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Sagebrush Ecosystem Conservation and Management: 221–314, 2011 

Chapter 7: Occurrence and Abundance of Ants, Reptiles, 
and Mammals 
Steven E. Hanser, Matthias Leu, Cameron L. Aldridge, Scott E. Nielsen, 
Mary M. Rowland, and Steven T. Knick 

Abstract.  Sagebrush (Artemisia spp.)-
associated wildlife are threatened by habi-
tat loss and fragmentation and by impacts 
associated with anthropogenic disturbanc-
es, including energy development.  Under-
standing how species of concern as well 
as other wildlife including insects, reptiles, 
and mammals respond to type and spatial 
scale of disturbance is critical to manag-
ing future land uses and identifying sites 
that are important for conservation. We 
developed statistical models to describe 
species occurrence or abundance, based 
on area searches in 7.29-ha survey blocks, 
across the Wyoming Basins Ecoregional 
Assessment (WBEA) area for six shrub 
steppe-associated species: harvester ant 
(Pogonomyrmex spp.), thatch ant (For-
mica spp.), short-horned lizard (Phryno-
soma hernandesi), white-tailed jackrabbit 
(Lepus townsendii), cottontail (Sylvilagus 
spp.) and least chipmunk (Tamius mini-
mus). We modeled patterns in occupancy 
or abundance relative to multi-scale mea-
sures of vegetation type and pattern, abi-
otic site characteristics, and anthropogenic 
disturbance factors.  Sagebrush habitat was 
a strong predictor of occurrence for short-
horned lizards and white-tailed jackrab-
bits, but weak for the other four species. 
Vegetation and abiotic characteristics were 
strong determinants of species occurrence, 
although the scale of response was not 
consistent among species. All species, with 
the exception of the short-horned lizard, 
responded to anthropogenic disturbance, 
although responses again varied as a func-
tion of scale and direction (negative and 
positive influences).  Our results improve 
our understanding of how environmental 

and anthropogenic factors affect species 
distributions across the WBEA area and 
facilitate a multi-species approach to man-
agement of this sagebrush ecosystem. 

Key words: abundance, anthropogenic 
disturbance, cottontail, habitat, harvester 
ant, least chipmunk, occurrence, pygmy 
rabbit, short-horned lizard, thatch ant, 
white-tailed jackrabbit. 

Fragmentation and loss of sagebrush 
(Artemisia spp.) has been implicated in 
declines in abundance and distribution of 
sagebrush-obligate wildlife species (Paige 
and Ritter 1999, Knick et al. 2003, Dobkin 
and Sauder 2004, Schroeder et al. 2004). 
These declines have prompted petitions 
for the listing of several species, including 
the pygmy rabbit (Brachylagus idahoen-
sis, [U.S. Department of the Interior 2003, 
2005a, 2008]) and greater sage-grouse 
(Centrocercus urophasianus, [U.S. De-
partment of the Interior 2005b, 2010]) as 
threatened or endangered species.  Iden-
tifying causes for species declines has led 
to an examination of multi-scale environ-
mental factors affecting the distribution 
and abundance of >350 other wildlife spe-
cies that occur in sagebrush habitats dur-
ing all or part of their life cycle (Wisdom 
et al. 2005). 

Declines in abundance or loss of spe-
cies can affect other species due to the 
influence individual species have on their 
environment or through cascading tro-
phic interactions.  Many species create, 
modify, or maintain their environment and 
through these actions influence ecosystem 
processes (Jones et al. 1994).  For example, 
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pygmy rabbit and least chipmunk (Tamias 
minimus) modify the soil profile through 
construction of burrows.  Harvester ants 
(Pogonomyrmex spp.) alter soil character-
istics through nest construction (Mandel 
and Sorenson 1982, Carlson and Whitford 
1991) and also change plant distributions 
by preferentially harvesting and distribut-
ing seeds (Whitford 1978).  Harvester ants 
may consume 10-26% of total seed bank, 
up to 100% of seed production of their 
preferred plant species (Crist and MacMa-
hon 1992), and influence the distribution 
of exotic plant species in sagebrush habi-
tats (Mull and MacMahon 1996). 

Direct trophic interactions may also 
be influenced by changing habitat condi-
tions (Clark et al. 1997, Grabowski 2004). 
Ants, including harvester ants, are the pri-
mary food source of the short-horned liz-
ard (Phrynosoma hernandesi; Powell and 
Russell 1985), a species of conservation 
concern (U.S. Department of the Interior 
2002).  Changes in the environment that 
influence the distribution of ants can alter 
short-horned lizard distribution and abun-
dance (Suarez and Case 2002).  Similarly, 
interactions between raptors, including 
golden eagle (Aquila chrysaetos) and fer-
ruginous hawk (Buteo regalis), and their 
mammalian prey such as white-tailed jack-
rabbit (Lepus townsendii) and cottontail 
(Sylvilagus spp.) (McGahan, 1967), can be 
disrupted by natural or human disturbanc-
es that alter their environment.  Construc-
tion of power lines can increase the num-
ber of nesting raptors in an area (Steenhof 
et al. 1993) potentially leading to increased 
predation pressure on local mammal and 
bird populations.  Human disturbance may 
also have indirect effects (Leu et al. 2008) 
on prey species that change abundance of 
food for predator populations. 

We developed spatially explicit models 
of occurrence and abundance for multiple 
ant, reptile, and mammal species in the 
Wyoming Basins Ecoregional Assessment 
(WBEA). We used field surveys conduct-
ed throughout the Wyoming Basins (Ch. 4) 

to derive relationships between species oc-
currence and abundance and Geographic 
Information System (GIS)-derived habi-
tat and disturbance variables measured 
across multiple extents.  Our models pro-
vide a multi-species view of the sagebrush 
ecosystem that can improve our ability to 
adapt management actions to ecosystem 
changes. Additionally, these models are 
useful for assessing effects of proposed 
or future development across the WBEA 
area on more common species or those of 
less perceived conservation priority, but 
which still play important roles in ecologi-
cal processes. 

METHODS 

Field Surveys 

We conducted two rounds of field sur-
veys within 7.29 ha survey blocks sampled 
in 2005 and 2006 (Ch. 4) using a plot-search 
technique to sample ants, lizards, snakes, 
pygmy rabbits, and small to medium-sized 
mammals. We randomly selected the or-
der in which survey blocks were surveyed 
each day and the starting location within 
each survey block (NE, NW, SE, and SW 
corner of each survey block).  For each 
survey, we noted start time and measured 
sampling effort (min). We sampled survey 
blocks by walking parallel transects spaced 
30 m apart for a total length of 2.16 km 
(Fig. 4.2). The first round of surveys was 
conducted from 28 April through 21 June 
between 0800 and 1000 hr during which we 
focused on sampling ants, pygmy rabbits, 
and other medium-sized mammals. The 
second round, focused on reptiles and me-
dium-sized mammals, was conducted from 
6 July through 2 September on sunny days 
between 0800 hr (actual start time varied 
with air temperature) and 1800 hr. 

Ants 

We counted ant mounds on survey 
blocks while walking transects (McIver 
et al. 1997). We differentiated between 
mound types based on mound character-
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istics (Beever and Herrick 2006). Mounds 
built of sand or pebbles were designated as 
harvester ant mounds (P. occidentalis and 
P. owyheei) and those constructed of thatch 
were thatch ant mounds (Formica haemor-
rhoidulis, F. obscuripes, F.obscuriventris 
and F. oreas; Wheeler and Wheeler 1988). 
While walking transects, observers tallied 
mounds detected by type within 15 m of 
the transect line. 

Reptiles 

We used visual encounter surveys to 
sample lizards and snakes.  Surveys were 
conducted during peak activity hours of 
lizard and snake species to maximize de-
tectability (Diller and Johnson 1982; Guy-
er and Linder 1985).  Observers tracked 
time of sampling effort. Transects were 
walked slowly, carefully checking the un-
derstory vegetation and sagebrush canopy 
for basking lizards, noting reptiles detect-
ed within 15 m (Germaine and Wakeling 
2001). When possible, we used binoculars 
to identify species. We recorded the per-
pendicular distance from the transect to 
each observation. 

Pygmy rabbits 

Observers looked for burrow locations 
while walking transects and scanned the 
surrounding area for pygmy rabbits.  Ob-
servers tracked time of sampling effort. 
Total number of rabbits seen and number 
of burrows detected were recorded within 
each of five burrow categories (modified 
from Ulmschneider 2004, Himes and Dro-
han 2007): (1) active with pellets (brown 
pellets near a burrow, at least one entrance 
open without cobwebs or debris indicat-
ing lack of use, usually shows a trail); (2) 
active without pellets (burrow entrance 
is not collapsed but no pellets found; also 
burrows in snow where no tracks or pellets 
are visible); (3) inactive with pellets (bur-
row entrances have cobwebs, grass seeds, 
or other debris in entrance, but with brown 
pellets; may show transitory use); (4) inac-
tive without pellets (burrow seems right 

for pygmy rabbit; burrow entrances have 
cobwebs, grass seeds, or other debris in 
entrance but no pellets or recent activity 
present); and (5) undetermined (burrow 
characteristics suggested pygmy rabbit, 
but pellets were confusing or absent, it was 
not in association with other pygmy rab-
bit burrows [identified by pellets or sight-
ings], or burrow status was unknown due 
to weather damage). 

We only considered actual sightings 
and active burrows to indicate presence 
of pygmy rabbits (burrow categories one 
and two above) for analyses. We excluded 
all other detection categories because bur-
rows could have been dug or maintained 
by other fossorial mammals and because 
contemporary habitat use could not be de-
termined from inactive burrows. We also 
restricted the dataset to the known range 
of the species (Ch. 2). 

Medium-sized mammals 

We surveyed small to medium-sized 
mammal species on survey blocks concur-
rent with both sampling rounds.  For each 
survey, individual mammals detected within 
15 m of the transect line were recorded by 
species to assess occurrence and abundance 
on survey blocks.  Survey blocks were con-
sidered occupied if an individual was de-
tected in one or both sampling periods. 

Abundance Categories and Detection 
Probability 

We classified abundance levels accord-
ing to three classes for species that had a 
minimum of 100 occurrences (Ch. 4).  Sur-
vey blocks with zero detections were cat-
egorized as absent.  Histograms of survey 
blocks with counts > 0 were used to cat-
egorize survey blocks into two abundance 
classes (low and high) based on patterns in 
the frequency distribution. 

We used program DISTANCE (Thomas 
et al. 2006) to calculate detection probabil-
ity for species with distance estimated for 
each detection and an adequate number 
of detections (n > 60).  Detections were 
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TABLE 7.1. Summary of ant surveys during 2005 and 2006 on 326 survey blocks in the Wyoming Basins Ecore-
gional Assessment area.  Shown are harvester and thatch ant occurrence (total detections) in relation to road juxta-
position, by year, and total detections for both years. 

Survey block 
Harvester ant Thatch ant 

type 2005 2006 Total 2005 2006 Total 

On road 28 (775) 31 (962) 59 (1,737) 19 (69) 20 (162) 39 (231) 

Near road 35 (797) 34 (675) 69 (1,472) 20 (148) 26 (180) 46 (328) 

Far road 26 (1,105) 23 (397) 49 (1,502) 162 (32) 25 (112) 41 (144) 

Total 89 (2,677) 88 (2,034) 177 (4,711) 55 (249) 71 (454) 126 (703) 

entered in DISTANCE using distance 
intervals dependent upon the detection 
curve for the species. We considered the 
half-normal and hazard rate key functions 
using simple polynomial and cosine series 
expansions and selected models with the 
lowest AIC value. We did not fit other co-
variates to the detectability function. 

Our data for medium-sized mammals 
did not meet assumptions necessary to 
calculate detection probability (Macken-
zie et al. 2006), but we did have multiple 
surveys at each location.  On survey blocks 
where we detected a species, we calculated 
the proportion of blocks with detections 
in one or both survey bouts as an informal 
assessment of detectability.  Species that, 
when detected, are recorded during both 
survey bouts on a survey block are likely 
to have higher detectability. 

Model Selection 

Variables included in the model selec-
tion process for all species in this chapter 

included the standard candidate predictor 
set (Table 4.2). We did not consider moun-
tain sagebrush (A. tridentata ssp. vaseyana) 
or four soil variables (pH, salinity, bulk 
density, and available water capacity), 
which were not directly associated with 
these species. We also excluded the oth-
er four soil variables (sand, silt, clay, and 
soil depth) from the candidate predictor 
set for non-fossorial species (white-tailed 
jackrabbit and cottontail). We calculated 
descriptive statistics for all predictor vari-
ables within presence/absence or abun-
dance classes for each species. We also 
determined the number of survey blocks 
with predictor variable values > 0 within 
each abundance class and excluded from 
model development all variables/scales 
with <20 survey blocks in a class. We ex-
cluded correlated predictor variables from 
potential analyses, prior to model develop-
ment (Ch. 4). 

We used a hierarchical multi-stage 
modeling approach (Ch. 4) assessing all 

TABLE 7.2. Reptile species detected in the Wyoming Basins Ecoregional Assessment area during area searches in 
2005 and 2006 on 324 survey blocks.  Shown are occurrences (detections) by year and totals for both years. 

Species Scientifc name 2005 2006 Total 

Bull snake Pituophis catenifer sayi 1 (1) 0 (0) 1 (1) 

Garter snake Thamnophis spp. 1 (1) 1 (1) 2 (2) 

Great basin gopher snake Pituophus melanoleucus deserticola 0 (0) 1 (1) 1 (1) 

Sagebrush lizard Sceloporus graciosus 15 (22) 12 (13) 27 (35) 

Prairie-lined racerunner Cnemidophorus sexlineatus viridis 1 (1) 0 (0) 1 (1) 

Short-horned lizard Phrynosoma hernandesi 30 (36) 33 (39) 63 (75) 



 
 

   
   

 
 
 

   

 
 

   
 

   
 

 

 
 

   
 
 
 
 

   
 
 
 
 
 

  
 

 
 
 
 
 
 
 
 
 
 

 

225 Ants, Reptiles, and Mammals – Hanser et al. 

model subsets using logistic or generalized 
ordered logistic regression (GOLOGIT2 
within Stata 10.1, Stata Corporation, Col-
lege Station, TX, USA; Williams 2006) 
modeling approaches. We first examined 
scatterplots and histograms of sagebrush, 
NDVI, and abiotic variables to look for 
non-linearities and interactions and, if 
detected, included them in analyses. We 
used Akaike’s Information Criterion, cor-
rected for small sample sizes (AICc), for 
model selection (Burnham and Anderson 
2002). We first evaluated each sagebrush 
and NDVI variable and identified circular 
moving window radius (extent) and com-
binations that had the strongest relation-
ship to species occurrence. We used these 
selected sagebrush and NDVI variables 
as a base model and tested the relation-
ship between species occurrence and all 
spatial extents for each vegetation, abi-
otic, and disturbance variable to identify 
the best spatial extent for each variable 
using AICc values. We then allowed the 
best spatial extent for each variable to 
compete with all possible combinations of 
other variables within the same category 
to identify the AICc-selected top model 
within that category. To avoid overfitting 
in generalized ordered logistic and logistic 
regression models, we limited the number 
of variables in all competing models to 
10% (one variable per 10 survey blocks in 
the lowest frequency class) of the sample 
size in the lowest frequency class (Hos-
mer and Lemeshow 2000). After identi-
fying the AICc-selected top model within 
vegetation, abiotic, and disturbance cat-
egories, we allowed variables within these 
models to compete both within and across 
submodels to develop the best overall 
composite model, holding sagebrush and 
NDVI base model constant.  In order to 
incorporate model uncertainty, we used 
a weighted average of coefficients from 
models with a cumulative AICc weight 
of just � 0.9 (Burnham and Anderson 
2002).  Coefficients were set to zero when 
a model did not contain a particular vari- T
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FIG. 7.1. Distribution of survey blocks in the Wyoming Basins Ecoregional Assessment area surveyed for (A) 
harvester ants, (B) thatch ants, (C) pygmy rabbits, (D) short-horned lizards, (E) white-tailed jackrabbits, (F) cotton-
tails, and (G) least chipmunks. Ant mounds were an indicator of harvester ant abundance and survey blocks were 
designated as absent (blue, zero roost piles), low abundance (red, 1-ant mounds), or high abundance (yellow, >18 
ant mounds). For all other species, survey blocks were designated as present (red, �1 detection) or absent (blue, no 
detection). The gray shaded areas are outside the current range of the species (Ch. 2; Patterson et al. 2003). 

able. Accuracy of statistical models was 
evaluated with receiver operating char-
acteristic (ROC) plots estimating area 
under the curve (AUC, Metz 1978). We 
determined an optimal cutoff threshold 
for predicting presence-absence of each 
species (i.e., habitat or non-habitat) using 
a sensitivity-specificity equality approach 
(Liu et al. 2005) and applied this thresh-
old to assess predictive capacity for each 
model (Nielsen et al. 2004). 

