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1.0 INTRODUCTION

Over the past century, mule deer (Odocoileus hemionus) populations throughout their range have
fluctuated widely; however, recent trends indicate that populations are declining throughout western
North America. Much of this decline can be attributed to direct habitat loss (mainly winter range), a loss
of browse species and deteriorating forage base, and weather extremes including large-scale droughts and
severe winters (Heffelfinger and Messmer 2003). Mule deer were included as a fine-filter conservation
element (CE) to ensure that crucial winter range and parturition areas were evaluated as part of the Rapid
Ecoregional Assessment (REA) process.

Management questions (MQs) pertaining to the big game assemblage in the ecoregion were identified in
Task 1 and can be summarized as: 1) where are important habitat areas for the species? and 2) how will
their condition and suitability for the species change in the future? The central focus of these two MQs is
to document the current status of selected CEs at the ecoregional scale and to evaluate how this status
may change over a future time period. The first step is to identify suitable habitat for the CE within the
ecoregion. Then, these areas are assessed relative to current and potential future change agent (CA)
threats.
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2.0 CONSERVATION ELEMENT DESCRIPTION

The mule deer is restricted to western North America, with a range that extends from southern Alaska
through Canada, into the entire western half of the United States, and to the highlands of central Mexico.
Mule deer are very adaptable and are capable of living in a variety of different environments. This species
is numerous and widespread, and can be found in habitats that range from alpine meadow, mixed forest,
arid plains and open prairie. The mule deer is primarily a deer of open forests and broken brush lands.

Mule deer will migrate as far as 80 miles between summer and winter ranges. In winter, mule deer prefer
lowland riparian ecosystems that provide thermal and protective cover and will concentrate in those areas.
However, in summer, mule deer tend to roam widely and may concentrate around water sources where
green vegetation is abundant. The mean home range for adult females can extend from 0.3 to 1.2 square
miles while adult males have a mean home range of 1.2 to 4 square miles, but may be as large as 30
square miles (NRCS 2006).

Survival of mule deer is directly linked to the quality of food plants and the ability of the deer to reach it,
particularly in areas of heavy snow cover concentrations. Mule deer can tolerate snow depths of 18 to 24
inches, but lower levels are sought in order to conserve energy (NRCS 2006). Poor winter range
conditions and severe winter weather in the form of deep snow and cold temperatures can result in high
mortality, especially among the old and young (Northwest Power and Conservation Council 2004).
Nutritional status also affects a deer’s vulnerability to predation, as well as its ability to compete for food
and survive when severe weather persists for extended periods. The primary cause for winter starvation is
habitat in poor condition often exacerbated by too many deer and other herbivores competing for the same
forage (Wyoming Fish and Game 2011).
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3.0 CONSERVATION ELEMENT DISTRIBUTION MODELING

To answer the MQs regarding the location and status of this species across the ecoregion, a variety of
existing data layers representing important crucial and severe winter range, parturition areas, and travel
and migration corridors for mule deer species are needed. Distribution of this species covers all five states
in this ecoregion (Montana, Nebraska, North Dakota, South Dakota, and Wyoming).

3.1 DATA IDENTIFICATION

A preliminary review of potential data was conducted as part of Task 2 of Phase 1 to define available data
for use in this REA (Table E-1-1). Since this species is considered to be common, occurrences are not
recorded by natural heritage programs. Suitable mule deer habitat models were acquired from Gap
Analysis Program (GAP) and NatureServe. Habitat data for this species was also acquired from Utah
State University. There is also a Western Governors’ Association (WGA) Wildlife Council Crucial
Habitat Assessment Tool (CHAT) underway that could generate models and datasets for the ecoregion;
however, no data are currently available.

Table E-1-1. Data Sources for Conservation Element Distribution Mapping

Data Needs Dataset Name Source Agency Type/Scale Status LSEX]
Modeled Suitable GAP Habitat U.S. Geological Survey | Raster (30-m) | Acquired No*
Habitat Models (USGS)

NatureServe NatureServe Polygon Acquired No’
Habitat Model
Mule Deer Ranges | Western Association of | Polygon Acquired Yes
Fish and Wildlife
Agencies (WAFWA)
WGA Decision WGA Pilot Crucial Raster Future No'
Support System Habitat Dataset
(DSS) Models
Mule Deer Habitat | Utah State University Polygon Acquired No”
(1:250 k)
Crucial and Severe | Crucial and Winter | MT, WY, ND, SD, NE Using No”
Winter Ranges Range Fish and Game WAFWA

! Data gap
2 More representative data were selected for use

The most important datasets for mule deer are the locations of crucial and severe winter range, parturition
areas, and travel and migration corridors. Mule deer migration routes are described by agency
publications, internal knowledge of land managers, and conservation organizations (Western Association
of Fish and Wildlife Agencies [WAFWA], Mule Deer Foundation). The Mule Deer Working Group
(2005) has mapped the entire range of mule deer in North America and has identified two types of winter
range: 1) winter range (defined as the part of the overall range where 90 percent of the individuals are
located during the average 5 winters out of 10 from the first heavy snowfall to spring green-up, or during
a site-specific period of winter) and 2) severe winter range (areas within the winter range where 90
percent of the individuals are located when annual snow pack is at its maximum and/or temperatures are
at a minimum in the 2 worst winters out of 10). In addition to identifying and mapping distribution,
habitat classification factors that limited habitat quality for mule deer were also identified.

The Assessment Management Team (AMT) decided that only the winter range would be used to assess
CA impacts as part of the REA. The AMT has recommended using the WAFWA mule deer ranges to
develop distribution layers.
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3.2 DISTRIBUTION MAPPING METHODS

The WAFWA mule deer winter range data were used to create a range map for this species. The mapped
data appeared to be combinations of detailed mapping and coarse-management boundaries (Figure E-1-1).
After review by the Rolling Review Team (RRT), some regions were mapped at fine-scale, providing
very detailed delineations of range habitat, while other areas reflected management boundaries mapped at
a coarse level.

The methods for generating core habitat patches developed by the Washington Wildlife Habitat
Connectivity Working Group (WHCWG) were reviewed and determined to be applicable for determining
habitat patches for the mule deer within the Northwestern Plains ecoregion (WHCWG 2010). Applying
the methods documented by WHCWG and adjusting parameters reflective of the study area conditions,
the habitat patch layer for the mule deer was developed using the Habitat Concentration Area (HCA) tool
developed by the WHCWG. The methods for developing estimates of core habitat for individual species
(in the absence of quality range data) developed and applied by the Washington Connected Landscapes
Project were reviewed with respect to mule deer. Some regions were mapped at fine scale, providing very
detailed delineations of range habitat, while other areas reflected management boundaries mapped at a
coarse level.

The HCA model uses attributes representative of the focal species and on the distribution of natural
conditions. Using the HCA toolset developed by WHCWG, large, contiguous areas that have retained
high levels of naturalness (i.e., core areas characterized by a relatively light human footprint) were
identified. The HCAs are aggregations of habitat grid cells that are connected to one another by species-
specific home range movement radius. These aggregations must typically meet a minimum size
requirement needed to support multiple individuals. To implement the HCA tool, two datasets were
required: (1) a habitat raster and (2) a resistance raster. The habitat raster can be derived from range data,
if available, and mapped consistently at an appropriate scale. In the absence of range data, a habitat
identification model can be derived from the resistance raster. For mule deer, the HCAs were developed
by using a combination of a priori knowledge and a habitat identification model.

A binary habitat raster was developed in which a grid cell was either classed as habitat (assigned a value
of 1) or non-habitat (assigned a value of 0). The WHCWG developed a habitat grid by using a resistance
grid developed for mule deer and assigning all resistance values 3 or less as habitat. All values greater
than 3 were assigned a non-habitat value (i.e., 0). For this application, a threshold resistance value of 5
was used to delineate between habitat and non-habitat.

The habitat resistance raster for mule deer was developed by using five variables to assess resistance:
landcover, elevation, slope, housing density, and presence of transportation corridors. Each dataset was
reclassified into meaningful metric categories and assigned resistance values based on those applied and
reported by the WHCWG statewide project report (Table E-1-2). The landcover dataset was reclassified
to general vegetation classes (see Attachment A). Various scenarios were applied and compared to
WAFWA winter range data. Bureau of Land Management (BLM) wildlife ecologists further examined
the patch distributions to assess the whether the outputs were reasonable, and adjusted them accordingly.
This analysis adjusted resistance parameters set within the WHCWG analysis. The resistance raster output
from scenario 2 (as presented in Table E-1-2) was used to develop the habitat binary raster. The
proportion of habitat within a circular moving window of a size representative of the mule deer’s home
range radius is calculated. For this analysis, a home radius of 2,000 meters (m) was used. The outcome of
this step generates a surface that identifies the areas where habitat is most concentrated.

