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Summary 

Section H. Terrestrial Fine-filter Conservation Elements provides the detailed descriptions, 

methods, datasets, results, and limitations for the assessments of selected animal species 

considered to be of high ecological importance in the Central Yukon study area and the potential 

impacts of CAs on these species. 
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H-1 

Section H. Terrestrial Fine-filter Conservation Elements 

1. Introduction to Terrestrial Fine-filter CEs 

Many northern ecosystems are undergoing major transitions related to climate change. It is critical 

that we understand the implications of this transformation on wildlife populations and initiate 

appropriate mitigation strategies (Berteaux 2013, Marcot et al. 2015). In general, we lack 

comprehensive baseline data on natural systems and are faced with complex interactions among 

wildlife species, ecosystems, and humans amid a changing climate. The goal of the Rapid 

Ecoregional Assessment (REA) is to provide land managers in the Central Yukon (CYR) study 

area with current baseline data on key resources that can provide a sound basis to better 

understand the current and anticipated effects of Change Agents (CAs) on select wildlife and the 

habitats that support them. 

Fine-filter Conservation Elements (CEs) provide critical ecosystem functions and services that 

are not adequately represented by the Coarse-filter CEs but are important for overall ecological 

integrity. Seven regionally important wildlife species were selected as Terrestrial Fine-filter CEs 

for the Central Yukon REA (Table H-1). A collaborative effort was made with the Bureau of Land 

Management (BLM) to select species representative of different ecological niches and functions. 

The Terrestrial Fine-filter CEs represent key wildlife resources in the ecoregion and were selected 

because they were: 1) identified directly through management questions, 2) provided specific 

ecological services and/or functions identified in the ecoregional conceptual model, 3) were 

considered important subsistence resources in the ecoregion, or 4) were suggested specifically 

by managers for their ecological significance. 

Table H-1. Terrestrial Fine-filter Conservation Elements used for analysis in the CYR study area. 

Conservation 
Element 

Habitat Seasonality Reason for Inclusion 

Caribou Tundra, open woodlands Year-round 

Caribou were identified directly 
through management questions 

and are an important subsistence 
resource to the region. 

Ecosystem function: food 
availability (prey), herbivory, 

trampling. 

Dall sheep 

Open alpine ridges, 
meadows, and steep slopes 

with extremely rugged 
ground (for predator 

avoidance) 

Year-round, non-
migratory 

Sheep were identified directly 
through management questions 

and are an important subsistence 
resource to the region. 

Ecosystem function: food 
availability (prey), herbivory. 

American 
beaver 

2nd to 4th order streams. 
Deciduous forest, tall shrub, 

lakes, rivers 

Year-round, non-
migratory 

Ecosystem function: mechanical 
disturbance, major driver of 

hydrologic change on aquatic and 
riparian ecosystems. 
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Conservation 
Element 

Habitat Seasonality Reason for Inclusion 

Snowshoe 
hare 

Coniferous and mixed 
forests with abundant 

understory. 

Year-round, non-
migratory 

Key prey for a variety of avian 
and mammalian predators. 
Population dynamics are 

characterized by large inter-
annual fluctuations, which is a 
driver for predator populations. 

Ecosystem function: food 
availability (prey) and herbivory. 

Golden eagle Cliffs, riparian areas 
Summer: Alaska;  

Winter: South 
Representative of cliffs and 

riparian habitats. 

Swainsonôs 
thrush 

Forest, tall shrub 
Summer: Alaska;  

Winter: South 
(e.g., Equator) 

Representative for small aerial 
insectivores and forest habitat. 

Trumpeter 
swan 

Summer/breeding: Close to 
waterbodies 

Summer: Alaska;  
Winter: South 

Representative of waterfowl 
species and wetlands. 

This section describes analyses between the Terrestrial Fine-filter CEs and CAs, including climate 

and anthropogenic variables. Subsection H-3 summarizes core analyses across all CEs to 

provide an overall picture of change for CEs in the CYR study area. Further detail and species-

specific analysis are described for each CE individually following the core analysis summary. 
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2. Methods 

2.1 Distribution Modeling 

We generated a distribution for each CE using existing or new habitat models or species range 

datasets depending on the type and quality of data available for each CE (Table H-2). 

Table H-2. Distribution types, datasets, and model accuracies for each distribution model used for 

Terrestrial Fine-filter Conservation Element. 

Terrestrial 
Fine-filter 

CE 

Distribution 
Type 

Range, Habitat, or Occurrence Data Sets 
Model 

Accuracy 

Caribou Polygon 
ADF&G seasonal caribou herd ranges (2009); 
ADF&G updated caribou herd ranges (2015) 

N/A 

American 
beaver 

AKGAP raster 
distribution 

model 
AKGAP beaver potential habitat distribution model 76% sensitivity  

Dall sheep 

Random forest 
raster 

distribution 
model 

AKGAP Dall sheep occurrence records; BISON 
Dall sheep occurrence records; NPS Dall sheep 

collar data; ADF&G annual range polygon; ACCS 
modified annual range polygon 

0.795 kappa 

Snowshoe 
hare 

Random forest 
raster 

distribution 
model 

AKGAP snowshoe hare occurrence records; 
BISON snowshoe hare occurrence records 

0.603 kappa 

Golden 
eagle 

Random forest 
raster 

distribution 
model 

AKGAP golden eagle occurrence records; BISON 
golden eagle occurrence records 

0.646 kappa 

Swainson's 
thrush 

Random forest 
raster 

distribution 
model 

AKGAP Swainsonôs thrush occurrence records; 
BISON Swainsonôs thrush occurrence records 

0.615 kappa 

Trumpeter 
swan 

AKGAP raster 
distribution 

model 

AKGAP trumpeter swan potential breeding habitat 
distribution model 

44% sensitivity 

Acronyms: ADF&G = Alaska Department of Fish and Game; AKGAP = Alaska Gap Analysis Project; NPS = National 

Parks Service; BISON = Biodiversity Information Serving Our Nation; GBIF = Global Biodiversity Information Facility; 

NLCD = National Land Cover Database. 