Spatial Application and Dose Response 

We predicted species occurrence in a 
GIS at a 90-m resolution (pixel size) using 
the final model coefficients in ArcGIS ras-
ter calculator (ESRI 2006) and displayed 
final model predictions in 10% probabil-

ity classes.  Masks of non-sagebrush habi-
tats (areas with <3% sagebrush habitat in 
a 5-km moving window) and those areas 
outside the known range of each species 
(pygmy rabbit: Ch. 2; all other species: Pat-
terson et al. 2003) were used to identify 
areas where predictions were either not 
possible or where extrapolations occurred 
with high uncertainty.  Probability of oc-
currence maps were subsequently convert-
ed to binary presence/absence maps based 
on sensitivity-specificity equality thresh-
olds to maximize prediction success for 
each model. Where applicable, probabil-
ity of occurrence output from generalized 
ordered logistic regression models were 
combined into a composite three-class 
abundance surface, predicting absent, low, 
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and high abundance. The bin breakpoint 
separating absent from low/high abun-
dance habitat was based on the sensitivity-
specificity equality threshold to maximize 
prediction success for each model. Within 
low/high abundance habitat, the threshold 
was set at the point where predicted prob-
ability of high abundance habitat exceed-
ed the probability of being low abundance 
habitat.  Presence-absence maps allowed 
us to quantify proportion of WBEA area 
containing habitat likely to support popu-
lations of a species.  For species with mul-
tiple abundance classes, we also assessed 
proportion of WBEA area likely to sup-
port low and high abundance populations 
of a given species. 

Following development of species mod-
els, we plotted predicted probability of oc-
currence relative to changes in sagebrush 
metrics to assess critical levels of sage-
brush required for a species to be present 
and to characterize response to losses or 
fragmentation of sagebrush habitat. We 
calculated these values using the Dose 
Response Calculator for ArcGIS (Hanser 
et al. 2011). We used the optimal cut-off 
threshold to identify the sagebrush thresh-
old value above which the species was like-
ly to occur. 

Model Evaluation 

We evaluated model fit for species for 
which we were able to obtain independent 
data by comparing observed proportion of 
locations in each probability bin against 
expected proportion of locations from the 
model using regression analysis (Johnson 
et al. 2006). A model with good fit should 
have a high R2 value, a slope not different 
from 1.0, and an intercept not different 
from zero (Johnson et al. 2006). 

RESULTS 

Field Surveys 

We sampled 329 survey blocks (165 in 
2005 and 164 in 2006), of which 125 (65 
in 2005, 60 in 2006) were on-road survey 

blocks, 103 (50 in 2005 and 53 in 2006) near-
road survey blocks, and 101 (50 in 2005 and 
51 in 2006) far-road survey blocks (Ch. 4). 
The number of survey blocks included in 
analyses varied depending on species sur-
veyed. 

Ants 

We sampled 326 survey blocks for ant 
mounds.  Harvester ants were detected 
at 54% and thatch ants at 38% of survey 
blocks (Table 7.1, Fig. 7.1).  Occurrence 
of harvester ants did not differ between 
2005 and 2006; thatch ants occurred more 
frequently in 2006.  Harvester ants were 
more abundant with nearly seven times 
the number of mounds (x–= 2.01 mounds/ 
ha; range: 0–41.7) detected than for thatch 

– ants (x  = 0.30; range: 0–12.1).  In relation 
to stratified road distances, harvester ants 
were most numerous at on-road survey 
blocks whereas thatch ants were most nu-
merous at near-road survey blocks. 

Reptiles 

We sampled 324 survey blocks for 
reptiles, including 156 in 2005 and 168 in 
2006.  No reptiles were detected on 74% 
of survey blocks. Where reptiles were de-
tected, we observed 115 individual reptiles 
representing six species. The vast major-
ity (95%) were lizards.  Short-horned liz-
ards were the most common species; we 
counted 64 individuals at 16% of the sur-
vey plots (Fig. 7.1, Table 7.2). We detected 
three snake species. 

Pygmy rabbits 

We surveyed 326 survey blocks for pyg-
my rabbits and their signs. We detected 
only 19 separate occurrences (Fig. 7.1c) 
within the known pygmy rabbit range, de-
fined as a survey block with either a sight-
ing or active burrows with feces.  Small 
sample sizes precluded development of 
predictive models of pygmy rabbit distri-
butions.  Sightings were higher in 2006 (12 
of 171) than in 2005 (2 of 155) (Table 7.3). 
One pygmy rabbit sighting in the Worland 
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TABLE 7.4. Summary of mammal surveys in the Wyoming Basins Ecoregional Assessment area during 2005 and 
2006 on 329 survey blocks.  Shown are occurrence (survey blocks detected), total detection in relation to road jux-
taposition, and total detections for both years. 

2005 

Total Detections 

Common name Scientifc name Occurrence On road Near road Far road 

Golden-mantled ground squirrel Spermophilus lateralis 0 0 0 0 

Least chipmunk Tamias minimus 46 50 25 40 

Least weasel Mustela erminea 1 0 1 0 

Long-tailed weasel Mustela frenata 1 0 2 0 

Cottontail Sylvilagus spp. 69 166 75 101 

Red squirrel Tamiasciurus hudsonicus 0 0 0 0 

Thirteen-lined ground squirrel Spermophilus tridecemlineatus 5 1 1 4 

Uinta ground squirrel Spermophilus armatus 0 0 0 0 

White-tailed jackrabbit Lepus townsendii 29 23 12 13 

White-tailed prairie dog Cynomys leucurus 17 30 26 27 

Wyoming ground squirrel Spermophilus elegans 17 11 19 9 

FIG. 7.2. Histogram of survey blocks (n = 177) in the Wyoming Basins Ecoregional Assessment area surveyed 
for harvester ant mounds where the number of mounds was > 0. Abundance at each survey block was represented 
by the total number of mounds. Survey blocks with zero mounds were classified as absent, survey blocks with 1-18 
mounds as low abundance, and >18 mounds as high abundance. The dashed vertical line indicates the boundary 
between low and high abundance classes. 
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TABLE 7.4. Extended 

2006 Total 

Total Detections Total Detections 

Occurrence On road Near road Far road Occurrence On road Near road Far road Total 

3 1 1 3 3 1 1 3 5 

10 5 4 8 56 55 29 48 132 

0 0 0 0 1 0 1 0 1 

0 0 0 0 1 0 2 0 2 

76 150 116 105 145 316 191 206 713 

3 0 12 1 3 0 12 1 13 

29 22 19 18 34 23 20 22 65 

13 5 6 47 13 5 6 47 58 

42 25 18 18 71 48 30 31 109 

2 1 0 1 19 31 26 28 85 

16 8 8 17 33 19 27 26 72 

FIG. 7.3. Histogram of survey blocks (n = 126) in the Wyoming Basins Ecoregional Assessment area surveyed for 
thatch ant mounds (Formica spp.) where the number of mounds was >0. Abundance at each survey block is repre-
sented by the total number of mounds. The dashed vertical line indicates the selected boundary (4 mounds) between 
low and high abundance classes. There were 40 survey blocks above this selected boundary. 
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TABLE 7.5. Results of AICc-based model selection for harvester ant occurrence in the Wyoming Basins Ecore-
gional Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood (LL), 
number of parameters (K), Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc 

value from the top model (�AICc), and Akaike weight (wi).  Only models with �AICc � 2 are shown. 

Rank Modela LL K AICc �AICc wi 

1 ALLSAGE5km + NDVI1km -303.19 4 614.50 0.00 0.18 

2 2ALLSAGE5km + NDVI1km + NDVI1km -302.31 5 614.82 0.32 0.15 

3 2BIGSAGE18km + NDVI1km + NDVI1km -301.04 7 616.43 1.94 0.07 
a Variable defnitions provided in Table 4.2 

TABLE 7.6. Evaluation statistics from AICc-based univariate model selection for harvester ant occurrence in the 
Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance predic-
tor variables (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small 
sample sizes [AICc], change in AICc value from the top model [�AICc], and Akaike weight [wi]). We ran generalized 
ordered logistic models with all sagebrush (5-km radius) and NDVI (1-km radius) variables as a base model for 
variables tested. We used AICc to sort models for each variable in ascending order to identify the extent at which 
harvester ants respond to individual variables. 

Category Variablea LL K AICc �AICc wi 

Vegetation CFRST3km -301.85 5 614.08 0.00 0.34 

CFRST5km -302.00 5 614.37 0.29 0.29 

CFRST1km -302.60 5 615.58 1.50 0.16 

CFRST540 -302.90 5 616.18 2.10 0.12 

CFRST270 -303.19 5 616.75 2.67 0.09 

GRASS3km -302.55 5 615.47 0.00 1.00 

MIX5km -301.93 5 614.23 0.00 0.77 

MIX18km -303.16 5 616.70 2.47 0.23 

RIP1km 

RIP5km 

RIP540 

RIP3km 

RIP18km 

RIP270 

-302.48 

-302.93 

-302.94 

-302.96 

-303.19 

-303.19 

-302.81 

-302.94 

-303.04 

-303.05 

-303.08 

-303.17 

-293.91 

-297.39 

-298.24 

-298.68 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

6 

615.34 

616.23 

616.26 

616.29 

616.75 

616.75 

616.00 

616.25 

616.45 

616.47 

616.53 

616.72 

600.35 

607.30 

609.01 

609.89 

0.00 

0.89 

0.91 

0.95 

1.40 

1.40 

0.00 

0.24 

0.44 

0.47 

0.53 

0.72 

0.00 

6.94 

8.66 

9.54 

0.26 

0.17 

0.16 

0.16 

0.13 

0.13 

0.20 

0.18 

0.16 

0.16 

0.16 

0.14 

0.49 

0.02 

0.01 

0.00 

SALT1km 

SALT18km 

SALT540 

SALT5km 

SALT270 

SALT3km 

EDGE5km 

CONTAG1km 

EDGE1km 

CONTAG3km 
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TABLE 7.6. Continued 

Category Variablea LL K AICc �AICc wi 

EDGE3km -302.87 5 616.11 15.76 0.00 

Abiotic CTI -302.44 5 615.26 0.00 0.71 

CTI2b -302.24 6 617.01 1.75 0.29 

ELEV2b -267.45 8 551.82 0.00 0.93 

ELEV -272.25 6 557.03 5.22 0.07 

ciH2Od500 -298.44 6 609.41 0.00 0.42 

ciH2Od1km -298.47 6 609.46 0.04 0.41 

ciH2Od250 -300.38 5 611.13 1.72 0.18 

cpH2Od1km -302.64 5 615.66 0.00 0.43 

cpH2Od 250 -303.06 5 616.49 0.83 0.29 

cpH2Od500 -303.07 5 616.51 0.85 0.28 

SOLAR -302.61 5 615.59 0.00 0.59 

SOLAR2b -301.91 6 616.35 0.76 0.41 

Tmin2b -290.83 7 596.37 0.00 0.57 

Tmin -292.20 6 596.92 0.55 0.43 

TRI1km -295.94 7 606.59 0.00 0.78 

TRI540 -297.66 7 610.02 3.43 0.14 

TRI18km -298.53 7 611.76 5.17 0.06 

TRI270 -301.95 5 614.27 7.68 0.02 

CLAY -301.25 5 612.87 0.00 1.00 

SOILcm -299.94 5 610.26 0.00 1.00 

SAND -296.42 6 605.36 0.00 1.00 

Disturbance cAG1km -301.41 5 613.19 0.00 0.55 

cAG500 -302.00 5 614.38 1.19 0.30 

cAG250 -302.73 5 615.83 2.63 0.15 

cMjRD1km -301.38 5 613.13 0.00 0.43 

cMjRD500 -301.55 5 613.48 0.35 0.36 

cMjRD250 -302.05 5 614.47 1.34 0.22 

cPIPE1km -297.75 5 605.88 0.00 0.79 

cPIPE500 -299.28 5 608.94 3.07 0.17 

cPIPE250 -300.63 5 611.63 5.75 0.04 

cPOWER1km -302.14 5 614.65 0.00 0.41 

cPOWER500 -302.44 5 615.26 0.61 0.30 

cPOWER250 -302.51 5 615.40 0.75 0.28 

RDdens5km -302.83 5 616.04 0.00 0.14 

RDdens3km -302.92 5 616.22 0.17 0.13 
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TABLE 7.6. Continued 

Category Variablea LL K AICc �AICc wi 

RDdens270 -303.06 5 616.50 0.46 0.11 

RDdens1km -303.08 5 616.54 0.50 0.11 

c2RD1km -303.10 5 616.57 0.53 0.11 

RDdens18km -303.11 5 616.59 0.55 0.11 

c2RD500 -303.14 5 616.65 0.60 0.10 

RDdens540 -303.15 5 616.68 0.63 0.10 

c2RD 250 -303.17 5 616.71 0.67 0.10 

cWELL250 -300.90 5 612.17 0.00 0.56 

cWELL500 -301.52 5 613.41 1.23 0.30 

cWELL1km -302.27 5 614.92 2.75 0.14 
a Variable defnitions provided in Table 4.2 
b Quadratic function (variable + variable2) 
c Distance decay function (e(Euclidean distance from feature/-distance parameter)) 

Basin was 100 km outside of the known 
range of the species, thus extending its 
known range. 

Medium-sized mammals 

We detected 1,255 individuals of 11 
mammal species (Table 7.4) on 329 sur-
vey blocks.  Occurrence was highest for 
cottontails (44%; for scientific names see 
Table 7.4), followed by white-tailed jack-
rabbits (22%), least chipmunks (17%), and 
thirteen-lined ground squirrels (10%) (Fig. 
7.1).  Ranking of occurrence by survey 
block did not follow ranking of total de-
tections. Total detections were highest for 
cottontails, followed by least chipmunks, 
white-tailed jackrabbits, and white-tailed 
prairie dogs. Thirteen-lined and Wyoming 
ground squirrels occurred on more survey 
blocks and at higher total detections than 
Uinta ground squirrels. The least com-
mon species were long- and short-tailed 
weasels, and mammals (red squirrels and 
golden-mantled ground squirrels) that are 
not commonly found in shrubland ecosys-
tems.  Counts did not differ between years 
for the two lagomorph species.  Counts for 
least chipmunks and white-tailed prairie 
dogs were higher in 2005 than in 2006; the 

reverse was true for the Uinta and thir-
teen-lined ground squirrels. Total counts 
were higher on on-road survey blocks for 
the two lagomorph species compared to 
the near-roads and far-road survey blocks. 
The reverse was true for the Uinta ground 
squirrel.  For the thirteen-lined ground 
squirrels and white-tailed prairie dogs, 
abundance did not differ among road 
proximity strata. 

Abundance Categories and Detection 
Probabilities 

Survey blocks with no harvester ant 
mound detections were classified as absent, 
those with 1-18 harvester ant mounds per 
site as low abundance and >18 ant mounds 
per site as high abundance (Fig. 7.1 and 7.2). 
Thatch ant abundance appeared in three 
abundance categories based on ant mound 
density (Fig. 7.3) but only 40 survey blocks 
were classified as high abundance plots. 
Thus, we were limited to only modeling oc-
currence for the thatch ant model. 

Only one species of reptile, short-
horned lizard, had sufficient distance es-
timates and detections (n = 64) to assess 
detection probability using program DIS-
TANCE.  Detections were recorded in 1-m 
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intervals, so we grouped detections into 
three distance bands (0-1.5, 1.5-2.5, and 
2.5-3.5 m) with individuals between 0 and 1 
m recorded as 1 m. The best model fit was 
the half-normal cosine with good model 
fit (�2

1 = 1.19, p < 0.28) and an estimated 
probability of detection of 0.52.  Only eight 
of 64 plots had >1 individual detected on 
a survey block (maximum of three detec-
tions), so we used a logistic regression for 
this species. 

We did not have sufficient observations or 
data that met the assumptions for develop-
ing formal detection probability estimates 
for pygmy rabbits, medium-sized mammals 
and ants.  Our informal analysis indicated 
that we had a high detection rate for cotton-
tails, with 46% of occurrence survey blocks 
having detections in both rounds and single 
detection occurrence blocks occurring pri-
marily during the first survey round. A high 
proportion of least chipmunk occurrences 
(0.82) were detected only in the first round 
of surveys; white-tailed jackrabbit detec-
tions were evenly spread between rounds 
one (0.39) and two (0.48), with only 13% of 
detections occurring in both. 

Model Selection, Spatial Application, and 
Dose Response 

Two variables from the pool of a priori 
variables for all species, mixed shrubland 
(0.27 km) and riparian (0.27 km), were ex-
cluded from model selection because they 
were present on <20 survey blocks.  Slope, 
precipitation, mean annual maximum tem-
perature, and soil silt content also were re-
moved from consideration for all species 
owing to correlation with other variables. 

