure, and a short growing season, all of which
typically increase with elevation. Subalpine fir is a common climax species, and whitebark pine and

97 Chapter 2



Lolo National Forest

subalpine larch typically aren’t found in any other broad potential vegetation types. Table 16 displays the

current distribution of dominance types across the Cold Forest ecosystem.
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Table 16—Current distribution of Region 1 Cover Types (Milburn et al. 2015) across the Cold Forest

Ecosystem. Based on VMap data.

Ecosystem Grass/Shrub Lodgepole Mixed Mesic Spruce fir Whitebark
(percent) Pine Conifer (percent) pine/subalpine
(percent) (percent) larch
(percent)
Cold Forest 35 22 4 37 1

The Cold Forest ecosystem may be divided into two categories: upper subalpine and timberline. Upper
subalpine is lower in elevation of the two, the majority of which falls between 6,000 and 7,000’ and is
associated with habitat types such as subalpine fir/beargrass-grouse whortleberry and subalpine
fir/smooth woodrush-grouse whortleberry (Pfister et al. 1977). It represents the lower limit of whitebark
pine and upper limit of Douglas-fir and western larch. Here, shade-tolerant and short-lived subalpine fir is
the potential climax species while shade-intolerant and long-lived whitebark pine would typically serve as
a seral species. Engelmann spruce, lodgepole pine, and mountain hemlock are present and occur in
varying amounts. Lodgepole pine may form pockets of pure stands as a highly successful seral species.
Woodrush is a dominant undergrowth species associated with this habitat type, while beargrass and
whortleberry are not uncommon, especially in the upper end of this group.

Timberline begins the break in contiguous forest and ends in virtually inhospitable alpine tundra. It makes
up a small portion (~10%) of the cold forest, occurring mostly in the eastern half of the plan area between
7,000 and 8,000°. The only four tree species that can withstand the climatic extremes here are whitebark
pine, subalpine fir, Engelmann spruce, and subalpine larch. Whitebark pine is the typical climax species,
while more drought and cold intolerant subalpine fir is often present but usually severely stunted, shrub-
like, and wind deformed. Subalpine larch is most vigorous and cold hardiest of the timberline species and
may occur in pure stands on north facing slopes in this ecosystem (Pfister et al. 1977); this species is rare
on the Lolo National Forest, and is only known to occur on Carlton Ridge.

This high-elevation ecosystem has many important ecological functions. For one, it supports a unique
spread of biodiversity comprised of species not typically found in lower-elevation ecosystems. Whitebark
pine alone is responsible for many ecosystem functions (see also sections 2.4.1 and 2.6.0). It is not only a
keystone species, but a pioneer species that lays down the foundation which allows for other species to
colonize and thus maintains ecological structure and function. Such ecological structure in this setting
(e.g., roots, soil, and vegetation) allows snowpack to accumulate which largely regulates the quantity and
quality of water that is widely distributed throughout many various ecosystems.

Fire is a primary driver in Cold Forests and the regime is characterized primarily by moderately long-
interval mixed and stand-replacement fires. The high-severity fire regime is characterized by infrequent
(fire return intervals of 150-300 years) stand-replacing fires since the last glacial. Large fires, that burn
more than 1,000 hectares, account for the vast majority of area burned in the cold forest (Schoennagel et
al. 2004). Moisture gradients largely control the fire regime of these systems relative to the lower-
elevation montane mixed conifer types. The historical fire regime maintained a natural structural stage
distribution and patch size and fire spread was naturally regulated and of less severity overall. On cold dry
sites, and in contrast to cold moist sites, fuel availability limited mixed and lower severity fire. This
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increased successful regeneration, despite the short growing season, and ultimately fed into the diverse
species and structural composition.

Status and trends. Whitebark pine populations have dramatically decreased due to a change in fire
regime and introduction of disease (Tomback and Sprague 2022). Subalpine fir has increased in some
Northern Rockies landscapes (Keane et al. 1994) but its future will depend on the degree of warming and
the frequency and extent of disturbance. Most models suggest that Engelmann spruce will move up in
elevation in the cold forest ecosystem and become established in areas where it was precluded by snow
historically (Keane et al. 2018). Invasive species such as St. John’s wort have increased in alpine
meadows. Finally, a changing climate has altered the dynamics of snowpack, including shorter duration
(Gillan et al. 2010) and lengthening of fire season and shorter fire return intervals (Pansing et al. 2020).
These factors all interact with one another and ultimately steer the environment further away from its
historical conditions. For example, combined effects of loss of whitebark pine and recent fires have
resulted in more early seral (grass/shrub) and fewer large trees compared to the natural range of variation
(Figure 13).

Altered fire regimes and resulting effects on the landscape in cold moist environments has potentially
increased fire frequency and severity. Recovery from fire may be compromised due to delayed
regeneration (Hansen et al. 2018, Turner et al. 2019). Given a warmer future with larger and more
frequent fires, a greater number of stands that fail to regenerate after fires combined with increasing
density in stands where regeneration is successful could produce a less resilient more coarse-grained
forest landscape (Hansen et al. 2018). Fire suppression activities and the elimination of cultural burning
has played a role in this as well. Without patchy, moderately infrequent fire, subalpine fir and other upper
subalpine and timberline competitors replace whitebark pine due to their ability to tolerate shade better
and because whitebark pine relies more heavily on the historical fire regime for regeneration (Keane and
Parsons 2010). Although Cold Forests generally have long fire return intervals, fire intervals in the
northern Rocky Mountains are projected to get shorter as climate warms, and forests that reburn before
recovering from previous fire may lose their ability to rebound, potentially eroding ecological integrity
(Turner et al. 2019).

The Cold Forest ecosystem provides important ecosystem services. Because whitebark pine seeds are
valued as a food source for many types of wildlife, and Cold Forests provide shelter for many other
species, the decline of whitebark pine has the potential to greatly decrease the biodiversity of the cold
forest (Tomback and Kendall 2001). Moreover, whitebark pine stabilizes ecosystem function (Ellison et
al. 2005). Its canopies shade snowpack and protract snowmelt, thus regulating downstream flows; its
roots stabilize soil, which reduces erosion, particularly on steep, rocky slopes. Snowpack depth and
duration extends soil moisture regime, dampens chances of fire, increases chances of successful
whitebark pine regeneration, and may reduce the prevalence of certain insects and disease. It also ensures
an even flow regime for mountain streams. Associated non-forest communities, such as avalanche chutes
and wet meadows also benefit and are maintained by consistently deep snowpacks. The reduced extent
and depth of snowpack has resulted in reduced albedo which affects snow retention at peak discharge and
the hydrology in general along with its effect on water quality and quantity. The introduction of blister
rust has had devastating effects on the whitebark pine population and the Cold Forest ecosystem.
Lodgepole pine, Engelmann spruce, and subalpine fir are projected in have increased climate suitability in
this zone and may expand in distribution and density, especially for smaller size classes (Piekielek et al.
2015). More frequent fires may reduce densities of larger size classes of these species.