Polygon Distribution Models 

Polygon feature classes for caribou seasonal ranges in the CYR study area were obtained from 

the Alaska Department of Fish and Game (ADF&G). We used ranges described by herd and 

season developed by ADF&G in 2009 and updated by local biologists in 2015 for the CYR region 

in particular. There are 13 caribou herds with ranges partially or wholly contained in the CYR 

study area. We illustrated seasonal ranges for ten of the herds including: Central Arctic, Fortymile, 

Galena Mountain, Hodzana, Macomb, Porcupine, Ray Mountains, Western Arctic, White 
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Mountains and Wolf Mountain. Three herds from the original list (Mentasta, Nelchina, and 

Teshekpuk) were omitted because most of their range occurs outside the CYR study area. 

AKGAP Habitat Distribution Models 

Alaska Gap Analysis Project (AKGAP) models provide spatial representations of potential habitat 

distribution for a single species within known range limits at 60-m cell resolution (Gotthardt et al. 

2014). Models were generated through a combination of deductive and inductive modeling 

techniques using the LandFire vegetation map1 as a base and have been statistically assessed 

for accuracy and peer-reviewed. Although AKGAP models were available for all Terrestrial Fine-

filter CEs, these models were developed to depict speciesô distributions across their full range in 

Alaska, not specifically within the CYR study area. To assess the sensitivity of the AKGAP models 

within the CYR study area, we compiled existing occurrence data for each CE to perform an 

accuracy assessment for each model. We overlaid occurrence records within the CYR study area 

on each AKGAP model and calculated the proportion of occurrence points correctly classified as 

occurring within potential habitat. The CEs with acceptable model sensitivity (> 75%) were the 

American beaver and Swainsonôs thrush (Table H-3). However, after reviewing the spatial 

distribution of the Swainsonôs thrush AKGAP model, we decided that, while it had relatively high 

sensitivity (86%), large areas of Swainsonôs thrush habitat and range were not represented. We, 

therefore, retained the American beaver AKGAP model but developed new distribution models 

specific to the CYR study area for the remaining species, with the exception of trumpeter swan. 

Table H-3. Model sensitivity results for CE-specific AKGAP distribution models within the CYR study area. 

Terrestrial Fine-filter CE No. Assessment Points Model Sensitivity 

Caribou N/A N/A 

American beaver 501 76% 

Dall sheep 334147 28% 

Snowshoe hare 310 65% 

Golden eagle 185 7% 

Swainson's thrush 887 86% 

Trumpeter swan 1366 44% 

Trumpeter Swan 

For trumpeter swan, we compared the AKGAP model to small and large lake distributions 

available from the USGS National Hydrography Dataset (NHD)2 and wetland distributions 

delineated in the Vegetation Map of Northern, Western, and Interior Alaska.3 Trumpeter swan 

habitat identified in these two datasets aligned well with the AKGAP model and contributed no 

new information to the current habitat model. However, we did notice that the match between 

occurrence point locations and habitat location seemed to be slightly misaligned. This may be 

due to inaccuracy of GPS occurrence points and/or inaccuracies in the exact location of 

wetlands/waterbodies in the landcover map. In general, the distribution model provides a good 

                                                
1 See http://www.landfire.gov/ 
2 See http://nhd.usgs.gov/data.html 
3 See http://accs.uaa.alaska.edu/vegetation-ecology/vegetation-map-northern-western-and-interior-
alaska/ 

http://www.landfire.gov/
http://nhd.usgs.gov/data.html
http://accs.uaa.alaska.edu/vegetation-ecology/vegetation-map-northern-western-and-interior-alaska/
http://www.landfire.gov/
http://nhd.usgs.gov/data.html
http://accs.uaa.alaska.edu/vegetation-ecology/vegetation-map-northern-western-and-interior-alaska/
http://accs.uaa.alaska.edu/vegetation-ecology/vegetation-map-northern-western-and-interior-alaska/
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representation of general habitat use, but modeled distribution is likely underrepresenting actual 

distribution. 

Random Forest Habitat Distribution Models 

For Dall sheep, Snowshoe hare, Golden eagle and Swainsonôs thrush (Terrestrial Fine-filter CEs 

that had AKGAP potential habitat distribution models with relatively low sensitivity; < 75%), we 

modeled species habitat within the CYR study area using a random forest approach. An 

advantage of machine learning techniques in modeling species distributions is the ability to 

explore potential non-linear or non-intuitive interactions between species and environmental 

factors and generate resulting predictions (Evans et al. 2011). Random forest is a collection of 

non-parametric, weak learning trees that converge on an optimal solution (Breiman et al. 2001). 

Presence points were generated as random subsets of available occurrence points from the 

USGS BISON database and the AKGAP database. Points within 5 to 10 km of one another were 

excluded from the random subset with the exact exclusion distance depending on the resulting 

number of selected occurrence points. For Dall sheep, an additional random subset of presence 

points was selected from National Park Service (NPS) telemetry data. Presence points could not 

be selected for a range of years to match predictor climate variables because too few points were 

available for each species for a single decade. Absence data were not available in the BISON or 

AKGAP databases. 

Random Forest requires absence data in addition to presence data. Pseudo-absences were 

generated by selecting a stratified random point distribution from an area of potential absence. 

The density of absences approximately reflected the density of presences on the landscape. Area 

of potential absence was determined by comparing presence points to the Vegetation Map for 

Northern, Western, and Interior Alaska. The landcover classes with the greatest number of 

corresponding occurrences were removed from vegetation dataset until enough landcover 

classes had been removed to account for approximately 50% of all presences. The 50% threshold 

prevented forcing artificial importance onto vegetation as a predictive environmental factor. The 

remaining vegetation classes were resampled to a lower resolution and converted to simplified 

polygons from which pseudo-absences were drawn. 