Harvester ants 

Four a priori variables were excluded 
because they contained values >0 on <20 
survey blocks in the least frequent abun-
dance category (high). These variables 
included proportion of coniferous forest 
(0.27, 0.54, and 1 km) and mixed shrubland 
(0.54 km).  Coniferous forest (18 km), all 
sagebrush contagion (5 km), and all sage- T
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brush mean patch size (1, 3, and 5 km) 
were removed from consideration due to 
correlation with other variables.  Several 
variables caused instability (i.e., non-con-
vergence of likelihood estimates) in the 
generalized ordered logistic regression 
model and were therefore removed from 
submodel development: grassland (0.27, 
0.54, 1, 5, and 18 km), mixed shrubland (1, 
and 3 km) land cover, elevation, and topo-
graphic ruggedness index (survey block, 
3 and 5 km).  Non-linear relationships 
were not evident between harvester ant 
occurrence and the sagebrush variables, 
although non-linearities with NDVI at all 
extents were apparent. Also, interactions 
between sagebrush and NDVI variables 
were not supported. 

The AICc-selected top sagebrush/NDVI 
model consisted of all sagebrush within 5 
km (ALLSAGE5km) and NDVI within 1 
km (NDVI1km), Table 7.5). Within a 5-km 
radius, there was on average 2.1% more 
sagebrush at high abundance sites (69.5%, 
SE = 1.8) and 4.5% more at low abun-
dance sites (71.9%, SE = 1.4) compared to 
unused sites (67.4%, SE = 2.1) (Appendix 
7.1). 

After assessing individual multi-scale 
covariates (Table 7.6) and developing 
submodels, the top vegetation submodel 
for harvester ants consisted of grassland 
within 3 km (GRASSLAND3km), riparian 
within 1 km (RIP1km), salt desert shrubland 
within 1 km (SALT1km), and all sagebrush 
edge density within 5 km (EDGE5km) in 
addition to the sagebrush/NDVI base 
model (Table 7.7).  Soil depth (SOILcm), 
percent soil clay content (CLAY), per-
cent soil sand content (SAND), and mean 
minimum temperature in quadratic form 
(Tmin + Tmin2) were selected as impor-
tant abiotic predictors of harvester ant oc-
currence (Table 7.7). Three disturbance 
factors, 1-km distance decay from agricul-
ture (AG1km), 1-km distance decay from 
pipelines (PIPE1km), and 0.25-km distance 
decay from oil/gas wells (WELL250) were 

included in the top disturbance submodel 
(Table 7.7). 

The AICc-selected top model for har-
vester ants was a combination of vegeta-
tion, abiotic, and disturbance factors.  Har-
vester ants were positively associated with 
increased minimum temperature, higher 
percent soil sand content, and proximity to 
pipelines.  In contrast, harvester ants were 
negatively associated with highly produc-
tive habitats, large expanses of sagebrush, 
and increased percent clay and sand soil 
content (Table 7.8).  However, weight of 
evidence for the top model was low (wi = 
0.18) indicating there were other suitable 
candidate models. Variables in the other 
candidate models with cumulative Akaike 
weights of just � 0.9 indicate that harvester 
ant locations also were positively associated 
with increased sagebrush edge density (all 
sagebrush types within 5 km), increased soil 
depth, and proximity to agricultural land, 
but negatively associated with salt desert 
shrubland and grassland land cover and 
proximity to oil/gas development (Table 
7.8). The final composite model-averaged 
linear predictors of occurrence for the low 
(Eq. 7.1) and high (Eq. 7.2) abundance cat-
egories are listed below. 

(7.1) 

Problow =1 / (1 + (exp(-(4.07 - 1.88 * 
ALLSAGE5km - 7.99 * NDVI1km + 0.68 * 
Tmin + 0.06 * Tmin2 - 0.02 * CLAY + 0.03 * 
SAND + 1.21 * PIPE1km - 0.90 * WELL250 + 
0.005 * EDGE5km + 0.001 * SOILcm - 0.04 * 
RIP1km - 0.83 * GRASS3km + 0.10 * 
AG1km - 0.02 * SALT1km))))

 (7.2) 

Probhigh =1 / (1 + (exp(-(4.07 - 1.88 * 
ALLSAGE5km - 7.99 * NDVI1km + 0.48* 
Tmin + 0.06 * Tmin2 + -0.02 * CLAY + 
0.03 * SAND + 1.21 * PIPE1km - 0.90 * 
WELL250 + 0.001 * EDGE5km + 0.001 * 
SOILcm - 0.04 * RIP1km - 0.83 * GRASS3km + 
0.10 * AG1km - 0.02 * SALT1km)))) 

https://exp(-(4.07
https://exp(-(4.07
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The model averaged predictor of har-
vester ant occurrence had excellent model 
accuracy (ROC AUC = 0.84) when pre-
dicting harvester ant presence and was a 
slight improvement over the AICc-selected 
top model (ROC AUC = 0.83).  Our model 
of harvester ant occurrence had an optimal 
sensitivity-specificity equality threshold of 
0.53 when determining presence/absence, 
which resulted in correct classification of 
79.7% of survey blocks. 

Harvester ant occurrence was pre-
dicted to be highest in the central part 
of the WBEA  (Fig. 7.4).  Based on our 
optimal cutoff point and a binary pres-
ence/absence classification, 99,555 km2 

(34.4%) of suitable harvester ant habitat 
was predicted within the Wyoming Basins 
(Fig. 7.5).  Roughly one quarter (26.0%) 
of predicted presence was considered 
high-density habitat (25,869 km2, Fig. 
7.5).  Harvester ants were more likely to 
occur in areas that contained between 63 
and 75% all sagebrush landcover within a 
5-km radius (Fig. 7.6). 

Thatch ants 

Three predictor variables, salt desert 
shrubland (0.27, 0.54, and 1 km), were ex-
cluded because they were present on <20 
survey blocks in the least frequent catego-
ry (absent). Variables excluded owing to 
correlations with other variables included 
coniferous forest (3, 5, and 18 km), salt des-
ert shrubland (3 and 5 km), all sagebrush 
mean patch size (1, 3, and 5 km), and dis-
tance decay from perennial water (0.25-, 
0.50,- and 1-km distance parameter). We 
visually inspected sagebrush/NDVI inter-
actions and quadratic functions for the 
NDVI variables but non-linearities were 
not apparent for sagebrush. 

Based on logistic regression analyses, 
the AICc-selected top sagebrush/NDVI 
model included all sagebrush within 3 km 
(ALLSAGE3km) and quadratic form of 
NDVI with 5 km (NDVI5km + NDVI5km

2) 
(Table 7.9). Within 3 km, there was 5.9% 
more all sagebrush at presence sites (74.5 

%, SE = 1.7) than at absence sites (68.6 %, 
SE = 1.6; Appendix 7.2). 

After assessing individual multi-scale 
covariates (Table 7.10) and develop-
ing submodels, the top vegetation sub-
model for thatch ants consisted of grass-
land within 0.54-km (GRASS540), mixed 
shrubland within 18-km (MIX18km), ripar-
ian within 5-km (RIP5km), all sagebrush 
contagion within 5km (CONTAG5km), 
and salt desert shrubland within 18-km 
(SALT18km) in addition to the sagebrush/ 
NDVI base model (Table 7.11).  Com-
pound Topographic Index (CTI) togeth-
er with the quadratic form of elevation 
(ELEV + ELEV2) and solar radiation 
(SOLAR + SOLAR2) were important 
abiotic predictors (Table 7.11).  Five dis-
turbance factors, 1-km distance decay 
from agriculture (AG1km), 1-km distance 
decay from interstate/major highways 
(MjRD1km), 1-km distance decay from 
power lines (POWER1km), 1-km distance 
decay from oil/gas wells (WELL1km), and 
road density within 18-km (RDdens18km) 
were included in the top disturbance 
submodel (Table 7.11). 

The AICc-selected top model for thatch 
ants was a combination of vegetation and 
abiotic factors. Thatch ants were posi-
tively associated with large expanses of 
all sagebrush land cover, areas with mod-
erate to high productivity, increased pro-
portion of riparian land cover, increased 
topographic moisture, and moderate to 
high elevation and solar radiation, but 
negatively associated with increased pro-
portion of grassland and mixed shrubland 
(Table 7.12). The weight of evidence for 
the AICc-selected top model was low (wi 

= 0.02) with 217 other models included 
within the cumulative Akaike weights 
of just � 0.9. The other candidate mod-
els showed that, in addition to factors in 
the AICc-selected top model, thatch ant 
locations were positively associated with 
proximity to power lines and agriculture 
and negatively associated with all sage-
brush contagion, salt desert shrubland 
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TABLE 7.8. Results of AICc-based model selection for the combined harvester ant modela in the Wyoming Basins 
Ecoregional Assessment area; the table also shows parameter estimates (beta [SE]) and evaluation statistics (log-
likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], 
change in AICc value from the top model [�AICc], and cumulative Akaike weight [�wi]).  Models are shown with 
cumulative Akaike weight (wi) of just � 0.9. 

Rank Constant ALLSAGE5km NDVI1km Tmin Tmin2 SAND CLAY PIPE1km 

1 
present: 4.89 (0.91) 

high: 2.24 (0.86) 
-1.98 (0.75) -8.07 (1.76) 

present: 0.82 (0.22) 

high: 0.57 (0.21) 
0.07 (0.03) 0.04 (0.01) -0.04 (0.02) 1.33 (0.42) 

2 
present: 5.74 (1.03) 

high: 3.05 (0.98) 
-3.06 (0.85) -9.51 (1.76) 

present: 0.89 (0.22) 

high: 0.63 (0.21) 
0.08 (0.03) 0.03 (0.01) 1.55 (0.42) 

3 
present: 4.85 (0.91) 

high: 2.20 (0.87) 
-2.10 (0.75) -9.38 (1.75) 

present: 0.89 (0.22) 

high: 0.64 (0.21) 
0.09 (0.03) 0.03 (0.01) 1.69 (0.43) 

4 
present: 4.93 (0.92) 

high: 2.28 (0.88) 
-2.17 (0.76) -10.18 (1.87) 

present: 0.82 (0.22) 

high: 0.56 (0.21) 
0.07 (0.03) 0.03 (0.01) 1.42 (0.42) 

5 
present: 3.06 (1.39) 

high: 0.40 (1.38) 
-1.63 (0.85) -8.15 (1.80) 

present: 0.79 (0.22) 

high: 0.53 (0.21) 
0.07 (0.03) 0.03 (0.01) 1.43 (0.42) 

6 
present: 4.65 (0.92) 

high: 2.04 (0.88) 
-1.48 (0.76) -8.63 (1.79) 

present: 0.84 (0.21) 

high: 0.59 (0.21) 
0.08 (0.03) -0.07 (0.02) 1.15 (0.42) 

7 
present: 4.80 (0.91) 

high: 2.15 (0.87) 
-2.28 (0.74) -9.13 (1.74) 

present: 0.84 (0.22) 

high: 0.58 (0.21) 
0.07 (0.03) 0.03 (0.01) 1.49 (0.42) 

8 
present: 1.04 (1.29) 

high: 0.50 (1.35) 
-0.99 (0.86) -8.28 (1.76) 0.03 (0.01) -0.05 (0.02) 1.30 (0.43) 

9 
present: 5.17 (0.90) 

high: 2.59 (0.85) 
-2.05 (0.76) -9.21 (1.77) 

present: 0.79 (0.22) 

high: 0.56 (0.21) 
0.07 (0.03) 0.02 (0.01) -0.08 (0.02) 

10 
present: 4.66 (0.92) 

high: 2.02 (0.88) 
-2.30 (0.75) -9.42 (1.78) 

present: 0.86 (0.22) 

high: 0.61 (0.21) 
0.08 (0.03) 0.03 (0.01) 1.49 (0.42) 

11 
present: 4.74 (0.91) 

high: 2.09 (0.87) 
-2.20 (0.75) -8.84 (1.77) 

present: 0.84 (0.22) 

high: 0.58 (0.21) 
0.07 (0.03) 0.03 (0.01) 1.48 (0.42) 

12 
present: 5.29 (1.13) 

high: 2.64 (1.10) 
-2.60 (0.86) -9.79 (1.97) 

present: 0.83 (0.22) 

high: 0.57 (0.21) 
0.07 (0.03) 0.03 (0.01) 1.46 (0.42) 

13 
present: 1.57 (1.36) 

high: 1.14 (1.41) 
-2.04 (0.92) -9.64 (1.77) 0.03 (0.01) 1.50 (0.43) 

14 
present: 5.70 (0.90) 

high: 3.10 (0.84) 
-1.94 (0.77) -10.04 (1.84) 

present: 0.70 (0.22) 

high: 0.46 (0.21) 
0.05 (0.03) 0.03 (0.01) -0.06 (0.02) 

15 
present: 3.21 (1.35) 

high: 0.62 (1.34) 
-1.26 (0.86) -7.39 (1.80) 

present: 0.66 (0.22) 

high: 0.42 (0.21) 
0.05 (0.03) 0.04 (0.01) -0.06 (0.02) 

16 
present: 1.35 (1.32) 

high: 0.84 (1.38) 
-1.75 (0.91) -8.28 (1.76) 0.03 (0.01) -0.05 (0.02) 1.12 (0.42) 

17 
present: 0.98 (1.33) 

high: 0.44 (1.39) 
-0.59 (0.90) -8.69 (1.77) -0.07 (0.02) 1.11 (0.43) 

18 
present: 2.80 (1.40) 

high: 0.23 (1.38) 
-0.64 (0.90) -8.01 (1.81) 

present: 0.71 (0.21) 

high: 0.48 (0.21) 
0.07 (0.03) -0.09 (0.02) 
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TABLE 7.8. Extended 

GRASS3km WELL250 AG1km EDGE5km SOILCM RIP1km SALT1km LL K AICc �AICc �wi 

-274.69 10 570.07 0 0.184 

-4.56 (2.26) -275.02 10 570.73 0.66 0.316 

-4.29 (2.27) -275.10 10 570.91 0.84 0.437 

1.22 (0.73) -275.89 10 572.48 2.41 0.492 

0.02 (0.01) -275.96 10 572.62 2.55 0.543 

0.02 (0.005) -276.12 10 572.94 2.87 0.587 

-277.3 9 573.17 3.1 0.626 

present: 0.04 (0.01) 
-4.81 (2.10) -276.43 10 573.55 3.48 0.658 

high: 0.01 (0.01) 

0.01 (0.01) -276.83 10 574.37 4.3 0.68 

0.004 
(0.005) -276.9 10 574.51 4.43 0.7 

-1.85 (2.50) -277.02 10 574.74 4.67 0.718 

-1.04 (1.41) -277.03 10 574.76 4.69 0.735 

present: 0.05 (0.01) 
-4.87 (2.32) -4.84 (2.13) -277.13 10 574.96 4.89 0.751 

high: 0.01 (0.01) 

1.64 (0.72) -277.17 10 575.03 4.96 0.766 

0.02 (0.01) -277.22 10 575.14 5.07 0.781 

present: 0.05 (0.01) 
-4.79 (2.32) -277.29 10 575.27 5.2 0.795 

high: 0.02 (0.01) 

present: 0.04 (0.01) 
-4.64 (2.10) 0.02 (0.005) -277.33 10 575.36 5.29 0.808 

high: 0.01 (0.01) 

0.02 (0.01) 0.02 (0.005) -277.37 10 575.44 5.37 0.82 
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TABLE 7.8. Continued 

Rank Constant ALLSAGE5km NDVI1km Tmin Tmin2 SAND CLAY PIPE1km 

19 
present: 0.48 (1.33) 

high: -0.13 (1.39) 
-1.03 (0.88) -8.33 (1.76) 0.02 (0.01) -0.07 (0.02) 0.98 (0.42) 

20 
present: 6.40 (1.01) 

high: 3.81 (0.95) 
-2.82 (0.84) -9.28 (1.77) 

present: 0.77 (0.22) 

high: 0.53 (0.21) 
0.06 (0.03) 0.04 (0.01) -0.05 (0.02) 

21 
present: 5.38 (0.92) 

high: 2.80 (0.86) 
-1.45 (0.78) -10.44 (1.88) 

present: 0.75 (0.21) 

high: 0.51 (0.20) 
0.06 (0.03) -0.08 (0.02) 

22 
present: 0.84 (1.32) 

high: 0.22 (1.38) 
-0.88 (0.89) -8.94 (1.75) 0.02 (0.01) -0.08 (0.02) 

23 
present: 1.01 (1.31) 

high: 0.46 (1.37) 
-0.98 (0.89) -9.21 (1.87) 0.03 (0.01) -0.05 (0.02) 1.03 (0.42) 

24 
present: 1.11 (1.32) 

high: 0.65 (1.37) 
-1.40 (0.85) -9.48 (1.76) 0.03 (0.01) 1.47 (0.43) 

