FOREST HABITAT IMPROVEMENT PLANNING ON THE BLACKFOOT-
CLEARWATER WILDLIFE MANAGEMENT AREA: A CASE STUDY IN MULTIPLE-
CRITERIA DECISION-ANALYSIS
By
CHRISTINE ANN PAULU

Bachelors of Arts, Luther College, Decorah, 1A, 2006

Thesis

presented in partial fulfillment of the requirements
for the degree of

Masters of Science
in Forestry

College of Forestry and Conservation
The University of Montana
Missoula, MT

May 2009
Approved by:

Perry Brown, Associate Provost for Graduate Education
Graduate School

Dr. Elizabeth Dodson, Chair
College of Forestry and Conservation
Forest Management

Dr. Matthew McKinney
School of Law
Public Policy Research Program

Dr. Mark Hebblewhite
College of Forestry and Conservation
Wildlife Biology



Paulu, Christine, M.S. May 2009 Forestry

Forest Habitat Improvement Planning on the Blackfoot-Clearwater Wildlife Management Area:
A Case Study in Multiple-Criteria Decision Analysis.

Chairperson: Dr. Elizabeth Dodson

The forests of western Montana were historically characterized by mixed-severity fire regimes,
which have been mostly absent due to fire suppression policies of the 20™ century. This has
changed stand structure and forest composition, resulting in a high risk of wildfire, loss of
heterogeneity in forest types, and loss of valuable wildlife habitat. As a result forest stewardship,
or holistic forest management, and long-term planning have been used widely by forest managers
and landowners to improve forest health, to use resources efficiently, and to satisfy stakeholders.
This case study shows how one agency, Montana Fish, Wildlife, and Parks (FWP), could
develop a forest stewardship planning protocol to improve wildlife habitat conditions on their
forest properties. The planning process includes a forest inventory, development of forest
restoration and habitat improvement prescriptions, and a ranking of potential projects according
to multiple objectives using the Analytical Hierarchy Process (AHP). Some difficulties were
encountered while studying the example problem and can provide insight into how best to
implement AHP in forest planning. With these difficulties considered, AHP was found to be a
useful tool because it allows for incorporating multiple interests and objectives, accommodates
multiple kinds of data, ranging from qualitative scientific models to quantitative values-based
data, and allows for and facilitates communication with stakeholders. AHP enables efficient use
of resources for difficult or complex forest planning problems and provides a tool for managers
to analyze and communicate a preferential decision. If used appropriately, this planning tool
could greatly improve the conditions of fire-dependent forests in western Montana and habitat of
FWP lands by optimizing use of available funding on the forest stands most in need of
stewardship and restoration.
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1 INTRODUCTION
1.1 Purpose and Need

The forests of Western Montana were historically characterized by natural fire regimes. Low
elevation forest types experienced a high-frequency, low-intensity fire regime which maintained
open park-like forests and grasslands, while a mixed-severity regime characterized the upper
elevations maintaining a mosaic of age, composition, and structure. However, one hundred years
of active fire suppression policies have dramatically changed landscape conditions with the
following implications: increased risk of stand-replacing, catastrophic wildfire; loss of
ecological diversity and landscape heterogeneity; and reduced wildlife habitat quality for many
species dependent on periodic disturbances and the associated forest structures. Forest managers
and land-owners throughout the region are working proactively to restore or mimic natural fire
regimes to improve forest health and increase wildlife habitat. This desire to manage the forest
with a more holistic approach and for ecological processes has become known as forest
stewardship. Forest stewardship programs sponsored by the US Forest Service and state
agencies have become common to assist private land-owners is ecological forest management
and protection of forest resources. In addition, the US Forest Service has been given legislative
power to implement Stewardship Contracting (16 U.S.C. 2104). This program allows the USFS
to trade forest goods (timber revenue) for additional services that benefit ecosystem health, such
as road maintenance, all while supporting local forest industries.

Montana Fish, Wildlife and Parks (FWP) manages 135,000 acres of forest land in
wildlife management areas and state parks as part of their mission to protect endangered habitats.
However, FWP management has been focused on management of wildlife, grasslands and

riparian habitats, and hunting. Unfortunately, the lack of forests management, combined with



fire suppression, has resulted in a degradation of valuable forested habitat. Therefore, there is a
need to develop an agency-wide protocol for implementation of forest stewardship, habitat
improvement and restoration of historic forest conditions. In recognition of this need, the
Montana Legislature has recently approved a mechanism providing a mandate to “address fire
mitigation, pine beetle infestation, and wildlife habitat enhancement giving priority to forested
lands in excess of 50 contiguous acres in...any area under the department'’s jurisdiction.” (House
Bill 42, Section 2 (9)(a)(iv)). The bill also provides a “forest management account” that will
allow FWP to deposit forest management revenue for use in implementation of additional forest
management projects within its jurisdiction (HB 42, Section 4). As this thesis is being written
(April 25, 2009) the bill has unanimously passed the Montana House of Representatives and
Senate and is awaiting the signature of the governor. It is slated to take effect July 1, 20009.
Refer to Appendix H for the full text of this bill. This new mandate will require that FWP
develop forest management plans and design forestry projects for implementation; however,
there is currently no example of this type of work within the agency to use as a guide.

In this thesis, | will describe the process | used to develop a demonstration forest
stewardship plan for Montana FWP. The result of my work is a restoration and habitat
improvement plan for the 4,000-acre Ovando Mountain unit of the Blackfoot-Clearwater
Wildlife Management Area (BCWMA) located in Powell County, Montana. This WMA has
historically been managed for elk and deer winter range values, however, because of the
diversity of vegetation types present on the BCWMA, FWP seeks to restore and maintain high
quality habitat for a wide range of native species. The Ovando Mountain Plan will serve as a
pilot project for future forest stewardship plans throughout FWP’s forestland ownership under

the anticipated forest management mandate.
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The Ovando Mountain site will be an especially useful demonstration area for several
reasons. First, the area has historically been and continues to be excellent habitat for many
species of concern. This is largely due to the proximity and connectivity to undeveloped
wilderness areas. In addition, the project area is currently undisturbed and roadless, making it a
much needed refuge for sensitive species such as elk (Cervus canadensis) or grizzly bears (Ursus
arctos horribilis). There are also unique, declining habitats, such as aspen (Populous
tremuloides) stands and whitebark pine (Pinus albiaculis) stands. Lastly, the project area is
located within a cooperative landscape management area (The Blackfoot Community
Conservation Area — BCCA), providing resources, funding and staff for implementation of

stewardship projects.

1.2 Objectives

The main objective of the project is to provide FWP with a prescriptive, management-
oriented plan that can be used to guide a series of habitat improvement and restoration projects
throughout the Ovando Mountain Unit of the BCWMA (The Project Area). The plan will
provide an inventory of current vegetative condition and a range of forestry prescriptions that
will: improve wildlife habitat, especially for elk and mule deer (Odocoileus hemionus); return
the site to the historical range of vegetative condition; and prepare the site for the restoration of
the historic fire regime. Tis planning process will help FWP follow through on its commitment to
the goals of the Blackfoot Community Conservation Area (BCCA) cooperative landscape
management project. It is necessary to work with the BCCA Council, a collection of
neighboring land-owners and managers, throughout the process. The planning process should

seek public input, encourage consistent data collection and management direction among the
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several cooperators, and identify potential cross-boundary, landscape-level collaborative
projects.

Additionally, the Project demonstrates a forest stewardship model and planning protocol
which could lay the foundation for forest stewardship activities throughout the BCCA and
FWP’s other forest lands. For the purposes of this project, forest stewardship has been defined
as holistic, ecological forest management that allows FWP to restore wildlife habitat by
reinvesting forestry revenue directly into onsite forest stewardship projects. Overall,, the plan
created for FWP will not lay out a timeline or a detailed forest schedule. Rather, it will be used
to provide guidance to managers as treatment opportunities arise. This will accommodate the
ability of FWP, a wildlife management agency with no dedicated stream of funding, to complete
forestry projects most effectively and efficiently.

Lastly, the planning process will demonstrate how multiple-criteria decision-analysis
(MCDA) tool, the Analytical Hierarchy Process (AHP), can be applied. AHP can incorporate
manager and stakeholder concerns efficiently and will provide a ranked list of alternatives for
prioritizing restoration efforts. This thesis will apply AHP to forest stewardship planning, and
evaluate the potential use of AHP as a planning tool for FWP to use on other forest management
projects. The research questions discussed in this thesis are:

(1) What are the habitat improvement and forest stewardship priorities for the Ovando

Mountain Unit of the BCWMA?

(2) How can AHP be applied to prioritize forest habitat improvement projects given

multiple objectives and community concerns?

(3) How do variations in the AHP structure and weights affect the outcome of the plan?
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(4) Is the AHP planning protocol developed for this Project area replicable for use on

other FWP lands?