Unbalanced samples in Random Forest models introduce bias when the minority class has much 

less representation in the sample dataset than the majority class (Kubat and Matwin 1997, 

Drummond and Holte 2003). Biased classification accuracy is introduced as the probability of 

drawing the minority class per bootstrap becomes low. Highly unbalanced samples, therefore, 

lead to unreliable classification accuracy (Evans et al. 2011). A 1:1 sample ratio can also become 

problematic because of the potential to overfit the model in data structures where the minority 

class has little variation (Evans, pers. comm.). One technique to mitigate sample bias is to down-

sample the majority class (Evans et al. 2011). Although not ideal when using true absences 

because of the risk of adding bias to the spatial estimate (Evans, pers. comm.), it is also possible 

to mitigate sample bias by oversampling the minority class with the addition of synthetic data 

(Chawla et al. 2002). Because our entire minority class consisted of synthetic data and because 

we had relatively low numbers of presences (the majority class) for all target species, we 

oversampled the minority class by generating twice as many pseudo-absences as presences, 

resulting in a 2:1 sample balance. 
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We selected a suite of 24 predictor raster datasets with 21 datasets representing abiotic 

environmental factors (topography, hydrography, and climate averages for the 2010s decade) 

plus three datasets representing biotic environmental factors (vegetation class, distance from 

forest, and distance from low or tall shrub). Topographic variables included or were derived from 

the USGS National Elevation Dataset 2 Arc-second Digital Elevation Model because that was the 

only available resolution of elevation data providing continuous coverage over the study area. 

When converted to a projected coordinate system, the 2 Arc-second resolution was resampled to 

a 60-m grid, which is approximately equivalent to 2 Arc-second within the study area. An additional 

topographic predictor dataset was generated by calculating distance from floodplains. 

Hydrographic predictor variables included distance from large streams and rivers (stream orders 

3-9), distance from small streams (stream orders 1 and 2), distance from large lakes (area > 0.1 

sq km), and distance from small lakes (area < 0.1 sq km). Climate data included seasonal 

temperature and precipitation, snow day fraction for shoulder months of May and September, and 

date of thaw. Additional climate variables were considered, but were removed as model inputs 

because they were multicollinear. Multivariate redundant variables were removed using qr matrix 

decomposition following methods implemented in the R package rfUtilities by Jeffrey Evans with 

a threshold of 0.5 and a parsimony rule to retain the smallest number of non-redundant metrics 

(see Murphy et al. 2010 for further details). 

Input presences and pseudo-absences and predictor datasets were pre-processed in ArcGIS 

10.3.1 and passed via python as inputs into the random forest implementation in R (Breiman 

2001, Liaw and Wiener 2002). A subset of the 24 predictor datasets was selected by following 

methods implemented in the R package rfUtilities by Jeffrey Evans: random forest assigns 

importance (I) to variables based on the number of times each variable reduces mean squared 

error. An initial random forest model run calculated I for all variables, and a model improvement 

ratio (MIR) was calculated per variable (I/Imax). Progressive random forest models were run for 

iterations of variables subset from the initial run based on MIR thresholds at intervals of 0.05 from 

0.05 to 1. A selected variable set was optimized for fewest retained metrics, lowest model mean 

squared error, and maximized percentage of variation explained (see Murphy et al. 2010 for 

further details). Random forest was run with the selected variable set and 5,000 bootstraps to 

obtain a model kappa. This process was repeated 100 times to ensure that all possible optimized 

variable sets were considered in the selection of a final model. 

The three resulting random forest models with the highest kappa values were cross-validated with 

1,000 permutations and 10% of data withheld per permutation. The model with the highest mean 

cross-validation kappa was selected as the final model, and a potential habitat distribution raster 

was predicted using the final model and selected predictor datasets as inputs. The initial 

prediction output was a continuous dataset of values between 0 and 1. Although the continuous 

dataset is a useful product for some applications and better represents the natural variability in 

habitat quality, a presence-absence distribution is much easier to interpret, standardized between 

models, more applicable to management considerations, and better suited for comparison with 

changing environmental and anthropogenic factors. Continuous potential habitat datasets were 

converted to presence-absence by identifying the lowest probability threshold that minimized the 

absolute value of the difference between sensitivity and specificity, a technique that has been 
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shown to perform better than other common methods, especially compared to the a priori 

assumption of 0.5 as a threshold (Liu et al. 2005, Jiménez-Valverde and Lobo 2007). 

The resulting distributions represented potential habitat distribution: the distribution that the 

species could have in the absence of historical, biotic, and other restrictive factors not considered 

in the model. Distribution models for Swainsonôs thrush, golden eagle, and snowshoe hare were 

retained as potential habitat. Dall sheep distribution was converted to realized habitat, the actual 

occupied habitat (Jiménez-Valverde 2012), by extracting potential habitat to a manually modified 

version of Dall sheep annual range from ADF&G. 

Dall Sheep 

The potential habitat distribution predicted using random forest performed well when cross-

validated against subsets of the training data. Model kappa was 0.795 and area under curve 

(AUC) was 0.960. Kappa values greater than 0.6 indicate good model performance (Manel et al. 

2001). Because the threshold for conversion to presence-absence was derived from minimizing 

the absolute value of the difference between sensitivity and specificity, the sensitivity and 

specificity of the model compared to the training data are both 100%. Not enough data were 

available to perform assessments of kappa, AUC, sensitivity, and specificity independent from the 

training data beyond cross-validation. 

Thirteen variables out of 24 were selected into the final random forest model, indicating that, of 

the variables tested, this subset had the strongest explanatory power for the Dall sheep 

occurrences: a.) Climate: date of thaw, spring precipitation, summer precipitation, winter 

precipitation, May snow day fraction, September snow day fraction, spring temperature, and 

summer warmth index; b.) Topographic: elevation, roughness, slope, and wetness; c.) 

Hydrographic: none; and d.) Biotic: distance from forest. Of these, slope, roughness, spring 

precipitation, and summer warmth index stood out as the most important variables, each having 

I Ó 0.6. 

Statistics for the realized habitat distribution were not calculated but should be comparable to the 

potential habitat distribution. The realized habitat distribution likely has higher specificity than the 

potential habitat distribution, but does not show potential but unoccupied habitat locations. 

Snowshoe Hare 

The potential habitat distribution predicted using random forest performed well when cross-

validated against subsets of the training data. Model kappa was 0.603 and area under curve 

(AUC) was 0.883. Kappa values greater than 0.6 indicate good model performance (Manel et al. 

2001). Because the threshold for conversion to presence-absence was derived from minimizing 

the absolute value of the difference between sensitivity and specificity, the sensitivity and 

specificity of the model compared to the training data are both 100%. Not enough data were 

available to perform assessments of kappa, AUC, sensitivity, and specificity independent from the 

training data beyond cross-validation. 