25 
present: 2.79 (1.51) 

high: 2.34 (1.55) 
-3.22 (1.06) -11.24 (2.01) 0.03 (0.01) 1.23 (0.42) 

26 
present: 1.84 (1.31) 

high: 1.34 (1.37) 
-1.65 (0.92) -8.98 (1.75) 0.03 (0.01) -0.06 (0.02) 

27 
present: 1.12 (1.34) 

high: 0.66 (1.39) 
-1.22 (0.89) -10.45 (1.90) 0.03 (0.01) 1.41 (0.43) 

28 
present: 4.84 (0.93) 

high: 2.25 (0.88) 
-1.73 (0.74) -9.98 (1.79) 

present: 0.90 (0.22) 

high: 0.65 (0.21) 
0.10 (0.03) 1.61 (0.43) 

29 
present: 5.31 (0.91) 

high: 2.77 (0.85) 
-1.54 (0.76) -9.64 (1.79) 

present: 0.81 (0.21) 

high: 0.58 (0.21) 
0.08 (0.03) -0.08 (0.02) 

30 
present: 0.96 (1.29) 

high: 0.42 (1.34) 
-1.17 (0.85) -8.18 (1.75) 0.03 (0.01) -0.05 (0.02) 1.10 (0.42) 

31 
present: 5.54 (0.88) 

high: 2.98 (0.83) 
-2.13 (0.75) -8.85 (1.74) 

present: 0.72 (0.21) 

high: 0.49 (0.20) 
0.05 (0.03) 0.04 (0.01) -0.05 (0.02) 

32 
present: 0.81 (1.33) 

high: 0.38 (1.38) 
-1.17 (0.87) -8.83 (1.80) 0.03 (0.01) 1.43 (0.43) 

33 
present: 5.64 (0.89) 

high: 3.08 (0.83) 
-2.02 (0.75) -9.08 (1.75) 

present: 0.75 (0.22) 

high: 0.52 (0.21) 
0.06 (0.03) 0.03 (0.01) -0.06 (0.02) 

34 
present: 5.19 (0.90) 

high: 2.65 (0.85) 
-1.65 (0.76) -9.37 (1.78) 

present: 0.77 (0.21) 

high: 0.54 (0.20) 
0.07 (0.03) -0.08 (0.02) 

35 
present: 0.77 (1.35) 

high: 0.15 (1.40) 
-0.79 (0.92) -9.80 (1.86) 0.02 (0.01) -0.08 (0.02) 

36 
present: 1.12 (1.36) 

high: 0.54 (1.42) 
-1.48 (0.94) -8.88 (1.75) 0.02 (0.01) -0.08 (0.02) 

a Variable defnitions provided in Table 4.2 



 

 

 

 

 

 

 

 

 

 

 

 

239 Ants, Reptiles, and Mammals – Hanser et al. 

TABLE 7.8. Extended 

GRASS3km WELL250 AG1km EDGE5km SOILCM RIP1km SALT1km LL K AICc �AICc �wi 

present: 0.04 (0.01) 
0.01 (0.01) -277.44 10 575.58 5.51 0.832 

high: 0.02 (0.01) 

-4.13 (2.27) -277.89 10 576.48 6.41 0.839 

1.47 (0.74) 0.02 (0.005) -277.92 10 576.55 6.47 0.847 

present: 0.05 (0.01) 
-3.56 (1.98) 0.01 (0.01) -278.23 10 577.17 7.1 0.852 

high: 0.02 (0.01) 

present: 0.04 (0.01) 
1.17 (0.71) -278.34 10 577.39 7.32 0.857 

high: 0.01 (0.01) 

present: 0.04 (0.01) 
-4.65 (2.12) -278.51 10 577.72 7.65 0.861 

high: 0.01 (0.01) 

present: 0.05 (0.01) 
-6.47 (2.62) -3.06 (1.57) -278.52 10 577.75 7.67 0.865 

high: 0.02 (0.01) 

present: 0.05 (0.01) 
-5.08 (2.43) -3.93 (1.98) -278.53 10 577.75 7.68 0.869 

high: 0.02 (0.01) 

present: 0.04 (0.01) 
-4.65 (2.13) 1.07 (0.72) -279.64 9 577.84 7.77 0.872 

high: 0.01 (0.01) 

-4.52 (2.24) 0.01 (0.004) -278.58 10 577.87 7.79 0.876 

-3.15 (2.14) 0.02 (0.005) -278.59 10 577.88 7.81 0.88 

present: 0.04 (0.01) 
-278.62 10 577.95 7.88 0.883 

high: 0.01 (0.01) 

-279.72 9 578.01 7.94 0.887 

present: 0.04 (0.01) 
-4.67 (2.14) -3.51 (2.51) -279.75 9 578.07 8 0.89 

high: 0.01 (0.01) 

-2.86 (2.15) -278.73 10 578.15 8.08 0.893 

0.02 (0.005) -278.78 10 578.26 8.19 0.896 

present: 0.05 (0.01) 
1.18 (0.72) 0.01 (0.01) -278.8 10 578.3 8.23 0.899 

high: 0.02 (0.01) 

present: 0.05 (0.01) 
-3.73 (2.41) 0.01 (0.01) -279.87 9 578.3 8.23 0.902 

high: 0.02 (0.01) 
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FIG. 7.4. Harvester ant probability of occurrence in the Wyoming Basins Ecoregional Assessment area.  Black 
areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water).  Harvester 
ants are likely to occur in areas with probability > 0.53. 

land cover, proximity to oil/gas wells and 
interstates/major highways (Table 7.12). 
The final composite probability of occur-
rence model is below. 

(7.3) 

Prob =1 / (1 + (exp(-(-19.30 + 1.39 * 
ALLSAGE3km + 15.22 * NDVI5km - 9.18 * 
NDVI5km

2 - 4.61 * GRASS540 - 40.84 * 
MIX18km + 5.65 * RIP5km + 0.09 * CTI + 
0.006 * ELEV - 0.000001 * ELEV2 + 0.11 * 
SOLAR - 0.0005 * SOLAR2 + 0.26 * 

POWER1km - 0.005 * CONTAG5km - 2.74 * 
SALT18km + 0.20 * RDdens18km - 0.62 * 
WELL1km - 0.13 * MjRD1km + 0.009 * 
AG1km)))) 

The composite model of thatch ant oc-
currence had excellent model accuracy 
(ROC AUC = 0.81), which was similar to the 
AICc-selected top model only (ROC AUC 
= 0.81). The optimal cutoff probability for 
predicting thatch ant occurrence based on 

https://exp(-(-19.30
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FIG. 7.5. Distribution of harvester ants estimated from ant mound abundance in the Wyoming Basins Ecoregional 
Assessment area based on optimum probability cutoff threshold of 0.53.  Low abundance areas have an expected 
harvester ant mound abundance between >0 and 2.47 mounds/ha and >2.47 mounds/ha for the high class.  Black 
areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). 

the sensitivity-specificity equality threshold 
was 0.38 resulting in an overall percent cor-
rectly classified accuracy of 70.5%. 

Thatch ant occurrence was predicted to 
be highest in higher elevation shrubland 
areas of the south east and western por-
tions of the WBEA area (Fig. 7.7).  Based 
on our optimal cutoff point and a binary 
presence/absence classification, 58.2% 
(201,031 km2) of the Wyoming Basins was 

predicted as thatch ant habitat (Fig. 7.8). 
Thatch ants were likely to occur across the 
range of ALLSAGE3km values (Fig. 7.9). 

Short-horned lizards 

Four predictor variables were excluded 
because they contained values > 0 on <20 
survey blocks in the least frequent abun-
dance category (present). These variables 
included proportion of coniferous forest 
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FIG. 7.6. Distribution of harvester ant probability of occurrence within the Wyoming Basins Ecoregional Assess-
ment area in relation to proportion of all sagebrush (Artemesia spp.) within a 5-km radius.  Mean probability of 
occurrence (black line, ±1 SD [dashed lines]) values were calculated in each one percent increment of all sagebrush 
within a 5-km radius moving window.  Range of predictions relate to the observed range of sagebrush at study site 
locations. The dashed horizontal line represents the optimal cutoff threshold (0.53), above which occurrence is 
predicted.  Histogram values represent the proportion of the total study area in each 10% segment of all sagebrush 
within 5 km. 

(0.27, 0.54, and 1 km) and mixed shru- Based on logistic regression analyses, the 
bland (0.54 km).  Coniferous forest (3, 5, AICc-selected top sagebrush/NDVI model 
and 18 km), all sagebrush mean patch size included all big sagebrush (A. tridentata) 
(1, 3, and 5 km), and salt desert shrub (3, within 5-km (ABIGSAGE5km) and NDVI 
5, and 18 km) were removed from consid- within 18-km (NDVI18km) (Table 7.13). All 
eration owing to correlations with other models with �AICc � 2 contained ND-
variables.  No interactions or non-linear VI18km and either all big sagebrush or all 
relationships were evident for sagebrush sagebrush as the sagebrush component at 
or NDVI variables. multiple scales. Within 5-km, there was 

TABLE 7.9. Results of AICc-based model selection for thatch ant occurrence in the Wyoming Basins Ecoregional 
Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood (LL), number of 
parameters (K),Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from 
the top model (�AICc), and Akaike weight (wi).  Only models with � AICc � 2 are shown. 

Rank Modela LL K AICc �AICc wi 

1 2ALLSAGE3km + NDVI5km + NDVI5km -193.12 4 394.49 0.00 0.09 

2 2ALLSAGE5km + NDVI5km + NDVI5km -193.61 4 395.48 0.98 0.05 

3 ALLSAGE3km + NDVI5km + ALLSAGE3km_NDVI5km -193.62 4 395.49 0.99 0.05 

4 ALLSAGE5km + NDVI5km + ALLSAGE5km_NDVI5km -193.76 4 395.78 1.28 0.05 

5 ALLSAGE18km + NDVI18km -194.94 3 396.02 1.53 0.04 
a Variable defnitions provided in Table 4.2 
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TABLE 7.10. Evaluation statistics from AICc -based univariate model selection for thatch ant occurrence in the 
Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance predic-
tor variables (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small 
sample sizes [AICc], change in AICc value from the top model [�AICc], and Akaike weight [wi]). We ran logistic 
models with all sagebrush (3-km radius) and NDVI (5-km radius; in quadratic form) variables as a base model for all 
variables tested. We used AICc to identify the scale at which thatch ants respond to individual variables. 

Category Variablea LL K AICc �AICc wi 

Vegetation CFRST1km -193.12 5 396.61 0.00 0.33 

CFRST270 -193.12 5 396.61 0.00 0.33 

CFRST540 -193.12 5 396.61 0.00 0.33 

GRASS540 

GRASS1km 

GRASS270 

GRASS3km 

GRASS5km 

GRASS18km 

-190.79 

-190.89 

-190.97 

-192.38 

-192.81 

-193.02 

-189.32 

-190.92 

-192.42 

-193.01 

-193.10 

-187.33 

-187.34 

-188.20 

-188.28 

-189.53 

-192.37 

-192.58 

-192.74 

-192.83 

-192.93 

-193.02 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

391.95 

392.15 

392.32 

395.14 

396.00 

396.42 

389.02 

392.22 

395.22 

396.40 

396.57 

385.03 

385.05 

386.77 

386.94 

389.44 

395.11 

395.53 

395.85 

396.04 

396.24 

396.42 

0.00 

0.21 

0.37 

3.19 

4.05 

4.48 

0.00 

3.20 

6.20 

7.38 

7.55 

0.00 

0.03 

1.75 

1.92 

4.41 

0.00 

0.43 

0.74 

0.93 

1.13 

1.32 

0.32 

0.28 

0.26 

0.06 

0.04 

0.03 

0.77 

0.16 

0.03 

0.02 

0.02 

0.35 

0.34 

0.14 

0.13 

0.04 

0.31 

0.28 

0.24 

0.22 

0.20 

0.18 

MIX18km 

MIX5km 

MIX3km 

MIX540 

MIX1km 

RIP5km 

RIP18km 

RIP3km 

RIP1km 

RIP540 

CONTAG5km 

CONTAG1km 

EDGE3km 

EDGE1km 

EDGE5km 

CONTAG3km 

SALT18km -191.07 5 392.51 0.00 1.00 

Abiotic CLAY -193.00 5 396.38 0.00 0.68 

CLAY2b -192.69 6 397.91 1.52 0.32 

CTI -190.83 5 392.04 0.00 1.00 

ELEV2b -187.78 6 388.09 0.00 0.91 

ELEV -191.20 5 392.77 4.68 0.09 

ciH2Od1km -192.39 5 395.15 0.00 0.45 

ciH2Od500 -192.71 5 395.80 0.65 0.32 

ciH2Od250 -193.08 5 396.53 1.39 0.22 
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TABLE 7.10. Continued 

Category Variablea LL K AICc �AICc wi 

SOILcm -192.99 5 396.35 0.00 1.00 

SAND -193.03 5 396.43 0.00 0.70 

SAND2b -192.78 6 398.09 1.67 0.30 

SOLAR2b -186.66 6 385.84 0.00 0.79 

SOLAR -189.04 5 388.45 2.61 0.21 

Tmin -190.17 5 390.72 0.00 1.00 

TRI270 -190.11 5 390.59 0.00 0.25 

TRI -190.29 5 390.95 0.36 0.21 

TRI18km -190.50 5 391.38 0.79 0.17 

TRI540 -190.58 5 391.53 0.94 0.16 

TRI5km -191.09 5 392.56 1.97 0.10 

TRI1km -191.64 5 393.65 3.06 0.06 

TRI3km -191.70 5 393.77 3.18 0.05 

Disturbance cAG1km -192.16 5 394.69 0.00 0.42 

cAG500 -192.44 5 395.25 0.56 0.32 

cAG250 -192.65 5 395.67 0.98 0.26 

cMjRD1km -192.71 5 395.79 0.00 0.37 

cMjRD500 -192.74 5 395.86 0.07 0.36 

cMjRD250 -193.02 5 396.41 0.62 0.27 

cPIPE500 -192.42 5 395.22 0.00 0.37 

cPIPE1km -192.52 5 395.41 0.19 0.33 

cPIPE250 -192.61 5 395.60 0.38 0.30 

cPOWER1km -191.32 5 393.02 0.00 0.55 

cPOWER500 -192.04 5 394.46 1.44 0.27 

cPOWER250 -192.42 5 395.21 2.19 0.18 

RDdens18km -192.55 5 395.48 0.00 0.17 

RDdens3km -192.94 5 396.26 0.78 0.12 

RDdens5km -193.01 5 396.40 0.93 0.11 

c2RD250 -193.02 5 396.42 0.94 0.11 

RDdens270 -193.06 5 396.49 1.01 0.10 

c2RD1km -193.09 5 396.55 1.07 0.10 

RDdens1km -193.11 5 396.60 1.12 0.10 

c2RD500 -193.12 5 396.62 1.14 0.10 

RDdens540 -193.12 5 396.62 1.14 0.10 

cWELL1km -191.03 5 392.43 0.00 0.39 

cWELL500 -191.25 5 392.87 0.45 0.31 
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TABLE 7.10. Continued 

Category Variablea LL K AICc �AICc wi 

cWELL250 -191.31 5 392.99 0.56 0.30 

a Variable defnitions provided in Table 4.2 
b Quadratic function (variable + variable2) 
c Distance decay function (e(Euclidean distance from feature /-distance parameter)) 

10.7% more all big sagebrush at presence 
sites (76.4% SE = 1.8) than at absence sites 
(65.7% SE = 1.3; Appendix 7.3). 

After assessing individual multi-scale 
covariates (Table 7.14) and developing sub-
models, the top vegetation submodel for 
short-horned lizard consisted of sagebrush 
contagion within 5 km (CONTAG5km) in 
addition to the sagebrush/NDVI base mod-
el (Table 7.15).  Compound topographic 
index (CTI) and topographic ruggedness 
index within 5 km (TRI5km) were important 
abiotic predictors of short-horned lizard 
occurrence (Table 7.15).  None of the dis-
turbance factors were included in the top 
disturbance submodel (all big sagebrush/ 
NDVI base model only; Table 7.15). 

The AICc-selected top model for short-
horned lizards was a combination of veg-
etation and abiotic factors.  Short-horned 
lizards were positively associated with large 
contiguous expanses of big sagebrush and 
negatively associated with areas of high 
productivity, rugged terrain, and increased 
topographic moisture (Table 7.16). All 
candidate models with cumulative Akaike 
weights of just � 0.9 (five total) were sub-
sets of the AICc-selected top model (Table 
7.16). The final composite probability of oc-
currence model is below. 

(7.4) 

Prob = 1 / (1 + (exp(-(1.03 + 1.23 * 
ABIGSAGE5km - 4.22* NDVI18km + 0.012 * 
CONTAG5km - 0.18 * CTI - 0.04 * 
TRI5km)))) 

The composite model of short-horned 
lizard occurrence had good model accura-
cy (ROC AUC = 0.72), which was slightly 

less than AICc-selected top model predic-
tion (ROC AUC = 0.73). The optimal cut-
off probability for predicting short-horned 
lizard occurrence, based on the sensitivity- 
specificity equality threshold, was 0.22 re-
sulting in an overall percent correctly clas-
sified accuracy of 68.3%. 