The HCA tool then deletes the grid cells in areas where habitat is sparse. Habitat grid cells are removed
from the habitat binary raster if the proportion of the habitat within the home range radius was less than
0.89. This prevents habitat concentrations from forming in areas where habitat is not concentrated to the
level which would be considered core habitat. Only grid cells meeting the minimum average habitat value
of home range were evaluated. The threshold habitat value was set to 0.75. Grid cells meeting the
minimum average habitat value of home range were than compared to the 0.75 threshold, and, if greater,
were then classified as core habitat.
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Table E-1-2. Variables Used for Habitat Resistance Model for the Mule Deer

szlif;zyell?sata Data Source Factors Used (Wllz 'ct:'\r;l\llG) Scer;arlo

Landcover/ GAP Agriculture 5 2

Land Use Urban/developed 100 100
Water 20 20
Sparsely vegetated 5 5
Alpine
Riparian
Wetland

Grass-dominated
Shrub-dominated
Dry forest

Wet forest
Elevation USGS 0-250 m

National Elevation Dataset (NED) >250-500 m
>500-750 m
>750-1,000 m
>1,000 - 1,500 m
>1,500 - 2,000 m
>2,000 - 2,500 m

NOIOIN|O|IOINO|O|IR|INFPIO|IO|W|IO|IOINININ|FP|IO(O|0O|O|0O|0|O|NN|FP|O|Oo
NOIOIN|O|IOINO|O|IR|INFPIO|O|W|IO|IOININ|FP|IO|IO(0O|0O|O|0O|0|O|NN|FP|O|Oo

>2,500 - 3,300 m 5
>3,300 m 5 5
Slope USGS 0 - 20 degrees
NED >20 - 40 degrees
>40 degrees 0 0
Acres/ Housing Density 2000, >80 ac/du
Dwelling Unit Natural Resource Ecology Lab, >40 to <80 ac/du
(ac/du) Colorado State University 2008 >20 to <40 ac/du
>10 to <20 ac/du
<10 ac/du 0 0
Transportation Topologically Integrated Geographic >500-1,000 m
Freeway Encoding and Referencing (TIGER) >0-500 m
Line Roads Census 2000 centerline 00 00
Transportation TIGER Line Roads Census 2000 >500-1,000 m
Secondary >0-500 m
Highway centerline 0 0
Transportation TIGER Line Roads Census 2000 >500-1,000 m
Local Road >0-500 m
centerline

Remaining habitat grid cells are joined together if they are within a home range distance. Habitat areas were
expanded outward (from the remaining habitat grid cells after step 4) up to a total cost-weighted distance
equal to the species’ home range movement radius (2,000 m). This effectively joins nearby habitat grid cells
together if the intervening landscape supports movements within the home-range connectivity.

The WHCWG statewide application of the HCA tool removed HCAs smaller than a threshold that was
meaningful to the mule deer range. This analysis of patch size sought to examine a range of habitat patches,
thus a low threshold was established (100 hectare [ha]). This process was reapplied to develop a secondary
patch size layer used within the connectivity analysis to develop connectivity corridors between large,
significant habitat patches. This secondary patch size layer used a threshold of 100 square kilometers (km?)
to limit habitat patches to large core areas. Figure E-1-2 shows the core patch habitats used to define the
winter range distribution of mule deer in the ecoregion for this REA.
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4.0 CONCEPTUAL MODELS

The current and potential future threat analyses were based on CE-specific ecological conceptual models,
selected environmental variables (Key Ecological Attributes [KEAs]) likely to be impacted by CAs, and
the availability of data.

41 ECOLOGICAL PROCESS MODEL

The ecological process model (Figure E-1-2) was developed to identify and link the key life cycle
processes to specific ecological factors, or KEASs, that have the greatest potential to affect mule deer
habitat throughout the ecoregion. As noted in the species description, winter ranges within the ecoregion
are critical habitat for the mule deer. Forage quality and accessibility is a key factor in winter survival and
parturition.

The key processes are identified in the model as green boxes. Following Unnasch et al. (2009), three
broad headings or categories of KEASs (size, condition, and context) are identified in the model as blue
diamonds. Size refers to attributes related to habitat or patch size, condition refers to the condition of the
habitat, and context refers to the spatial structure of the habitat. At the landscape level, the KEAs under
the condition category will be the most challenging to spatially represent and will primarily depend on the
data available.

4.2 SYSTEM-LEVEL CONCEPTUAL MODEL

The system-level conceptual model (Figure E-1-3) illustrates the interactions between the CAs and the
primary habitat functions of this species. The primary CAs for this CE are development, climate change,
invasive species, and wildfire, which are identified across the top of the figure in red. The important
factors (or “drivers™) affecting the abundance and distribution of mule deer populations include those that
impact survival, reproduction, distribution, density, and metapopulation structure.

4.2.1 Development

The specific types of development that may be a risk to the important winter habitat for the mule deer
include roads, oil and gas exploration and development, urban/exurban expansion, and renewable energy
development. Habitat loss and fragmentation from urban and exurban development is a risk to mule deer
populations in the ecoregion. Development increases the need for roadways. Roads are widely recognized
by the scientific community as having a range of direct, indirect, and cumulative effects on wildlife and
their habitats (Trombulak and Frissell 2000; Gucinski et al. 2001; Gaines et al. 2003; Wisdom et al.
2004a; Wisdom et al. 2004b; New Mexico Department of Game and Fish 2005). Roads, in general, are
less of a constraining factor to mule deer movements than to other ungulate populations (pronghorn),
unless they are bordered by game-proof fences. However, Rost and Bailey (1979) found that mule deer
avoid roads, particularly within 200 m of a road, dependent on travel volume, and habitat (i.e., greater
avoidance on shrub habitat as compared to forested pine and juniper habitats). Wisdom et al. (2004a)
found that movement rates increase in response to off-road activities. Taylor and Knight (2003) noted that
mule deer showed a 96 percent probability of flushing within 100 m of hikers or mountain bikers located
off trails and suggested that the area around existing trails that may be impacted by recreationists was a
200-m “area of influence”. Physiological stresses occur when energy expenditures by an animal are
increased due to alarm and/or avoidance movements. These are generally attributed to interactions
with humans and/or activities associated with human presence (traffic, noise, pets, etc.). Added
consequences from human presence include, but are not limited to, mortality and injury due to
vehicle collisions, illegal hunting, and harassment from a variety of increasing recreational activities
(WAFWA 2010).

The rapid expansion of energy infrastructure in the west has the potential to impact mule deer habitat. Oil
and gas development creates a complex network of roads, well pads, pipelines, pumping stations, and
other infrastructure across the landscape. Increasingly, studies are demonstrating many of the negative
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effects on wildlife related to oil and gas development (Colorado Department of Wildlife et al. 2008;
Wyoming Game and Fish Department 2004; Confluence Consulting 2005; Holloran 2005; Sawyer et al.
2006; Berger et al. 2006). Direct impacts include the loss of habitat to well pads, access roads, and
pipelines. Indirect impacts may include changes in distribution and stress, or activity caused by increased
human disturbances (e.g., traffic, noise, human use). Sawyer and Nielsen (2010) found at the Pinedale
Anticline Project Area that mule deer avoided areas close to well pads and did not acclimate to well pads.
Lower predicted probabilities of use within 2.7 to 3.7 kilometers (km) of well pads suggested indirect
habitat losses may be substantially larger than direct habitat losses (Sawyer et al. 2006). Overall, energy
development at this site reduced mule deer abundance to its lowest level since energy development begun
(Sawyer and Nielsen 2010).

4.2.2 Climate Change

The primary impacts of climatic conditions on mule deer and their habitat are through the effects of the
moisture and temperature regime on forage resources (i.e., productivity, species composition, and nutrient
content are affected by drought, late frosts, etc.), and snow depth on winter ranges and migration
corridors. Mule deer are less affected by severe cold weather than by high levels of snow cover, which
restrict access to forage. Gilbert et al. (1970) stated that snow depth over 18 inches precluded use of
winter range by deer, but energy costs of locomotion for mule deer increase significantly at 10 inches (25
centimeters [cm]), regardless of the density of snow (Parker et al. 1984). Lower snowfall is projected to
occur in much of western North America as a result of climate change, which may reduce the importance
of traditional winter ranges for mule deer. However, global warming patterns are projected to lead to loss
of sagebrush winter ranges and increase pinyon-juniper communities, which will reduce the habitat
quality of winter ranges (Lutz et al. 2003).