1.3 Thesis Format

Chapter 2 provides a literature review of relevant topics. Three literature reviews have
been included, and will serve as a basis for research. Section 2.1 discusses wildlife habitat
quality evaluation, focusing on elk and mule deer habitat improvement. Section 2.2 will discuss
the principles of forest restoration and the restoration methods that have been applied to the
forest types found on the project area. Lastly, Section 2.3 discusses the use of MCDA methods,
including AHP, in forest planning and how they might best apply to this project.

Chapter 3 discusses the methods that were employed to complete a forest inventory,
perform data analysis, design prescriptions, apply AHP to prioritize stands for treatment, and
incorporate community input.

Chapters 4 is a manuscript entitled A guide for using the Analytical Hierarchy Process
for multi-objective forest planning. This manuscript is intended to provide a step-by-step
description of the AHP and provide an example in which multi-disciplinary data sources were
accommodated within AHP to create a forest plan.

Chapter 5 is a manuscript entitled Forest habitat improvement on the Blackfoot-
Clearwater Wildlife Management Area: A case study in forest stewardship planning. This
manuscript is intended to show the case study as one approach to forest stewardship planning
and provide recommendations for forest managers and practitioners.

Chapter 6 provides additional discussion not included in the manuscripts as well as

recommendations and implications for forest management.
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2 LITERATURE REVIEW

2.1 Habitat Evaluation and Improvement

As the forests of Western Montana have been altered by human use and fire suppression
policies, the habitat quality and availability has changed for many native wildlife species,
including elk and mule deer (ex. altered abundance and diversity of browse and forage species
(Arno and Fiedler 2005)). According to FWP managers, the primary objective of the forest plan
for the Ovando Mountain Unit of the BCWMA is to improve habitat quality, particularly for elk
and mule deer winter range. These are especially important species for the project site because
the site is in a Block Management Unit which is designated for hunting by FWP. Also, these
species have importance to local residents, because of agriculture, recreation, and conservation
concerns. The Project will restore native conditions and, more specifically, increase the
availability of key resources needed by the species targeted for conservation.

The following discussion provides a brief literature review of habitat, the specific
applications to elk and mule deer, and methods for evaluating habitat. This information will be
used, along with other types of data, to assess the potential effect of planned habitat

improvement treatments and to prioritize the Ovando Mountain stands for treatment.

2.1.1 Habitat characteristics for elk and mule deer

Habitat is the set of resources and conditions that allows for the occupancy, survival and
reproduction (or fitness) of an organism in a given area (Hall et. al. 1997, Garshelis 2000). From
this definition, habitat quality is then defined as the ability of a given area to provide the
resources and conditions necessary for survival and reproduction of an individual species (Hall

et. al. 1997). Habitat selection, defined as the process of an individual or population choosing
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which habitat to use, influences species distribution across the landscape (Garshelis 2000). To
evaluate habitat improvement projects, it is necessary to study the habitat needs and distribution
of the species of concern; in this case, Rocky Mountain elk (Cervus Canadensis) and mule deer
(Odocoileus hemionus).

Distribution of elk is influenced primarily by food resources, forest cover, and predator or
human-related risks. Important foods for elk include grasses, forbs and shrub species. On winter
range, elk diet consists of mostly grasses and shrub species, with grasses being about one half to
two thirds or more of the diet (Kufeld 1973, Christianson and Creel 2007). Environmental
variables such as graminoid availability, habitat type, predation risk, and winter severity may
influence the ratio of graminoids to browse species for elk consumption on winter range
(Christianson and Creel 2007). Especially important grass or grass-like species include: elk
sedge (Carex geyeri), Idaho fescue (Festuca idahoensis), rough fescue (Festuca campestris), and
blue-bunch wheatgrass (Agropyron spicatum). Important shrubs include: snowbrush ceanothus
(Ceanothus velutinus), chokecherry (Prunus virginiana), snowberry (Symphoricarpos albus),
willow (Salix sp.), and aspen (Populus sp.) (Kufeld 1973).

Forest cover has been shown to be an important influence on elk distribution. This is
because elk require a mix of different types of cover and foraging habitat (Bettinger et. al. 1999).
Elk seem to prefer ecotones, on the cover-forage edge as they provide greater forage diversity as
well as cover (Bettinger et. al. 1999, Skovlin et. al. 2002). Thus landscape heterogeneity is a
key component of their habitat (Boyce et. al. 2003). Physical site characteristics that affect elk
use include: slope, aspect, and weather (particularly snow depth) (Irwin 2002).

Predation risk has been shown to have a behavioral effect on prey species, such as elk,

use of resources (Ripple and Larson 2000). Similarly, human influences that mimic predation

15



risk, such as the impacts of road-building or logging, on elk distribution have been very well
studied (Lyon 1979a, Lyon 1979b, Edge 1982, Edge and Marcum 1985, Rowland et. al. 2000).
Both density (Lyon 1979a) and spatial arrangement (Rowland et. al. 2000) of roads has been
shown to influence distribution, as roads increase predation risks. Short-term avoidance of
logging activities is well documented (Lyon 1979b, Edge 1982, Edge and Marcum 1985), but it
has been shown that as long as cover remains available, elk will not abandon traditional home
ranges (Edge et. al. 1985).

Mule deer habitat use is influenced primarily by food resources and landscape
heterogeneity. Shrubs and trees are the primary food source on mule deer winter range,
comprising 74 percent of the diet (Kufeld et. al. 1973). Some of the most heavily used species
include: serviceberry (Amelanchier alnifolia), kinnickinick (Arctostaphylos uva-ursi), Oregon
grape (Berberis repens), snowbrush ceanothus (Ceanothus velutinus), ponderosa pine (Pinus
ponderosa), chokecherry (Prunus virginiana), snowberry (Symphoricarpos albus), willow (Salix
sp.), and aspen (Populus sp.) (among others not found in the Project Area) (Kufeld et. al. 1973).
In addition, heterogeneity in home range is influential and a mix of cover and forage types are
necessary (Kie et. al. 2002, Germine et. al. 2004). Therefore, maintenance of patches of dense
forest within restoration treatments that remove significant amounts of cover may benefit the

species (Germaine et. al. 2004).

2.1.2 Evaluating habitat quality

With the general requirements of a species known, an investigation of the site-specific
resources and conditions that local ungulate populations are selecting is needed to evaluate
habitat improvement projects. If existing habitats can be ordered by relative importance, then the

landscape can be manipulated to contain more of the preferred habitat (Garshelis 2000). Wildlife
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biologists use a variety of methods to measure and predict habitat use, preference, importance,
quality and suitability. The terminology has not been well defined and is used inconsistently in
the literature, making review of methods difficult (Hall et. al. 1997). However, Garshelis (2000)
provides a useful breakdown of the various types of habitat evaluation: (1) use-availability
studies, (2) site-attribute studies, and (3) demographic response studies.

Use-availability studies of habitat measure the use of a site relative to its area (or
availability) on the landscape (Garshelis 2000). A common example of this is the resource
selection function (RSF) that results in a function proportional to the probability of a site being
used by an animal (Manly et. al. 1993). Use is typically measured with radio-collars and is
continuous data that can show frequency of use. RSF modeling makes several assumptions
including that: availability and use do not change during the study, resource variables and use
variables are correctly identified, organisms have “free and equal access to resources,” and
sample units are random and independent (Manly et. al. 2002).

Site-attribute studies relate habitat characteristics to the use of a site (Garshelis 2000).
An example of this is species distribution modeling, which uses logistic regression to determine
a relationship between components of habitat and the probability of use. For mobile animals, it
can be difficult to use the binomial response variable (use/non-use or presence/absence) needed
for these models (Boyce et. al. 2002). For example, measuring ungulate presense/absense
through pellet counts is difficult because defecation rate varies with habitat (Garshelis 2000).
Other forms of analysis can be used for site-attribute models, such as directly relating frequency
of use to a habitat attribute and using histograms to rank attribute categories.

Demographic response studies compare the density or reproductive rates of animals

living in different habitats in order to relate habitat characteristics directly to fitness. Garshelis
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(2000) says this is ideal because selection may not show optimal habitat quality because of
limited access or influence of non-vegetation conditions such as predation. However, the type of

data used for these models is not often available.

2.1.3 Applications

Given the available data for the Project Areas, a site-attribute study was chose to assess
habitat quality and habitat quality improvement. Pellet counts will serve as a measure of
ungulate use, despite the difficulties with this approach noted above. The ungulate use variable
can be related to various habitat characteristics to determine influential habitat attributes.
Finally, these attributes can be manipulated on the landscape to provide a greater availability of

high quality habitat.