Climate change has had negative effects on flow regime of cold, clean water as well as negative effects on
high elevation meadows that are highly used by pollinators and recreationists. These ecosystems are
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culturally important areas for native tribes. More severe wildfires and the prevalence of blister rust is
resulting in the loss of many of mature whitebark pine stands and, therefore, their genetic diversity and
resiliency. If current trends persist, there will likely be a reduction in plant and animal biodiversity,
ecosystem service functions, and cultural values.
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Figure 13—Natural range of variation of density class and size class compared to the existing condition for
Cold Forests. Natural range of variation (grey bars) and current condition estimate (black points; error bars
represent 90% CI) for the distribution of (a) density classes and (b) size classes on the cool moist broad
potential vegetation type. Density is divided in to four classes based on tree canopy cover: Grass/shrub
(<10%), Open (10-40%), Medium (40-60%) and closed (>60%). Size classes are defined based on basal area
weighted mean diameter: Grass/Shrub (<10% tree cover), Seedling/Sapling (.1-5" DBH), Pole (5-10" DBH),
Medium (10-15" DBH), Large (15-20" DBH), Very Large (>20" DBH). Current condition estimates are based on

Forest Inventory and Analysis data.

100 Chapter 2



Lolo National Forest Land Management Plan
Revised Assessment

101 Chapter 2



Lolo National Forest Land Management Plan
Revised Assessment

2.2.4 Non-forest Ecosystems

Non-forest vegetation includes potential grass and shrublands as well as sparsely vegetated or vegetation
free areas in alpine environments, on rocky outcrops and scree. Not counting riparian and wetland
ecosystems, about 53,000 acres or 2.3 percent of the Lolo National Forest have non-forested potential
vegetation types (figure A1-27). The estimate based on Forest Inventory and Analysis data is similar, with
about 56,000 acres and a relatively large 90 percent confidence interval of 29,580 — 85,579 acres due to
the small number of samples with non-forested potential vegetation types. Potential grass- and shrubland
vegetation types are more widespread in the valley bottoms, which are predominantly in private
ownership. Many of these low-elevation ecosystems have been converted to livestock range, agricultural
lands or used for housing developments. Transitional grass, forb, and shrub communities that are the
earliest stages of forest succession are discussed in this section. Wetlands and riparian ecosystem, which
include forested and non-forested vegetation types, are discussed in section 2.3.

Xeric and Mesic Grasslands
The key takeaways of xeric and mesic grasslands are:

e The ecological integrity of xeric grasslands is low. The ecological integrity of mesic grasslands
increases with increasing elevation and is rated as low to moderate.

e Composition of xeric and mesic grasslands has been altered by persistent livestock grazing and fire
suppression. Invasive species are a major threat in valley bottoms and montane settings.

¢ Invasive species management on the Lolo National Forest has been focused on existing infestations
with no comprehensive inventory and monitoring program to detect new invaders.

Summary. Xeric grasslands are the driest potential grassland type in the region. In western Montana,
these grasslands are dominated by cold-season perennial bunchgrasses, namely bluebunch wheatgrass
with varying amounts of western wheatgrass, prairie junegrass, and sandberg bluegrass. Arrowleaf
balsamroot is locally abundant (Mueggler and Stewart 1980). Xeric grasslands are typically found in
valley bottoms and lower foothills or on dry south- and west-facing hillsides on a variety of parent
materials.

Mesic grasslands are dominated by Idaho fescue or, in northwestern Montana, by rough rescue. In some
locations, rough fescue can provide nearly continuous cover with minor components of Idaho fescue and
bluebunch wheatgrass. Mesic grasslands are productive ecosystems with higher cover and species
richness than other grassland types. These ecosystems occur on deeper soils in valley bottoms and lower
foothills, on north- and east-facing slopes, and in opening of conifer forest. Fescue grasslands also occur
in small meadows surrounded by high elevation forests all the way up to large grasslands in the subalpine
parkland. At elevations greater than 7500 feet, Idaho fescue becomes the dominant species with tufted
hairgrass, oatgrass, slender wheatgrass, and single spike sedge as common associates (Mueggler and
Stewart 1980, Cooper et al. 1999). Mesic grasslands are utilized by native ungulates and provide
important winter habitat.

Cold-season perennial bunchgrasses such as bluebunch wheatgrass, rough fescue and Idaho fescue are
well adapted to frequent fire and typically recover within 2-5 years (Zlatnik 1999, Tirmenstein 2000,
Zouhar 2000). In comparison to bluebunch wheatgrass and rough rescue, Idaho fescue may be slower to
recover to pre-fire conditions depending on fire season and fire severity. Fire disturbance maintains
grassland health and discourages establishment of sagebrush or conifers.
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Status and trends. Xeric and mesic grasslands are both estimated to occur on less than 1% of the Lolo
National Forest (Table 10). Major stressors to these ecosystems are persistent livestock grazing and
ungulate herbivory, changes to the fire regime, and invasive species (Reeves et al. 2018).

Cold season bunchgrasses provide high quality forage for livestock and wildlife alike. They are, however,
sensitive to persistent grazing pressure and will decrease in abundance in favor of less palatable species
(Mueggler and Stewart 1980). Rough fescue is perhaps the most sensitive of the principal bunchgrasses. It
is highly palatable throughout the grazing season and will be the first to decline after two to three years of
moderate or heavy summer grazing. In its place, less palatable forbs and grasses increase in abundance.
Starting in the 19" century, heavy cattle and sheep grazing reduced the abundance of native bunchgrasses
with long lasting effects on ecosystem integrity. On moister sites, long-term heavy grazing caused
persistent shifts in species composition to non-native Kentucky bluegrass, common timothy and smooth
brome. These and other non-native species were deliberately introduced for forage and erosion control
into many grasslands of the west (Hessburg and Agee 2003).

Decreased vegetation cover and soil disturbance due to improper livestock grazing provided ample
opportunities for invasive species to become established. Cheatgrass, Dalmatian and yellow toadflax,
knapweeds and leafy spurge may have arrived in the Inland Northwest as early as the late 19" century.
Today, these species ae abundant in many grassland communities, and new invaders are still expanding
their range. Many of these invasive plants do not provide dependable forage for wildlife or livestock (see
section 3.1.6). The Lolo National Forest is actively managing known weed infestations but are falling
behind in detection and inventory of new invasive species (U.S. Department of Agriculture 2022f).

Past grazing practices have also been associated with a reduction of fine fuels and associated reduction in
fire frequency. A change in fire frequency combined with the effects of climate change are cited as
primary reasons for the expansion of conifers into grassland communities (Arno and Gruell 1986,
Hessburg and Agee 2003).

Warming temperatures and extended summer droughts will likely result in more frequent fires in the
foreseeable future (see section 2.1.1). This may lead to an expansion of grassland ecosystems because
conifers and non-sprouting shrubs will be unable to regenerate in now marginal environments. However,
many invasive species will respond favorably after fire and increase in cover and density (Reeves et al.
2018). Resistance to invasion may decrease solely because of warmer and drier conditions (Chambers et
al. 2014). In addition, dryer conditions combined with ungulate herbivory may result in increased soil
erosion. Low elevation grassland communities are therefore highly vulnerable to climate change (Reeves
et al. 2018). Their ecological integrity is rated as low.

Mesic grasslands at higher elevations are somewhat buffered from the influx of invasive plants by their
relative remoteness and by the high canopy cover of adjacent forests which do not provide suitable
habitat. They are also not as vulnerable to increasingly warmer and drier conditions than xeric grasslands.
Their ecological integrity is rated as moderate.