Short-horned lizard occurrence was 
predicted throughout the central portion 
of the Wyoming Basins (Fig. 7.10).  Based 
on our optimal cutoff point and a binary 
presence-absence prediction, 46,648 km2 

(20.6%) of the range of the species in 
the Wyoming Basins was predicted to be 
short-horned lizard habitat (Fig. 7.11). 
Short-horned lizards were likely to occupy 
sites with >81% all big sagebrush land cov-
er within 5 km (Fig. 7.12). 

White-tailed jackrabbits 

Four predictor variables were excluded 
because they contained values > 0 on <20 
survey blocks in the least frequent abun-
dance category (present). These variables 
included proportion of coniferous forest 
(0.27, 0.54, and 1 km) and mixed shrubland 
(0.54 km).  None of the sagebrush or NDVI 
variables had non-linear relationships or 
evidence of interactions. 

Based on logistic regression analyses, 
the AICc-selected top sagebrush/NDVI 
model included big sagebrush (A. t. ssp. tri-
dentata, A. t. ssp. wyomingensis) within 0.27 
km (BIGSAGE270; Table 7.17). All models 
with �AICc � 2 contained BIGSAGE270 

with NDVI at multiple radii. There was 
13.6% more big sagebrush within 0.27-km 
at presence sites (70.3%, SE = 3.7) than at 
absent sites (56.7%, SE = 2.3; Appendix 
7.4). 

https://exp(-(1.03
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After assessing individual multi-scale 
covariates (Table 7.18) and developing sub-
models, the top vegetation submodel for 
white-tailed jackrabbit consisted of grass-
land within 0.54 km (GRASS540) and salt 
desert shrubland within 3-km (SALT3km), in 
addition to the sagebrush base model (Ta-
ble 7.19). Topographic ruggedness within 
0.54 km (TRI540) was the only important 
abiotic predictor of white-tailed jackrabbit 
occurrence (Table 7.19).  Four disturbance 
factors, 1-km distance decay from inter-
state/major highways (MjRD1km), 0.5-km 
distance decay from pipelines (PIPE500), 
0.5-km distance decay from power lines 
(POWER500), and road density within 3 km 
(RDdens3km), were included in the top dis-
turbance submodel (Table 7.19). 

The AICc-selected top model for white-
tailed jackrabbits was a combination of 
vegetation, abiotic, and disturbance factors. 
White-tailed jackrabbits were positively 
associated with small-scale big sagebrush 
and grassland land cover, and large-scale 
salt desert shrubland land cover, and nega-
tively associated with rugged terrain and 
proximity to interstates and major high-
ways (Table 7.20). The weight of evidence 
for the AICc-selected top model was low 
(wi = 0.07) indicating other candidate 
models also were suitable. Variables in the 
other 59 candidate models with cumula-
tive Akaike weights of just � 0.9 showed 
that, in addition to factors in the top mod-
el, white-tailed jackrabbit locations were 
positively associated with proximity to 
pipelines and negatively associated with 
proximity to power lines and areas of high 
road density (Table 7.20). The final com-
posite model-averaged probability of oc-
currence is below. 

(7.5) 

Prob=1 / (1 + (exp(-(-1.55 + 1.12 * 
BIGSAGE270 + 2.16 * GRASS540 + 2.07 * 
SALT3km - 0.02 * TRI540 - 1.54 * MjRD1km + 
0.34 * PIPE500 - 0.773 * 
POWERDIST500 - 0.12 * RDdens3km)))) 

https://exp(-(-1.55
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TABLE 7.12. Results of AICc-based model selection for the combined vegetation, abiotic, and disturbance thatch 
ant occurrence modela in the Wyoming Basins Ecoregional Assessment area; the table also shows parameter esti-
mates (beta [SE]) and evaluation statistics (log-likelihood [LL], number of parameters [K], Akaike’s Information 
Criterion corrected for small sample sizes [AICc], change in AICcvalue from the top model [�AICc], and cumulative 
Akaike weight [�wi]).  Models are shown with cumulative Akaike weight (wi) of just � 0.9. 

Rank Intercept ALLSAGE3km NDVI5km NDVI5km
b GRASS540 MIX18km RIP5km CTI ELEVc ELEV2d SOLAR 

1 -23.29 (8.35) 1.18 (1.04) 16.89 (8.58) -10.88 (9.67) -4.18 (2.04) -44.92 (21.18) 10.02 (4.30) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.10 (0.09) 

2 -21.38 (8.09) 1.31 (1.05) 16.72 (8.55) -10.94 (9.64) -4.19 (2.05) -47.74 (22.02) 9.50 (4.35) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.08 (0.09) 

3 -22.89 (8.40) 1.31 (1.06) 17.04 (8.64) -10.66 (9.73) -4.27 (2.09) -44.46 (21.40) 9.65 (4.33) 0.13 (0.06) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

4 -22.24 (8.44) 1.87 (1.22) 15.66 (8.74) -9.26 (9.92) -4.41 (2.14) -40.36 (21.32) 9.87 (4.30) 0.14 (0.06) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

5 -10.62 (6.74) 1.60 (1.14) 10.54 (7.21) -4.50 (8.28) -6.07 (2.56) -58.50 (22.19) 0.14 (0.06) 0.10 (0.09) 

6 -22.06 (8.59) 0.75 (1.15) 15.94 (8.64) -10.58 (9.69) -4.69 (2.17) -45.11 (21.30) 8.77 (4.46) 0.13 (0.06) 0.09 (0.05) -0.02 (0.01) 0.11 (0.09) 

7 -23.65 (8.41) 1.14 (1.04) 17.00 (8.64) -10.84 (9.74) -4.13 (2.04) -44.15 (21.05) 10.28 (4.31) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.10 (0.09) 

8 -25.38 (8.42) 1.01 (1.05) 16.59 (8.46) -11.01 (9.55) -4.34 (2.03) -39.43 (20.80) 9.48 (4.22) 0.11 (0.05) -0.02 (0.01) 0.14 (0.09) 

9 -23.19 (8.20) 1.17 (1.06) 16.39 (8.45) -11.02 (9.53) -4.34 (2.04) -42.51 (21.72) 8.92 (4.27) 0.11 (0.05) -0.02 (0.01) 0.11 (0.09) 

10 -24.17 (8.64) 1.02 (1.07) 16.78 (8.62) -10.62 (9.72) -4.05 (2.04) -47.31 (21.54) 9.11 (4.52) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.11 (0.09) 

11 -20.72 (8.98) 1.32 (1.30) 18.49 (8.49) -13.46 (9.52) -5.74 (2.46) -47.26 (21.29) 0.15 (0.07) 0.08 (0.05) -0.02 (0.01) 0.11 (0.09) 

12 -25.29 (8.27) 0.80 (1.04) 21.65 (8.05) -15.78 (9.14) -3.79 (2.03) -65.00 (.0022) 0.11 (0.06) 0.11 (0.05) -0.03 (0.01) 0.10 (0.09) 

13 -23.22 (8.39) 1.19 (1.04) 16.76 (8.76) -10.82 (9.71) -4.16 (2.05) -44.70 (21.38) 10.00 (4.31) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.10 (0.09) 

14 -12.59 (7.08) 1.47 (1.14) 11.41 (7.17) -5.23 (8.24) -6.29 (2.54) -52.93 (21.25) 0.14 (0.06) 0.13 (0.09) 

15 -10.84 (6.81) 1.68 (1.14) 11.13 (7.24) -4.78 (8.28) -5.99 (2.57) -58.38 (22.35) 0.14 (0.06) 0.10 (0.09) 

16 -10.73 (6.55) 1.91 (1.09) 10.24 (7.29) -4.08 (8.36) -6.06 (2.53) -44.36 (21.38) 6.49 (4.26) 0.15 (0.06) 0.11 (0.09) 

17 -11.38 (6.41) 1.54 (1.01) 9.79 (7.21) -3.55 (8.23) -5.26 (2.32) -47.50 (21.27) 8.27 (4.10) 0.14 (0.06) 0.11 (0.09) 

18 -25.00 (8.48) 1.15 (1.07) 16.77 (8.51) -10.80 (9.60) -4.40 (2.08) -38.97 (21.01) 9.13 (4.25) 0.10 (0.05) -0.02 (0.01) 0.14 (0.09) 

19 -21.11 (8.29) 1.95 (1.21) 14.10 (8.70) -7.35 (9.90) -4.54 (2.14) 11.82 (4.18) 0.13 (0.06) 0.08 (0.05) -0.02 (0.01) 0.10 (0.09) 

20 -10.96 (6.63) 1.90 (1.08) 13.22 (7.02) -7.51 (8.02) -6.58 (2.55) -50.05 (21.17) 0.15 (0.06) 0.11 (0.09) 

21 -22.76 (8.24) 1.30 (1.07) 16.55 (8.49) -10.81 (9.58) -4.41 (2.09) -42.23 (21.95) 8.58 (4.31) 0.10 (0.05) -0.02 (0.01) 0.11 (0.09) 

22 -18.35 (8.74) 1.57 (1.29) 11.72 (8.92) -5.87 (10.06) -5.55 (2.41) 9.68 (4.37) 0.14 (0.06) 0.06 (0.05) -0.01 (0.01) 0.10 (0.09) 

23 -9.15 (6.39) 2.06 (1.09) 12.85 (7.03) -7.30 (8.03) -6.52 (2.57) -53.70 (21.85) 0.15 (0.06) 0.09 (0.09) 

24 -10.53 (6.79) 1.63 (1.15) 10.02 (7.28) -3.77 (8.38) -6.15 (2.59) -56.93 (22.13) 0.14 (0.06) 0.10 (0.09) 

25 -22.35 (8.16) 1.06 (1.03) 15.56 (8.51) -9.28 (9.61) -4.22 (2.01) 12.32 (4.16) 0.11 (0.06) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

26 -24.43 (8.48) 0.88 (1.08) 16.07 (8.53) -10.44 (9.61) -4.07 (2.03) -48.39 (22.48) 7.02 (4.51) 0.11 (0.05) -0.02 (0.01) 0.12 (0.09) 

27 -22.09 (8.40) 0.53 (1.14) 21.16 (8.07) -16.59 (9.01) -4.95 (2.22) -59.40 (21.80) 0.13 (0.06) 0.11 (0.05) -0.03 (0.01) 0.09 (0.09) 

28 -24.47 (7.98) 1.17 (1.02) 24.14 (7.80) -18.66 (8.86) -4.14 (2.05) -60.86 (21.73) 0.12 (0.06) 0.12 (0.05) -0.03 (0.01) 0.09 (0.09) 

29 -18.99 (8.06) 2.13 (1.22) 13.73 (8.68) -7.18 (9.86) -4.57 (2.16) 11.44 (4.21) 0.13 (0.06) 0.08 (0.05) -0.01 (0.01) 0.07 (0.09) 

30 -11.61 (6.50) 1.67 (1.02) 10.61 (7.27) -3.98 (8.27) -5.25 (2.34) -47.60 (21.53) 7.77 (4.13) 0.14 (0.06) 0.11 (0.09) 

31 -26.95 (8.40) 0.66 (1.05) 20.76 (7.97) -15.20 (9.07) -3.90 (2.02) -60.06 (21.67) 0.12 (0.05) -0.03 (0.01) 0.13 (0.09) 

32 -9.69 (6.21) 1.68 (1.01) 9.71 (7.21) -3.67 (8.23) -5.25 (2.33) -50.98 (22.02) 7.75 (4.13) 0.14 (0.06) 0.09 (0.08) 

33 -11.65 (6.57) 1.05 (1.04) 10.94 (7.12) -5.03 (8.10) -5.15 (2.32) -65.45 (22.14) 0.13 (0.06) 0.11 (0.09) 

34 -9.01 (6.33) 2.05 (1.09) 10.19 (7.29) -4.23 (8.36) -6.05 (2.55) -47.83 (22.10) 5.99 (4.29) 0.15 (0.06) 0.08 (0.08) 

35 -24.06 (8.67) 0.35 (1.13) 21.80 (8.08) -17.08 (9.03) -4.98 (2.22) -55.77 (21.02) 0.13 (0.06) 0.11 (0.05) -0.03 (0.01) 0.12 (0.09) 

36 -23.99 (8.04) 1.30 (1.04) 24.15 (7.82) -18.25 (8.89) -4.27 (2.11) -59.91 (21.97) 0.12 (0.06) 0.11 (0.05) -0.03 (0.01) 0.09 (0.09) 

37 -10.35 (6.67) 1.67 (1.15) 9.47 (7.37) -3.28 (8.46) -5.87 (2.55) -54.52 (22.80) 3.24 (4.64) 0.14 (0.06) 0.10 (0.09) 

38 -21.94 (8.21) 1.18 (1.04) 15.69 (8.57) -9.02 (9.68) -4.32 (2.07) 11.87 (4.20) 0.11 (0.06) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 
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TABLE 7.12. Extended 

SOLAR2c WELL1km POWER1km CONTAG5km SALT18km RDdens18km MjRD1km AG1km LL K AICc �AICc �wi 

0.05 (0.03) -169.09 12 364.16 0.00 0.018 

0.04 (0.03) -1.28 (0.91) -168.02 13 364.38 0.21 0.034 

0.05 (0.03) 0.79 (0.60) -168.24 13 364.81 0.65 0.048 

0.04 (0.03) -0.01 (0.01) -168.38 13 365.09 0.93 0.059 

0.04 (0.03) -1.70 (0.95) -0.02 (0.01) -8.27 (2.82) 0.91 (0.48) -168.52 13 365.37 1.21 0.070 

0.05 (0.03) -2.60 (2.72) -168.59 13 365.51 1.35 0.079 

0.05 (0.03) -0.53 (0.58) -168.66 13 365.66 1.49 0.089 

0.06 (0.03) -171.16 11 366.01 1.85 0.096 

0.05 (0.03) -1.32 (0.90) -170.02 12 366.03 1.87 0.104 

0.05 (0.03) 0.30 (0.49) -168.90 13 366.12 1.96 0.112 

0.05 (0.03) -0.02 (0.01) -5.69 (3.06) -169.02 13 366.37 2.20 0.118 

0.05 (0.03) -1.82 (0.96) 0.82 (0.48) -169.02 13 366.38 2.21 0.125 

0.05 (0.03) 0.06 (0.88) -169.08 13 366.50 2.33 0.131 

0.05 (0.03) -0.02 (0.01) -8.61 (2.83) 0.73 (0.47) -170.27 12 366.54 2.38 0.137 

0.04 (0.03) -1.68 (0.95) 0.65 (0.61) -0.02 (0.01) -8.03 (2.84) 0.87 (0.48) -167.95 14 366.61 2.44 0.143 

0.05 (0.03) -0.01 (0.01) -7.06 (2.98) -170.34 12 366.68 2.51 0.149 

0.05 (0.03) -5.16 (2.56) -171.51 11 366.70 2.53 0.155 

0.06 (0.03) 0.76 (0.59) -170.36 12 366.71 2.54 0.161 

0.04 (0.03) -0.01 (0.01) -170.36 12 366.72 2.55 0.167 

0.05 (0.03) -0.02 (0.01) -8.47 (2.91) -171.53 11 366.73 2.57 0.173 

0.05 (0.03) -1.33 (0.91) 0.76 (0.59) -169.21 13 366.74 2.58 0.178 

0.04 (0.03) -0.02 (0.01) -4.35 (3.08) -169.21 13 366.74 2.58 0.184 

0.04 (0.03) -1.32 (0.91) -0.02 (0.01) -8.20 (2.91) -170.40 12 366.79 2.63 0.190 

0.04 (0.03) -1.70 (0.94) -0.02 (0.01) -8.31 (2.80) 0.92 (0.48) -0.55 (0.58) -168.06 14 366.82 2.65 0.196 

0.04 (0.03) -171.60 11 366.88 2.72 0.201 

0.05 (0.03) -1.60 (0.94) 0.61 (0.50) -169.28 13 366.90 2.74 0.207 

0.04 (0.03) -1.45 (0.93) -3.93 (2.68) -169.29 13 366.91 2.75 0.213 

0.04 (0.03) -1.50 (0.93) -170.50 12 367.00 2.83 0.218 

0.03 (0.03) -1.23 (0.89) -0.02 (0.01) -169.34 13 367.02 2.85 0.223 

0.05 (0.03) 0.84 (0.60) -5.14 (2.60) -170.52 12 367.04 2.87 0.229 

0.06 (0.03) -1.87 (0.95) 0.88 (0.47) -170.52 12 367.04 2.88 0.234 

0.04 (0.03) -1.20 (0.90) -5.07 (2.57) -170.55 12 367.10 2.94 0.239 

0.05 (0.03) -1.75 (0.94) -6.20 (2.47) 0.88 (0.47) -170.56 12 367.11 2.95 0.244 

0.04 (0.03) -1.20 (0.91) -0.01 (0.01) -6.94 (2.98) -169.41 13 367.15 2.98 0.249 

0.05 (0.03) -4.13 (2.70) -170.60 12 367.18 3.02 0.254 

0.04 (0.03) -1.49 (0.94) 0.88 (0.60) -169.44 13 367.22 3.05 0.259 

0.04 (0.03) -1.57 (0.96) -0.02 (0.01) -7.57 (2.97) 0.77 (0.52) -168.28 14 367.25 3.09 0.264 