Declining amounts and duration of snow on winter ranges will benefit mule deer if the vegetative
community on winter ranges meets the nutritional demands of these species. However, climate-induced
changes could begin to expose native plant communities to invasive weed species or exacerbate current
invasive weed problems, which may alter fire regimes. Generally, ecoregional differences in the impact to
mule deer populations are expected to occur as climate change progresses (deVos and McKinney 2007).
Montheith et al. (2011) documented that autumn migration of mule deer in the Sierra Nevada Range was
highly variable and associated with patterns of winter weather (cold and snow), whereas spring migration
coincided with decreasing snow depth and advances in plant phenology. They suggested that the
association between seasonal migration and environmental conditions provides convincing evidence that
those migratory patterns may be altered by global climate change. Climate change is thought to negatively
affect abundance and distribution of mule deer in hotter and drier ecoregions. In ecoregions where
extreme winters presently limit these populations in some years, short-term effects on abundance and
distribution may be positive; long-term effects are uncertain.

4.2.3 Invasive Species

Habitat fragmentation creates landscapes made of altered habitats or developed areas fundamentally
different from those shaped by natural disturbances that species have adapted to over evolutionary time
(Noss and Cooperrider 1994). These changes very likely manifest themselves as changes in vegetative
composition, often to weedy and invasive species. This, in turn, changes the type and quality of the food
base as well as the structure of the habitat. Increased ‘edge effect’ between developed and undeveloped
areas often results in reduced forage quality and security cover, potentially increasing deer susceptibility
to predation (WAFWA 2010).

In addition, some invasive species (especially Bromus spp.) can alter fire regimes and thus affect entire
landscapes and their communities. The increase of severe droughts associated with global warming will
exacerbate cheatgrass growth and the spread of other harmful invasive species, thereby converting
sagebrush steppe into exotic annual grassland with less forage value. Furthermore, cheatgrass and other
invasive plants increase the frequency and intensity of wildfires, thereby leaving sagebrush habitat with
little chance of recovering (National Wildlife Foundation 2012).
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4.2.4 Wildfire

Fire generally has a beneficial impact on mule deer habitat by stimulating earlier greenup, increased
nutritional quality of forage, and more herbaceous plants. However, fire can also facilitate invasion by
cheatgrass, which has low value as mule deer forage. The absence of fire for 50 years or more, with
subsequent conifer encroachment, canopy closure, and deterioration of herbaceous and shrub
understories, has resulted in deterioration of big game habitat. Loovas (1976) reported that fire
suppression in the Black Hills of South Dakota resulted in thickening of pine stands and decreases in
secondary stages of plant succession important to mule deer. Mule deer generally seem to prefer recently
burned areas, as long as herbaceous vegetation and re-sprouting browse species remain viable and
nutritious (Hobbs and Spowart 1984). The effects of fire on mule deer habitat are widely varied and well
documented in the literature. In general, fires that create mosaics of forage and cover are beneficial. Deer
seem to prefer foraging in burned compared to unburned areas, although preference may vary seasonally.
This preference may indicate an increase in plant nutrients, which usually occurs following fire. Hobbs
and Spowart (1984) warned about making conclusions regarding the benefits of fire based on forage
studies alone. Their study of fire on nutrition in Colorado revealed increases in the quality of deer diets
due to changes in forage selection, not increases in nutrients of previously selected forage. Burning
sagebrush communities can result in significant increases of herbaceous plants favored by mule deer.
However, when sagebrush is the only cover, its complete removal can be detrimental to mule deer,
especially on winter range. Shrubs and forbs in pinyon (Pinus spp.) juniper (Juniperus spp.) communities
tend to increase the first few years following fire, providing valuable browse to mule deer, which may
increase use of these areas up to 15 years (McCullogh 1969). Stager and Klebenow (1987) reported that
the beneficial effects of fire for mule deer in pinyon-juniper stands can last as long as 115 years.

4.3 CHANGE AGENTS PROPOSED FOR ANALYSIS

Although numerous attributes and indicators affecting this species were initially identified in early phases
of this REA, not all are included in this analysis. The specific indicators that could not be modeled are
identified with an asterisk on Figure E-1-2. Analysis for the invasive species CA is not included for this
CE because the direct effect indicators were determined to be data gaps or because it was impractical to
model at the ecoregional scale because appropriate geospatial data were not available. Further information
on the data gaps for indicators are discussed in the respective CA contained in Appendix C.

Analysis for the development, wildfire, and climate change CAs are included for this CE.
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5.0 CHANGE AGENT ANALYSIS

A current status and future threat assessment for the mule deer was conducted for this ecoregion using the
12-digit Hydrologic Unit Codes (HUCs) as the analysis unit. Based on the ecological process and system-
level models, KEAs were identified for the current status and future threat analyses with a specific emphasis
on the ability to measure impacts using existing geospatial data. The CAs evaluated for current status
include development and wildfire. The CAs evaluated for future threats include development and climate
change.

Since the scale of the analysis is at the HUC 12, a layer of 6™ level watersheds was extracted for the
ecoregion. A geographic information system (GIS) process was iterated through the KEA indicators and
determined the metric values associated with some watersheds. In other instances, sufficient published
data indicated cut-off points for these values. These values were added as an attribute to the HUC 12
layer. Since the primary reporting units for final mapping outputs is at a minimum of the 6™ level
watershed (HUC 12) for the CEs, the values from the final output maps need to be added as an attribute to
the HUC 12 watersheds. In some cases, zonal statistics will be calculated to determine a value associated
with each watershed. The final layers will be created by combining the HUC 12 watersheds (with ranked
KEAs) with the final suitable habitat layer and the habitat layer from the current status CA layer.

5.1 CURRENT STATUS FOR MULE DEER

5.1.1 Key Ecological Attribute Selection

Table E-1-3 identifies the original KEAs proposed in Task 3 and which of these were used in the final
current status analysis. Not all of the KEAs proposed were used, based on the rationale provided. Other
KEAs were used but are not directly related to CAs. For example, the KEA related to corridor width is an
important aspect of the quality and utility of habitat available to species such as mule deer. However, this
indicator was excluded from the analysis because of the focus upon winter range habitat. Experts
concluded that mule deer typically navigate corridors during their migration between winter and summer
ranges and since summer range habitat had been excluded, there would be little movement of mule deer
between the winter range habitats during the winter season.

Table E-1-3. Key Ecological Attributes Retained or Excluded for the Mule Deer

Category Attribute Explanation
1. Size Patch Size HCA tool was used; however, this output was retained and further
(Awvailability of contiguous, | refined by removing transportation corridors, which had the effect
large, native habitat patches) | of breaking patches up to reflect ground conditions.
Corridor Width Excluded from the analysis because of the focus upon winter range
habitat.
2. Condition | Fire regime Vegetation Excluded because it was observed that the dataset classified
Condition Class (VCC) grassland communities as having a high departure from original
conditions that was not agreed upon by regional experts.
3. Context Habitat Heterogeneity Retained to evaluate spatial heterogeneity within landscape
(Patch Density - no./100 ha) | context.
Distance to roads Retained to evaluate anthropogenic risks.
Development (minimum Retained to evaluate anthropogenic risks.
distance from well pads)
Permeability Excluded because dataset was not suitable for assessing the
(mean annual snow depth) barriers to movement (melting, compaction, sublimation) presented
to mule deer herds by snow depth. No other dataset was available.
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The KEAs proposed to evaluate wildfire were excluded because the RRT disagreed with information
from the Fire Regime Vegetation Condition Class (VCC) data regarding the condition of the grassland
communities within the ecoregion. Therefore, the potential risks related to wildfire on this CE were not
assessed for this REA.

Climate change conditions were also not evaluated because the KEA selected (mean annual snow depth)
was not suitable for assessing the barriers to mule deer movement (melting, compaction, sublimation). A
qualitative discussion regarding the potential impacts of climate change on this CE is presented in Section 5.

Table E-1-4 identifies the KEAs, indicators, and metrics that were used to evaluate the CAs and pathways
affecting this CE across the ecoregion (as illustrated on Figure E-1-3). Several indicators were used to
assess the current status for this CE. Size and landscape context indicators (e.g., heterogeneity, distance to
roads, fragmentation) of the applicable output will be incorporated into a GIS overlay analysis.