2.2 Restoration Forestry

The key objective of the forest plan for Ovando Mountain is to improve habitat
conditions, particularly for elk and mule deer. In addition, the Plan increases heterogeneity at the
forest level (within the FWP land ownership) and reduce fire and insect impacts. These goals
will contribute to FWP’s long term goal of restoring the natural fire regime to the system. To
accomplish these goals, the forest plan includes general forest stand prescriptions for several
forest types. The prescriptions are intended to improve the quality of wildlife habitat in the
Project Area and are guided by restoration forestry principles. This section discusses the general
principles of restoration forestry, as well as the various forest types found in the Project Area and
the typical restoration treatments associated with each.

Restoration forestry is the process of returning “an approximation of the historical

structure and ecological processes to the tree communities” (Arno and Fiedler 2005 p. 2). In
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general, restoration forestry aims to design silvicultural treatments that emulate natural
disturbances by adjusting stand density, structure, and composition (Arno and Fiedler 2005).
Treatments should consider the landscape context, the historic fire regime, and site-specific
ecology (Brown et. al. 2004). In the case of the Western United States, periodic fire was a key
disturbance maintaining the dynamics of forest ecosystems. The landscape was dominated by a
mixed-severity fire regime, with low-severity, frequent fires in low elevations and infrequent,
stand-replacing fires in high elevations (Arno and Fiedler 2005). The result of this fire regime
was a heterogeneous landscape with a variety of forest types. However, fire suppression policies
of the 20" century eliminated most of this natural fire regime and resulted in a more homogenous
landscape (Arno and Fiedler 2005). Therefore, depending on forest type and condition,
restoration treatments for Western Montana attempt to mimic and return those historic fire
patterns. Generally, this is done by altering the forest overstory using some silvicultural
treatment (cutting trees) and/or prescribed burning. These overstory treatments address the
broader goal of ecological restoration by initiating desired changes in undergrowth plants,
wildlife, soil, and hydrologic processes (Arno and Fielder 2005). Thus, restoration treatments
have the potential to increase the heterogeneity of the landscape, increase understory diversity by
benefiting uncommon native species, and increase forage opportunities (Gibbs et. al. 2004,
Dodson et. al. 2007,).

The project area contains five main forest types, including: (1) ponderosa pine/western
larch (Pinus ponderosa/Larix occidentalis), (2) Douglas-fir (Psuedotsuga menziesii) (here,
discussed as four sub-types), (3) lodgepole pine (Pinus contorta), (4) subalpine fir/whitebark
pine (Abies lasiocarpa/Pinus albicaulis), and (5) aspen (Populus tremuloides). Non-forested

stands are not the main focus of this planning effort, but will be addressed briefly. They include
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mountain shrublands and grasslands. The following discusses the literature pertinent to the
general ecological knowledge and the restoration and habitat improvement options for each

forest type.

2.2.1 Ponderosa pine/western larch forests:

The ponderosa pine forest type is common on low to mid-elevation sites in Montana.
Douglas-fir is commonly found in the mid-elevation ponderosa pine forest. Western larch is
often present in these stands as a riparian element. Common literature describes the historical
ponderosa pine forests of the West as open park-like stands with sun-loving forbs, grasses, and
shrubs in the understory. This forest is commonly said to have been maintained by a high
frequency, low-intensity fire regime. However, many recent studies have determined that mixed
or variable-severity fire regimes are more likely to have been the norm in the ponderosa pine
forests of the Northern Rocky Mountains (Baker et. al. 2007, Dodson et. al. 2007, Metlen and
Fiedler 2006, Keeling et. al. 2006). Some dry sites probably have experienced occasional stand
replacement fires, but this was likely uncommon in the region (Arno et. al. 1997). The riparian
stands or portions of stands too cool or wet for ponderosa pine but optimal for western larch,
were more likely to experiences mixed-severity fire regimes every 30-75 years or infrequent
stand-replacing fires (Arno and Fischer 1995). The mixed-severity fires produced a highly
heterogeneous and diverse landscape where adjacent stands may vary greatly in structure,
species composition, and fuel loading. (Arno and Fiedler 2005, Baker et. al. 2007).

However, fire suppression policies implemented since the early 1900s have led to
succession of these forests to a homogenous, closed-canopy Douglas-fir forest with sparse
undergrowth (Arno and Fiedler 2005). In general, these stands are vulnerable to drought, are

more at risk to disease, and are at risk of stand-replacing wildfire (Arno 1996). Though some
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level of high intensity fire is a part of the mixed-severity fire regime, the relative proportion of
this fire type has increased (Brown et. al. 2004). A lack of restoration action may also mean a
loss of most of the large shade-intolerant species like ponderosa pine and western larch (Arno
and Fiedler 2005). Therefore, some kind of active restoration may be necessary to return the
historical landscape characteristics of this forest type.

Restoration treatments for the ponderosa pine ecosystem typically focus on thinning from
below to removes shade-tolerant, stagnant Douglas-fir trees and increases gap sizes and spacings
to allow for regeneration of ponderosa pine, returning low-severity fire to the system with
prescribed burns, or a combination of the two. Planting in small openings (usually created by
harvesting or slashing and burning) is occasionally used when succession is very advanced and
ponderosa pine will not successfully regenerate on its own (Arno et. al. 1997).

When used as a restoration treatment, thinning causes a significant increase in growth of
mature trees (Arno and Fiedler 2005). When prescribing thinning, it is important to consider
health of the remaining, un-cut trees and the residual density needed to achieve your goals (Arno
and Fiedler 2005, Keegan and Fiedler 2000). A thinning that retains 40-60 square feet per acre
will open the canopy and allow for some regeneration and increase the vigor of leave trees, but it
has been found that a reduction below 50 square feet/acre is necessary for adequate regeneration
of shad-intolerant species like ponderosa pine and western larch (Arno and Fiedler 2005).
Increased canopy openings and reduced underground competition created by thinning also
increases understory growth and richness with a disproportional benefit to uncommon native
species (Dodson et. al. 2007, Metlen and Fiedler 2006).

However, thinning alone may be insufficient to remove understory trees and promote

natural nutrient cycling (Arno 1996) and is more likely to meet ecological objectives in
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combination with prescribed burning (Brown et. al. 2004). For example, unburned stands tend
to leave existing Douglas-fir seedlings in place, therefore allowing them to dominate the
understory and increase ladder fuels unless later thinned (Graham et. al. 1999, Arno and Fiedler
2005). Thus, many treatments include low-severity prescribed burns in addition to thinning to
remove undesirable shade-tolerant species (Arno and Fiedler 2005). (It should be noted that
some restoration prescriptions are burn only, however, due to heavy fuel loading from years of
fire suppression, this option is not deemed feasible or desirable in the Project Area). To create
the best results, prescriptions leave slash in the field and, perhaps, trample with equipment to
allow more uniform coverage by a spring or fall burn (Arno and Fiedler 2005, Metlen and
Fiedler 2006). To reduce stress on overstory trees it has been recommended that treatments such
as prescribed burning be delayed after thinning operations so that trees can restore health and
vigor before being subject to an additional disturbance (Arno and Fiedler 2005). Lastly, both
thinning and burning treatments may increase the abundance of non-native and invasive species,
especially when they are paired and completed with multiple forest entries (Arno and Fiedler
2005, Metlen and Fiedler 2006, Dodson et. al. 2007), therefore, precautions such as harvesting
over snow or weed-specific herbicides should be considered.

The combination of reducing over story competition and returning fire to the system
provides greater nutrient cycling and results in greater diversity of understory richness and
abundance than thinning alone, especially over the long term (Metlen and Fiedler 2006, Dodson
et. al. 2007). Re-sprouting or suckering of some shrubs species may respond more rapidly to
burning (Metlen and Fiedler 2006). Also, over time, these treatments will reduce the severity of

wildfire (Graham et. al. 1999, Arno and Fiedler 2005).
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Treatments should be repeated on short intervals to mimic natural disturbance and limit
fuel build up (10-35 years) (Arno and Fiedler 2005). Monitoring of the stands can be completed
to determine the level of Douglas-fir and ponderosa pine regeneration. A periodic thinning of
small trees can reduce competition. In addition, improvement cutting may be needed to remove
any unwanted Douglas-fir regeneration that is competing with the desired shrubs and ponderosa
pine/western larch seedlings (Arno and Fiedler 2005).