Xeric Shrublands

The key takeaways of xeric shrublands are:

e Xeric shrublands on the Lolo National Forest are uncommon and mostly consist of mountain big
sagebrush communities at montane and subalpine locations. Their ecological integrity is moderate.

e Major stressors are increasing fire frequency and severity and invasive annual grasses.
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Summary. Xeric shrublands included low elevation, hot, and dry sites where Wyoming or basin big
sagebrush are the dominant species of a generally open shrub layer. The understory typically contributes
more vegetative cover than sagebrush and consist of rhizomatous and bunch-forming graminoids and
perennial forbs. Common species include bluebunch wheatgrass, Indian ricegrass, Sandberg’s bluegrass
and needle and thread. On some arid south and east facing slopes, antelope bitterbrush may occur in small
patches, accompanied by an understory of various cold-season bunchgrasses. Antelope bitterbrush is an
important food source for wildlife.

At higher elevation, xeric shrublands are typically characterized by mountain big sagebrush with an
abundant understory of graminoids and forbs. This is the most mesic type of sagebrush communities in
the region. The understory composition can be diverse and includes rough fescue, Idaho fescue, poverty
oatgrass, mountain brome and slender wheatgrass among others (Mueggler and Stewart 1980).

Wyoming, basin and mountain big sagebrush are easily killed by most fires and regrowth tends to be
slow. Natural low and mixed severity fire promote a shrub steppe with a patchy distribution of sagebrush.
Fire-sprouting species threetip sagebrush, rubber and green rabbitbrush, and white horsebrush may
increase after fire. Recovery of big sagebrush to pre-fire condition can take several decades (Lesica et al.
2005).

Status and trends. Many xeric shrublands occur on private land, in the valley bottoms or arid lower
slopes. Forest Inventory and Analysis has not sampled any xeric shrublands on the Lolo National Forest.
However, these communities do exist in small patches and in openings of montane and subalpine forests.
The most common types on the Lolo National Forest are mountain big sagebrush communities.

Stressors of this system are similar to those discussed for xeric and mesic grasslands. They include heavy
herbivory, departed fire regimes and invasive species. Heavy grazing practices can lead to increases in the
shrub cover, decreases in native perennial grasses and invasion of annual grasses and other noxious weeds
(see section 2.1.8). If vegetation cover decreases and bare ground increases, loss of topsoil can occur.
Lack of fire can facilitate decreases in grass cover and encroachment by conifers (Arno and Gruell 1986,
Heyerdahl et al. 2006).

Big sagebrush shrublands are sensitive to predicted increases in fire severity and fire frequency. This is
particularly true at lower elevation where fine fuels from cheatgrass and ventenata could facilitate more
frequent high-severity burns. Mountain big sagebrush does not form a viable seedbank. Large fires would
limit seed dispersal from nearby live sagebrush, and community composition may shift to other more fire
resilient species. Type conversion to grassland is possible. Higher elevation shrublands, however, are less
likely affected by these processes because invasion by annual grasses is believed to be more restricted
(Reeves et al. 2018).

Because mountain big sagebrush is likely the most common xeric shrubland on the Lolo National Forest,
and these typically occur on cooler and more productive sites, the ecological integrity of xeric shrublands
is moderate.

Mesic Shrublands
The key takeaways of mesic shrublands are:

e Mesic shrublands are uncommon on the Lolo National Forest. Their ecological integrity is rates as
moderate.
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e These systems are well adapted to a variety of disturbances. However, they may be sensitive to
persistent and heavy ungulate browsing.

Summary. Persistent mesic shrublands are often associated with montane and subalpine forests and occur
as patches within mesic grasslands and forests. They are commonly located on steep slopes with shallow
soils, in draws and ravines, within cold air drainages or where snowpack lingers into summer. Dominant
shrubs include Rocky Mountain maple, serviceberry, chokecherry, oceanspray, common snowberry,
thimbleberry and Sitka alder. Snowbrush ceanothus can be common in recently burned areas. Mesic
shrublands are well adapted to frequent fire and most species readily resprout from the root system after
disturbance. These shrublands can be very productive and are favored by native ungulates.

Status and trends. Forest Inventory and Analysis has not sampled any mesic shrublands on the Lolo
National Forest. However, these communities do exist in relatively small patches within or adjacent to
montane and subalpine forests. Severe browsing by native and domestic ungulates are a major stressor to
this system. A shift to hotter and drier climate conditions may result in changes to species composition,
from mesic species to more xeric species, such as rubber rabbitbrush and green rabbitbrush. The mesic
species Sitka alder and Rocky Mountain maple may move to cooler and moister sites (Reeves et al. 2018).
In general, these systems are resistant and resilient to a variety of disturbances. The ecological integrity is
rated as moderate.

Alpine and Sparsely Vegetated Ecosystems
The key takeaways of alpine and sparsely vegetated ecosystems are:

e The ecological integrity of alpine ecosystems and other high elevation sparsely vegetated
ecosystems is high. The ecological integrity of sparsely vegetated ecosystems at lower elevation is
moderate.

e A major stressor for alpine and high elevation sparsely vegetated ecosystems is climate change with
warming temperatures and changes in timing and length of snow cover.

e At lower elevation, sparsely vegetated ecosystems may be at risk for invasion by non-native species
with potential changes to fuel accumulation and fire behavior.

Summary. Alpine potential vegetation types are estimated to be present on less than 1 percent of the Lolo
National Forest (about 3,100 acres, see Table 10). Sparsely vegetated ecosystems are somewhat more
common but still amount to less than 1 percent of the Lolo National Forest (about 18,000 acres). True
alpine ecosystems occur at and above timberline where climatic conditions are too severe for the
establishment and persistence of continuous forest vegetation. Trees may grow as “Krummbholz” in
isolated pockets or islands. Alpine plant communities are diverse and include shrublands, dense turf
communities and sparsely vegetated cushion plant communities and fellfields (Cooper et al. 1997,
Johnson 2004). Soils are often poorly developed and rocky. Environmental conditions are characterized
by short growing seasons and variable snow cover depending on wind exposure. Short and compact
growth forms, dense pubescence and thick and waxy leaves are common adaptations of alpine plants to
survive in these environments.

In western Montana, alpine ecosystems typically occur at elevations above 9,000 feet. However, sparsely
vegetated ecosystems also occur on rocky ridges, unstable slopes and shallow soils below the climatic
timberline, along lower mountain ridges and mountain slopes. While typically different in species
composition, these sites share some of the harsh environmental conditions of alpine ecosystems. Many of
the forbs and grasses grow in small, protected microsites and are bordered by small patches of shrubs and
trees. Rocks provide hibernation sites as well as daily protection and food storage sites for species such as
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hoary marmots, pika, and others. Rocks also provide habitat for many invertebrate species, such as moths
and beetles that provide food for species such as grizzly bears. Other species associated with alpine and
sparsely vegetated ecosystems include mountain goat, wolverine, gray-crowned rosy-finch, peregrine
falcon, and golden eagle.

Status and trends. Most alpine and sparsely vegetated ecosystems that occur at high elevations are not
substantially altered from historical conditions, because they are primarily determined by biophysical
factors and have relatively low levels of human accessibility. Historically, these ecosystems have been
affected by high winds, extreme temperatures, avalanches, unstable rock, poorly developed soils with low
organic matter, and/or high UV radiation levels. On the Lolo National Forest, much of the acreage in this
ecosystem category is snow-covered for much of the year, with snow retention providing moisture during
the growing season, as well as habitat for species such as gray-crowned rosy finches and wolverines.