0.04 (0.03) 0.83 (0.60) -170.64 12 367.28 3.12 0.269 
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TABLE 7.12. Continued 

Rank Intercept ALLSAGE3km NDVI5km NDVI5km
b GRASS540 MIX18km RIP5km CTI ELEVc ELEV2d SOLAR 

39 -24.75 (8.77) 0.08 (1.16) 17.95 (8.24) -13.21 (9.22) -4.62 (2.18) -58.51 (21.74) 0.11 (0.05) -0.03 (0.01) 0.14 (0.09) 

-25.47 (8.57) 1.13 (1.07) 16.90 (8.60) -10.60 (9.72) -4.35 (2.08) -37.71 (20.94) 9.45 (4.28) 0.11 (0.05) -0.02 (0.01) 0.14 (0.09) 

41 -20.51 (7.94) 1.19 (1.03) 15.19 (8.49) -9.10 (9.58) -4.24 (2.02) 11.97 (4.19) 0.11 (0.06) 0.09 (0.05) -0.02 (0.01) 0.08 (0.08) 

42 -11.39 (6.74) 1.97 (1.08) 13.90 (7.05) -7.80 (8.02) -6.44 (2.55) -50.18 (21.41) 0.15 (0.06) 0.11 (0.09) 

43 -25.81 (8.48) 0.97 (1.05) 16.70 (8.52) -10.98 (9.61) -4.31 (2.03) -38.72 (20.72) 9.72 (4.24) 0.11 (0.05) -0.03 (0.01) 0.14 (0.09) 

44 -26.59 (8.28) 1.02 (1.02) 24.90 (7.82) -19.23 (8.87) -4.14 (2.04) -57.61 (20.91) 0.12 (0.06) 0.12 (0.05) -0.03 (0.01) 0.11 (0.09) 

-9.90 (6.29) 1.79 (1.02) 10.48 (7.27) -4.04 (8.26) -5.26 (2.36) -51.17 (22.27) 7.28 (4.16) 0.14 (0.06) 0.09 (0.08) 

46 -23.57 (8.25) 1.12 (1.05) 16.50 (8.51) -11.01 (9.59) -4.30 (2.03) -41.62 (21.63) 9.16 (4.30) 0.11 (0.05) -0.03 (0.01) 0.11 (0.09) 

47 -24.32 (8.62) 0.64 (1.15) 15.68 (8.52) -10.67 (9.56) -4.78 (2.15) -39.53 (20.91) 8.38 (4.38) 0.10 (0.05) -0.02 (0.01) 0.14 (0.09) 

48 -11.81 (6.67) 1.20 (1.05) 11.66 (7.15) -5.35 (8.12) -5.15 (2.35) -64.74 (22.32) 0.13 (0.06) 0.11 (0.09) 

49 -24.76 (8.48) 1.53 (1.22) 15.74 (8.59) -9.88 (9.74) -4.51 (2.10) -35.70 (21.04) 9.34 (4.22) 0.10 (0.05) -0.02 (0.01) 0.14 (0.09) 

-22.41 (8.28) 1.71 (1.24) 15.51 (8.57) -9.87 (9.71) -4.51 (2.11) -38.29 (21.99) 8.78 (4.28) 0.10 (0.05) -0.02 (0.01) 0.11 (0.09) 

51 -22.33 (8.29) 1.17 (1.04) 15.86 (8.67) -8.82 (9.81) -4.25 (2.08) 12.19 (4.22) 0.12 (0.06) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

52 -22.80 (8.05) 2.30 (0.98) 15.43 (8.41) -8.59 (9.45) -46.13 (21.18) 9.78 (4.23) 0.14 (0.06) 0.10 (0.05) -0.02 (0.01) 0.09 (0.08) 

53 -25.07 (8.99) 0.00 (1.16) 20.00 (8.28) -14.91 (9.28) -4.74 (2.20) -58.32 (21.07) 0.12 (0.06) 0.10 (0.05) -0.02 (0.01) 0.13 (0.10) 

54 -11.03 (6.63) 1.97 (1.09) 10.90 (7.34) -4.39 (8.38) -5.95 (2.54) -44.65 (21.61) 6.27 (4.27) 0.15 (0.06) 0.11 (0.09) 

-9.51 (6.49) 2.12 (1.09) 13.49 (7.06) -7.55 (8.04) -6.40 (2.57) -53.88 (22.09) 0.15 (0.06) 0.09 (0.09) 

56 -26.16 (8.37) 1.16 (1.04) 24.95 (7.84) -18.83 (8.90) -4.25 (2.10) -56.58 (21.16) 0.13 (0.06) 0.11 (0.05) -0.03 (0.01) 0.11 (0.09) 

57 -20.83 (8.33) 1.98 (1.22) 14.32 (8.74) -7.28 (9.93) -4.60 (2.18) 11.47 (4.21) 0.13 (0.06) 0.08 (0.05) -0.01 (0.01) 0.09 (0.09) 

58 -26.45 (8.45) 0.81 (1.07) 20.76 (7.99) -14.82 (9.10) -4.01 (2.08) -59.03 (21.86) 0.12 (0.05) -0.03 (0.01) 0.13 (0.09) 

59 -12.89 (7.17) 1.57 (1.14) 12.07 (7.20) -5.58 (8.25) -6.18 (2.55) -52.76 (21.44) 0.14 (0.06) 0.13 (0.10) 

-22.21 (8.43) 0.81 (1.16) 15.49 (8.52) -10.67 (9.54) -4.76 (2.16) -42.92 (21.83) 7.85 (4.44) 0.10 (0.05) -0.02 (0.01) 0.12 (0.09) 

61 -23.70 (8.74) 0.55 (1.15) 21.95 (8.11) -16.74 (9.06) -5.03 (2.26) -55.10 (21.26) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.12 (0.09) 

62 -26.58 (8.75) 0.80 (1.08) 16.46 (8.52) -10.66 (9.61) -4.19 (2.03) -42.66 (21.21) 8.33 (4.43) 0.11 (0.05) -0.02 (0.01) 0.15 (0.09) 

63 -24.24 (8.22) 0.91 (1.03) 15.48 (8.42) -9.62 (9.51) -4.36 (2.01) 11.60 (4.08) 0.10 (0.05) -0.02 (0.01) 0.13 (0.09) 

64 -23.04 (8.06) 1.94 (1.22) 22.93 (7.92) -17.07 (9.06) -4.40 (2.16) -54.81 (21.98) 0.13 (0.06) 0.11 (0.05) -0.02 (0.01) 0.08 (0.09) 

-10.65 (6.80) 1.60 (1.14) 10.59 (7.36) -4.51 (8.29) -6.08 (2.59) -58.57 (22.29) 0.14 (0.06) 0.10 (0.09) 

66 -11.62 (6.59) 1.72 (1.02) 9.94 (7.32) -2.87 (8.36) -5.23 (2.36) -45.56 (21.40) 8.30 (4.18) 0.14 (0.06) 0.11 (0.09) 

67 -20.95 (7.78) 2.42 (0.98) 15.29 (8.37) -8.69 (9.41) -48.95 (22.01) 9.24 (4.28) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.06 (0.08) 

68 -12.04 (6.74) 1.56 (1.13) 8.85 (7.11) -3.02 (8.18) -6.03 (2.52) -52.78 (21.77) 0.14 (0.09) 

69 -20.12 (7.97) 1.30 (1.05) 15.30 (8.55) -8.83 (9.64) -4.34 (2.09) 11.54 (4.23) 0.11 (0.06) 0.09 (0.05) -0.02 (0.01) 0.08 (0.09) 

-10.90 (6.49) 1.28 (1.06) 9.17 (7.27) -3.00 (8.29) -5.01 (2.32) -57.14 (22.81) 5.63 (4.43) 0.13 (0.06) 0.10 (0.09) 

71 -26.05 (8.51) 1.39 (1.24) 19.27 (8.14) -13.24 (9.32) -4.12 (2.11) -53.95 (21.87) 0.11 (0.05) -0.02 (0.01) 0.13 (0.09) 

72 -12.07 (6.96) 1.60 (1.14) 9.73 (7.35) -3.35 (8.45) -5.98 (2.54) -48.08 (21.69) 4.66 (4.56) 0.14 (0.06) 0.12 (0.09) 

73 -21.57 (8.36) 1.96 (1.21) 14.12 (8.79) -7.14 (10.01) -4.47 (2.14) 12.07 (4.19) 0.13 (0.06) 0.08 (0.05) -0.02 (0.01) 0.10 (0.09) 

74 -10.67 (6.60) 1.94 (1.09) 9.59 (7.35) -3.19 (8.45) -6.14 (2.56) -42.54 (21.26) 6.78 (4.29) 0.15 (0.06) 0.11 (0.09) 

-22.16 (8.04) 1.05 (1.04) 15.05 (8.42) -9.37 (9.49) -4.37 (2.02) 11.24 (4.12) 0.10 (0.05) -0.02 (0.01) 0.11 (0.08) 

76 -12.55 (7.13) 1.50 (1.14) 10.87 (7.24) -4.48 (8.34) -6.39 (2.58) -51.54 (21.16) 0.15 (0.06) 0.13 (0.09) 

77 -27.73 (8.63) 0.69 (1.04) 23.12 (8.03) -17.08 (9.13) -3.89 (2.03) -60.15 (20.96) 0.12 (0.06) 0.12 (0.05) -0.03 (0.01) 0.13 (0.09) 

78 -11.01 (6.74) 2.06 (1.10) 10.14 (7.39) -3.16 (8.49) -5.99 (2.57) -42.16 (21.47) 6.68 (4.32) 0.15 (0.06) 0.11 (0.09) 
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TABLE 7.12. Extended 

SOLAR2c WELL1km POWER1km CONTAG5km SALT18km RDdens18km MjRD1km AG1km LL K AICc �AICc �wi 

0.06 (0.03) -1.83 (0.95) -3.56 (2.59) 0.89 (0.48) -169.47 13 367.28 3.12 0.274 

0.06 (0.03) 1 (0.62) -0.81 (0.62) -169.48 13 367.30 3.13 0.279 

0.04 (0.03) -1.17 (0.89) -170.67 12 367.33 3.17 0.284 

0.05 (0.03) 0.75 (0.60) -0.02 (0.01) -8.18 (2.93) -170.74 12 367.47 3.30 0.289 

0.06 (0.03) -0.52 (0.58) -170.76 12 367.52 3.35 0.293 

0.05 (0.03) -171.92 11 367.53 3.36 0.297 

0.04 (0.03) -1.19 (0.91) 0.83 (0.60) -5.05 (2.60) -169.60 13 367.53 3.37 0.302 

0.05 (0.03) -1.32 (0.90) -0.53 (0.58) -169.60 13 367.54 3.37 0.306 

0.06 (0.03) -2.32 (2.71) -170.78 12 367.54 3.38 0.311 

0.05 (0.03) -1.71 (0.95) 0.83 (0.60) -6.10 (2.50) 0.83 (0.47) -169.61 13 367.55 3.38 0.315 

0.06 (0.03) -0.01 (0.01) -170.78 12 367.55 3.39 0.320 

0.05 (0.03) -1.33 (0.90) -0.01 (0.01) -169.61 13 367.56 3.39 0.324 

0.04 (0.03) 1.10 (0.63) -0.87 (0.62) -169.62 13 367.57 3.41 0.329 

0.04 (0.03) -171.95 11 367.59 3.42 0.333 

0.06 (0.03) -4.12 (2.64) 0.65 (0.47) -169.63 13 367.59 3.42 0.338 

0.05 (0.03) 0.71 (0.60) -0.01 (0.01) -6.83 (3.01) -169.64 13 367.62 3.45 0.342 

0.04 (0.03) -1.31 (0.92) 0.74 (0.60) -0.02 (0.01) -7.92 (2.93) -169.65 13 367.62 3.46 0.347 

0.05 (0.03) 0.89 (0.59) -170.82 12 367.63 3.47 0.351 

0.04 (0.03) 0.72 (0.60) -0.01 (0.01) -169.65 13 367.63 3.47 0.356 

0.06 (0.03) -1.87 (0.96) 0.79 (0.59) 0.84 (0.48) -169.65 13 367.63 3.47 0.360 

0.05 (0.03) 0.67 (0.60) -0.02 (0.01) -8.35 (2.86) 0.69 (0.47) -169.65 13 367.64 3.48 0.365 

0.05 (0.03) -1.31 (0.91) -2.23 (2.70) -169.66 13 367.65 3.48 0.369 

0.05 (0.03) 0.83 (0.60) -3.93 (2.75) -169.66 13 367.65 3.49 0.374 

0.06 (0.03) 0.39 (0.49) -170.84 12 367.68 3.51 0.378 

0.05 (0.03) -173.15 10 367.69 3.53 0.383 

0.04 (0.03) -1.50 (0.93) -0.01 (0.01) -169.70 13 367.72 3.56 0.387 

0.04 (0.03) -1.70 (0.95) -0.02 (0.01) -8.26 (2.82) 0.91 (0.48) -0.03 (0.86) -168.52 14 367.74 3.58 0.392 

0.05 (0.03) 1.08 (0.63) -4.90 (2.57) -0.77 (0.61) -169.71 13 367.76 3.60 0.396 

0.03 (0.03) -1.26 (0.90) -170.89 12 367.77 3.60 0.400 

0.06 (0.03) -1.78 (0.94) -0.02 (0.01) -7.77 (2.76) 0.99 (0.47) -170.89 12 367.78 3.61 0.405 

0.04 (0.03) -1.17 (0.89) 0.83 (0.60) -169.73 13 367.79 3.62 0.409 

0.05 (0.03) -1.52 (0.94) -5.43 (2.55) 0.64 (0.50) -169.74 13 367.81 3.65 0.413 

0.05 (0.03) -1.90 (0.95) -0.01 (0.01) 0.96 (0.48) -169.74 13 367.82 3.66 0.418 

0.05 (0.03) -0.02 (0.01) -7.55 (2.99) 0.54 (0.50) -169.75 13 367.83 3.66 0.422 

0.04 (0.03) -0.02 (0.01) -0.64 (0.59) -169.76 13 367.85 3.68 0.426 

0.05 (0.03) -0.02 (0.01) -7.03 (2.97) -0.59 (0.58) -169.82 13 367.97 3.80 0.431 

0.05 (0.03) -1.20 (0.88) -172.16 11 367.99 3.83 0.435 

0.05 (0.03) -0.02 (0.01) -8.66 (2.82) 0.74 (0.47) -0.53 (0.58) -169.84 13 368.01 3.84 0.439 

0.05 (0.03) 0.63 (0.47) -171.01 12 368.02 3.85 0.443 

0.05 (0.03) 0.96 (0.63) -0.01 (0.01) -6.71 (2.98) -0.84 (0.62) -168.66 14 368.03 3.87 0.447 
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TABLE 7.12. Continued 

Rank Intercept ALLSAGE3km NDVI5km NDVI5km
b GRASS540 MIX18km RIP5km CTI ELEVc ELEV2d SOLAR 

79 -11.37 (6.84) 2.04 (1.09) 13.29 (7.11) -6.77 (8.13) -6.50 (2.58) -48.08 (21.27) 0.15 (0.06) 0.11 (0.09) 

-9.28 (6.39) 2.11 (1.09) 10.82 (7.33) -4.51 (8.37) -5.95 (2.55) -48.20 (22.33) 5.78 (4.30) 0.14 (0.06) 0.08 (0.09) 

81 -23.86 (8.27) 1.04 (1.05) 15.61 (8.47) -9.37 (9.57) -4.42 (2.06) 11.18 (4.12) 0.10 (0.05) -0.02 (0.01) 0.13 (0.09) 

82 -21.18 (8.38) 0.61 (1.14) 14.55 (8.57) -8.94 (9.62) -4.74 (2.15) 11.08 (4.31) 0.12 (0.06) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

83 -10.88 (6.67) 1.93 (1.08) 12.69 (7.08) -6.78 (8.11) -6.69 (2.58) -48.54 (21.05) 0.16 (0.06) 0.11 (0.09) 

84 -9.03 (6.43) 2.09 (1.09) 12.34 (7.09) -6.59 (8.11) -6.63 (2.60) -52.06 (21.74) 0.15 (0.06) 0.09 (0.09) 