Nine variables out of 24 were selected into the final random forest model, indicating that, of the 

variables tested, this subset had the strongest explanatory power for the snowshoe hare 

occurrences: a.) Climate: date of thaw, spring temperature, winter precipitation, May snow day 

fraction, and September snow day fraction; b.) Topographic: elevation and distance from 

floodplain; c.) Hydrographic: none; and d.) Biotic: vegetation and distance from forest. Of these, 

date of thaw, elevation, distance from forest, and September snow day fraction stood out as the 
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most important variables, each having I Ó 0.8. Despite being selected for the final model, 

vegetation had very low relative variable importance (I/Imax). 

Golden Eagle 

The potential habitat distribution predicted using random forest performed well when cross-

validated against subsets of the training data. Model kappa was 0.646 and area under curve 

(AUC) was 0.907. Kappa values greater than 0.6 indicate good model performance (Manel et al. 

2001). Because the threshold for conversion to presence-absence was derived from minimizing 

the absolute value of the difference between sensitivity and specificity, the sensitivity and 

specificity of the model compared to the training data are both 100%. Not enough data were 

available to perform assessments of kappa, AUC, sensitivity, and specificity independent from the 

training data beyond cross-validation. 

Fourteen variables out of 24 were selected into the final random forest model, indicating that, of 

the variables tested, this subset had the strongest explanatory power for the golden eagle 

occurrences: a.) Climate: date of thaw, summer precipitation, winter precipitation, May snow day 

fraction, September snow day fraction, spring temperature, winter temperature, and summer 

warmth index; b.) Topographic: elevation and distance from floodplain; c.) Hydrographic: 

distance from rivers; and d.) Biotic: vegetation, distance from forest, and distance from low or tall 

shrub. Of these, distance from floodplain and distance from forest stood out as the two most 

important variables, each having I Ó 0.8 and more than twice the variable importance of the third 

most important variable. Despite being selected for the final model, vegetation had very low 

relative variable importance (I/Imax). 

Swainson's Thrush 

The potential habitat distribution predicted using random forest performed well when cross-

validated against subsets of the training data. Model kappa was 0.615 and area under curve 

(AUC) was 0.894. Kappa values greater than 0.6 indicate good model performance (Manel et al. 

2001). Because the threshold for conversion to presence-absence was derived from minimizing 

the absolute value of the difference between sensitivity and specificity, the sensitivity and 

specificity of the model compared to the training data are both 100%. Not enough data were 

available to perform assessments of kappa, AUC, sensitivity, and specificity independent from the 

training data beyond cross-validation. 

Nine variables out of 24 were selected into the final random forest model, indicating that, of the 

variables tested, this subset had the strongest explanatory power for the Swainsonôs thrush 

occurrences: a.) Climate: date of thaw, May snow day fraction, September snow day fraction, 

spring temperature, and summer warmth index; b.) Topographic: elevation and distance from 

floodplain; c.) Hydrographic: none; and d.) Biotic: vegetation and distance from forest. Of these, 

May and September snow day fraction had the two highest relative variable importances (I/Imax), 

but only marginally. 

2.2 Conceptual Models 

The CE × CA assessment was aided by the development of CE-specific conceptual models. 

Conceptual models were developed for each Coarse- and Fine-filter CE and are essentially 

ñstressorò models, which depict the effects that environmental stress (i.e., CAs) impose on key 

ecological components. The CE-specific conceptual models were used to identify indicators and 

metrics with high ecological and management relevance for use in the REA, which helped guide 
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the evaluation of potential responses to perceived impacts (Noon et al. 2003, Tierney et al. 2009). 

The CE-specific conceptual models represent the state of knowledge between the CE, CAs, and 

other resources. Conceptual models are based on extensive literature review and describe the 

relationship between the various CAs and natural drivers in both tabular and graphical formats. 

Conceptual models for the Terrestrial Fine-filter CEs are presented within the individual CE 

subsections. 

2.3 Attributes and Indicators 

Ecological attributes are defined as traits or factors necessary for maintaining a fully functioning 

population, assemblage, community, or ecosystem. On a species level, they are traits that are 

necessary for the survival and long-term viability of the species. Indicators are defined as 

measurable aspects of ecological attributes. For the CYR REA, we considered attributes and 

indicators as key elements that allowed us to better address specific management questions, 

parameterize models, and explain the expected range of variability in our results as they relate to 

status and condition. 

For each Fine-filter CE, we identified attributes from the conceptual model and assigned indicators 

based on available spatial datasets. Thresholds were set to categorize all data into standard 

reporting categories (indicator ratings). For some CEs, numerical measurements delineating 

thresholds were available from the literature. However, for most attributes/indicators, categories 

were generalized based on the best available information (e.g., average, above average, or below 

average). See Figure H-1 for an example attribute and indicator table. Attributes and indicators 

were developed for each CE and are presented within the individual Terrestrial Fine-filter CE 

species accounts that follow. 

 

Figure H-1. Example and explanation of attributes and indicators for trumpeter swan (Cygnus buccinator). 
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2.4 CE × CA Intersections 

The CE × CA assessment was aided by the development of CE-specific conceptual models, 

attributes and indicators tables, and the availability of relevant spatial datasets. Specific 

relationships between CEs and CAs identified in the attributes and indicators tables were 

examined spatially by intersecting the CE-specific distribution model with the associated climatic 

or anthropogenic dataset. Results are typically extractions of the CA (see Section C. Abiotic 

Change Agents) within the distribution of the CE. When possible, outputs were reclassified to 

match specific threshold values identified in the assessment of attributes and indicators. 

In many cases, spatial overlays of the CAs on CEs were not specific enough to provide additional 

information beyond that already specified in the conceptual model. Rather than include maps of 

all the CE × CA intersections in this report, we limited the graphics to those intersections that 

provided new information and summarized many of the results for the CE × CA analysis in tables 

in the core analysis subsection. 

For climate variables, temperature and precipitation, we used a threshold of ±1 standard deviation 

to identify significant change across CE distributions. This value was calculated as an average of 

monthly ±1 standard deviations over the months being considered (e.g., mean summer 

temperature was an average of the SD ±1 values derived for June, July and August). These 

values are listed as footnotes for each associated table. 