Climate change is the main factor that could affect these ecosystems, decreasing duration, extend or
timing of snow cover. In some portions of Montana, these ecosystem types have been developed for
minerals, but the Lolo National Forest does not have active mines and many of these rocky ecosystems
are found in federally designated Wilderness or other remote areas where there is no mineral
development. The scenic values of many of these areas make them attractive for recreation, and areas
along popular hiking trails and lakes may experience some impacts from camping and other recreation
related activities. Such impacts are usually very localized. Within or above the alpine zone, ecosystem
processes mostly function within their natural range of variation. The ecological integrity of alpine and
other high elevation sparsely vegetated ecosystems is rated as high.

Sparsely vegetated ecosystems that occur at low elevations may have a larger proportion of invasive
species, compared to reference conditions, because these sparsely vegetated ecosystems tend to be more
accessible than those at high elevations and many invasive plants are well-adapted for growing in sparse
soil conditions. The ecological integrity of these ecosystems is rated as moderate.
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2.3 Aquatic, Wetland, and Riparian Ecosystems

2.3.1 Introduction

The biodiversity present in aquatic, wetland, and riparian ecosystems is perhaps greater than any other
biome. Water, and water-related habitats, offer much life. Many important human values are also served,
such as municipal and residential water supply, agricultural uses (stock water, irrigation), flood water
energy reduction and storage, summer baseflows and temperature moderation, sediment detention and
water filtration, streambank stability and land loss control, groundwater recharge, wildlife habitat and
migration corridors, fishing, many forms of recreation, scenic beauty — even neotropical bird homes and
byways.

In this section, status and trends of ecological integrity are described and evaluated for these ecosystems.
Ecological integrity is addressed by assessing if key components are functioning properly and are
represented according to a defined datum such as undeveloped/reference conditions, natural ranges of
variability, and/or to pre-European settlement conditions. Resilience, the ability to favorably adapt and/or
recover from environmental or human-caused disturbances, is also a key factor in ecological integrity.

Many definitions exist for the terms “aquatic, wetland, and riparian areas”. Herein, the term “aquatic”
relates directly to water and water-related habitats and species. Aquatic species generally spend all or
significant life stages in water such as fish, mollusks, frogs, salamanders, and macroinvertebrates. Lakes,
ponds, streams, and rivers are aquatic systems that are considered surface waters and are the ecosystems
with which most people commonly interact. Most surface water directly or indirectly depends upon soil-
water storage and groundwater to maintain volume, flow, and other functions (Glasser et al. 2007).
Wetlands are areas with distinct vegetation, hydrology, and soils where water saturates the soil
consistently or for part of the year. Riparian areas are the vegetated areas bordering water-habitats that
transition to upland areas.

From large rivers and upper elevation cirque basins to intermittent streams and various wetlands, the Lolo
National Forest’s aquatic ecosystems are diverse. Different frameworks, categories, and physical ranges
are used to characterize, understand, and best describe each ecosystem and assessment component relative
to the assessment question, the human value served, or the distinct feature of an important element. Time
scale of analysis varies from current (within 10 years), past (greater than 100 years ago and pre-European
settlement), or future (climate change projections of 40-80 years). Linkages or connectivity between
habitat elements is also importantly considered, and at times is described in terms of impairment, such as
habitat fragmentation or isolation. Table 17 displays important riparian, aquatic, and wetland ecosystem
characteristics and indicators.

Table 17—Key riparian and aquatic ecosystem characteristics and indicators

Key Characteristic Indicator
Composition
Life form presence Presence of diverse riparian and aquatic life forms and communities
Native species Presence of native species in historically occupied habitats
Exotic/invasive species Presence of exotic/invasive species (plant and animal)
Aquatic habitat diversity Presence of habitat and channel types (i.e. streams, lakes, wetlands,

groundwater habitats, Rosgen channel types, aquatic ecological systems)

Riparian/wetland vegetation Presence, lifeform, and dominance types of vegetation in riparian and wetlands
(i.e. hydric/mesic/xeric, bare ground, etc.)
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Key Characteristic Indicator

Structure

Channel shape and function Pool quantity and quality
Beaver presence potential
Stream width-to-depth ratios
Channel and streambank stability
Substrate composition

Large woody debris Quantity of large-sized downed wood greater than 3 inches diameter, montane

streams; potential recruitment (e.g. insect and disease, tree size)
Function

Water quantity Hydrograph departure from expected natural hydrography (e.g. dams and
diversions/water withdrawal; riparian/wetland storage, groundwater extraction
and recharge)

Water quality Beneficial use attainment; riparian and wetland areas filtering sediments,
stabilizing banks, etc.

Habitat fragmentation Number of barriers impeding movement of biota and habitat elements within

aquatic and riparian habitats (e.g. large woody debris, nutrients)
Miles of stream artificially constrained or disconnected from floodplain access

This analysis draws upon the best available scientific information found to be relevant to the ecosystems
on the Lolo National Forest. Literature sources that were the most recent, peer-reviewed, and local in
scope or at least directly applicable to the local ecosystem were selected, cited throughout, and discussed
in sections specific to the data topic. Uncertainty and conflicting literature are acknowledged and
interpreted when applicable.

Inland Native Fish Strategy (INFISH)

The Inland Native Fish Strategy (INFISH) was amended to the 1986 Forest Plan in 1995 to provide
comprehensive management direction in riparian areas to include riparian goals, management objectives,
standards, and guidelines, and to establish riparian habitat conservation areas. Riparian habitat
conservation areas consist of a buffer on either side of a waterbody where riparian-dependent resources
receive primary emphasis and are made up of traditional riparian corridors, wetlands, intermittent streams,
and other areas that help maintain the integrity of aquatic ecosystems. This is accomplished by (1)
influencing the delivery of coarse sediment, organic matter, and woody debris to streams, (2) providing
root strength for channel stability, (3) shading the stream, and (4) protecting water quality (U.S.
Department of Agriculture 1995b). The Lolo National Forest uses the slope distances provided by
INFISH to establish riparian habitat conservation area buffer widths for each of the four categories of
streams or waterbodies:

e Category l: Fish-bearing streams: 300 feet slope distance on either side of the stream.

e Category 2: Permanently flowing non-fish-bearing streams: 150 feet slope distance on either side of
the stream.

e Category 3: Ponds, lakes, reservoirs, and wetlands greater than 1 acre: 150 feet slope distance from
the edge of the maximum pool elevation of constructed ponds and reservoirs or from the edge of
the wetland, pond, or lake.

e Category 4: Seasonally flowing or intermittent streams, wetlands less than 1 acre, landslides, and
landslide-prone areas:
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¢ the extent of landslides and landslide-prone areas.
¢ the intermittent stream channel and the area to the top of the inner gorge.

¢ the intermittent stream channel or wetland and the area to the outer edges of the riparian
vegetation.

¢ for Priority Watersheds, 100 feet slope distance on either side of the stream.

¢ for watersheds not identified as Priority Watersheds, 50 feet slope distance on either side of the
steam.