Table E-1-4. Mule Deer Key Ecological Attributes, Indicators, and Metrics for Current Status
Assessment for the Northwestern Plains Ecoregion

Cateqor Ecolc_)gical Indicator / Unit of Met_rlc Data Citation
9oy 1 Attribute Measure P_ogr F_alzr G_O‘id Source
Size Connectivity |Patch Size <300 ha |300- >500 ha |GAP Best
& Context (Availability of 500 ha National |Judgment
Cover contiguous, large Land
Landscape native habitat patches) Cover
Structure Data
Escape (NLCD)
Landscape |Connectivity |Habitat Heterogeneity [<0.3or [0.3-0.4 |0.40-0.55 |GAP Kie et al.
Context & Context (Patch Density - >0.55 NLCD 2002
no./100 ha)
Landscape Distance to roads <300 m |300- >1,000m |TIGER |Poor 2010
Structure 1,000 m Linear
features
Development <300 m |300- >1,000 m |O&G Sawyer et al.
(minimum distance 1,000 m wells 2006
from well pads)

In most cases, the metrics used to identify attribute quality were based on available publications, coupled
with expert analysis and professional judgment in association with data-driven metrics. This process was
carried out through the establishment of a CE RRT comprised of BLM wildlife biologists and state-level
experts. The RRT met periodically to contribute information and to analyze input attributes and outputs
that were derived from various forms of spatial analyses in GIS. This process enabled the RRT to
determine the efficacy of attributes, indicators, and metrics, as well as to ascertain the accuracy of each
step of the modeling process. Metrics used were equally weighted when evaluating the overall current
status of the CE.

5111 Patch Size

Patch size was selected as an indicator of spatial distribution (home-range), which has been related to a
variety of factors including body size, trophic level, sex and age reproductive status, seasonal availability
of forage and water, and intra- and inter-specific competition. Home-range size in mule deer correlates
with a variety of landscape metrics and may therefore play a role in determining population densities (Kie
et.al. 2002).

Using the HCA toolset developed by WHCWG (2010), large, contiguous areas were identified that have
retained high levels of naturalness (i.e., core areas characterized by a relatively light human footprint).
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Using the patch layer outputs for the mule deer, the layer output (low threshold) was reclassified based on
the patch acreage ranges established for this indicator and assigned associated values between 1 and 3
(Table E-1-3). This layer was converted to raster with assigned values. Zonal statistics were applied
against the layer using the HUC 12 watershed GIS layer to determine an overall summary score for the
patches contained within each watershed. The habitat patch size by HUC is presented on Figure E-1-4.

511.2 Habitat Heterogeneity (Patch Density)

Spatial heterogeneity is a structural feature of landscapes that can be defined as the complexity and
variability in the habitat of the species. Large mammalian herbivores require temporally and spatially
diverse habitat elements such as food and cover; these mammals can have significant effects on
vegetation composition and basic ecosystem processes such as nutrient cycling, thereby acting as
keystone species (Kie et. al. 2002).

Habitat heterogeneity was assessed by using the core habitat developed for the patch size analysis. This
dataset was evaluated by applying the following patch density equation to assess the level of habitat
heterogeneity:

PD=N

A
where PD = Patch Density, N = number of unique patches, and A = unit area (100 ha).

The patch layer had the roads layer removed from it to develop a more realistic representation of the
landscape. Each patch contained within the ‘core habitat” GIS layer was then attributed with a unique
identifier. The core habitat was then intersected with the HUC 12 watershed boundary layer. This process
allowed each patch to be assigned with a unique HUC 12 identifier. The associated GIS attribute table
was imported to excel, and pivot tables were developed based upon the HUC 12 identifier. The data were
summarized by performing a count of unique patch identifiers and the total area of patches per watershed.
The patch density was then calculated. Each patch density value was then graded. The resulting summary
table was then rejoined to the HUC 12 watershed GIS dataset. The patch density values were scored based
on the metric values presented in Table E-1-2. The habitat heterogeneity by HUC is presented on
Figure E-1-5.

5.1.1.3 Distance to Roads

Roads limit connectivity through the creation of physical barriers such as right-of-way fences, increased
mortality due to collisions, and behavioral alienation (avoidance of roads or high-traffic volumes)
(WHCWG 2010). This KEA was used as an indicator to assess potential impacts from development.

Road features were identified using Topologically Integrated Geographic Encoding and Referencing
(TIGER) line data; features mapped as freeways, secondary roads, and local roads were extracted.
Distance from roads was assessed for three distance zones, as noted in Table E-1-2. Outputs from
proximity analysis were converted to raster datasets and then combined based on distance zone. Summary
zonal statistics were applied to the graded data to generate a rating for each watershed included within the
HUC 12 watershed boundary dataset. A proximity analysis was performed and then assigned scores based
on the metric values presented in Table E-1-2. The distance to roads layer output is presented on
Figure E-1-6.

5114 Distance to Development (Oil and Gas)

Development was characterized as the minimum distance from well pads at which mule deer are most
likely to occur over 3 years of progressive oil and gas development. This KEA was used as an indicator to
assess potential risk related to oil and gas development.

Well point data were compiled into one dataset from all applicable states. Distance from the well pad was
assessed for 3 distance zones, as noted in Table E-1-2. Outputs from proximity analysis were converted to
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raster datasets and then combined based on distance zone. Summary zonal statistics were applied to the
graded data to generate a rating (majority) for each watershed included within the HUC 12 watershed
boundary dataset. The distance to development layer output is presented on Figure E-1-7.

5.1.2 Current Status of Mule Deer Habitat

The individual KEA analyses provide the basis for the compilation of an overarching data layer that
defines the current status of mule deer habitat for each HUC across the ecoregion. In order to create a
current status layer, an overall score for each HUC was calculated. To generate overall scores for each
watershed, all scored criteria were additively combined. Each watershed has the potential to receive a
maximum score of 12 points (i.e., 4 indicators assessed, each having a grading system of 1 to 3). The
summed scores were then divided by a factor of 12 to yield a value between 0 and 1. This final overall
score was then ranked as poor, fair or good based on the natural breaks method, which seeks to reduce the
variance within classes while maximizing the variance between classes. The overall current status layer
for the mule deer is presented on Figure E-1-8

The core habitat patch model (Figure E-1-4) indicates that the poorest density of mule deer habitat is in
the northeastern boundary of the ecoregion, as well as some smaller clusters in the southeast and
southwest. The overall current status indicates that some threat to mule deer habitat exists, resulting
primarily from roads (Figure E-1-6) in the northeast and southeast and existing oil and gas wells in the
southwest (Figure E-1-7).

A summary of the current status ratings based on the CE distribution is provided in Table E-1-5. The CE
distribution layer was used to calculate the total number of square miles of CE habitat and a percentage of
the total number of square miles per HUC that were rated as good, fair, or poor. The results of the current
status assessment indicate that approximately 64.3 percent of the 6™ level HUC watersheds that intersect
the mule deer distribution received an overall rating of fair or poor.

Table E-1-5. Summary of Current Status Ratings for the Mule Deer

Overall Rating by Total Square Percentage of Total
6" Level HUC Miles® Square Miles* "
84,030 35.6
133,030 56.4
18,718 7.9

®These values include only the area of HUCs that intersect with the CE distribution layer.
®Values rounded to one decimal place.

5.2 FUTURE THREAT ANALYSIS FOR THE MULE DEER

The system-level model (Figure E-1-3) was used to create a series of intermediate layers primarily based
on the geospatial data available on the future projections for the development and climate change CAs.
Future threats were evaluated for development for a short-term time horizon (5 to 10 years) and for
climate change for a long-term time horizon (50-year; 2050 to 2069).

Because of the inherent inaccuracies of the temporal scale of the future data, it is only possible to infer
information pertaining to a subjective future period (rather than a specific time period) for some of these
attributes. However, because of the limits placed on these data outputs, it is fair to assume that this model
predicts the overall future potential for these attributes within this ecoregion. It is an upper limit of
potential growth and should therefore be carefully applied to future estimates of their affect on mule deer
populations.

5.2.1 Development Change Agent

Future spatial data for development was limited to future potential energy development, modeled urban
growth, and potential agricultural development, as discussed in the development CA analysis presented in
Appendix C-1.
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Because mule deer are so wide-spread throughout the northwestern plains, they are at risk from both
fossil and renewable energy development. The mule deer distribution areas in western North Dakota and
northeastern Wyoming are at the highest risk from potential future energy development.