-22.32 (8.07) 2.44 (0.99) 15.63 (8.45) -8.41 (9.50) -45.69 (21.41) 9.43 (4.27) 0.14 (0.06) 0.09 (0.05) -0.02 (0.01) 0.08 (0.08) 

86 -26.04 (8.08) 1.05 (1.04) 23.40 (7.71) -18.29 (8.77) -4.28 (2.04) -55.34 (21.36) 0.13 (0.05) -0.03 (0.01) 0.12 (0.09) 

87 -9.43 (6.57) 2.20 (1.09) 12.92 (7.12) -6.58 (8.13) -6.46 (2.60) -51.66 (21.96) 0.15 (0.06) 0.09 (0.09) 

88 -25.29 (8.35) 1.77 (1.21) 23.69 (7.94) -17.62 (9.08) -4.39 (2.15) -52.19 (21.11) 0.13 (0.06) 0.11 (0.05) -0.02 (0.01) 0.10 (0.09) 

89 -22.74 (8.22) 1.03 (1.02) 15.74 (8.57) -9.30 (9.69) -4.17 (2.01) 12.58 (4.17) 0.11 (0.06) 0.10 (0.05) -0.02 (0.01) 0.10 (0.09) 

-9.85 (6.35) 1.84 (1.02) 9.84 (7.32) -2.98 (8.36) -5.23 (2.37) -48.97 (22.17) 7.81 (4.21) 0.14 (0.06) 0.09 (0.09) 

91 -12.48 (6.75) 1.25 (1.06) 9.44 (7.25) -3.07 (8.28) -5.13 (2.31) -50.76 (21.66) 6.97 (4.35) 0.14 (0.06) 0.12 (0.09) 

92 -26.63 (8.75) 1.49 (1.22) 21.44 (8.21) -14.86 (9.42) -4.15 (2.14) -54.31 (21.05) 0.13 (0.06) 0.11 (0.05) -0.02 (0.01) 0.12 (0.10) 

93 -25.31 (8.48) 1.02 (1.05) 16.48 (8.63) -10.96 (9.58) -4.33 (2.04) -39.23 (21.01) 9.46 (4.23) 0.11 (0.05) -0.02 (0.01) 0.14 (0.09) 

94 -22.94 (8.26) 1.18 (1.06) 16.05 (8.61) -10.89 (9.56) -4.29 (2.04) -41.89 (21.91) 8.84 (4.29) 0.11 (0.05) -0.02 (0.01) 0.11 (0.09) 

-10.52 (6.40) 1.72 (1.01) 13.72 (7.00) -7.69 (7.93) -5.56 (2.35) -59.92 (21.98) 0.14 (0.06) 0.10 (0.09) 

96 -12.92 (7.29) 1.64 (1.14) 11.49 (7.27) -4.59 (8.36) -6.23 (2.58) -50.76 (21.34) 0.15 (0.07) 0.13 (0.10) 

97 -11.37 (6.45) 1.55 (1.01) 9.28 (7.26) -2.86 (8.30) -5.27 (2.33) -46.21 (21.17) 8.64 (4.14) 0.14 (0.06) 0.11 (0.09) 

98 -23.95 (8.68) 0.81 (1.16) 15.86 (8.58) -10.45 (9.62) -4.81 (2.19) -39.17 (21.12) 8.11 (4.41) 0.10 (0.05) -0.02 (0.01) 0.14 (0.09) 

99 -12.44 (6.64) 1.57 (1.00) 14.22 (6.99) -8.02 (7.91) -5.59 (2.33) -56.12 (21.27) 0.14 (0.06) 0.12 (0.09) 

-23.52 (8.31) 1.62 (1.21) 14.40 (8.57) -8.19 (9.74) -4.60 (2.10) 11.13 (4.10) 0.09 (0.05) -0.02 (0.01) 0.13 (0.09) 

101 -22.27 (8.08) 2.02 (1.02) 15.11 (8.45) -8.33 (9.49) -55.17 (22.78) 7.21 (4.52) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.08 (0.08) 

102 -10.21 (6.28) 1.58 (1.00) 12.94 (6.97) -7.38 (7.91) -5.59 (2.33) -60.29 (21.72) 0.14 (0.06) 0.10 (0.09) 

103 -27.24 (8.71) 0.85 (1.06) 23.18 (8.06) -16.75 (9.16) -4.01 (2.09) -58.91 (21.17) 0.12 (0.06) 0.11 (0.05) -0.03 (0.01) 0.12 (0.10) 

104 -8.90 (6.38) 2.09 (1.09) 9.56 (7.34) -3.37 (8.44) -6.13 (2.58) -45.83 (22) 6.29 (4.32) 0.15 (0.06) 0.08 (0.09) 

-26.50 (8.43) 1.14 (1.03) 25.20 (7.94) -18.77 (9.02) -4.19 (2.11) -55.68 (21.01) 0.13 (0.06) 0.12 (0.05) -0.03 (0.01) 0.11 (0.09) 

106 -22.73 (8.83) 1.25 (1.28) 13.91 (8.78) -8.74 (9.87) -5.25 (2.32) -34.22 (21.15) 7.71 (4.41) 0.09 (0.05) -0.02 (0.01) 0.15 (0.09) 

107 -20.47 (7.79) 2.56 (1.00) 15.45 (8.41) -8.50 (9.45) -48.61 (22.24) 8.91 (4.31) 0.14 (0.06) 0.09 (0.05) -0.02 (0.01) 0.06 (0.08) 

108 -11.02 (6.56) 1.41 (1.07) 9.88 (7.31) -3.34 (8.32) -5.03 (2.35) -56.92 (23) 5.32 (4.45) 0.13 (0.06) 0.10 (0.09) 

109 -26.15 (8.81) 0.95 (1.10) 16.59 (8.56) -10.44 (9.66) -4.25 (2.07) -41.95 (21.38) 8.06 (4.45) 0.10 (0.05) -0.02 (0.01) 0.15 (0.09) 

-25.56 (8.15) 1.19 (1.05) 23.44 (7.73) -17.90 (8.80) -4.38 (2.10) -54.52 (21.60) 0.12 (0.05) -0.03 (0.01) 0.12 (0.09) 

111 -22.77 (8.15) 2.40 (0.99) 15.65 (8.55) -8.07 (9.63) -44.19 (21.27) 9.75 (4.29) 0.14 (0.06) 0.10 (0.05) -0.02 (0.01) 0.08 (0.09) 

112 -21.76 (8.07) 1.17 (1.06) 15.17 (8.46) -9.12 (9.55) -4.44 (2.07) 10.83 (4.15) 0.10 (0.05) -0.02 (0.01) 0.10 (0.08) 

113 -24.38 (8.37) 1.02 (1.05) 15.85 (8.57) -9.27 (9.69) -4.37 (2.06) 11.46 (4.14) 0.10 (0.05) -0.02 (0.01) 0.13 (0.09) 

114 -23.97 (8.45) 0.49 (1.14) 20.62 (7.98) -16.33 (8.93) -5.00 (2.20) -53.79 (21.43) 0.12 (0.05) -0.03 (0.01) 0.13 (0.09) 

-24.49 (8.53) 1.57 (1.23) 16.03 (8.62) -9.87 (9.77) -4.54 (2.13) -35.79 (21.30) 9.05 (4.25) 0.10 (0.05) -0.02 (0.01) 0.14 (0.09) 

116 -25.18 (9.32) 0.74 (1.30) 16 (8.62) -10.78 (9.71) -5.44 (2.39) -44.67 (20.85) 0.09 (0.05) -0.02 (0.01) 0.17 (0.10) 

117 -21.17 (8.14) 1.82 (1.23) 13.94 (8.56) -7.92 (9.71) -4.62 (2.12) 10.74 (4.14) 0.09 (0.05) -0.02 (0.01) 0.10 (0.08) 

118 -13.63 (6.88) 0.95 (1.04) 11.84 (7.07) -5.79 (8.06) -5.35 (2.31) -59.64 (21.13) 0.13 (0.06) 0.14 (0.09) 
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TABLE 7.12. Extended 

SOLAR2c WELL1km POWER1km CONTAG5km SALT18km RDdens18km MjRD1km AG1km LL K AICc �AICc �wi 

0.05 (0.03) 0.98 (0.63) -0.02 (0.01) -8.16 (2.92) -0.79 (0.62) -169.89 13 368.10 3.94 0.451 

0.04 (0.03) -1.19 (0.91) 0.71 (0.60) -0.01 (0.01) -6.71 (3) -168.73 14 368.15 3.99 0.454 

0.05 (0.03) 0.80 (0.59) -172.25 11 368.18 4.01 0.458 

0.05 (0.03) -2.60 (2.68) -171.09 12 368.18 4.01 0.462 

0.05 (0.03) -0.02 (0.01) -8.53 (2.90) -0.53 (0.58) -171.10 12 368.18 4.02 0.466 

0.04 (0.03) -1.33 (0.91) -0.02 (0.01) -8.25 (2.90) -0.55 (0.58) -169.94 13 368.22 4.05 0.470 

0.04 (0.03) 0.79 (0.60) -171.11 12 368.22 4.05 0.473 

0.05 (0.03) -1.53 (0.92) -172.27 11 368.22 4.05 0.477 

0.04 (0.03) -1.32 (0.91) 0.97 (0.63) -0.02 (0.01) -7.88 (2.91) -0.80 (0.61) -168.76 14 368.22 4.06 0.481 

0.05 (0.03) -0.01 (0.01) -171.12 12 368.24 4.07 0.485 

0.04 (0.03) -0.57 (0.58) -171.12 12 368.24 4.07 0.488 

0.04 (0.03) -1.20 (0.90) 1.07 (0.63) -4.79 (2.57) -0.77 (0.61) -168.77 14 368.24 4.07 0.492 

0.05 (0.03) -5.42 (2.55) 0.42 (0.49) -171.13 12 368.26 4.10 0.496 

0.05 (0.03) -0.01 (0.01) 0.72 (0.48) -169.97 13 368.27 4.11 0.500 

0.06 (0.03) 0.06 (0.87) -171.16 12 368.32 4.15 0.504 

0.05 (0.03) -1.34 (0.91) 0.18 (0.87) -170.00 13 368.33 4.16 0.507 

0.04 (0.03) -1.35 (0.92) 0.92 (0.59) -5.97 (2.56) -171.17 12 368.34 4.17 0.511 

0.05 (0.03) 0.90 (0.63) -0.02 (0.01) -8.33 (2.84) 0.68 (0.47) -0.78 (0.61) -168.82 14 368.35 4.18 0.515 

0.05 (0.03) -5.02 (2.54) -0.46 (0.58) -171.18 12 368.35 4.18 0.518 

0.06 (0.03) 0.74 (0.59) -2.23 (2.76) -170.01 13 368.35 4.19 0.522 

0.05 (0.03) 0.94 (0.59) -6.16 (2.56) -172.34 11 368.37 4.20 0.526 

0.05 (0.03) -0.01 (0.01) -172.35 11 368.39 4.22 0.529 

0.04 (0.03) -1.57 (0.94) 0.65 (0.50) -170.03 13 368.40 4.24 0.533 

0.04 (0.03) -1.38 (0.91) -6.07 (2.53) -172.37 11 368.41 4.25 0.537 

0.05 (0.03) 0.84 (0.60) 0.59 (0.47) -170.04 13 368.41 4.25 0.540 

0.04 (0.03) -1.20 (0.90) -0.02 (0.01) -6.91 (2.97) -0.60 (0.58) -168.86 14 368.42 4.26 0.544 

0.05 (0.03) 1.11 (0.62) -0.75 (0.62) -170.05 13 368.44 4.27 0.548 

0.06 (0.03) -0.01 (0.01) -3.40 (3.00) -170.06 13 368.46 4.30 0.551 

0.03 (0.03) -1.26 (0.90) 0.78 (0.61) -170.07 13 368.46 4.30 0.555 

0.04 (0.03) -1.49 (0.95) 0.79 (0.60) -5.38 (2.58) 0.60 (0.51) -168.88 14 368.47 4.30 0.558 

0.06 (0.03) 0.74 (0.59) 0.37 (0.49) -170.07 13 368.48 4.31 0.562 

0.05 (0.03) -1.53 (0.93) 0.85 (0.59) -171.25 12 368.50 4.34 0.566 

0.04 (0.03) 1.06 (0.64) -0.87 (0.62) -170.09 13 368.50 4.34 0.569 

0.05 (0.03) -1.20 (0.89) 0.80 (0.59) -171.26 12 368.51 4.35 0.573 

0.05 (0.03) 1.06 (0.62) -0.85 (0.62) -171.27 12 368.53 4.36 0.576 

0.06 (0.03) -1.48 (0.92) -3.58 (2.68) -171.27 12 368.53 4.36 0.580 

0.06 (0.03) 0.70 (0.59) -0.01 (0.01) -170.10 13 368.53 4.37 0.584 

0.07 (0.03) -0.02 (0.01) -5.18 (2.92) 0.82 (0.48) -170.11 13 368.56 4.40 0.587 

0.05 (0.03) -1.24 (0.88) -0.01 (0.01) -171.29 12 368.57 4.40 0.591 

0.06 (0.03) -6.43 (2.47) 0.69 (0.46) -172.45 11 368.57 4.41 0.594 
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TABLE 7.12. Continued 

Rank Intercept ALLSAGE3km NDVI5km NDVI5km
b GRASS540 MIX18km RIP5km CTI ELEVc ELEV2d SOLAR 

119 -12.07 (6.50) 1.42 (0.99) 13.37 (6.95) -7.67 (7.89) -5.64 (2.31) -56.54 (20.99) 0.14 (0.06) 0.12 (0.09) 

-20.85 (7.98) 1.15 (1.03) 15.37 (8.56) -9.12 (9.66) -4.18 (2.02) 12.24 (4.21) 0.11 (0.06) 0.10 (0.05) -0.02 (0.01) 0.08 (0.09) 

121 -24.99 (7.99) 1.70 (0.99) 20.01 (7.84) -13.44 (8.86) -66.81 (22.05) 0.12 (0.06) 0.11 (0.05) -0.03 (0.01) 0.08 (0.08) 

122 -24.77 (7.99) 1.14 (1.02) 24.34 (7.87) -18.75 (8.92) -4.10 (2.05) -60.32 (21.61) 0.12 (0.06) 0.12 (0.05) -0.03 (0.01) 0.09 (0.09) 

123 -9.64 (6.24) 1.69 (1.01) 9.21 (7.26) -2.99 (8.30) -5.26 (2.34) -49.53 (21.94) 8.13 (4.17) 0.14 (0.06) 0.09 (0.08) 

124 -11.82 (6.74) 1.24 (1.05) 11.28 (7.21) -4.66 (8.21) -5.14 (2.36) -63.27 (22.27) 0.13 (0.06) 0.11 (0.09) 

-20.82 (8.43) 0.77 (1.16) 14.71 (8.63) -8.67 (9.68) -4.79 (2.20) 10.75 (4.34) 0.12 (0.06) 0.08 (0.05) -0.02 (0.01) 0.10 (0.09) 

126 -13.86 (7.00) 1.13 (1.05) 12.67 (7.11) -6.20 (8.08) -5.32 (2.33) -58.89 (21.36) 0.13 (0.06) 0.14 (0.09) 

127 -22.16 (8.12) 2.95 (1.18) 14.40 (8.53) -7.17 (9.66) -42.24 (21.33) 9.63 (4.24) 0.15 (0.06) 0.09 (0.05) -0.02 (0.01) 0.08 (0.08) 

128 -12.62 (6.83) 1.40 (1.07) 10.24 (7.30) -3.49 (8.31) -5.13 (2.34) -50.50 (21.87) 6.61 (4.37) 0.14 (0.06) 0.12 (0.09) 

129 -19.49 (8.18) 0.75 (1.15) 14.22 (8.55) -8.73 (9.60) -4.72 (2.16) 10.82 (4.34) 0.11 (0.06) 0.09 (0.05) -0.02 (0.01) 0.08 (0.09) 

-27.35 (8.45) 0.62 (1.05) 21.02 (8.04) -15.37 (9.14) -3.86 (2.02) -59.61 (21.65) 0.13 (0.05) -0.03 (0.01) 0.13 (0.09) 

131 -24.42 (8.71) 0.29 (1.14) 21.95 (8.14) -17.14 (9.10) -4.97 (2.22) -55.10 (20.89) 0.13 (0.06) 0.11 (0.05) -0.03 (0.01) 0.12 (0.09) 

132 -25.06 (8.43) 1.79 (1.22) 23.87 (7.96) -17.45 (9.09) -4.47 (2.19) -51.87 (21.39) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.10 (0.09) 

133 -12.27 (6.82) 1.65 (1.13) 9.50 (7.13) -3.35 (8.18) -5.94 (2.53) -52.79 (21.95) 0.14 (0.09) 