Though ponderosa pine forests were previously heavily used by wildlife (especially for
big game winter forage), forage has become sparse as tree cover increased with fire suppression
(Arno 1996). Therefore, forest restoration prescriptions that mimic the natural fire regime have
been shown to benefit ungulate species. Thinning restoration treatments that open the canopy
and thin the forest by removing some of the shade-tolerant trees have been shown to improve
understory growth and species richness (Gibbs et. al. 2004, Metlen and Fiedler 2006, Dodson et.
al. 2007). This increase in diversity increases browse and forage opportunities for ungulates
(Gibbs et. al. 2004). In prescribed burn treatments, post-burn vegetation has been shown to be
heavily grazed by deer, elk, and moose (Arno and Fiedler 2005). Burning has been shown to
cause short-term reductions in some shrub species which can be important for elk as winter
browse (Metlen and Fiedler 2006); however, the growth of some shrub species is triggered by
fire (ex. aspen) and most come back with greater cover in the long term. Several other species of
concern (e.g. hoary bat (Lasiurus cinereus) and Clark’s nutcracker (Nucifraga Columbiana)) will
benefit from the fire protection provided by restoration treatments in the ponderosa pine forests
because they use mature or “old-growth” ponderosa pine or western larch trees and large snags
to nest. (Personal communications, Kristi Dubois, Montana Fish, Wildlife and Parks, Missoula,

MT).
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2.2.2 Douglas-fir

Douglas-fir is a shade-tolerant, late-successional species that is abundant in middle
elevation forests of Western Montana. Here, we describe four “sub-types” where Douglas-fir is
most often found as the dominant tree species (based on the forests of the Ovando Mountain
Project Area): (1) mesic north-facing slopes, (2) shrub fields, and (3) as an old-growth
component in a park-like grassland setting, and (4) in combination with lodgepole pine and
subalpine fir. Douglas-fir is not a fire-resistant species and is shade-tolerant, often growing as an
understory or mid-story species. Therefore, this species was historically most common on
cooler, north-facing slopes where there was infrequent fire or mixed-severity fire regimes (*“sub-
types” 1 and 4) or as an understory/regeneration species (“sub-type” 2). However, occasionally,
the species has been maintained by infrequent fires, and established clumpy patches of large
trees (over 30 inches in diameter) in combination with park-like grasslands (“sub-type” 3).

Where Douglas-fir has occurred as a component of a north-facing, wet or subalpine forest
that experienced mixed-severity fires or infrequent fires, it is not yet out of the range of
conditions maintained by the historical fire regime. However, due to fire suppression, the range
and frequency of this species has increased into areas that were historically maintained by
frequent fire regimes. This has created a corresponding reduction of seral communities, like
shrub fields and ponderosa pine stands (Arno and Fiedler 2005). This means that there is an
over-abundance of dense forest stands. Though these forests can provide excellent cover, they
often have little diversity in food resources and habitat for ungulates.

Passive management is often recommended where Douglas-fir is not out of the historic
range of conditions, such as on the mesic north aspects which historically were dense stands of

Douglas-fir (Harrod et. al. 1999). In addition, where Douglas-fir is mixed with subalpine
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species, it likely experienced infrequent, high-intensity fires and is not outside the natural range
of the fire regime. In these stands, a natural fire (if it occurs) can be used cautiously to facilitate
the historical fire regime; however, adjacent stands must be protected from these fires (which
would likely be stand-replacing fires).

Active management is appropriate where growth and spread of Douglas-fir would have
been decreased by a mixed-severity or frequent fire regime. For example, in shrub fields where
Douglas-fir seedlings and saplings are out-competing shrubs, fire may be used to eliminate fir
and benefit shrubs. Another example would be where it is clear that low-intensity, undergrowth
fires have allowed for “old-growth” type, mature fir trees to persist with a bunchgrass
understory. In this case, maintaining low-intensity fires will help maintain grasslands and reduce
risk of stand replacing fire that might kill these large trees.

Maintenance of dense forest cover of the north aspects provides necessary security cover
for ungulates adjacent to areas of frequent browsing (Lyon et. al. 1985). However, where
Douglas-fir is on south-facing slopes, encroaching shrub fields, grasslands, or ponderosa pine
forests, opening the canopy will increase diversity of understory species for browse and forage
by ungulates (Gibbs et. al. 2004, Metlen and Fiedler 2006, Dodson et. al. 2007). This may also

reduce risk of stand-replacing fire and retain large trees and snags for other species of concern.

2.2.3 Lodgepole pine forest type

Lodgepole pine is a short-lived, fire-dependent species. A typical tree lives for 60-80
years. Most lodgepole pine cones are serotinous, meaning they are held closed by a sticky resin
and fire is needed to melt the resin, release seeds and enable regeneration. Therefore, lodgepole
pine stands are typically even-aged and result from a stand-replacing or mixed-severity fire that

kills the majority of the trees (Arno and Fiedler 2005). Occasionally, on gentler slopes with a
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grassy understory, there may be low-intensity fires that kill few of the trees and maintain a more
open, park-like stand (Stewart 1996, Arno and Fiedler 2005). The fire intervals in these stands
range from 30-200 years (Stewart 1996, Arno and Fiedler 2005). Post-fire, the diversity of the
stand increases as grasses, flowering herbs, shrubs, and sometimes aspen grow in with young
lodgepole pine (Arno and Fiedler 2005).

There are two management concerns for lodgepole pine. The first is naturally occurring
mountain pine beetle epidemics, which have occurred on 20-year cycles (Stewart 1996). The
stands are highly susceptible to bark beetle after 80 years because trees are stressed (Barrett et.
al. 1991). Once a beetle outbreak occurs, the dead and dry trees are highly susceptible for stand-
replacing fires (Barrett et. al. 1991). Though this is a naturally occurring event, the effects of
fire suppression have exaggerated the situation. Lodgepole remains in its historical abundance,
but healthy, young communities containing seral understory species have been reduced with fire
suppression and there are more stands reaching older, unhealthy, and therefore susceptible
conditions (Arno et. al. 2000). In this way, fire suppression eliminates the mosaic created by
mix-severity fire regimes and forests often contain only homogenous late-successional stands.

Recent management in lodgepole pine forests has typically been a reaction to mountain
pine beetle epidemics resulting in a clear-cut salvage harvest of the stand (which, after outbreak,
is correctly perceived as a dangerous fire threat). In other places clear-cuts are used in ageing
lodgepole pine stands prior to beetle infestation in order to regenerate a healthier, more
marketable crop of trees. Proactive restoration treatments do not appear to be very common;
however, several have been identified.

Restorative treatments typically start with a variable-retention commercial harvest of 25-

70% of the stand, leaving clumped or uniformly-distributed residual trees (Arno and Fiedler
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2005). Residual patches are typically one-quarter to two acres in size and are left to serve
wildlife species that use the post-burn snags for habitat (Arno and Fiedler 2005). Next, the
harvest is followed-up by a prescribed burn, carried by residual understory growth and slash,
which is expected to result in high mortality of the residual trees (Arno and Fiedler 2005). This
burn also stimulates re-growth of young lodgepole pine and increases the age and size-class
diversity of the stand.

In other cases, where there is limited accessibility or the ground is too steep for
commercial harvest, only a mixed-severity prescribed burn is used. Typically, this is achieved
by burning several patches at a time and using older prescribed burns as a fire break. This
strategy has been shown to be very effective at wildfire protection, because stands that have had
a prescribed burn are not likely to burn in a wildfire (Arno and Fiedler 2005).

Variable retention harvests benefit wildlife by creating a diversity of structure within a
formerly homogenous stand. In addition, post-prescribed burn vegetation includes shrubs and
grasses that are important for ungulates (Arno and Fiedler 2005). One study of elk habitat use
showed that, though mature and stagnant lodgepole pine stands may be the most frequent habitat
used, consumption in the stand was very low. The study also indicated that small openings in
unproductive lodpole pine stands increases forage for elk because elk consume a

disproportionate amount of resources in these areas (Collins et. al. 1978).

2.2.4 Subalpine fir and whitebark pine forest type

Whitebark pine is a keystone species of upper subalpine ecosystems because it promotes
biodiversity. It is important as a primary food source for many species and determines the ability
of others to persist (Tomback et. al. 2001). Both Clark’s nutcrackers (Nucifraga Columbiana)

and red squirrels (Tamiasciurus hudsonicus) harvest cones and cache seeds -- grizzly bears
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(Ursus arctos) then feast on these caches. In addition to providing food, the seed caches by
Clark’s nutcracker perpetuate the species because the cones do not open on their own and the
seeds cannot be dispersed without animals, thus completing a tight obligate, mutualist
relationship. Whitebark pine is also special because it is both a pioneer and climax species. The
species can colonize burned or disturbed areas due to seed dispersal behavior of the Clark’s
nutcracker and to superior hardiness compared to other subalpine species (Keane and Arno
1996). As it survives in harsh conditions it grows and increases cover and soil organic matter —
in this way, whitebark pine facilitates an environment which other species, such as subalpine fir
or Engelmann spruce, can inhabit (Tomback et. al. 2001). The whitebark pine is also a climax
species because it is relatively fire resistant and long-lived (Tomback et. al. 2001). These
climax trees make whitebark pine an important species for watershed protection as it stabilizes
soil and retains snowpack (Smith et. al. 2008).