2.5 Status Assessments 

To assess the ñstatusò of each CE, we used a Landscape Condition Model (LCM) developed for 

the CYR study area (see Section F. Landscape and Ecological Integrity). The LCM is a simple 

yet robust way to measure the impact of the human footprint on a landscape. We weighted the 

relative influence of different types of human footprints based on factors such as permanence and 

nature of the activity. Permanent human modifications were weighted the highest, while temporary 

uses, such as snow machine trails, received less weight. Intensive land uses (e.g., mining) were 

weighted higher than less intensive land uses (e.g., hunting/trapping cabins). Weights were 

summed across the landscape and coalesced into a single surface that represents the extent and 

intensity of human impacts. 

For this assessment, we assumed a linear distance decay function (gradual decrease in impact 

as distance from human activity/infrastructure increases until a maximum distance is reached at 

which the impact is negligible). These values were based on extensive meta-analysis of the 

impacts on many species/habitats/contexts. For Dall sheep, American beaver, snowshoe hare, 

and Swainsonôs thrush, we used the distance decay values set for the general assessment of 

landscape condition. However, for trumpeter swan, caribou, and golden eagle, we found 

empirically-derived values in the literature relating to distances associated with impacts, which 

are summarized in the respective attributes and indicators tables for those CEs. Therefore, we 

modified the distance decay values to be more representative of the biology and avoidance 

behaviors of those CEs (Table H-4). We assumed that distance decay values would remain 

constant across the considered time periods: current (2010), near-term future (2025), and long-

term future (2060). 
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Table H-4. List of human modification variables used in the Landscape Condition Model (LCM) for historic 

(H), current (C), near-term future (NF) and long-term future (LF) development scenarios. Decay scores 

marked with an asterisk (*) are modified from the original LCM values based on additional information from 

the literature. Standard LCM values were used to assess status of Dall sheep, American beaver, snowshoe 

hare, and Swainsonôs thrush. 

Scenario Category Theme 

Distance Decay (m) 

Landscape 
Condition 

Model 

Trumpeter 
Swan 

Caribou 
Golden 
Eagle 

H 
Alternative 

Transportation 
Forestry 200 200 200 200 

H 
Alternative 

Transportation 
Historical Trail 250 250 250 250 

H 
Alternative 

Transportation 
Historical Trail-Primary 

Roads 
250 250 250 250 

H 
Alternative 

Transportation 
Historical Trail-rails, 

Spur Roads 
250 250 250 250 

H Mining Mining 500 500 500 500 

C Agriculture Agriculture 200 200 200 200 

C Invasive Plants AKEPIC 200 200 200 200 

C Development Area 
Community (Medium 

Development) 
1000 10000* 1000 3000* 

C 
Contaminated 

Sites 
Contaminated Sites 100 100 100 100 

C 
Alternative 

Transportation 
Forestry 200 200 200 200 

C 
Contaminated 

Sites 
Formerly Used Defense 

Sites 
100 100 100 100 

C Development Area High Development 2000 10000* 2000 3000* 

C Highways 
Highway (Dalton 

Highway included) 
5000 60* 2000* 5000 

C Industrial Lines Industrial Lines 500 500 500 500 

C Development Area Low Development 1000 10000* 1000 3000* 

C 
Contaminated 

Sites 
Material Sites 100 100 100 100 

C Development Area Medium Development 1000 10000* 1000 3000* 

C Mining Mining 1500 1500 1500 1500 

C 
Alternative 

Transportation 
Northern Railline 

Expansion 
500 500 500 500 

C 
Alternative 

Transportation 
Northern Railline 
Expansion Bridge 

500 500 500 500 

C 
Alternative 

Transportation 
Rail Road 500 500 500 500 

C Secondary Roads Secondary Road 500 60* 1000* 3000* 

C 
Alternative 

Transportation 
Trail 500 500 500 500 
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Scenario Category Theme 

Distance Decay (m) 

Landscape 
Condition 

Model 

Trumpeter 
Swan 

Caribou 
Golden 
Eagle 

C 
Alternative 

Transportation 

Yukon River 
(Alternative 

Transportation) 
500 500 500 500 

NF Mining Mining 1500 1500 1500 1500 

NF 
Alternative 

Transportation 
Northern Railline 

Expansion 
500 500 500 500 

NF, LF 
Alternative 

Transportation 
Forestry 200 200 200 200 

NF, LF Industrial Lines Future Pipeline 500 500 500 500 

NF, LF 
Contaminated 

Sites 
Material Sites 100 100 100 100 

NF, LF Development Area Population Projection 1000 10000* 1000 3000* 

NF, LF 
Alternative 

Transportation 
Trails 500 60* 500 500 

LF Mining Mining 1500 1500 1500 1500 

LF Secondary Roads Nome Road 500 60* 1000* 3000* 

LF 
Alternative 

Transportation 
Northern Railline 

Expansion 
500 500 500 500 

LF 
Alternative 

Transportation 

Northern Railline 
Expansion Access 

Roads 
500 500 500 500 

LF Secondary Roads Road to Umiat 500 60* 1000* 3000* 

LF Secondary Roads 
Secondary Roads 

(Ambler Route) 
500 60* 1000 3000* 

2.6 Relative Management Responsibility 

The relative amount of management responsibility on public lands for each CE was assessed by 

intersecting the distribution models or ranges for each CE with general land management status. 

Although each state and federal agency has different management mandates and responsibilities 

for each fish and wildlife species, this assessment provides an estimate of the proportion of a 

species habitat distribution that occurs within the boundaries of areas managed by public 

agencies. This type of information may be useful to managers to promote better collaboration and 

effective public land management practices that account for species that migrate across 

jurisdictions. 
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2.7 Management Questions 

Six Management Questions (MQs) are addressed in this section. MQ L1 and N3 are addressed 

within the analysis of the appropriate CE. Management Question AE1, T1, X1, and X2 are 

addressed at the end of this section. 

MQ AE1: Where is primary waterfowl (black scoter or trumpeter swan) habitat located? 

 

MQ L1: What are caribou seasonal distribution and movement patterns? 

 

MQ N3: How might sheep distribution shift in relation to climate change? 