The future threats to the mule deer from development are most notable in the southwestern portion of the
ecoregion. Future agricultural development (Figure C-1-1) activities in the southwestern area may be a
risk to mule deer through loss of habitat, especially in potential migration corridors. However, mule deer
are very adaptable to agriculture. The southwestern portion of the ecoregion is also an important area for
future oil and gas extraction, in addition to having the highest potential for solar energy development
(Figures C-1-3 through C-1-8).

5.2.2 Climate Change

The climate CA layer was created through the results of the 2025 and 2060 U.S. Geological Survey
(USGS) climate change models. These models should document areas that may be negatively and
positively affected by climate change. Climate change was modeled based on a 15-km grid created for
regional analysis based on a comparison of current climate patterns to future modeled climate patterns
resulting in the delta (change) output figures. Further details regarding the climate change analysis are
provided in Appendix C-5.

With temperature increases expected across North America, lower snowfall is projected to occur in the
ecoregion. Changes in traditional summer/winter ranges may lead to a short-term positive effect on the
abundance and distribution of mule deer in this ecoregion. Increases in populations or ranges of mule deer
within the region will depend on forage availability and quality, with a likely increase in competition for
available resources.

The NatureServe Climate Change Vulnerability Index (NSCCVI) tool was utilized to assess mule deer
vulnerability to the effects of climate change. Using annual raster datasets from NatureServe to perform
climate change calculations in ArcGIS (through the Predicted Temperature 2040-2069 [Fahrenheit (F)]
and the Predicted Hamon ratio of actual evapotranspiration to potential evapotranspiration [AET : PET]
Moisture Metric 2040-2069 datasets), the NSCCVI calculator was applied and produced an Index score of
not vulnerable/increase likely. The NSCCVI tool indicated that available evidence suggests the
abundance and/or range extent of this species within geographical area assessed is likely to increase by
2050. The assessment rating was largely based on a majority of neutral and somewhat decreased
vulnerability scores calculated when assessing factors that influence vulnerability, such as dispersal and
movements, sensitivity to temperature and moisture changes (historical thermal/hydrological niche),
dependence on ice or snow-cover habitats, reliance on interspecific interactions to generate habitat, and
dietary versatility.

E-1-17 Northwestern Plains Ecoregion — Final Memorandum I1-3-C



THIS PAGE INTENTIONALLY LEFT BLANK

E-1-18 Northwestern Plains Ecoregion — Final Memorandum I1-3-C



6.0 MANAGEMENT QUESTIONS

The relevant MQs for the mule deer include those defined as part of the Landscape Species/Species
Richness category. The overall MQ was: Where are the key habitat types (seasonal, refuges,
corridors/connectivity, migration routes, concentrations of regionally significant species, etc.) for
landscape species, keystone species, regionally significant species, and regionally significant suites of
species? This MQ was considered in implementing the GIS analyses. Emphasis was placed on the spatial
relationship of attributes mentioned in the MQs and the distribution map for the CE. Specific MQ
examples for the REA were developed in Task 1 and are presented in Appendix A. Several of these MQs
are discussed below to demonstrate the functionality of the REA and to provide an opportunity to discuss
significant data gaps that were identified during the REA.

6.1 WHERE ARE AREAS THAT HAVE POTENTIAL FOR RESTORING REGIONALLY
SIGNIFICANT SPECIES HABITAT OR HABITAT CONNECTIVITY FOR
REGIONALLY SIGNIFICANT SPECIES?

The core habitat model figure (Figure E-1-4) may be used to identify general areas where habitat patch
size and habitat heterogeneity (patch density) are rated as good.

6.2 WHERE ARE THE KEY HABITAT TYPES (SEASONAL REFUGES,
CORRIDORS/CONNECTIVITY, MIGRATION ROUTES, CONCENTRATIONS OF
REGIONALLY SIGNIFICANT SPECIES)?

The RRT determined that this REA would focus upon winter range habitat. Experts concluded that mule
deer typically navigate corridors during their migration between winter and summer ranges and since
summer range habitat had been excluded, there would be little movement of mule deer between the winter
range habitats during the winter season. Additionally, occurrence data for the mule deer was not available
across the ecoregion to assess concentrations of mule deer.

6.3 WHERE ARE CURRENT REGIONALLY SIGNIFICANT LANDSCAPE/KEYSTONE
SPECIES AND THEIR HABITATS, INCLUDING SEASONAL HABITAT AND
MOVEMENT CORRIDORS, AT GREATEST RISK FROM CHANGE AGENTS,
INCLUDING CLIMATE CHANGE (CONNECTIVITY, SMALL POPULATION SIZE)?

The future threats to the mule deer from development are most notable in the southwestern portion of the
ecoregion. Future agricultural development (Figure C-1-1) activities in the southwestern area may be a
risk to mule deer through loss of habitat, especially in potential migration corridors. However, mule deer
are very adaptable to agriculture. Mule deer habitat in the southwestern portion of the ecoregion is also at
risk from future oil and gas extraction. Habitat in this area is also at the highest risk for future solar
energy development (Figures C-1-3 through C-1-8).

6.4 WHERE ARE THE CRUCIAL WINTER AND/OR PARTURITION AREAS FOR BIG
GAME SPECIES AT RISK FROM LONG-TERM HABITAT CONVERSION OR
FRAGMENTATION?

Figure E-1-8 can be used to evaluate the areas within the ecoregion that are at risk from habitat
conversion or fragmentation based on development activities.
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Figure E-1-1. WAFWA Mule Deer Range versus Core Habitat Patch Model for Mule Deer in Northwestern Plains

Northwestern Plains Ecoregion — Final Memorandum I1-3-C


http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/nwparcgis/rest/services/NWP_2011/NWP_TS_C_Figure_E_1_8MuledeerOverallRating/MapServer
http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/nwparcgis/rest/services/NWP_2011/NWP_TS_C_Figure_E_1_8MuledeerOverallRating/MapServer�

Fawning

Spring Juvenile
Migration Recruitment

Habitat
conditions
[forage)

Landscape
Structure

Winter Fall
Habitat Migration

Connectivity

Habitat
Condition

Figure E-1-2. Ecological Process Model for Mule Deer in Northwestern Plains

Northwestern Plains Ecoregion — Final Memorandum I1-3-C



SV -«
W H gl
Herbaceous* | — veC
[ S k*
— Roads AT TroecH Severity*
— Qil & gas = Drought*
development
| Urban/exurban _ Precipitation®
Wind/solar l
development
- F
) LANDSCAPE EFFECTS
l Vegetation shifts®
(latitudinal & elevational)
DIRECT MORTALITY | Habitat fragmentation
& DISTURBANCE* (winter range)
= Succession/vegetation
transitions* (juniper woodlands,
browse species)®
Habitat loss*
— (winter range)
| Migration corridor
permeability, width*
Functions & Values s
— + Survival
= Reproduction*
Mule Deer « Distribution®
+ Density* *This variable is 1o model at th gional scale
« Metapopulation structure* becoise appropriste 9"”":"‘ deta are not avallable.
=**Qualitative discussion onky.

Mule Deer

080112

Figure E-1-3. System-Level Model for Mule Deer in Northwestern Plains

Northwestern Plains Ecoregion — Final Memorandum I1-3-C



‘.-B ; c?%fcanef:o

Logaf="

G!eaf t_‘Ogden
alft Laka :-'_\‘;_

Wake g 2

—, .
dﬂﬁ%"’a‘lﬂs \

L {.:E'm‘&ﬂ-ﬂﬂs_

Manitoba

' c‘-""’_’" y Brandon- - 11/ o __'_Q\__h'{nrﬂ_geo_- : !
: ’ et~
.? Y
Legend
Rating Based on
Patch Size
B Good (> 500 ha)
Fair ( 300 - 500 ha)
I Poor (<300 ha)
[_1NwWP REA Boundary
NWP HUC12
RBilings]
\ atertowr]|
\ N
‘ “{apid i o
L ] o N
% w<¢> E
5
GCS North American 1983
Albers - Equal Area Conlical USGS

L1} 30 60 Miles

WVOMIJN- =
R —

| NEBRASKA | |

Figure E-1-4. Core Habitat Patch Size Model for Mule Deer

Northwestern Plains Ecoregion — Final Memorandum I1-3-C



Manitoba

Cprmdon. =l 1 )

Winnipeg
_‘vl ey
{100

(75)