These default riparian habitat conservation area buffer widths may be modified if site visits determine if
the attainment of riparian management objectives would require less protection (smaller buffer) or more
protection (larger buffer). Specific standards and guidelines are also provided for common land
management actions such as for timber, roads, grazing, recreation, minerals, fire/fuels, lands, and
watershed restoration.
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2.3.2 Valley Bottoms, Stream Habitat, and Associated Riparian Systems

Key Takeaways
Valley bottoms:

e Evidence that valley bottoms (i.e., river-wetland corridors) were wet, widespread, and ecologically
productive in the geologic, prehistoric, and recent past is irrefutable (Wohl et al. 2021). Geology, as
well as geomorphic and biotic processes (e.g., beaver, wood jams, and vegetation) are the largest
drivers of functional valley bottom integrity, resilience, and ecosystem services.

e Valley bottoms and their ecosystem components provide critical and a disproportionate amount of
ecosystem services relative to their size and proportion. Managing valley bottoms to restore riparian
species and return them to more wet-riverine corridors will maximize ecosystems services, greatly
assist fire management relative to wildfire resilience, and increase wildlife species diversity.

e Beavers are a keystone species and major disturbance agent that are historically were as likely
responsible for valley bottom conditions as wildfire and flooding, although existing populations and
habitat are well below potential (see section 2.1.4).

Stream habitat:

e Stream habitat in general is functioning well on the Lolo. Habitat trends exhibit positive trends in
health indicators. However, geomorphologically, most streams are overly simplified because of the
loss or degradation of overall natural valley bottom (i.e. wet-river corridor processes).

¢ Individual streams and distinct stream segments are known to have impacts and management
actions are addressing issues through a large watershed and stream restoration program (see section
2.1.7). More attention, monitoring, and remedial actions are needed pertaining to grazing impacts
on allotments (see section 2.1.8). Infrastructure continues to threaten specific streams and road-
stream crossings, and remedial management actions are necessary.

Riparian vegetation:

e Riparian ecosystems are likely departed from their potential condition and area represented relative
to riparian vegetation species present and their location and presence in valley bottoms, wetlands
and hillside seeps/springs, and along intermittent and perennial stream corridors. The extent of
departure is not fully understood.

e A greater understanding is needed with respect to climate change influences and management
considerations for valley bottom conditions and stream corridors to reduce departures in riparian
vegetation.

Summary

Valley bottoms. Evidence that valley bottoms (i.e., river-wetland corridors) were wet, widespread, and
ecologically productive in the geologic, prehistoric, and recent past is irrefutable (Wohl et al. 2021).
Functional valley bottoms and river-wetland corridors are entirely possible in arid and semi-arid climates,
but because of various changes since the early 1800s, there is lack of understanding of departure and
potential. Geologic, geomorphic, and biotic drivers have substantial influence on groundwater, seeps, and
springs, which support riparian vegetation. These drivers can cause an otherwise dry floodplain to remain
wet, or a hillside to have a ground-surface level water table, through most of the year. In these cases,
precipitation and runoff can be secondary drivers to influencing the form and function of valley bottoms
and associated river corridors (Wohl et al. 2021).
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Geology and groundwater influence surface water and soil-water availability by structural controls, faults
and fracturing, weathering, and erosion processes. Geomorphic processes and landforms commonly create
local or temporary base levels and/or valley-width constrictions such as alluvial fans, debris flows,
landslides, and rock avalanches (Miller et al. 2012). Glacial moraines that act as a local base level and
temporarily dam a stream can create a depositional zone upstream from the moraine (Cooper and Merritt
2012).

Aquatic, riparian, and floodplain plants increase drag and surface roughness, resist erosion, and create
obstructions to flow both within active channels and across the valley floor — all conditions that assist
keeping valley bottoms hydrated (Collins et al. 2012). Other biotic features documented as being capable
of driving hyporheic exchange and influencing stream conditions include beaver dams (Polvi and Wohl
2012); large wood, especially in the form of logjams or wood rafts (Miller et al. 2012); and dense stands
of aquatic, herbaceous, and/or shrubby vegetation (Larsen 2019). Vegetation type and density, which
reflect the regional climate, biome, and depth to alluvial aquifer, also influence the amount and spatial
distribution of large wood in the stream corridor (Wohl et al. 2017).

In the northern hemisphere, the presence of beavers (Castor canadensis in North America) has a large
influence on valley bottom conditions (Pollock et al., 2017). Obstructions within the active channel(s) and
floodplain associated with the presence of vegetation, large wood, and beaver dams increase subsurface
hydrologic connectivity and hyporheic exchange flows (Doughty et al. 2020). Beaver modifications of the
river corridor increase resilience to drought (Hood and Bayley 2008) and wildfire (Fairfax and Whittle
2020). Dense wetland vegetation can also create a condition of dynamic stability in which changes in
hydrology drive shifts in the areas of emergent vegetation versus open water (Larsen and Harvey 2010).

Valley bottoms are very vulnerable to the impacts of human and forest management activities. Historic
removal of large wood accumulations, cutting of logjams in streams (i.e., recreational fishing and
floating), and individual wood (i.e., cumulative effects from access and firewood cutting and hazard tree
removal) causes simplification of river-wetland corridors. The exclusion of fire in valley bottoms has
caused likely more homogenous timber stand types than historic natural assemblages, which has likely
resulted in wildfire propagation, rather than breaks in timber that would thwart or reduce rampant wildfire
spread as fires encounter breaks in canopy spread afforded by green, moist deciduous/riparian tree and
shrub stands, wetlands, and beaver complexes. Channel incision and/or over-widening has also occurred
depending on stream bank and stream bed composition and stability, among other factors where lack
wood, beaver, and consequent channel simplification have occurred. Further, roads often artificially
reduce valley floor width, which may transform a multi-thread planform to a single-thread, high-
conveyance channel (Wohl et al. 2021).

Stream habitat. By the beginning of the 1990s, there was great concern about stream habitat degradation
in the western United States, as well as the potential loss of salmon, trout, and char populations (Nehlsen
et al. 1991); (Rieman and Mclntyre 1993). A broad strategy was developed for national forests without
ocean going fish called Inland Native Fish Strategy-Interim Strategies for Managing Fish-Producing
Watersheds in Eastern Oregon and Washington, Idaho, Western Montana and Portions of Nevada (U.S.
Department of Agriculture 1995b Idaho, western Montana, and portions of Nevada). INFISH was
designed to maintain options for inland native fish by reducing negative impacts to aquatic habitat. To test
if INFISH was working, a monitoring effort was developed to determine the strategy’s effectiveness. The
monitoring effort is called PACFISH/INFISH Biological Opinion Monitoring Program (PIBO-MP). The
PIBO monitoring effort is an Interior Columbia Basin-wide monitoring program that began in 1998.
PIBO-MP employs a useful approach for assessing the state of stream habitat condition at a given stream
reach by comparing habitat characteristics to those of streams likely to be functioning properly (Stoddard
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et al. 2006). PIBO-MP uses this approach to evaluate and document changes in habitat conditions (e.g.
“trend”) over the entirety of PIBO-MP temporal frame (2001 to present).