 

MQ T1: The introduction of free-ranging reindeer herds to this region has been proposed. What 

areas would be most likely to biologically support a reindeer herd? 

 

MQ X1: What have the past cumulative impacts of road construction and mineral extraction 

been on terrestrial CE habitat and population dynamics? 

 

MQ X2: How might future road construction and mineral extraction infrastructure (e.g., both 

temporary and permanent roads [Umiat, Ambler, Stevens Village], pads, pipeline, both 

permanent and temporary) affect species habitat, distribution, movements and population 

dynamics (especially caribou, moose, sheep)? 
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2.8 Summary Tables 

To summarize the results of the CE × CA assessment for each species, a simple table was 

developed to indicate the projected change of relevant CAs for each time period in the CYR study 

area, and describe the general effect of these changes on a CE (Table H-5). In the óNear-termô 

and óLong-term changeô columns, the grey boxes indicate minimal to no change, the orange boxes 

indicate an increase in the CA (e.g., increased length of growing season, increased winter 

precipitation) and the blue boxes indicate a decrease in the CA (e.g., decreased landscape 

condition, decreased winter precipitation) as determined by the spatial analysis results. The 

óEffect on CEô column attempts to generalize whether the change observed in the near-term and 

long-term will have a positive or negative effect on the CE as determined by the literature (e.g., 

an increase in winter precipitation has a negative impact on juvenile survival for Caribou). The 

orange and blue boxes indicate a positive or negative effect, and the green box indicates a mixed 

effect with the potential for both positive and negative effects on the CE.  

Table H-5. Sample table summarizing the anticipated changes and effects of relevant Change Agents 

(CAs) on a Terrestrial Fine-Filter Conservation Element (CE) in the CYR study area. 

Indicator 
Near-term 
Change 

Long-
term 

Change 

Effect on CE in 
CYR Study 

Area 
Impact 

Length of growing 
season 

+ + +/- 
Forage and insect 

abundance and 
phenology 

Date of thaw No change + +/- 
Forage and insect 

abundance and 
phenology 

Summer temperature No change + +/- 
Forage and insect 

abundance and 
phenology 

Winter precipitation + + - Juvenile survival 

Rain-on-snow events: 
Snow day fraction 

Not assessed + - Forage accessibility 

Fire Unknown + +/- 
Winter forage 

availability 

Landscape condition 
Minimal 
change 

- - Body condition/Survival 

Invasive species N/A N/A None None 

These summary tables are meant to be a tool to look at the general trends for various CAs across 

CE habitat in the CYR study area. The text descriptions associated with each analyses in the 

results section provide a further in-depth discussion about the limitations of each analyses. In 

addition, the suggested ñeffect on CEò is limited to our interpretation of the literature in conjunction 

with the CA changes predicted on the landscape. We do not describe all of the CAs that will affect 

each CE and understand that the CAs do not affect each CE independently. 
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3. Core AnalysisïSummary Results 

In the near-term future (2020s), little measurable change can be expected for many climate 

variables within habitats used by Terrestrial Fine-filter CEs. Larger responses, however, are 

predicted by the long-term future (2060s). A summary of predicted changes for Abiotic CAs within 

the Terrestrial Fine-filter CE distributions are summarized below. More details on the expected 

effects of these changes are found in the individual Terrestrial Fine-filter CE subsections. 

3.1 Annual Temperature 

Warming trends are expected across all Terrestrial Fine-filter CE habitats in the CYR study area 

by the 2060s, with the greatest increases in temperature occurring during the winter months 

(Table H-6). Warming temperatures in the near-term future (2020s) are not expected to fall 

outside the bounds of current (2010s) temperature ranges. 

Of the seven Terrestrial Fine-filter CEs, the four mammal species are year-round residents, while 

the three avian species are migratory and generally only present in the CYR study area during 

the spring and summer seasons. All seven CEs will experience significant increases in spring and 

summer temperature by the 2060s (Table H-6). Temperature increases are expected to influence 

habitat availability, forage quality, and reproductive success for each CE, and are discussed under 

the individual Terrestrial Fine-filter CE subsections. 
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Table H-6. The proportion of each Terrestrial Fine-filter CE distribution that is predicted to experience a significant increase in spring, summer, and 

winter temperature in the CYR study area from the current (2010s) to the near-term future (2020s) and long-term future (2060s). 

Terrestrial Fine-filter CE 

æ Spring Temperature (A-M) æ Summer Temperature (J-J-A) æ Winter Temperature (D-J-F) 

No 

change 

Significant 

Increase¹ 

RANGE 

(°C) 

No 

change 

Significant 

Increase² 

RANGE 

(°C) 

No 

change 

Significant 

Increase³ 

RANGE 

(°C) 

American 

Beaver 

Near-Term 100% 0% -0.15 to 0.45 100% 0% 0.00 to 0.60 100% 0% -0.30 to 0.80 

Long-Term 0% 100% 0.75 to 1.75 5% 95% 1.00 to 1.50 0% 100% 2.30 to 3.90 

Trumpeter 

Swan 

Near-Term 100% 0% -0.15 to 0.40 100% 0% 0.00 to 0.50 100% 0% -0.30 to 0.80 

Long-Term 0% 100% 0.75 to 1.60 3% 97% 1.00 to 1.50 0% 100% 2.30 to 3.80 

Caribou 

(All Herds) 

Near-Term 100% 0% -0.15 to 0.45 100% 0% 0.00 to 0.60 100% 0% -0.30 to 0.80 

Long-Term 0% 100% 0.75 to 1.75 11% 89% 0.90 to 1.50 0% 100% 2.30 to 3.90 

Dall Sheep 
Near-Term 100% 0% -0.15 to 0.45 100% 0% 0.00 to 0.60 100% 0% -0.20 to 0.80 