¥ |
c?‘"“"nnu. V> ¢ | . Melita
Y &8 _' h ' - L | fa:
(93} \, 7 | {.?ﬁ \r‘\ 23 L} ~
s - "‘\ o ) p
-
Vg ., ~ 1
ped J‘(‘;eat Falls 5 ’ ‘x ‘ \ . e M_i!lp_t
I!Is_go;k;uh ‘ s 1 y .* B
" i - <
By o . B 3 < "' b &
_ P, \ ¥ .
i G Ve % % »
¥ k I if >
Bismarck
_ \ ’ \ .:‘ (Y LS :
> ; Y
Billings
o P W M}I
\ Y3
_ e | ~ ‘v
i > —
i o 4
oo 25
_E.apid City
— J’ Ocatelq I3 =
w YO;!;‘!"; N‘E '
5 - -
] )
S
O e S
é'f"Lake Cityh

Ty o

NEBRASKA

 Sioux _l;-'__alls

Norfolk
O

_'l\ﬂfatnrtom

¢l

Legend

Rating Based on

Patch Density (#/100ha)

B Good ( 0.4-0.55)
Fair (0.01-0.4)

I Poor (> 0.55)

[C_]NwP REA Boundary
NWP HUC12

GCS North American 1983
Albers - Equal Area Conlcal USGS

a 30 &0 Miles

‘Sioux City

.._,—_._r
(77

Figure E-1-5. Habitat Heterogeneity (Patch Density per 100 hectares) per Hydrologic Unit Code

Northwestern Plains Ecoregion — Final Memorandum I1-3-C




5 ) o
f":g'ﬁms

— - L‘,I'P_OC‘NGHQ

-

Manitoba

S Winni
| Winnipeg

o
1

Legend

Rating Based on

Distance from Roads

I Good (> 1,000 meters)
Fair (200 - 1,000 meters)

- Poor (< 200 meters)

[C_]NwpP REA Boundary
NWP HUC12

Aberdeen
C\Nmrwm

o |.L
| T.')_-
| N
| w ~¢> E

| [
| Sioux-Fallsf— GCS North American 1983

| & Albars - Equal Area Conical USGS

a 30 &0 Mies

NEBRASKA |

Ls1]

Sioux City

Norfolk
O

~N
(77]

Figure E-1-6. Distance to Roads by Hydrologic Unit Code

Northwestern Plains Ecoregion — Final Memorandum I1-3-C


http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/nwparcgis/rest/services/NWP_2011/NWP_TS_C_Figure_E_1_8MuledeerOverallRating/MapServer
http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/nwparcgis/rest/services/NWP_2011/NWP_TS_C_Figure_E_1_8MuledeerOverallRating/MapServer�

{£ .J Manitoba,
A I:- el Ifu -
I » ! h -
:III > Virden ~Brandon (1 7 e Dt Wlnnlpw \
[ 1 : | . hocr
) 5 1_;_; : (7s) § =
i {2
o 5 Legend
' Rating Based on Distance
to Oil/Well Pads
I Good (> 1,000 meters)
Fair (300 - 1,000 meters)
N I Poor (< 300 meters)
Viss.
P C_INwP REA Boundary
? A NWP HUC12
G
alﬁamtowr
= '!dnﬁg;,.—_,;,s n @ j}:i‘.
I N
y w E
ot ocaten, ' ¢
T 5 |. | ¥
i | SiouxFalls GCS North American 1983
| & Albers - Equal Area Conlcal USGS
,'- ’ ., ] 30 60 Miles
i —t—A
~ o ;I. = %"6:\
4
Logayf” -
Gr, eat oﬂﬂon - éﬁ“""”springg__
Sazn Lake
altp " .
[ o |

Northwestern Plains Ecoregion — Final Memorandum I1-3-C



http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/nwparcgis/rest/services/NWP_2011/NWP_TS_C_Figure_E_1_8MuledeerOverallRating/MapServer
http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/nwparcgis/rest/services/NWP_2011/NWP_TS_C_Figure_E_1_8MuledeerOverallRating/MapServer�

Figure E-1-7. Distance to Oil and Gas Development by Hydrologic Unit Code
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ATTACHMENT A

GAP LANDCOVER CLASSES RECLASSIFIED TO WHCWG CLASSES -
CURRENT STATUS ANALYSIS FOR MULE DEER
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GAP LANDCOVER CLASSES RECLASSIFIED TO WHCWG CLASSES

Agriculture

Cultivated Cropland

Pasture/Hay

Alpine

North American Alpine Ice Field

Rocky Mountain Alpine Bedrock and Scree

Rocky Mountain Alpine Dwarf-Shrubland

Rocky Mountain Alpine Fell-Field

Rocky Mountain Dry Tundra

Dry Forest

Eastern Great Plains Tallgrass Aspen Parkland

Harvested forest-tree regeneration

Inter-Mountain Basins Aspen-Mixed Conifer Forest and Woodland

Middle Rocky Mountain Montane Douglas-fir Forest and Woodland

North-Central Interior Dry Oak Forest and Woodland

North-Central Interior Dry-Mesic Oak Forest and Woodland

North-Central Interior Maple-Basswood Forest

North-Central Interior Oak Savanna

Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest

Northern Rocky Mountain Ponderosa Pine Woodland and Savanna

Northern Rocky Mountain Subalpine Woodland and Parkland

Northwestern Great Plains - Black Hills Ponderosa Pine Woodland and Savanna

Northwestern Great Plains Aspen Forest and Parkland

Rocky Mountain Aspen Forest and Woodland

Rocky Mountain Foothill Limber Pine-Juniper Woodland

Rocky Mountain Lodgepole Pine Forest

Rocky Mountain Poor-Site Lodgepole Pine Forest

Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland

Southern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest and
Woodland

Southern Rocky Mountain Ponderosa Pine Woodland

Western Great Plains Dry Bur Oak Forest and Woodland

Western Great Plains Wooded Draw and Ravine

Grass-dominated

Central Mixedgrass Prairie

Central Tallgrass Prairie

Harvested forest-grass/herbaceous regeneration

Introduced Upland Vegetation - Annual Grassland

Introduced Upland Vegetation-Perennial Grassland and Forbland

North-Central Interior Sand and Gravel Tallgrass Prairie

Northern Rocky Mountain Lower Montane, Foothill and Valley Grassland

Northern Rocky Mountain Subalpine-Upper Montane Grassland

Northern Tallgrass Prairie

Northwestern Great Plains Mixedgrass Prairie

Recently burned forest

Recently burned grassland

Rocky Mountain Subalpine-Montane Mesic Meadow

Southern Rocky Mountain Montane-Subalpine Grassland

Western Great Plains Sand Prairie

Western Great Plains Shortgrass Prairie

Western Great Plains Tallgrass Prairie

Northwestern Plains Ecoregion — Final Memorandum I1-3-C



GAP LANDCOVER CLASSES RECLASSIFIED TO WHCWG CLASSES (Continued)

Riparian Eastern Great Plains Floodplain Systems

Inter-Mountain Basins Greasewood Flat

Introduced Riparian and Wetland Vegetation

Northern Rocky Mountain Lower Montane Riparian Woodland and Shrubland
Northwestern Great Plains Floodplain

Northwestern Great Plains Riparian

Rocky Mountain Lower Montane Riparian Woodland and Shrubland
Rocky Mountain Subalpine-Montane Riparian Shrubland

Rocky Mountain Subalpine-Montane Riparian Woodland

Western Great Plains Floodplain

Western Great Plains Floodplain Systems

Western Great Plains Riparian Woodland and Shrubland

Shrub-dominated Harvested forest-shrub regeneration

Inter-Mountain Basins Big Sagebrush Shrubland

Inter-Mountain Basins Big Sagebrush Steppe

Inter-Mountain Basins Curl-leaf Mountain Mahogany Woodland and Shrubland
Inter-Mountain Basins Mat Saltbush Shrubland

Inter-Mountain Basins Mixed Salt Desert Scrub

Inter-Mountain Basins Montane Sagebrush Steppe

Introduced Upland Vegetation - Shrub

Northern Rocky Mountain Foothill Conifer Wooded Steppe
Northern Rocky Mountain Montane-Foothill Deciduous Shrubland
Northern Rocky Mountain Subalpine Deciduous Shrubland
Northwestern Great Plains Shrubland

Recently burned shrubland

Rocky Mountain Lower Montane-Foothill Shrubland

Western Great Plains Sandhill Steppe

Wyoming Basins Dwarf Sagebrush Shrubland and Steppe

Sparsely Vegetated | Disturbed, Non-specific

Inter-Mountain Basins Active and Stabilized Dune
Inter-Mountain Basins Cliff and Canyon
Inter-Mountain Basins Shale Badland

Rocky Mountain Cliff, Canyon and Massive Bedrock
Southwestern Great Plains Canyon