Determining the condition of an individual, or group of stream reaches is a difficult task because of the
natural inherent variability in stream conditions due to geoclimatic and disturbance regimes (Ebersole et
al. 1997). PIBO-MP’s approach is to compare stream habitat conditions at sites in ‘managed’ watersheds
(watersheds exposed to disturbance from various management actions) to habitat conditions at sites
within ‘reference’, or relatively pristine, watersheds, which are used as a benchmark of expected
condition. Because all streams are affected by natural disturbance, data analysis focuses on how the range
of stream habitat conditions expressed at managed sites compares to what would be expected if the stream
had experienced only natural disturbance.

Over 1,300 subwatersheds (6th Hydrologic Unit Code) have been selected for monitoring in the Columbia
Basin, of which 207 are reference and the rest are managed. This number equals about a third of all
subwatersheds on federally managed lands. Within each reference and managed sub-watershed, a
randomly selected ‘integrator’ site located at the lowermost, low-gradient (< 3 percent) reach occurring on
federal land is selected. These low-gradient sites are influenced by the remaining watershed area upstream
of the site and are considered the most sensitive to changes from variable sediment and flow regimes.

To ascertain the status of a given site, PIBO uses an index of habitat condition to help account for some
for some natural variability among sites. A significant difference between the reference prediction and the
actual managed site index scores can potentially be attributed to management. If the distribution of
managed site conditions mimics the reference condition distribution, it can be assumed that managed sites
fall within the range of natural variation. Conversely, if the distributions of reference and managed sites
are different, then management may have influenced stream condition.

The riparian vegetation along streams and rivers is diverse and multi-dimensional. Vegetation
composition changes longitudinally from high elevation headwaters to the mouths of streams and rivers
and laterally from the stream to the outer limits of the floodplain. Upland vegetation is commonly
described in the framework of potential vegetation which considers the successional trajectories in the
absence of disturbance. This concept is less meaningful for riparian vegetation. Many riparian
communities are subject to frequent disturbance by flooding, sediment deposition or erosion. Plant
communities are interspersed along riparian corridors in a mosaic pattern that corresponds with the width
of the valley bottom, fluvial surface, and hydrologic characteristics (Naiman et al. 2005).

Riparian plant communities in western Montana were classified by Hansen et al. (1995). Riparian
communities along high gradient streams are often dominated by conifer forests. At higher elevation
subalpine fir and spruce are common. With decreasing elevation western red cedar, western larch and
Douglas fir become more abundant. The understory is typically sparse and mesic shrub species may only
form a narrow band along the stream channel. Lower gradient valley bottoms at mid-elevation may
support willow communities along sinuous stream channels. Beaver activity may raise water levels in
these systems and flood the entire valley bottom, potentially widening the riparian zone.

Deciduous woodlands dominated by cottonwoods occur in the floodplain of low elevation streams. These
systems depend on a natural hydrologic regime with frequent flooding. They are described in section
244,

Riparian ecosystems are important to wildlife for feeding, dinking, cover, breeding season habitat. They
provide corridors for habitat connectivity. Many species are associated with riparian ecosystems,
including Canada lynx, grizzly bear, black bear, fisher, and bald eagle.
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Status and Trends

Valley bottoms. Although the geology and geologic processes on the Lolo National Forest present a
relatively stable environment as compared to some adjacent national forests and other environs, the
landscape and valley bottoms are dynamic. Mass wasting is likely the largest influence relative to geology
as it relates to avalanche chutes, natural dry-ravel processes, and debris flows. Post-wildfire debris flows
have significantly altered the landscape in some areas, negatively affected road infrastructure, damaged
private residences (West Mullan Fire near Superior, 2013), and affected valley bottom and stream
processes (Monture and Dunham Debris Flows, Walters, 2017). Geomorphologically, valley bottoms vary
on the Forest from narrow, steep, colluvial headwaters to wide, alluvial, terraced bottoms with
meandering streams. Streams begin from steep mountainous narrow step-pool systems, transition to
ripple/rapid dominated streams to lower elevations and broader valleys with alluvial fans and meandering
streams. The geology, geomorphic, and biotic processes all integrate differently depending on the valley
type, location across the forest and level of human/management development. The primary human-caused
effects on geomorphic drivers in valley bottoms include the following:

e Road and trail infrastructure (see sections 3.8 and 2.6.2). Road effects on valley bottom processes
include floodplain encroachment, large wood reductions as it relates to eliminating tree presence
and recruitment, undersized culverts and failures, fish passage and wood/sediment/nutrient
transport blockage, access-related issues such as dispersed camping and erosion/land loss near
stream banks, increased sediment deliveries, among others.

e Recreation sites and trails (see section 3.5). Most recreation sites (i.e., campgrounds and other
facilities) are located out of floodplains, but some issues still exist. Trail location and crossings are
largely in good shape, but issues remain on some trail systems.

e Dams and diversions (see section 3.8). Dams are not a significant issue except in a few locations.
Some diversion dams exist across the forest largely for water supply; these structures can cause
localized geomorphic effects and stream damage and block fish passage. The 10 dams in the
Rattlesnake Wilderness Area are being evaluated by the City of Missoula for decommissioning or
rehabilitation. A dam was removed on Elsina lake in the late 2000s to enable fish passage.

e Road-stream crossings and undersized culverts. Discussion below and sections 2.3.2 and 2.6.2.

The failure of undersized culverts during rain-on-snow runoff events have cause relatively large
landslides on or near the Lolo National Forest as well (Fisher Creek Slide tributary to Ward Creek, 1995)
and Route of the Hiawatha Railroad Grade Culvert Failure (Moss Creek, Idaho Panhandle National
Forest, 1995). The Lolo continues to prioritize replacing undersized culverts (see section 2.7.2). Large
mass failures are imminent on the Lolo along the Route of the Olympian Railroad Grade as well (Allied
Engineering Services 2022) and the Forest is currently developing remedial strategies.

Because beaver is a keystone species and populations are far below historic levels, the Lolo has assessed
beaver conditions. Populations are substantively departed from natural conditions (see section 2.1.4).

Stream habitat condition. To estimate status and trend of physical stream habitats at each site, data is
collected on stream channel attributes that (1) influence the production or survival of native salmonids;
(2) are sensitive to land-use changes; and (3) can be measured consistently by observers. For a complete
description of these variables and field methods used, see Kershner et al. (2004). The attributes are: D50
(median substrate particle size), percent fine sediment (<6 mm diameter, in pool tails), large wood
frequency (pieces /km), residual pool depth (m), percent pool habitat, bank stability (% bank covered with
plants or rock), and percent of bank with undercuts (bank angle <90 degrees). The need to summarize
overall condition has led PIBO-MP to develop a habitat index that combines several stream habitat
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attributes (Al-Chokhachy et al. 2010a). To create an overall index of physical habitat condition for a site,
individual attribute scores included in the index were summed and then rescaled from 0-100.