There are two major anthropogenic changes over the past 60 years that have caused
declines in whitebark pine: the introduction of white pine blister rust (caused by the fungi
Cronartium ribicola) and successional replacement by shade-tolerant conifers due to fire
exclusion (Keane and Arno 1996). This is also complicated by an increase in the natural
epidemics (forest-wide infestations) of mountain pine beetle (Keane and Arno 1996). For
example, in the 20™ century subalpine fir in the Bitteroot Range of Western Montana increased
(from 13 to 32 percent cover) and whitebark pine decreased (from 39 to 11 percent cover) in
high elevation forests (Arno et. al. 2000).

White pine blister rust is a fungal disease of five-needled pines that was introduced to
North America in early 1900s. Whitebark pine is one of the most susceptible species to white

pine blister rust (Tomback et. al. 1995). Recent studies suggest that there is potential for local,
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even global, extinction of whitebark pine due to blister rust (Smith et. al. 2008). This is partially
due to the high levels of mortality in the upper canopy, which significantly reduced cone and
seed production. In addition, high levels of predation by Clark’s nutcrackers and red squirrels
limit dispersal of the few remaining cones (Smith et. al. 2008, McKinney and Tomback 2007).

A second anthropogenic cause of decline is fire suppression policy from the past 100
years. Whitebark pine communities in Western Montana typically experienced mixed-severity
fires on intervals of 55 to 300 years (Brown 1995 cited in Tomback et. al. 2001). These fires
killed many of the late-successional trees such as subalpine fir or Englemann spruce, but in the
case of mixed-severity fires, whitebark could often survive. Stand-replacement fires have also
perpetuated the existence of whitebark pine in some places because burn areas are preferred by
Clark’s nutcracker for seed caching and because whitebark pine is a hardier species, enabling it
to colonize the harsh, alpine, post-burn environment (Tomback et. al. 2001).

Lastly, mountain pine beetles commonly attack trees in lodgepole pine forests and may
move into higher elevation whitebark pine forests during times of severe epidemics. In general,
mountain pine beetles prefer trees over 4-5 inches in diameter, and they may even prefer
whitebark pine over lodgepole pine (Waring and Six 2005). Large-scale mountain pine beetle
epidemics have killed entire whitebark pine forests in Montana and Idaho (Tomback et. al.
2001). The few strong, blister-rust-resistant trees in a stand may be lost due to mountain pine
beetle outbreak.

Synergies between these impacts further reduce populations. For example, areas hit hard
with blister rust may not be able to re-vegetate well even if fire is reintroduced because existing
trees are damaged and much of the seed source may be consumed by wildlife (Tomback et. al.

1995). In addition, fire suppression may increase the chance of mountain pine beetle outbreaks
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as there are more large trees in the climax forests than the seral post-burn forests that were more
frequent in the past (Tomback et al. 2001). Some speculate that due to these intense threats and
its ecological importance, the whitebark pine will be elevated to a protected status under state or
federal laws, making restoration of utmost importance for managers (Personal Communications,
Kristi Dubois).

Restoration treatments in whitebark pine typically include: silvicultural treatments
(cutting), burning, and re-seeding of blister rust-resistant seedlings (Keane and Arno 1996).
Silvicultural treatments have included release cuttings, fuel enhancement, thinning, and tree
understory removal (Keane and Arno 1996). Typically, due to the fragile, subalpine ecosystems
in which whitebark pine is found, the only reasonable harvest method is to hand fell and leave
slash in the field (Keane and Arno 2001). These treatments include various levels of removal of
late-successional species, such as subalpine fir and Engleman spruce, from the stand depending
on whether the intention is to mimic mixed-severity or stand-replacement fire. One variation
that mimics mixed-severity fire creates nutcracker openings designed to facilitate seed caching
by Clark’s nutcracker. This is a one to three-acre patch cut where all trees except whitebark pine
are removed (Waring and Six 2005). Others have used uniform cutting of most young and fire-
sensitive species and un-even dispersal of slash to create a variable fire intensity (Keane and
Arno 2001). Most often prescribed burns follow cutting treatments and slash is used to facilitate
these burns, however, merchantable material not needed for burn fuel can be harvested using
low-impact techniques where accessible (Keane and Arno 1996).

Prescribed burns, if feasible, can be done in natural fields or with enhanced slash (Keane
and Arno 1996). Often, these treatments occur in small patches to simulate low-intensity or

mixed-severity fires; however, large-scale, stand-replacement fire is also typical of these forests.
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Therefore, prescribed fire greater than 300-1,000 hectares may be optimal, because it creates a
large enough area that only the whitebark pine seeds dispersed by Clark’s nutcracker can re-
vegetate the burn (and avoids wind-dispersal of subalpine fir seeds into the burn) (Keane and
Arno 1996). These large fires can be accomplished through the use of “natural prescribed fire”
(letting a natural fire burn under prescribed conditions). However caution should be used with
large fires because other research suggests that regeneration of large burns where seed sources
are less abundant may be extremely slow at re-establishing pre-fire or historical conditions
(Tomback et. al. 1995).

Due to major impacts on cone production in trees infested with blister rust, the planting
of blister rust resistant species is necessary to insure adequate regeneration in many areas (Smith
et. al. 2008). Research and identification of blister rust resistant trees and propagation of their
seeds should be a high priority for managers (Smith et. al. 2008). Stands that are hit hard should
be high priorities for implementing stand-replacing prescribed burns. Also those with no healthy
seed source within 10 kilometers should be prioritized and planting may be necessary (Keane
and Arno 2001).

Short term increases in mountain pine beetle attacks after restoration treatment have been
shown to occur (Waring and Six 2005). This means that managers should use caution in areas
with high mountain pine beetle infestation rates. Individual trees, especially those that are most
vigorous and shown to be resistant from blister rust, can be protected during times of severe
mountain pine beetle outbreaks with anti-aggregate pheromones and prophylactic treatments
with insecticides (Waring and Six 2005).

Finally, monitoring is extremely important with whitebark pine restoration projects,

particularly because few examples of restoration exist and the outcomes are hard to predict. Itis
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recommended that permanent plots should be established and pre-treatment, post-treatment, and
10 year incremental data be collected. Measurements of fuels, tree structure, and ground cover,
as well as photo plots are recommended (Keane and Arno 2001).

As noted above, whitebark pine is considered a keystone species and, therefore,
determines the ability of some wildlife species to persist. Clark’s nutcracker (a state species of
concern) is a co-evolved mutualist to whitebark pine and its survival relies on whitebark pine
restoration (Tomback 2001, Hutchins and Lanner 1982). Similarly, whitebark pine depends on
the nutcracker for regeneration as it can disperse seeds for several miles and often used disturbed
areas to cache seeds (Tomback 2001, Hutchins and Lanner 1982). Therefore, prescribed burn or
cutting treatments that leave openings (one acre or more) for caching will allow Clark’s
nutcracker to persist in addition to providing a regeneration opportunity for whitebark pine.

Similarly, these cutting or small burn treatments will also benefit grizzly bears (a
federally-listed endangered species). These bears use seeds cached by the Clark’s nutcracker as
an important fat-rich food prior to hibernation (Mattson et. al. 2001). In fact, grizzly bears in
some areas use this source of food so heavily that it has been shown that poor whitebark pine
seed crops will double the incidence of human/bear conflict (and resulting bear mortality) as
bears search for alternative sources of food (Mattson et. al. 2001, Tomback et. al. 2001). Itis
important to note that large burns that may have long term benefits to whitebark pine, could be
detrimental to grizzly bears in the short-term because of temporary, major reductions in cone
production (Mattson et. al. 2001). However, creation of roads should be avoided to protect intact

grizzly bear habitat.
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2.2.5 Aspen Forest

Aspen is the most widespread tree species in North America and exists in a diversity of
ecological settings (Romme et. al. 2001). In Montana, aspen covers approximately 255,000
acres and is scattered in small stands among mid-elevation conifers (Jones 1985). Aspen
regenerate in two ways: seeds (sexual reproduction) and root-suckering (asexual reproduction),
the latter is more common (Romme et. al. 2001). Disturbance of an aspen tree triggers root-
suckering by causing a hormonal shift that initiates development of new suckers and release of
existing suckers (Schier et. al. 1985a). Aspen is a short-lived species that requires full sun to
regenerate. In the conifer-dominated areas where aspen often grows, longer-lived conifers may
shade seral aspen stands and become the dominant overstory species, thus deteriorating aspen
clones (Rogers 2002). Apsen, therefore, relies on frequent fires to stimulated suckering, reduce
conifer shading, and regenerate healthy stands (Arno and Fiedler 2005).