Unconsolidated Shore

Western Great Plains Badland

Western Great Plains Cliff and Outcrop

Urban/Developed Developed, High Intensity

Developed, Low Intensity

Developed, Medium Intensity

Developed, Open Space

Quarries, Mines, Gravel Pits and Oil Wells

Water Open Water (Fresh)

Wet Forest Northern Rocky Mountain Mesic Montane Mixed Conifer Forest
Rocky Mountain Subalpine Mesic Spruce-Fir Forest and Woodland
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GAP LANDCOVER CLASSES RECLASSIFIED TO WHCWG CLASSES (Continued)

Wetland Columbia Plateau Vernal Pool

Eastern Great Plains Wet Meadow, Prairie, and Marsh
Great Plains Prairie Pothole

Inter-Mountain Basins Alkaline Closed Depression
North American Arid West Emergent Marsh

Northern Rocky Mountain Conifer Swamp

Northern Rocky Mountain Wooded Vernal Pool
Rocky Mountain Alpine-Montane Wet Meadow
Rocky Mountain Subalpine-Montane Fen

Ruderal Wetland

Western Great Plains Closed Depression Wetland
Western Great Plains Depressional Wetland Systems
Western Great Plains Open Freshwater Depression Wetland
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APPENDIX E-2

GREATER SAGE-GROUSE CONSERVATION ELEMENT ANALYSIS FOR THE
NORTHWESTERN PLAINS ECOREGION
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1.0 INTRODUCTION

The greater sage-grouse (GRSG) (Centrocercus urophasianus) is considered an umbrella species for
sagebrush-associated vertebrates (Rowland et al. 2006). Indirect effects of sagebrush habitat loss,
fragmentation, and degradation are thought to have caused the extirpation of the GRSG from
approximately 50 percent of its original range (Connelly and Braun 1997; Connelly et al. 2004; Schroeder
et al. 2004), leading to its declaration as a candidate species for listing under the Endangered Species Act
(ESA).

Management questions (MQs) pertaining to this ecoregion were identified in Task 1 and can be
summarized into two primary questions: 1) where are the important areas for this species? and 2) what is
happening to these areas? The central focus of these two MQs is to document the current status of
selected conservation elements (CESs) at the ecoregional scale and to evaluate how this status may change
over a future time period. The first step is to identify suitable habitat for the CE within the ecoregion.
Then, these areas are assessed relative to current and potential future change agent (CA) threats.
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2.0 CONSERVATION ELEMENT DESCRIPTION

The GRSG is a true sagebrush obligate that relies on large, intact blocks of sagebrush as habitat and food
year-round. Generally, sagebrush habitats provide critical winter range for the GRSG. However,
depending on the time of year and where they are in their life cycle, GRSG move to different areas to
survive. Sagebrush/grassland habitats also provide critical breeding range for the GRSG. Meadows,
riparian areas, alfalfa fields, and other moist areas provide important summer range, but GRSG will use a
variety of habitats at that time of year. The GRSG populations decline when sagebrush/grassland habitat
is altered or fragmented by reducing or eliminating sagebrush canopy cover, seeded to introduced grass
species, converted to agriculture dominated by annual grasses (e.g., cheatgrass), or altered in any way that
results in significant reduction of the native grass/forb understory (Idaho Department of Fish and Game
1997).

Sagebrush and understory grasses and forb cover are key components of GRSG nesting and early brood-
rearing habitat. Most GRSG nests occur under sagebrush. If sagebrush is eliminated from a large area, it
will not support GRSG populations because nesting success and/or juvenile survival will also be reduced
(Idaho Department of Fish and Game 1997).

Insects are a key component of GRSG brood habitat. A high-protein diet of insects is necessary for all
young upland game birds during the first month of life. The best early (June to mid-July) GRSG brood
habitat includes native grasses and forbs, as well as a 15-25 percent canopy coverage of sagebrush. Late
summer (mid-July to September) brood range consists of a variety of habitats, including agricultural
fields, meadows, and riparian areas adjacent to big sagebrush communities. In years of above average
summer precipitation, late summer brood range may overlap early summer brood range. During winter,
GRSG feed almost exclusively on sagebrush leaves and buds. If adequate sagebrush is available for
winter food and cover, GRSG are seldom impacted by severe winter weather. Loss of sagebrush on
grouse winter ranges can, however, severely reduce GRSG numbers (Idaho Department of Fish and Game
1997).

The GRSG was recently designated by the U.S. Fish and Wildlife Service (USFWS) as a candidate
species under the ESA (U.S. Department of the Interior 2010). The USFWS determined protection under
the ESA was warranted; however, listing the GRSG was precluded by the need to address other listings of
higher priority.
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3.0 CONSERVATION ELEMENT DISTRIBUTION MODELING

To answer the MQs regarding the location of this species across the ecoregion, a variety of existing data
layers representing important habitat for the species were used. The goal was to obtain data to determine
the current distribution and status of this species throughout the ecoregion. The GRSG is found in four of
the five states in the ecoregion (Montana, North Dakota, South Dakota, and Wyoming).

Because of its long history as a valuable upland game species, unexpected population declines in recent
years, and recent addition to the federal ESA candidate list, there is an abundance of GRSG information
available via various data sources such as Sagemap and eBird, as well as data provided from the Bureau
of Land Management (BLM) on range and buffered lek locations (Table E-2-1). Because there has been
so much focus on answering the “where” MQs related to GRSG distribution across the west, there are
many different GRSG distribution maps available (including those that include priority habitats, buffered
lek locations, and occupied habitats). Montana Fish, Wildlife, and Parks previously attempted to create a
Maxent model of this species distribution, with limited success.

Table E-2-1. Data Sources for Conservation Element Distribution Mapping

Use in Rapid
Ecoregional
Data Needs Dataset Name Source Agency Type/Scale Status Assessment
(REA)
Modeled Suitable Gap Analysis Program | U.S. Geological Raster (30 Acquired No®
Habitat (GAP) Habitat Models | Survey (USGS) meters [m])
Breeding Bird Density | BLM Polygon Acquired Yes
(BBD) Map
State-Derived Core MT, WY, ND, SD Polygon/ Received Yes
and Lek Areas State Agencies Raster
Western Governors’ WGA Pilot Crucial | Raster Future Dataset No?
Association (WGA) Habitat
Decision Support
System (DSS) Models
Occurrences State Natural Heritage | MT, WY, ND, SD Point GRSG Data No
Databases Heritage Programs Not Acquired
and Fish and Game
Breeding Bird Survey | USGS Polygon Acquired Yes
eBird Avian Knowledge Point Acquired No®
Network, Partners in
Flight
Areas with Potential for | Management Plan U.S. Forest Service | Polygon Not Available No®
Restoration of Habitat Areas (USFS), National
or Habitat Connectivity Park Service (NPS),
BLM, USFWS
Location of Core Areas | Core GRSG BLM Polygon Acquired Yes
Location of Leks, BLM 2006 BLM; MT, WY, Point Acquired No?
Nesting, Brood- Compilation of States | ND, SD, Fish and 1:24k
Rearing, and Winter Game Agencies
Habitat
Habitat Connectivity WGA DSS Data WGA Polygon Future Dataset No?
! Data gap

% More representative data were selected for use.
% Scale is inappropriate
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As a result of the variety of distribution maps available, the BLM determined that new distribution maps
for GRSG for this Rapid Ecoregional Assessment (REA) would not be necessary. The BLM
recommended using a combination of the existing breeding bird density (BBD) (Doherty et al. 2010) and
GRSG range maps, as developed by Schroeder (2004), because these maps cross land ownerships and
provide coarse-scale information about where most of the GRSG are located.

The BBD map uses maximum count of male GRSG on actual leks to develop GRSG breeding density
circles for 11 states across the west (Doherty et al. 2010). This map displays GRSG breeding densities in
25, 50, 75 and 100 percent buffer circles around existing leks. More specifically, in order to identify a
given proportion of the population (e.g., 25 percent) within the smallest area, the BBD map highlights
those areas with the greatest lek density and highest male counts. The Rolling Review Team (RRT)
recommended only using the 75 percent (8.5-kilometer [km] radius) breeding circles from this dataset.
This was based on the fact that most birds nest within certain distances of leks, and the BBD map
therefore provides a way to evaluate breeding and nesting seasonal habitats. Because of the sensitivity of
these data, the center point of each buffered lek location was not provided and the buffered lek circles
were dissolved into one polygon for the analysis.