Long-Term 0% 100% 0.75 to 1.75 22% 78% 0.90 to 1.40 0% 100% 2.50 to 3.80 

Golden 

Eagle 

Near-Term 100% 0% -0.15 to 0.45 100% 0% 0.00 to 0.60 100% 0% -0.30 to 0.80 

Long-Term 0% 100% 0.75 to 1.75 14% 86% 0.90 to 1.50 0% 100% 2.30 to 3.90 

Swainson's 

Thrush 

Near-Term 100% 0% -0.15 to 0.45 100% 0% 0.00 to 0.60 100% 0% -0.30 to 0.80 

Long-Term 0% 100% 0.75 to 1.75 3% 97% 1.00 to 1.50 0% 100% 2.30 to 3.90 

Snowshoe 

Hare 

Near-Term 100% 0% -0.15 to 0.45 100% 0% 0.00 to 0.60 100% 0% -0.30 to 0.80 

Long-Term 0% 100% 0.75 to 1.70 3% 97% 1.00 to 1.50 0% 100% 2.30 to 3.90 

¹Based on a mean standard deviation of 1 (near-term: ±1.15 °C; long-term: ±0.7 °C) 

²Based on a mean standard deviation of 1 (near-term: ±0.6 °C; long-term: ±1.17 °C) 

³Based on a mean standard deviation of 1 (near-term: ±2.17 °C; long-term: ±1.7 °C) 
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3.2 Growing Season Length 

Growing season length (estimated as the number of days between date of thaw and date of 

freeze; see Section C. Abiotic Change Agents) is expected to increase by both the near-term and 

long-term future (Table H-7). Average growing season length is expected to increase by the long-

term future by 6ï52 days across Terrestrial Fine-filter CE distributions. These changes are 

expected to have a positive effect on caribou, Dall sheep, golden eagle, Swainsonôs thrush, and 

snowshoe hare through increased forage availability and reproductive success. Results are 

discussed further in the individual Terrestrial Fine-filter CE subsections. 

Table H-7. The proportion of each Terrestrial Fine-filter CE distribution that is predicted to 

experience an increase in length of growing season from the current (2010s) to the near-term future 

(2020s) and long-term future (2060s). 

Terrestrial Fine-filter CE 
æ Length of Growing Season 

No Change 0ï6 days 7ï14 days > 14 days Range (days) 

American Beaver 
Near-Term 55% 45% 0% 0% -3 to 5 

Long-Term 0% 0% 100% 0% 6 to 16 

Trumpeter Swan 
Near-Term 57% 43% 0% 0% -2 to 4 

Long-Term 0% 0% 100% 0% 6 to 15 

Caribou (All Herds) 
Near-Term 35% 65% 0% 0% -3 to 5 

Long-Term 0% 0% 100% 0% 6 to 32 

Dall Sheep 
Near-Term 21% 79% 0% 0% -3 to 10 

Long-Term 0% 0% 99% 1% 6 to 48 

Golden Eagle 
Near-Term 32% 68% 0% 0% -3 to 15 

Long-Term 0% 0% 100% 0% 6 to 52 

Swainson's Thrush 
Near-Term 61% 39% 0% 0% -3 to 4 

Long-Term 0% 0% 100% 0% 6 to 16 

Snowshoe Hare 
Near-Term 61% 39% 0% 0% -3 to 5 

Long-Term 0% 0% 100% 0% 6 to 17 

3.3 Precipitation 

We evaluated the relationship between Terrestrial Fine-filter CEs and changes in mean annual 

precipitation, spring (April, May) precipitation, and winter (December, January, and February) 

precipitation. Changes in spring precipitation are likely to have large effects on caribou, American 

beaver, and trumpeter swan because their movement, foraging, and reproductive patterns are 

closely linked to precipitation (see individual CE subsections below). Increases in spring 

precipitation could have potential negative influences on reproduction and survival of many wildlife 

species (see individual CE subsections). In addition, winter precipitation can be used as a proxy 

for snow depth, which can affect forage accessibility and movements of caribou and snowshoe 

hare. The expected effects of changes in precipitation are detailed in the individual Terrestrial 

Fine-filter CE subsections.
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Table H-8. The proportion of each Terrestrial Fine-filter CE distribution that is predicted to experience a significant increase in spring, winter, and 

annual precipitation in the CYR study area from the current (2010s) to the near-term future (2020s) and long-term future (2060s). 

Terrestrial Fine-filter CE 

æ Spring Precipitation (A-M) æ Winter Precipitation (D-J-F) æ Annual Precipitation 

No 
Change 

Significant 
Increase1 

Range 
(mm) 

No 
Change 

Significant 
Increase2 

Range 
(mm) 

No 
Change 

Significant 
Increase3 

Range 
(mm) 

American 
Beaver 

Near-term 100% 0% -7 to 2 2% 98% 1 to 21 1% 99% -1 to 50 

Long-term 34% 66% 0 to 13 14% 86% 2 to 31 0% 100% 17 to 141 

Trumpeter 
Swan 

Near-term 100% 0% -7 to 2 3% 97% 1 to 33 1% 99% -3 to 49 

Long-term 52% 48% 0 to 12 17% 91% 2 to 34 0% 100% 17 to 157 

Caribou (All 
Herds) 

Near-term 100% 0% -7 to 2 2% 98% 1 to 43 3% 97% -7 to 61 

Long-term 17% 83% 0 to 15 17% 83% 2 to 44 0% 100% 17 to 198 

Dall Sheep 
Near-term 100% 0% -9 to 2 2% 98% 1 to 51 7% 93% -7 to 73 

Long-term 3% 97% 1 to 15 3% 97% 3 to 53 0% 100% 17 to 229 

Golden 
Eagle 

Near-term 100% 0% -9 to 2 2% 98% 1 to 51 3% 97% -7 to 73 

Long-term 18% 82% 0 to 15 10% 90% 2 to 53 0% 100% 17 to 229 

Swainsonôs 
Thrush 

Near-term 100% 0% -7 to 2 2% 98% 2 to 23 0% 100% -2 to 44 

Long-term 35% 65% 0 to 13 14% 86% 2 to 31 0% 100% 17 to 128 

Snowshoe 
Hare 

Near-term 100% 0% -7 to 2 2% 98% 1 to 37 1% 99% -4 to 54 

Long-term 37% 63% 0 to 13 15% 85% 2 to 38 0% 100% 17 to 173 

¹Based on a mean standard deviation of 1 (near: ±2.55 mm; long: ±3.45 mm) 

²Based on a mean standard deviation of 1 (near: ±4.17 mm; long: ±5.17 mm) 

³Based on a mean standard deviation of 1 (near: ±5.71 mm; long: ±6.28 mm) 
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3.4 Species Habitat Status 

Most of the CYR study area is considered connected and pristine (i.e., very high landscape 

condition). Highly impacted areas predicted for the future are primarily associated with the Ambler 

mining district and new forestry roads around Fairbanks (see Section F. Landscape and 

Ecological Integrity). When the current distributions of the Terrestrial Fine-filter CEs were 

compared to current, near-term, and long-term landscape condition, over 86% of habitat for each 

CE was classified as very high condition for all time frames (Table H-9). Among CEs, golden 

eagle is predicted to experience the greatest reduction in landscape condition across its habitat, 

while trumpeter swan is predicted to experience the least; however, trumpeter swan has the 

lowest current landscape condition throughout its habitat. When applicable, the implications of 

localized impacts due to development are discussed within the individual Terrestrial Fine-filter CE 

subsections. 