It is clear that a complex combination of disturbance effects may impact the long-term
persistence of aspen in the West (Romme et. al. 2001). Aspen is vulnerable to heavy browsing,
drought, and changes in the fire regime in these more patchy settings (Romme et. al. 2001). The
first recorded occurrences of aspen decline coincided with the beginnings of fire suppression
(Hessl 2002). Where fire has been able to burn and regenerate aspen, the positive effects are
often negated by heavy browsing by wild and domestic ungulates (Romme et. al. 2001). The late
1800’s saw the last large-scale aspen regeneration in many places, perhaps because of a
combination of low elk numbers, fire, wolves influencing browse effect, and moist weather
(Romme et. al. 2001). The cumulative effects of regional aspen loss may reduce biodiversity of
aspen-dependent communities, as aspen are known to provide habitat for a rich diversity of

plants and animals not found in neighboring coniferous forests (Hessl 2002, Rogers 2002).
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The most effective and efficient way to increase regeneration is to rely on root-suckering
(Schier et. al. 1985b). It is important to consider site characteristics in order to predict success
of treatment methods on a particular site. The most basic factors necessary for successful
regeneration are: hormonal stimulation to encourage suckering, warm soils and full sun, and
protection from herbivory (Shepperd 2004). According to studies of aspen regeneration in the
West, the following factors influence the amount of regeneration after management treatments:
site aspect, proximity to elk feeding grounds, stand vigor, soil type, fire severity, and level of
human disturbance to wildlife. (Kilpatrick et. al 2003). Additionally, poor soils may negatively
influence regeneration, especially in combination with other influences. Several management
treatments have been used to encourage aspen regeneration and remove conifers from aspen
stands.

Clear-cutting or patch-cutting aspen has been used as a method for encouraging
regeneration in both commercial plantations and restoration projects. Clear-cutting produces the
most seedlings because the number of root suckers regenerated is proportional to the number of
trees cut (Schier et. al. 1985b). It is important to remember that commercial cutting and clear-
cutting remove biomass and carbon from the forest system rather than recycling so it does not
completely mimic the natural disturbances that have maintained aspen stands in the past (Rogers
2002). Additionally, harvesting techniques may cause harm to the stands, for example,
concentrated skidding traffic and slash build up has been shown to decrease suckering (Schier et.
al. 1985b). Lastly, although aspen regeneration often occurs rapidly enough that aesthetics
return quickly, it is important to consider possible affects on aesthetics (Schier et. al. 1985b).

Some have proposed partial cutting or thinning, or simply conifer removal, may improve

the condition of aspen stands, especially where regeneration is already occurring naturally. This
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may be appropriate when the goal is not timber production, but rather an uneven-aged stand
(Schier et. al. 1985b). Thinning should improve regeneration as long as the canopy is open
sufficiently enough to reduce competition and provide the full sun required to support optimal
sucker production (Schier et. al. 1985b, Arno and Fiedler 2005). However, partial cutting may
result in inferior second generation due to competition and shading from retained trees. Partial
cutting may not be successful if the root-systems of the live stand are deteriorating. (Schier et. al.
1985b). Additionally, thinned stands may be used less by wildlife because leave trees or felled
trees may block use (Jones and Shepperd 1985).

Fire is the main historical disturbance that has maintained regeneration of the aspen
stands. Therefore, it is proposed as a method for restoring regeneration to the stands. Where it is
feasible, burning is an inexpensive and effective method for creating regeneration (Schier et. al.
1985a). Fire can be used in combination with thinning or removal of conifers, to create less
severe or more controlled prescribed fires. Continued monitoring will help identify influences
on success of treatments and inform adaptive management (Kilpatrick et. al. 2003).

Most aspen communities in Montana occur in isolated patches among conifer forests; a
pattern that makes the aspen very valuable for some species as it provides the only concentrated
forage in an area (DeByle 1985a). Aspen stands can provide a diversity of niches that do not
exist elsewhere in the landscape, such as habitat for shrub-nesting birds, which nest in aspen-
suckers and understory shrub species as well as cavity —dwellers, which take advantage of the
tendency for heart rot in aspen (DeByel 1985a). Large game species such as elk, moose, and
deer also use aspen habitat (DeByle 1985a). The high quality forage provided in aspen stands

will decline in quality and quantity as succession shifts it to conifers (Canon et. al. 1987).
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Restoration efforts like those described above can sustain the aspen stand and thus have
positive effects for ungulate species. For example, when burned, aspen suckers sprout
extensively and other important browse species, such as serviceberry may increase to provide
high-quality, nutritious browse. (Canon et. al. 1987). Elk have been shown to graze on 2-3 year
old burned aspen plots over unburned plots and graze more efficiently on burn sites, likely due to
increases in desirable forbs after fire (Canon et. al. 1987). However, the combined effects of
burning and heavy elk browse may reduce the positive effects of burning. In designing
treatments to improve ungulate browse availability in aspen stands, we must be aware that elk
may have a major impact on the long term persistence of the aspen stand (DeByle 1985b,
Johnston 2001, Bailey and Whitman 2002, Kilpatrick et. al. 2003). In places where elk
concentrations are high, especially in winter, they may over-browse and damage bark, therefore
deteriorating the stand (Debyle 1985b). Proximity to elk feeding grounds affects the success of
regeneration (Kilpatrick et. al. 2003). Browsing of aspen suckers will also make them more
shrub-like in form which may alternatively improve browse opportunities (Debyle 1985b).
However, if these forms are desired, management efforts will need to find a “middle ground”
between elk browsing opportunities and aspen regeneration (Johnston 2001).

One common method uses fencing to protect the aspen stand (Arno and Fiedler 2005).
An alternative to expensive fencing may be using “jackstraw piles” of fallen conifers killed by
fires, which have been shown to protect aspen regeneration from elk browse in Yellowstone
National Park (Ripple and Larsen 2002). Fencing or exclosure does not need to be maintained
forever, but rather, until aspen is tall enough to resist major detrimental effects. A less expensive
method may be to time harvest or fire treatments when elk populations are low or during seasons

when impact may be smaller (Debyle 1985b).
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2.2.6 Non-forested stands — Shrublands and grasslands

Shrubland and grassland ecosystem types are generally dry or high-elevation
environments with few trees. Many varieties of Western shrub ecosystems have been well-
studied, including southern arid pinyon-juniper and sagebrush ecosystems (Roundy et. al. 1995),
however, the high-elevation shrub-grassland ecosystems of northwest Montana has been less
studied. We can infer that, just as the conifer and aspen forest type ecosystems (discussed
above) have been altered over the last century, the shrubland and grassland ecosystems of the
Northern Rocky Mountain region have likely been altered since European settlement.
Documented influences on distribution, abundance, composition and structure of these
ecosystems have been: fragmentation and conversion to agriculture (Lei 2000), over-grazing by
wild and domestic ungulates (Kay 1995), and changes in fire regimes (Keane et. al. 2002,
Skovlin et. al. 2002). In order to restore the ecosystem, a re-introduction of periodic fire and/or
management of grazing may be necessary.

Though there is need for restoration in shrubland ecosystems, management has been
inadequate at addressing this need; this is largely because of a lack of scientific basis for and
understanding of restoration in the shrubland ecosystem (Sommers 2000). This lack of scientific
understanding implies a need for a cautious approach to restoration in the shrubland ecosystem.

Prescribed burns have been used to restore grassland ecosystems because the fires can
eliminate encroachment by woody species. It may also be useful to restore mountain shrubland,
which has matured and become decadent as a result of fire control (Skovlin et. al. 2002).
Burning in shrub is generally intense and removes most of the above ground vegetation;

therefore, it may take several years for regeneration to occur (Huff and Smith 2000).
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Ungulates rely heavily on these shrublands and grasslands for forage and browse and
benefit greatly from prescribed burn treatments that increase browse and reduce conifer
encroachment. However, ungulates may also have detrimental effects on restoration efforts
because browse may reduce growth of shrubs (Kay 1995). If ungulate use of the restoration area
is high, it may be necessary to consider exclosures to remove grazing pressure from establishing

shrub communities until they can withstand strong grazing pressures.

2.3 Multiple-Criterion Decision Analysis

The Blackfoot-Clearwater habitat improvement and restoration project (the Project) had
several management goals, including: improving wildlife habitat, protecting forest health,
utilizing forest stewardship practices, and considering community concerns. The final outcome
of the Project is a management-oriented plan for the whole forest that addresses these goals.
Prescriptions were designed to achieve these goals in each of 68 stands, and then stands were
prioritized for treatment to help FWP achieve the most efficient and effective project schedule.
To identify these priority stands for efficient implementation of the plan, multiple criterion
decision analysis (MCDA) methods are useful tool. They can provide a more objective planning
process so that the plan can more fully satisfy the full range of management objectives.