For the following analyses, the PIBO MP used data from 60 managed sites and 9 reference sites on the
Forest to make statistical comparisons to describe the differences between the two kinds of sites (Figure
14). Reference values from the ecoregion and the entire analysis area are also included.
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Figure 14—PIBO monitoring sites on the Lolo National Forest

Trends for relevant metrics are summarized as follows:

o Total Index Trend: The Total Index attribute combines all the attributes to describe stream trends on
managed sites on the forest against reference condition. Overall managed conditions are slightly
departed when compared to both ecoregion and all reference conditions. The managed condition
appears to move towards reference, but the trend is not significant. Total index is not statistically
significantly changing over time even though it appears slight movement towards reference
conditions. See also Figure 15.

e Residual Pool Depth Trend: Trends for managed, ecoregion reference and all reference are
statistically significant. Managed conditions are departed but positively trending in a desired
condition towards reference conditions. See also Figure 16.

e Pool Tail Fines Trend: Trends for managed, ecoregion reference and all reference are not
statistically significant. Pool tail fines at managed sites based on linear regressions are lower than
pool tail fines in reference sites. The value presented for managed, between 12.7 and 10.7%,
appears lower than raw data presented later in the Wilcoxian Rank Test at the end of this section
because the regression data used for the image has been transformed and includes covariates. As
higher fine sediment levels are often considered a negative because of influence on egg rearing, this
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lower amount could be considered a positive metric. Currently, no literature exists that provides
guidance on lowermost concentrations of fine sediment. See also Figure 17.

e Pool Percent Trend: Overall managed conditions are slightly departed when compared to both
ecoregion and all reference conditions. Trends for managed, ecoregion reference and all reference
are not statistically significant. The managed condition appears to move towards reference, but the
trend is not significant. See also Figure 18.

e D50 Trend: Overall managed conditions are slightly departed when compared to both ecoregion
and all reference conditions. Trends for managed, ecoregion reference and all reference are not
statistically significant. The managed condition appears to move towards reference, but the trend is
not statistically significant. See also Figure 19.

e Large Woody Frequency Trend: Overall managed conditions are slightly departed when compared
to both ecoregion and all reference conditions. Trends for managed, ecoregion reference and all
reference are statistically significant. The managed condition is trending towards reference. See
also Figure 20.

e Bank Angle Trend: Overall managed conditions are slightly departed when compared to ecoregion
and all reference conditions. Managed, all-reference, and ecoregion reference all have statistically
significant trends, moving away from desired conditions. Bank angle may be trending negatively in
both managed and reference because of several years of low precipitation. See also Figure 21.

e Percent Undercut Banks Trend: Overall managed conditions are slightly departed when compared
to both ecoregion and all reference conditions. The managed condition is trending away from
reference, but the trend is not statistically significant. See also Figure 22.

e Vegetation Bank Stability Trend: Overall managed conditions are departed when compared to
ecoregion and all reference conditions. Managed, all-reference, and ecoregion reference all have
statistically significant trends, and the managed conditions are moving away from desired
conditions. See also Figure 23.
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Figure 15—Modeled trend in total index across the Lolo as a solid blue line. Shaded portion represents the
90% confidence interval. Modeled trend in reference sites are included for comparison with local ecoregion

in orange and all reference in red.
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Figure 16—Modeled trend in residual pool depth across the Lolo as a solid blue line. Shaded portion

represents the 90% confidence interval. Modeled trend in reference sites are included for comparison with

local ecoregion in orange and all reference in red.
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Figure 177—Modeled trend in pool tail fines across the Lolo as a solid blue line. Shaded portion represents
the 90% confidence interval. Modeled trend in reference sites are included for comparison with local
ecoregion in orange and all reference in red
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Figure 18—Modeled trend in pool percent across the Lolo as a solid blue line. Shaded portion represents the
90% confidence interval. Modeled trend in reference sites are included for comparison with local ecoregion
in orange and all reference in red
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Figure 19—Modeled trend in D50 across the Lolo as a solid blue line. Shaded portion represents the 90%
confidence interval. Modeled trend in reference sites are included for comparison with local ecoregion in

orange and all reference in red
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Figure 20—Modeled trend in large wood frequency across the Lolo as a solid blue line. Shaded portion
represents the 90% confidence interval. Modeled trend in reference sites are included for comparison with

local ecoregion in orange and all reference in red
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Figure 21—Modeled trend in Bank Angle across the Lolo as a solid blue line. Shaded portion represents the
90% confidence interval. Modeled trend in reference sites are included for comparison with local ecoregion
in orange and all reference in red
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Figure 22—Modeled trend in Percent Undercut Banks across the Lolo as a solid blue line. Shaded portion
represents the 90% confidence interval. Modeled trend in reference sites are included for comparison with
local ecoregion in orange and all reference in red
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Figure 23—Modeled trend in Vegetative Bank Stability across the Lolo as a solid blue line. Shaded portion
represents the 90% confidence interval. Modeled trend in reference sites are included for comparison with

local ecoregion in orange and all reference in red

The Wilcoxian Signed Rank Test was used to compare raw data between first and last observations (Table
18). There was a positive change for the total index, residual pool depth, and large wood attributes. Two
indicators, however, do have negative trends: bank angle and vegetative bank stability. Reasons are
uncertain; several drought years are suspected to be affecting these indicators. The range of managed
stream habitat conditions are close to the range of reference stream habitat conditions on Forest.

Table 18—Wilcoxon signed rank test for differences between the first and last observation of metrics across

the Lolo National Forest.

Metric o o o N c

°E b5 £ 2. 28 23 28 3 88 TB

€ o € o Cw g XN 9 E » € o £ g w9 a5 ©

2 FE g5 8" E2 €2 22 o &85 <6
Index 445 46.7 4.94 60 34 24 2 0.08 + +
RPD 0.294 0.339 15.31 60 43 17 0 0.003 + +
PoolPct 36.6 39 6.56 60 30 30 0 0.482 + NS
PTFines6 14.6 14.2 -2.74 60 27 32 1 0.616 - NS
D50 0.052 0.051 -1.92 60 30 27 3 0.946 + NS
LWFrq 259 313 20.85 60 38 22 0 0.02 + +
BankAngle 107 111 3.74 60 33 27 0 0.078 - +
UnCutPct 35.2 32.8 -6.82 60 25 34 1 0.334 + NS
VegStab 73.6 66.7 -9.37 60 23 36 1 0.049 + -

Time1 = mean during first visit; Time2 = mean value for last visit; Percent Change = percent change in the mean values between
the first and last visit; Sample size = number of observed sites; Negative Number = number of sites where actual measurement was
lower on last visit; Positive Number = number of sites where actual measurement was higher in last visit; None Number = number of
sites where last visit and first visit values were equal; p-value = significance test; Desired Direction = direction of change in the mean
that would be considered beneficial to fish; Actual Change = actual direction of change in the mean. Change can be either +, -, or

not statistically significant (NS).
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Riparian vegetation. The Montana Natural Heritage Program mapped wetland and riparian vegetation on
32,930 acres (1.5 percent) of the Lolo National Forest (Table 19). Mapping is based on aerial imagery and
follows the Cowardin classification system adopted by the National Wetland Inventory (Cowardin et al.
1979, Federal Geographic Data Committee 2009). Wetlands in include three systems, Riverine
(streambeds and shores), Palustrine (freshwater wetlands and ponds; discussed in section 2.3.4), and
Lacustrine (Lakes; discussed in section 2.3.3). Areas where vegetation composition and growth is
influenced by nearby water bodies but does not display true wetland characteristics are mapped as
Riparian using National Wetland Inventory conventions (U.S. Department of the Interior 2015). The
“riparian” classification utilized by Montana Heritage Program mapping is too narrow to characterize the
vegetation encountered along stream sides and floodplains. Vegetation in abandoned channel sections,
near backwaters and in wetlands created by beavers will classify as palustrine system and differentiation
of what is influenced by perennial streams versus subsurface runoff or upwelling groundwater is not
possible.