The GRSG range map, as developed by Schroeder (2004) and updated by BLM in 2006 (henceforth
referred to as the Schroeder range map), shows the current and historic distribution of potential habitat, or
range. These data were initially researched and compiled by Dr. Michael A. Schroeder of the Washington
State Department of Fish and Wildlife. The combination of these maps were used, because they were
determined to be the best representation of all seasonal habitat usage for this species, and because these
maps represent the areas of management concern that are relevant at the scale of the REA. Figure E-2-1
presents the combination of the BBD and the Schroeder range maps that were used for this analysis.
Although this map is not intended to portray actual distribution of GRSG, it will be referred to as the
REA GRSG distribution layer. As illustrated on this map, the majority of the Schroeder range overlaps
the 75 percent buffered leks.
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4.0 CONCEPTUAL MODELS

The 75 percent current BBD map and the Schroeder range map data layers formed the starting point of the
CA analysis across the ecoregion, the aim of which is to understand how this species will react to the
potential future impact of CAs. The current status and potential future threat analyses were based on
CE-specific ecological conceptual models, selected environmental variables (Key Ecological Attributes
[KEAS]) likely to be impacted by CAs, and the availability of data. The CAs initially considered in this
analysis include development, climate change, invasive species, wildfire, and disease.

4.1 ECOLOGICAL PROCESS MODEL

The ecological process model (Figure E-2-2) was developed to identify and link the key life cycle
processes to ecological attributes (EAs) that have the greatest potential to affect GRSG habitat throughout
the ecoregion. As noted in the species description, this species requires large, intact blocks of sagebrush
for all phases of their life cycle.

The key processes are identified in the model as green boxes. Following Unnasch et al. (2009), three
broad headings or categories of EAs (size, condition, and context) are identified in the model as blue
diamonds. Size refers to attributes related to habitat or patch size, condition refers to the condition of the
habitat, and context refers to the spatial structure of the habitat. At the landscape level, the EAs under the
condition category were the most challenging to spatially represent and will primarily depend on the data
available.

4.2 SYSTEM-LEVEL MODEL

The system-level conceptual model (Figure E-2-3) illustrates the interactions between the CAs and the
primary habitat functions of this species. The CAs for this CE, which are development, climate change,
invasive species, wildfire, and disease, are identified across the top of the figure in red. The availability,
suitability, and connectivity of sagebrush communities are the primary factors affecting GRSG
populations.

421 Development

Development, infrastructure (roads, pipelines, transmission lines), oil and gas exploration, and wind farms
in proximity to GRSG leks and winter habitat can significantly impact GRSG populations (Doherty et al.
2008; Holloran 2005; Kaiser 2006; Naugle et al. 2006; Aldridge and Boyce 2007; Harju et al. 2010).
Abandonment of GRSG leks in response to power lines has been documented (Ellis 1987; Hall and
Haney 1997; Braun 1998), presumably due to an increase the number of nesting raptors and ravens
offerered new or alternative nesting structures (Gilmer and Wiehe 1977; Steenhof et al. 1993). Collision
of GRSG with fences and transmission lines during flight has been documented (Beck et al. 2006).

Potential impacts of gas and oil development to GRSG include physical habitat loss, habitat
fragmentation, spread of exotic plants, increased predation probabilities, and greater anthropogenic
activity and noise resulting in displacement of individuals through avoidance behavior (Connelly et al.
2004). The GRSG leks within 0.4 km of coalbed methane (CBM) wells in northern Wyoming had fewer
males per lek and lower annual rates of population growth compared to leks situated >0.4 km from a
CBM well (Braun et al. 2002).

Conversion of sagebrush to pasture, cropland, or irrigated hayfields has been widely recognized as a
dominant factor in the decline of GRSG populations. On the landscape scale, reducing the land cover of
sagebrush communities below 25 percent of a 30-km radius (i.e., the mean home range size) has been
suggested as a strong predictor of GRSG extirpations (Aldridge et al. 2008), and losses have been
observed when the proportion fell below 65 percent.

Urban development results in direct loss of sagebrush ecosystem acreage, and the human disturbance
associated with these developments makes even more acreage non-functional. Selection of town sites
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result from a variety of factors including easy access, presence of water, presence of building materials, a
relatively high degree of security and safety, etc. Some residences and subdivisions (i.e., ranch/farmsteads
and ranchettes) are far removed from actual incorporated towns, but have the same type of impact on the
ecosystem on a smaller scale. This trend in habitat loss is continuing at an ever-expanding rate as the
human population grows (Wyoming Interagency Vegetation Committee 2002). Some investigators have
estimated that as much as 3-5 percent of this ecosystem may have already been negatively impacted by
town and urban development (Braun 1998).

4.2.2 Climate Change

Climate change effects are expressed primarily as a range of suitable temperature and precipitation
(Wisdom et al. 2011) and the frequency and duration of drought (Aldridge et al. 2008). Evers (2010)
suggests that under projected climate change in the Great Basin, cooler and moister sagebrush
communities (i.e., nesting and brood-rearing habitat) would decrease substantially. The synergistic effects
of climate change have the potential to adversely impact GRSG habitat throughout this ecoregion.
Increasing temperatures within in the region may lead to fragmentation and habitat loss. Modeling efforts
suggest that the geographic range of big sagebrush (Artemesia tridentata) will contract significantly and
move northward and upward in elevation (Shafer et al. 2001; Miller et al. Undated).

Climate change will facilitate the incursion of invasive plants and the associated changes in fire regime,
which currently pose significant threats to GRSG and the sagebrush ecosystem (USFWS 2011). When
sagebrush covered much of the western United States, fire helped to recycle nutrients and suppress woody
invasion. However, the recent pattern of more frequent fires eventually results in vegetation shifts from
sagebrush to grassland vegetation systems. Grassland systems are more vulnerable to invasive species,
which also cause compounding problems for sagebrush.

Also, because many crops at northern latitudes are currently temperature-limited, warmer seasonal
temperatures associated with climate change may lead to greater conversion of native shrub-steppe to
tilled agriculture in the near term (Motha and Baier 2005; Stubbs 2007)

4.2.3 Invasive Species

Invasive species occurrences and fire history are often linked and have been estimated to contribute to an
increase in juniper and pinyon woodlands (Miller and Tausch 2001) which are avoided by GRSG. In
Wyoming big sage communities, invasion of annual grasses or weeds (e.g., cheat grass, medusahead) is
the greatest threat, because these fuels increase the fire frequency from greater than 100 years to less than
10 years (Wisenant 1990). Tree establishment within sagebrush communities generally decreases forb
availability due to moisture depletion (Bates et al. 2000).

Increases in the spread of non-native species such as cheatgrass, Japanese brome, and knapweed
(Centaurea spp.) are also adversely impacting sagebrush-steppe habitat (Quigley and Arbelbide 1997).
The increased fire frequency in areas with cheatgrass affects the ability of sagebrush to reestablish
between fire events. Exotic plants are opportunists, and, when present, quickly increase to establish and
colonize areas that have experienced soil-surface disturbance or that lack plant cover. Construction
activities from mines, wells, roads, and other surface disturbance activities provide avenues for the
establishment of non-native plants that degrade sagebrush ecosystems (Wyoming Interagency Vegetation
Committee 2002).

A data gap exists with regard to invasive species due to the lack of large-scale, comprehensive geospatial
datasets covering the ecoregion and the inability to identify suitable surrogates.
424 Wildfire

Many researchers believe fire historically (as a primary disturbance factor) had an important role in some
sagebrush ecosystems, increasing the dominance of many herbaceous species while reducing the
abundance and cover of woody plants.
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Wildfire reduces habitat quality and quantity for GRSG (Connelly and Braun 1997; Connelly et al. 2000;
Nelle et al. 2000; Fischer et al. 1996). Moderate fire return intervals (FRIs) and low-intensity fires are
necessary to maintain the mixed composition of sagebrush communities for lekking, nesting, and brood
rearing. The predominant impacts of wildfire are expected to occur at the vegetation community level, as
sagebrush sites shift from one state to another with changes in disturbance regimes.

425 Disease

Naugle et al. (2004) reported the first West Nile virus (WNV) case in GRSG in northeast Wyoming,
resulting in a 25 percent decline in survival of four populations (Naugle et al. 2004). Walker (2007)
showed that GRSG chick and adult survival was significantly lower due to WNV, which resulted in
declining male and female lek attendance. A highly efficient vector of WNV in North America is the
mosquito (Culex tarsalis) (Hayes et al. 2005; Turell et al. 2005), which is thought to increase due to water
development and well ponds associated with oil and gas exploration.

4.3 CHANGE AGENTS PROPOSED FOR ANALYSIS

Although numerous attrib