Planning, by nature, is a matter of optimizing benefits based on a variety of alternatives
(Pukkala 2002a). When planning is a mix of objective and subjective processes for evaluating
and ranking alternatives it is called decision analysis (Pukkala 2002a). Planning operates at
three levels: strategic planning determines goals, tactical planning identifies alternatives to meet
the goals, and operational planning identifies specific actions to implement alternatives (Pukkala
2002a). MCDA is often used at the tactical planning level as a system to optimize benefits and

locate the best alternative among a large number of possibilities. The general process is to:
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collect data, identify decision makers, stakeholders and objectives, generate alternatives and
predict consequences, evaluate and compare results, and choose the best alternative based on the
objectives (Kangas and Kangas 2002). Quantitative analysis allows one to assess large numbers
of alternatives, and to balance many, potentially opposing, objectives (Pukkala 2002a).
Additionally, MCDA can improve the decision-making process because quantitative and in-
depth analysis can provide greater understanding of the objectives and alternatives, in addition to
more opportunities for clear communication (Pukkala 2002a).

Two main categories of MCDA exist. First, multiple objective decision-making
(MODM) methods, or continuous methods, are used when an infinite number of alternatives
exist (Mendoza and Martins 2006). As a result of their ability to deal with or develop a
multitude of alternatives, MODM methods are increasingly being applied to forest planning
efforts and experiments (e.g. Dane et. al. 1977, Bettinger et. al. 1997, Borges et. al. 2002).
Second, multiple attribute decision-making (MADM) methods, also known as discrete methods,
are used to choose from an existing collection of discrete management alternatives.

Forest planning is complex because there tends to be a wide variety of objectives and
stakeholder opinions, there is a high degree of uncertainty in evaluating criteria, there are long
time horizons for forest growth, and many criteria are not quantitative (Kangas and Kangas
2002). Following is a brief description of a few of the many MCDA methods that have been
used to analyze the complexities of forest planning. The methods to be highlighted here
include: goal programming (GP), heuristic methods, multi-attribute utility theory (MAUT), and
the analytical hierarch process (AHP). The former two methods are classified as continuous

methods, or MODM, and the latter as discrete methods, or MADM.
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2.3.1 Goal programming

Goal programming (GP), first developed by Charnes and Cooper (1961), is an adaptation
of a linear programming model used to account for multiple objectives (Dane et. al. 1977). The
GP process aims to minimize deviations of objective variables from specified target values,
which are derived from management goals (Pukkala 2002a). GP can also be used to give
weights to various objectives in order to account for differences in relative importance (Pukkala
2002a).

Several variations of GP exist, including: weighted goal programming (WGP),
lexicographical GP, and MINMAX GP (Tamiz et. al. 1998). For the purposes of this
examination, the WGP demonstrates the most basic principles of GP very well. The formula for

WGP is (Tamiz et. al. 1998):

Minimize z = _il (uini tV p.)
such that, fi(x)+ni - P =bi,i =1...Q,X C

where:
- fi(x) is a linear function of x;
- Dbjis the target value for that objective
- njand p; are the negative and positive deviations from the target value
- Uujand vjare the positive weights attached to these deviations
« Q is the number of objectives
- Csisan optional set of constraints

S

The manager must first identify their objectives, specific target values for each objective, and
any preferences associated with the different objectives. To set target values, individual
objectives can be optimized using a linear programming model. To systematically assign
weights to the objectives (u; and v;) another MCDM technique, such as the Analytical Hierarchy
Process (Chapter 2.3.4), may be used (Tamiz et. al. 1998). Constraints may be incorporated by

limiting the set of alternatives to those within the constraint set (Cs). The optimization formula
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minimizes the sum of the positive and negative deviations (or weighted deviations if working
with unequal goals) from the set of goals (Field 1973). The output provides the set of actions
that most closely satisfies the objectives.

Applications of GP to forest management were first discussed long after the method itself
was developed (Field 1973). The method has been frequently applied to forestry for developing
economically optimal timber harvest schedules, for example, by optimizing the multiple
objectives of total volume harvested, total undiscounted cash flow, total discounted cash flow,
and total discounted cost (Hotvedt 1983). In addition, multiple-use objectives have been
incorporated into forest planning through the use of GP, for example, forest planning on Mount
Hood National Forest included recreation, hunting, housing, soil impacts, and road use in the
model (Dane et. al. 1997). More recent work has used GP to incorporate biodiversity objectives
(Bertomeu and Romero 2001) and carbon capture and storage objectives (Diaz-Balteiro and
Romero 2003) into forest planning processes.

GP is a useful method for dealing with multiple-objective problems. First, a variety of
normalization methods (dividing by a constant) can be applied in GP to deal with multiple
measures or units (Field 1973, Tamiz et. al. 1998). Second, the use of GP provides information
to decision-makers about the level of importance of each goal and how much the goal should
affect the outcome (Dane et. al. 1977). Additionally, GP provides a method of communication
between specialists, who determine the weights, and the decision-maker (Dane et. al. 1977).
However, GP can result in inefficient solutions (the achieved value of one objective can be
improved without harming the achieved value of any other objective) if the targets are set too
conservatively (Tamiz et. al. 1998). With recent adaptations and new methods, this has largely

been resolved (Tamiz et. al. 1998).
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2.3.2 Heuristic methods

Heuristics can be described as “trial and error” modeling (deSteiguer et. al. 2003). The
process starts with an initial solution and gradually improves or “moves” variables until a user-
designated stopping criteria is reached or total utility (as measured by a multi-variable equation)
is maximized (Borges et. al. 2002, Pukkala 2002a). In this way, theoretically an infinite number
of alternatives can be evaluated. Therefore, it is helpful to use this approach to develop
alternatives. A simple example starts with random treatment in each stand. Next, one stand is
chosen randomly and the treatment for that stand is randomly changed. If overall benefit (total
utility) is improved by the change, it is accepted; if not the process begins again from the
previous set of alternatives (Pukkala 2002a). There are several variations of heuristic methods
including, but not limited to: random search, simulated annealing, and tabu search. Random
search is the most basic heuristic approach — it begins with a random solution, evaluates the
solution to see if goals are met, if not a new random solution is formulated and the process
continues (Bettinger et. al. 2002). This option is rather inefficient because of its choice of a
random solution with each iteration. Simulated annealing is slightly more progressive, as it uses
a local search of neighboring solutions (e.g. changing one stand at a time), rather than a random
search, to test for improved solutions (Bettinger et. al. 2002). However, this method allows for
“worse” solutions, or local optimum rather than global optima, to be accepted. Similarly,
another neighborhood search method is “tabu search,” in which recent changes are remembered,
therefore preventing the positibility of finding a local optima solution(Bettinger et. al. 1997,
Pukkala 2002a).

Heuristics are most useful for determining size and arrangement and timing of treatments,

given several objectives and constraints. The methods have often been used to schedule
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maximum timber harvest, given feasibility constraints and clear-cut adjacency constraints
(Murray 1999). The method has also been used to schedule timber harvests in relation to big
game habitat goals and satisfy habitat connectivity and quality constraints (Bettinger et. al. 1997,
Bettinger et. al. 2002).

An important advantage of heuristics is that it can be used to schedule treatments and
consider spatial objectives, for example, it can account for impacts on adjacent stands or patch
sizes or mosaics (Bettinger et. al. 1997, Borges et. al. 2002). Largely because of this, variations
of heuristic methods have frequently been used for landscape-level planning and habitat studies.
In this setting, heuristics provided other benefits including: ability to use large planning areas,
ability to find feasible solutions, and the flexibility for many different problem structures
(Kurttila 2001). However, with heuristics, the “optimal” result is not guaranteed and data can
significantly affect the outcome (Bettinger et. al. 1997, Kurttila 2001). Given inherent
uncertainties in forest planning, approximate solutions provided by heuristics may be adequate,

especially considering that solution time may be decreased (Borges et. al. 2002).

2.3.3 Multi-attribute utility theory (MAUT)

The multi-attribute utility theory (MAUT) is based on developing utility functions that
depend on management objectives or decision criteria (Pukkala 2002a). The impact of the
different objectives is displayed in the shape of the utility function, for example, a constraint
function would have a steep “drop-off” where the alternative is no longer feasible (Pukkala
2002a). In the simplest methods, quantitative measures of the criteria are identified, these are
then adjusted to a common scale (using a scaling-constant), the utility of each criterion is
summed for each alternative and the alternative with the highest utility is chosen. This simple

equation is as follows:
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n

Maximize: U . (X) = ki - U i (X) ,
Where:

- X is some alternative in the set of alternatives

- Usg is the total utility of the alternative

= nisthe number of criteria being evaluated

- kjis the scaling constant for criteria i

- u;is the utility of alternative x with respect to criteria i.
However, criteria are not always additive or independent of each other and there are methods that
can accommodate this, such as weighting the criteria differently (Ananda and Herath 2005).

This method is best implemented for situations with a small number of criteria and small
number of alternatives (Alho et. al. 2002, Ananda and Herath 2005). Early applications to
forestry compared the total utility of each alternative based on maximizing timber production
and retaining aesthetic values (Hyber 1987). MAUT has also been sued to evaluate stakeholder
concerns and risk-attitudes about old-growth forests, timber production, and recreation in forest
planning (Ananda and Herath 2005).