Table 19—Wetland and riparian ecosystems mapped on the Lolo National Forest

System Acres | Lolo National Forest

(percent)
Riverine (Stream channel and edge) | 3,092 0.1
Riparian 14,891 0.7
Riparian Emergent 368 <0.1
Riparian Shrub 1,700 0.1
Riparian Forested 12,823 0.6
Palustrine 14,269 0.6
Freshwater Pond 1,488 0.1
Palustrine Emergent 4,452 0.2
Palustrine Shrub 5,353 0.2
Palustrine Forested 2,976 0.1
Lacustrine 677 <0.1
Total | 32,930 1.5

Mapping based on aerial imagery likely results in an underestimate of the real riparian extent because
mesic understory species may be obscured by conifer forests and wetlands species may be misclassified
as upland. Another route to assess riparian ecosystems is to map associated geomorphic features, namely
the portions of the valley bottom influenced by surface flow and groundwater. This will overestimate the
extent of current riparian ecosystems but give a depiction where these ecosystems could currently exist
(Smith et al. 2020). We used the national riparian area base map (see planning record exhibit L-001) to
depict 50-year flood heights and combined it with riverine and riparian systems mapped on the Lolo
National Forest. This was necessary because modeling of flood heights is based on digital elevation
models that do not always accurately depict the location of streams. The resulting composite represents
the potential riparian footprint, which we then compared with the amount of wetland and riparian
vegetation included in Table 20. The potential riparian footprint is estimated to cover 80,431 acres (3.6
percent) of the plan area. Only about a third of that potential footprint is currently occupied by riparian
ecosystems. This is consistent for all subbasins on the Lolo National Forest.
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Table 20—Potential and existing extent of riparian ecosystems for the Lolo National Forest

Subbasin (Lolo NFS Perennial Modeled 50-year Acres within Acres of mapped
lands only) stream miles | floodplain acres potential riparian riparian ecosystems

footprint! within footprint
Bitterroot 130 5,691 5,867 703
Middle Clark Fork 683 28,396 32,740 12,264
Lower Clark Fork 305 12,440 14,245 5,067
Lower Flathead 5 133 146 43
Blackfoot 409 18,538 19,489 5,998
Flint-Rock 165 7,344 7,943 2,521
Total 1,697 72,542 80,431 26,597

'combines the modeled floodplain with mapped riparian vegetation to account for modeling and mapping inaccuracies

Comparison of current extent of mapped riparian ecosystems with the potential riparian footprint provides
and indicator for the departure from historical pre-European settlement conditions in valley bottoms and
along perennial and intermittent stream corridors. Changes in flooding events and stream flow, decline of
beaver populations, improper grazing practices, and a lack of floodplain connectivity due to roads, dams,
and other embankments have likely limited the development or persistence of riparian ecosystem. Fire
suppression in surround upland forests has also affected some riparian ecosystems. High canopy cover of
conifers shades out many of the deciduous trees and shrubs characteristic for riparian zones (see sections
2.4.3 and 2.4.4). Remaining deciduous woody plants experience higher browsing pressure from native
and domestic ungulates. In addition, composition of riparian communities has been altered by non-native
species, many of which are now persistent components of the understory.
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2.3.3 Intermittent Streams and Associated Riparian Systems

Key Takeaways

e Intermittent and ephemeral streams comprise over half of our stream channel networks and provide
many important ecosystems services. They are important to the diversity of biotic and abiotic
systems.

e The duration and abundance of intermittent flow expression is likely to increase under projected
climate scenarios.

Summary

Intermittent and ephemeral streams are watercourses or stream segments that flow periodically. Local
estimates and scientific literature suggest that these stream segments comprise over 50% of the stream
network and offer many important values such as, but not limited to the following:

e Transporting flow, sediment, wood, and nutrients to the lower stream reaches,
e  Water quality (either good or impaired), and

e Corridors for movement of terrestrial, semi-aquatic, and aquatic species; yet, in some situations
they provide important barriers to movement.

The Montana Streamside Management Zone law (MCA 77-5-301[1]) includes a suite of protections for
stream channels and adjacent wetlands, including those with intermittent and ephemeral flow regimes.
The law contains definitions for flow intermittency (termed stream classes) and stipulates specific
activities that are permitted based on stream class. These protections are implemented as integral project
design features and are evaluated under the Montana Forest Practices Reviews administered by the
Montana Department of Natural Resources and Conservation.

Status and Trends

With perennial streams receiving most focus relative to information gathering, understanding, and
management consideration and stewardship, the ecosystem services related to intermittent and ephemeral
streams are overlooked, undervalued, under-assessed, and less understood (Datry et al. 2017, Shanafield
et al. 2021). In Montana (and with similar numbers nationally), 48% of stream miles within native trout
historical range are classified as intermittent or ephemeral and 59% exist in headwater streams. In the
Blackfoot River, 51% of streams are intermittent and 60% are headwaters based on USGS, National
Hydrography, 1:100,000 maps.

Generally, intermittent and ephemeral streams are watercourses or stream segments that don’t flow at
some point in time and location. Flow regimes can vary widely in duration, timing, volume, location, and
predictability. During spring snow melt and/or heavy rains, intermittent streams fill with water, draining
the surrounding watershed, and transporting flow, sediment, wood, and nutrients to the lower stream
reaches. The intermittent segments are typically located in the uppermost reaches of stream systems;
however, dry segments also are prevalent at the mouths of certain streams, especially in valley bottoms
with deep alluvium.

Ecologists assume that different components of the flow regimes promotes species richness by creating a
spatial mosaic of habitats during the wetting-drying cycle (Datry et al. 2018). Although it’s true that
studies show that perennial streams, or segments with longer flows, have much higher biodiversity, the
dry segments also provide local and regional biodiversity relative to habitat diversity and food for semi-
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aquatic and terrestrial biota that aren’t available in the perennial segments (Steward et al. 2012).
Moreover, the intermittency that exists at stream mouths is becoming better understood with regards to
the influence of fish movement and the potential great role that intermittency is playing in precluding
non-native species from entering certain streams of high value native fisheries.

To semi-aquatic and terrestrial species, these dry channels and their vegetation (both riparian and upland)
provide essential corridors for security and movement such cumulatively and perhaps at key locations
these streams become critical for maintaining and enhancing biodiversity (Sanchez-Montoya et al. 2016).
Further, with climate change influences, these stream segments are likely to increase temporally and
spatially. Streamflow projections developed by Wenger and others (2010) and geospatial data recently
updated and available at https://storymaps.arcgis.com/stories/6a6be7d624db41638a24b659305af522,
suggest that mid- (2040), and late-century (2080) baseflow index values (ratio of average daily flow
during seven day low flow/average annual daily flow) and minimum weekly flows, among other low flow
metrics, may decline substantially across the Lolo National Forest. Though not a direct projection of flow
intermittency, these estimates do suggest that an increasing proportion of the flow network may
experience flow intermittency for greater durations of the year.

Given that intermittent and ephemeral streams comprise over half of our channel networks, that they
present many important ecosystems services to the diversity of the entire biotic and abiotic sy