Table H-9. Percent of Terrestrial Fine-filter CE distribution attributed to varying levels of landscape condition 

in the current, near-term (2025), and long-term (2060) time periods. 

Conservation Element Time Period 
Landscape Condition 

Very Low Low Medium High Very High 

American Beaver 

Current 0.9 1.3 1.2 1.9 94.6 

Near-term 0.9 1.3 1.3 2.0 94.5 

Long-term 1.0 1.6 1.7 2.4 93.3 

Change to Long-term 0.1 0.3 0.5 0.5 -1.3 

Trumpeter Swan 

Current 0.1 0.9 3.4 8.8 86.9 

Near-term 0.1 0.9 3.4 8.8 86.8 

Long-term 0.1 1.0 3.6 8.9 86.4 

Change to Long-term 0 0.1 0.2 0.1 -0.5 

Golden Eagle 

Current 0.7 1.5 1.3 1.6 94.9 

Near-term 0.7 1.5 1.3 1.7 94.7 

Long-term 1.0 2.1 1.9 2.3 92.7 

Change to Long-term 0.3 0.6 0.6 0.7 -2.2 

Caribou (Summer Range) 

Current 0.2 0.3 0.3 0.5 98.7 

Near-term - - - - - 

Long-term 0.3 0.6 0.8 1.1 97.2 

Change to Long-term 0.1 0.3 0.5 0.6 -1.5 

Caribou (Winter Range) 

Current 0.2 0.4 0.5 0.7 98.2 

Near-term - - - - - 

Long-term 0.3 0.7 0.9 1.2 96.9 

Change to Long-term 0.1 0.3 0.4 0.5 -1.3 

Dall Sheep 

Current 0.4 0.7 0.8 0.9 97.2 

Near-term 0.4 0.7 0.9 1.0 97.0 

Long-term 0.9 1.0 1.3 1.5 95.4 

Change to Long-term 0.5 0.3 0.5 0.6 -1.8 
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Conservation Element Time Period 
Landscape Condition 

Very Low Low Medium High Very High 

Swainson's Thrush 

Current 1.1 1.7 1.6 2.2 93.4 

Near-Term 1.1 1.8 1.7 2.3 93.1 

Long-Term 1.3 2.2 2.3 2.9 91.4 

Change to Long-Term 0.2 0.5 0.7 0.7 -2.0 

Snowshoe Hare 

Current 1.1 1.7 1.5 2.1 93.6 

Near-Term 1.1 1.7 1.6 2.3 93.3 

Long-Term 1.2 2.1 2.1 2.8 91.8 

Change to Long-Term 0.1 0.4 0.6 0.7 -1.8 

3.5 Relative Management Responsibility 

Federal and state agencies must balance the demands for resource extraction, energy 

development, recreation, and other human land uses with wildlife management and conservation. 

Inter-agency collaboration is crucial for effectively managing public lands and their dependent 

species that range across political boundaries. We used the proportion of each speciesô 

distribution falling within each agencyôs boundary as a measure of the amount of management 

responsibility. 

Species distributions in relation to areas managed both publicly and privately reflect the overall 

ratio of land ownership within the CYR study area, with the highest percentages of species 

distributions occurring on USFWS land and State Patent land, respectively (Table H-10, Figure 

H-2). 
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Table H-10. Total area of each Terrestrial Fine-filter CE distribution associated with land ownership in the CYR study area. 

Terrestrial 

Fine-filter CE 

BLM 

(km²) 

USFWS 

(km²) 

Military 

(km²) 

NPS 

(km²) 

Native 

Patent or 

IC (km²) 

Native 

Selected 

(km²) 

Private 

(km²) 

State 

Patent or 

TA (km²) 

State 

Selected 

(km²) 

TOTAL 

AREA 

(km2) 

Caribou 42,195 82,247 148 63,967 33,333 6,139 43 65,942 17,395 311,409 

Dall sheep 7,929 14,272 35 36,086 2,730 1,182 32 20,164 1,926 84,356 

American 

beaver 
13,950 33,933 1,903 13,964 21,430 2,345 121 27,421 5,597 120,664 

Snowshoe 

hare 
26,513 59,203 2,940 16,715 37,536 4,299 232 62,592 8,885 218,915 

Swainson's 

Thrush 
26,708 52,380 2,907 16,548 36,800 4,657 219 63,356 8,441 212,016 

Golden Eagle 21,519 55,255 1,786 57,534 28,680 4,018 153 49,408 10,755 229,108 

Trumpeter 

Swan 
743 4,287 81 306 3,740 219 3 1,722 423 11,524 

STUDY AREA 48,318 103,004 3,034 66,959 49,510 7,223 238 93,758 20,108 



 

H-23 

Section H. Terrestrial Fine-filter Conservation Elements 

 

 

Figure H-2. Percent of Terrestrial Fine-filter CE distribution attributed to each management body in the CYR study area. 
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4. Caribou (Rangifer tarandus) 

 

 

Figure H-3. Seasonal ranges of caribou herds in the CYR study area. 

4.1 Introduction 

Caribou are circumpolar in their distribution, occurring in Arctic tundra and boreal forest regions 

in North America and Eurasia (MacDonald and Cook 2009). They are an important prey item to 

apex predators, including wolves (Canis lupus), grizzly (brown) bears (Ursus arctos), and golden 






























































































































































































































































































