The method is good for measuring and balancing non-wood forest outputs because
MAUT can create a single unit of measure (utility) for a wide range of goods (Pukkala 2002b).
This also implies that one should be aware that utilities are interchangeable, meaning, for
example, that a low achievement of an ecological objective can be compensated for by high
economic values (Pukkala 2002a). This may not be desirable in a multiple-use forest planning
framework. In addition, when developing utility functions and combining the function according
to their relative importance, the decision-maker’s preferences are relied upon heavily and many
assumptions must be made. There is no process to analytically develop the utility function.

Therefore, though theoretically ideal, this process is less often used in forestry applications

(Diaz-Balteiro and Romero 2007).
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2.3.4 Analytical hierarchy process (AHP)

Another discrete method used for forest planning is the Analytical Hierarchy Process
(AHP). The AHP uses relative values and comparative judgments to develop a weighted
hierarchy of objectives. First, the decision-maker and stakeholders formulate a goal, objectives
and criteria to structure the problem as a hierarchy (see Figure 2.1). Then a pair-wise comparison
is made between each objective in each level, creating a matrix of relative values demonstrating

how the level of importance differs for each pair of objectives.

GOAL
Objective 1 Objective 2
Criteria| [Criteria| |[Criteria Criteria Criteria

Figure 2.1: Basic AHP Hierarchy of Objectives and Criteria

The user gives their preference using relative, pair-wise comparison. A verbal scale of
relative importance ranging from equally important to strongly important is used and later
converted to a numeric value, one through nine (Saaty 2000). These comparisons fill in the
matrix in a reciprocal fashion and are transformed into a vector of weights for each objective
using the Eigen-value computation or geometric means. Geometric means can provide a more
simple approach to the process and weights obtained from geometric means are often similar to
those from Eigen-values, especially with increasing consistency, but geometric means may result
in ranking reversals and errors and Eigen-values are preferred (Saaty 2000). Once determined,

the weights are then multiplied by the attribute values (measures of performance) for each
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alternative for that objective or criteria. The attribute values are scaled from zero to one and,
therefore, attributes can take various forms or measurement units including both qualitative and
quantitative data. These weight and performance values are summed across the hierarchy,
resulting in a final relative value that allows one to rank alternatives (Saaty 2000).

AHP has wide application as a tool to rank or prioritize existing/pre-defined management
alternatives. It was first applied to prioritize forest management alternatives according to three
management goals: maximize economic return, maximize wildlife habitat, and maximize
recreation opportunity (Mendoza and Sprouse 1989). Since then it has been used for prioritizing
various forms of inventory and monitoring protocols in the National Parks (Schmoldt et. al.
1994, Peterson et. al. 1994) and incorporating stakeholder preferences to rank social, economic,
and ecological objectives for a regional forest plan (Ananda and Herath 2003), among countless
other applications. AHP is also very commonly applied in conjunction with other MCDA
techniques that primarily create alternatives, such as goal programming, to assist in
understanding objectives and their relative importance (Mendoza and Sprouse 1989, Tamiz et. al.
1998).

AHP is valuable for multiple-objective decision-making because it can accommodate
various forms of data and does not require a single unit of measurement. The hierarchical
structure helps decision-makers develop a full understanding of the problem at hand. It is a very
visual process and is therefore easily communicated and understood (Saaty 2000) and allows
decision-makers to demonstrate how criteria are developed (Ananda and Herath 2003). Due to
psychological constraints, humans are typically only able to evaluate about 7 (+/- 2) elements at
any given time, so it is recommended that the method use fewer than 7 objectives for comparison

at each level of the hierarchy (Saaty 2000). Also, stakeholders may get un-interested as the pair-
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wise comparison process can be rather tedious with some problems (Marttunene and
Hamalainene 1995). Additionally, there are drawbacks if user preferences are inconsistent or
non-reciprocal (Alho et. al. 2002). However, the measurement of consistency index can be used
to evaluate these situations (Saaty 2000). Another weakness of AHP is that it depends heavily
on how preferences are evaluated and how the structure of the process is developed (how you
structure the hierarchy or determine weights etc.) (Ananada and Herath 2003). Therefore,

careful structuring of the problem is essential.

2.3.5 Applications

Though all of the above methods have proven useful for forest planning, AHP was
chosen for the Ovando Mountain Forest Stewardship Plan. AHP is useful for this project
because of its ability to deal with various types of data. Given multiple objectives, each stand
was evaluated using both qualitative and quantitative data (depending on the objective) with
many different scales and units. In addition, AHP helps to improve the long term
implementation of the Plan and potentially create opportunities for collaboration with the
community (which owns the adjacent property). AHP can directly incorporate stakeholder
preferences and group decision-making through the structuring of the problem and in pair-wise
comparisons (Saaty 2000, Ananda and Herath 2003). Lastly, AHP tends to be easily understood
and most people find it natural rather than alienating (Saaty 2000). It allows the decision-maker
to demonstrate how criteria are developed fairly easily (Ananda and Herath 2003) and the output
is a useful, quantified ranked list that is very easy to interpret and explain and can be interpreted
visually on a map.

It is important to carefully consider the implications of various hierarchy structures, as

the AHP can be very sensitive to changes. The hierarchy should be kept as simple as possible to
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keep it user-friendly, efficient, and easily communicated. Given the project setting, the
importance of community involvement, and the multi-disciplinary objectives for the project,
AHP was a useful tool that will help FWP most effectively and efficiently implement the Forest

Plan.
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3 METHODS

The process for forest stewardship planning on the Ovando Mountain Unit of the
BCWMA consisted of several key steps: data collection and forest inventory, forest prescription

designs, and prioritization of stands using AHP.

3.1 Project Site

The Ovando Mountain Unit of the BCWMA (the Project Area) is located north of the
town of Ovando, in the Blackfoot Valley just west of the continental divide in Western Montana
and about 50 miles northeast of Missoula, Montana (see Figure 3.1). The annual temperatures
range from a high of 81 to a low of 5 degrees Fahrenheit. Average annual precipitation is 16
inches, ranging from 1-2 inches per month, with most precipitation falling in May and June.
Snowpack is significant with average annual snow fall of 79 inches. On high elevations of the
Project Area, snowpack may last until July. The project area elevation ranges from 5,000 to
7,500 feet. This broad range of elevation provides a diversity of forest types across the project
area. Dominant tree cover types include: ponderosa pine/western larch forests in low elevations,
Douglas-fir forests and lodgepole pine forests in middle elevations, and whitebark pine/subalpine
fir forests in high elevations. Shrublands cover south aspects on middle elevations and
grasslands cover high elevation stands. There is also one 50-acre aspen stand on the Project
Area, a unigue and important feature for upland game bird and ungulate habitat. Lastly, several
watersheds originate on Ovando Mountain including Warren Creek and Spring Creek. Spring
Creek is an important trout spawning stream for the North Fork of the Blackfoot River. The

most recent wildfire fire burned the majority of the Project Area in the 1930s, opening up
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shrubfields and grasslands on the southern face of Ovando Mountain and regenerating Lodgepole

pine and Douglas-fir stands.
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The property was deeded to FWP in 1957 as part of a land trade deal. The historic uses
were sheep grazing, hunting, recreation, and some limited timber harvests. Wildlife, including
many endangered and/or predator species such as grizzly bears, mountain lions, and wolves have
consistently used the habitat on Ovando Mountain, demonstrating its wildness. Since 1957,
FWP has implemented no land management activities, collected little vegetation data or non-
game wildlife data, and has used the area primarily for its value as a hunting area. It is the
center-piece of a Block Management Area that receives the highest density use of any in the
state, bringing in 2,300 hunter-days in 2008. The local community has continued to use the
property for recreational activities such as hunting, hiking, horseback riding, and snowmobiling.

Today, the Project Area is part of the Blackfoot Community Conservation Area (BCCA)
(see Figure 3.1 and 3.2), a 41,000-acre area composed of private, US Forest Service, state, and
community-owned lands managed collaboratively as a “multiple-use, working landscape that
implements sustainable land management and stewardship practices...for the long-term benefit
of the Blackfoot community” (BCCA Council 2007). A Memorandum of Understanding (MOU)
provides the legal framework for collaborative land management decision-making among

members of the BCCA.
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Figure 3.2: Blackfoot Community Conservation Area

The current surrounding land-owners, in particti@ US Forest Service (USFS), the
Montana Department of Natural Resources and Coasenv(DNRC), and the Community
Forest (BCCA Core), are managing and restoring fbegst lands. Each of these entities has
personnel or volunteers dedicated to forest managenThey have forest inventories at various

levels of sampling intensity, and have or are cutyedeveloping forest plans. For these
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