134 -22.21 (8.14) 1.16 (1.06) 15.43 (8.56) -9.04 (9.67) -4.38 (2.08) 11.11 (4.18) 0.10 (0.05) -0.02 (0.01) 0.10 (0.09) 

-12.74 (7.14) 1.48 (1.13) 11.70 (7.33) -5.32 (8.25) -6.36 (2.57) -53.39 (21.39) 0.15 (0.06) 0.13 (0.09) 

136 -12.75 (6.58) 1.07 (1.03) 9.31 (7.02) -3.61 (8.01) -5.17 (2.31) -59.66 (21.75) 0.15 (0.09) 

137 -21.62 (8.48) 1.87 (1.22) 13.89 (8.75) -7.01 (9.97) -4.47 (2.14) 11.26 (4.38) 0.13 (0.06) 0.08 (0.05) -0.02 (0.01) 0.10 (0.09) 

138 -21.55 (8.74) 1.28 (1.30) 18.10 (8.32) -13.60 (9.32) -5.56 (2.40) -45.91 (21.80) 0.10 (0.05) -0.02 (0.01) 0.12 (0.09) 

139 -20.16 (7.86) 3.11 (1.19) 14.26 (8.49) -7.28 (9.61) -44.53 (22.18) 9.10 (4.28) 0.14 (0.06) 0.09 (0.05) -0.02 (0.01) 0.06 (0.08) 

-23.27 (8.11) 2.24 (0.98) 15.48 (8.46) -8.49 (9.52) -45.19 (21.05) 10.03 (4.25) 0.14 (0.06) 0.10 (0.05) -0.02 (0.01) 0.09 (0.08) 

141 -25.21 (8.54) 1.52 (1.22) 15.74 (8.66) -9.69 (9.83) -4.47 (2.10) -34.70 (20.93) 9.59 (4.24) 0.11 (0.05) -0.02 (0.01) 0.14 (0.09) 

142 -10.93 (6.64) 1.92 (1.09) 10.57 (7.42) -4.16 (8.37) -6.13 (2.56) -44.85 (21.48) 6.59 (4.28) 0.15 (0.06) 0.11 (0.09) 

143 -21.34 (8.67) 1.30 (1.28) 12.36 (8.77) -6.94 (9.87) -5.43 (2.33) 9.27 (4.30) 0.08 (0.05) -0.02 (0.01) 0.14 (0.09) 

144 -28.45 (8.36) 0.88 (1.03) 24.16 (7.72) -18.87 (8.78) -4.29 (2.04) -51.82 (20.47) 0.13 (0.05) -0.03 (0.01) 0.15 (0.09) 

-27.43 (9.03) -0.10 (1.16) 19.32 (8.19) -14.50 (9.19) -4.79 (2.18) -52.90 (20.65) 0.11 (0.05) -0.03 (0.01) 0.17 (0.10) 

146 -12.27 (7.04) 1.69 (1.14) 10.37 (7.39) -3.68 (8.46) -5.88 (2.54) -47.98 (21.87) 4.61 (4.57) 0.14 (0.06) 0.12 (0.09) 

147 -26.20 (8.86) 1.35 (1.23) 15.45 (8.67) -9.28 (9.84) -4.35 (2.10) -38.94 (21.31) 7.94 (4.45) 0.10 (0.05) -0.02 (0.01) 0.15 (0.09) 

148 -11.34 (6.47) 1.54 (1.01) 9.73 (7.32) -3.54 (8.23) -5.25 (2.32) -47.39 (21.39) 8.24 (4.14) 0.14 (0.06) 0.11 (0.09) 

149 -26.22 (8.68) 0.28 (1.13) 21.23 (7.99) -16.82 (8.93) -5.04 (2.20) -49.93 (20.58) 0.12 (0.05) -0.03 (0.01) 0.15 (0.09) 

-25.51 (8.94) 0.34 (1.19) 15.43 (8.59) -10.25 (9.64) -4.66 (2.15) -43.28 (21.34) 6.91 (4.62) 0.10 (0.05) -0.02 (0.01) 0.16 (0.09) 

151 -11.05 (6.70) 1.90 (1.08) 13.38 (7.17) -7.56 (8.03) -6.62 (2.58) -50.30 (21.30) 0.15 (0.06) 0.11 (0.09) 

152 -29.81 (8.73) 0.52 (1.05) 22.29 (7.93) -16.58 (9.03) -4.02 (2.02) -54.84 (20.53) 0.13 (0.05) -0.03 (0.01) 0.16 (0.09) 

153 -22.04 (8.16) 1.08 (1.03) 14.92 (8.68) -9.01 (9.66) -4.14 (2.01) 12.15 (4.18) 0.11 (0.06) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

154 -21.03 (8.30) 1.95 (1.21) 13.90 (8.84) -7.28 (9.92) -4.50 (2.15) 11.76 (4.20) 0.13 (0.06) 0.08 (0.05) -0.02 (0.01) 0.09 (0.09) 

-24.94 (8.53) 1.15 (1.07) 16.65 (8.69) -10.75 (9.64) -4.39 (2.09) -38.76 (21.23) 9.11 (4.26) 0.10 (0.05) -0.02 (0.01) 0.14 (0.09) 

156 -12.62 (5.95) 2.43 (0.92) 11.96 (7.18) -4.17 (8.28) -4.23 (2.19) -48.59 (21.25) 10.35 (4.01) 0.13 (0.06) 0.11 (0.08) 

157 -24.09 (8.08) 2.55 (1.19) 18.45 (7.99) -11.34 (9.11) -60.73 (22.16) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.08 (0.09) 

158 -11.64 (6.60) 1.04 (1.04) 10.64 (7.17) -4.62 (8.17) -5.16 (2.33) -64.67 (22.11) 0.13 (0.06) 0.11 (0.09) 



 

255 Ants, Reptiles, and Mammals – Hanser et al. 

TABLE 7.12. Extended 

SOLAR2c WELL1km POWER1km CONTAG5km SALT18km RDdens18km MjRD1km AG1km LL K AICc �AICc �wi 

0.05 (0.03) -6.26 (2.52) -173.61 10 368.61 4.45 0.598 

0.04 (0.03) -1.18 (0.88) -0.58 (0.58) -170.16 13 368.65 4.49 0.601 

0.04 (0.03) -1.86 (0.94) 0.93 (0.48) -171.34 12 368.67 4.50 0.605 

0.04 (0.03) -1.51 (0.93) -0.47 (0.58) -170.17 13 368.67 4.51 0.608 

0.04 (0.03) -1.21 (0.90) -4.93 (2.55) -0.48 (0.57) -170.20 13 368.74 4.57 0.611 

0.05 (0.03) -1.71 (0.94) 1.04 (0.63) -5.96 (2.48) 0.81 (0.47) -0.64 (0.60) -169.02 14 368.75 4.58 0.615 

0.05 (0.03) 0.80 (0.60) -2.45 (2.72) -170.21 13 368.75 4.59 0.618 

0.06 (0.03) 0.87 (0.59) -6.33 (2.50) 0.63 (0.46) -171.38 12 368.76 4.59 0.621 

0.04 (0.03) -0.01 (0.01) -171.38 12 368.76 4.60 0.625 

0.05 (0.03) 0.81 (0.60) -5.38 (2.59) 0.38 (0.49) -170.21 13 368.76 4.60 0.628 

0.04 (0.03) -1.13 (0.89) -2.43 (2.66) -170.22 13 368.78 4.61 0.631 

0.06 (0.03) -1.87 (0.94) 0.88 (0.48) -0.44 (0.58) -170.23 13 368.79 4.63 0.635 

0.05 (0.03) -4.16 (2.67) -0.48 (0.58) -170.25 13 368.82 4.66 0.638 

0.05 (0.03) 0.80 (0.60) -0.01 (0.01) -170.25 13 368.83 4.66 0.641 

0.06 (0.03) -1.77 (0.94) 0.68 (0.60) -0.02 (0.01) -7.55 (2.79) 0.95 (0.47) -170.25 13 368.84 4.67 0.645 

0.05 (0.03) -1.21 (0.88) 1.06 (0.63) -0.86 (0.62) -170.25 13 368.84 4.67 0.648 

0.05 (0.03) -0.02 (0.01) -8.60 (2.84) 0.74 (0.47) -0.17 (0.87) -170.26 13 368.84 4.68 0.651 

0.06 (0.03) -1.82 (0.93) -5.92 (2.43) 0.95 (0.46) -172.60 11 368.88 4.71 0.654 

0.04 (0.03) -0.02 (0.01) 0.20 (0.49) -170.28 13 368.89 4.73 0.658 

0.05 (0.03) -1.45 (0.92) -0.01 (0.01) -4.74 (2.96) -170.28 13 368.90 4.74 0.661 

0.03 (0.03) -1.27 (0.89) -0.01 (0.01) -170.29 13 368.92 4.75 0.664 

0.04 (0.03) -0.57 (0.58) -171.46 12 368.92 4.76 0.667 

0.06 (0.03) -0.01 (0.01) -0.56 (0.59) -170.31 13 368.95 4.79 0.670 

0.05 (0.03) -0.01 (0.01) -7.01 (2.99) -0.21 (0.86) -170.31 13 368.95 4.79 0.674 

0.06 (0.03) -0.02 (0.01) -3.74 (3.02) -171.49 12 368.97 4.80 0.677 

0.06 (0.03) -173.79 10 368.97 4.80 0.680 

0.07 (0.03) -3.81 (2.62) 0.71 (0.47) -171.49 12 368.98 4.82 0.683 

0.05 (0.03) 0.67 (0.60) -0.01 (0.01) -7.30 (3.02) 0.50 (0.50) -169.14 14 368.98 4.82 0.686 

0.06 (0.03) -0.01 (0.01) 0.47 (0.50) -170.34 13 369.01 4.84 0.690 

0.05 (0.03) -5.18 (2.60) 0.04 (0.84) -171.51 12 369.01 4.84 0.693 

0.06 (0.03) -3.80 (2.69) -172.66 11 369.01 4.84 0.696 

0.06 (0.03) -2.59 (2.70) 0.45 (0.50) -170.35 13 369.03 4.86 0.699 

0.05 (0.03) -0.02 (0.01) -8.46 (2.91) -0.09 (0.86) -171.52 12 369.03 4.87 0.702 

0.07 (0.03) 0.69 (0.47) -172.68 11 369.03 4.87 0.705 

0.04 (0.03) 0.34 (0.86) -171.52 12 369.04 4.88 0.709 

0.04 (0.03) -0.01 (0.01) 0.11 (0.89) -170.36 13 369.04 4.88 0.712 

0.06 (0.03) 0.76 (0.59) 0.06 (0.87) -170.36 13 369.04 4.88 0.715 

0.05 (0.03) -173.83 10 369.05 4.88 0.718 

0.04 (0.03) -1.89 (0.95) -0.01 (0.01) 1.01 (0.48) -170.36 13 369.05 4.89 0.721 

0.05 (0.03) -1.75 (0.94) -6.14 (2.45) 0.88 (0.47) -0.36 (0.57) -170.36 13 369.06 4.89 0.724 
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TABLE 7.12. Continued 

Rank Intercept ALLSAGE3km NDVI5km NDVI5km
b GRASS540 MIX18km RIP5km CTI ELEVc ELEV2d SOLAR 

159 -24.71 (8.28) 0.87 (1.03) 15.68 (8.48) -9.68 (9.58) -4.32 (2.01) 11.82 (4.10) 0.11 (0.05) -0.02 (0.01) 0.13 (0.09) 

-21.39 (7.84) 2.37 (0.98) 15.35 (8.43) -8.62 (9.49) -47.88 (21.89) 9.49 (4.30) 0.14 (0.06) 0.10 (0.05) -0.02 (0.01) 0.06 (0.08) 

161 -24.80 (8.68) 0.58 (1.15) 15.81 (8.58) -10.68 (9.63) -4.75 (2.15) -38.73 (20.82) 8.59 (4.40) 0.11 (0.05) -0.02 (0.01) 0.15 (0.09) 

162 -23.55 (8.52) 0.67 (1.15) 20.75 (8.01) -16.01 (8.96) -5.04 (2.24) -53.27 (21.66) 0.11 (0.05) -0.03 (0.01) 0.13 (0.09) 

163 -24.06 (8.41) 2.00 (1.03) 15.36 (8.46) -8.34 (9.52) -49.57 (21.57) 8.53 (4.44) 0.13 (0.06) 0.10 (0.05) -0.02 (0.01) 0.10 (0.09) 

164 -9.13 (6.46) 2.05 (1.09) 12.82 (7.16) -7.29 (8.04) -6.51 (2.59) -53.65 (21.95) 0.15 (0.06) 0.09 (0.09) 

-10.15 (6.38) 1.72 (1.09) 10.00 (7.29) -3.60 (8.37) -6.31 (2.54) 8.07 (4.17) 0.13 (0.06) 0.10 (0.09) 

166 -23.23 (8.41) 0.52 (1.14) 14.52 (8.48) -9.26 (9.52) -4.81 (2.13) 10.49 (4.24) 0.10 (0.05) -0.02 (0.01) 0.14 (0.09) 

167 -22.53 (8.28) 1.02 (1.06) 15.51 (8.53) -9.19 (9.64) -4.19 (2.02) 12.13 (4.34) 0.11 (0.06) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

168 -23.98 (8.01) 1.20 (1.03) 23.43 (8.00) -18.35 (8.91) -4.06 (2.05) -59.45 (21.97) 0.12 (0.06) 0.12 (0.05) -0.03 (0.01) 0.08 (0.09) 

169 -28.07 (8.45) 1.03 (1.05) 24.23 (7.74) -18.50 (8.81) -4.37 (2.09) -50.84 (20.71) 0.12 (0.05) -0.03 (0.01) 0.15 (0.09) 

-12.81 (6.03) 2.54 (0.94) 12.76 (7.23) -4.57 (8.32) -4.26 (2.23) -48.41 (21.49) 9.81 (4.04) 0.13 (0.06) 0.10 (0.08) 

171 -12.92 (6.69) 1.22 (1.04) 10.07 (7.05) -3.95 (8.03) -5.16 (2.33) -59.05 (21.93) 0.14 (0.09) 

172 -12 (7.02) 1.64 (1.15) 9.11 (7.41) -2.49 (8.55) -6.06 (2.57) -46.33 (21.61) 4.95 (4.60) 0.15 (0.06) 0.12 (0.09) 

173 -26.49 (8.43) 0.69 (1.06) 20.02 (8.19) -14.85 (9.13) -3.81 (2.02) -58.64 (21.92) 0.12 (0.05) -0.03 (0.01) 0.13 (0.09) 

174 -11.11 (5.74) 2.52 (0.93) 12.05 (7.17) -4.52 (8.28) -4.23 (2.20) -51.56 (22.00) 9.73 (4.04) 0.13 (0.06) 0.09 (0.08) 

-26.88 (8.31) 0.99 (1.01) 25.07 (7.88) -19.28 (8.94) -4.10 (2.04) -57.13 (20.79) 0.12 (0.06) 0.13 (0.05) -0.03 (0.01) 0.11 (0.09) 

176 -26.98 (8.81) 0.76 (1.08) 16.59 (8.57) -10.68 (9.68) -4.15 (2.02) -41.95 (21.17) 8.59 (4.45) 0.11 (0.05) -0.03 (0.01) 0.15 (0.09) 

177 -23.85 (8.93) 1.06 (1.29) 18.64 (8.33) -14.01 (9.34) -5.62 (2.39) -42.40 (20.94) 0.10 (0.05) -0.02 (0.01) 0.15 (0.09) 

178 -23.23 (8.36) 1.66 (1.22) 14.63 (8.60) -8.13 (9.77) -4.64 (2.14) 10.82 (4.13) 0.09 (0.05) -0.02 (0.01) 0.13 (0.09) 

179 -11.23 (6.59) 1.05 (1.04) 10.37 (7.25) -4.87 (8.13) -5.06 (2.33) -64.28 (22.31) 0.13 (0.06) 0.11 (0.09) 

-24.41 (8.01) 1.86 (1.00) 20.00 (7.85) -13.07 (8.88) -65.72 (22.22) 0.12 (0.06) 0.11 (0.05) -0.02 (0.01) 0.08 (0.09) 

181 -25.99 (8.19) 1.17 (1.05) 23.76 (7.82) -17.94 (8.91) -4.33 (2.10) -53.39 (21.53) 0.13 (0.05) -0.03 (0.01) 0.12 (0.09) 

182 -22.57 (8.08) 1.01 (1.04) 15.25 (8.48) -9.43 (9.57) -4.32 (2.02) 11.48 (4.14) 0.11 (0.05) -0.02 (0.01) 0.11 (0.08) 

183 -19.17 (8.54) 1.52 (1.30) 11.97 (8.76) -6.69 (9.84) -5.41 (2.35) 8.99 (4.33) 0.08 (0.05) -0.02 (0.01) 0.11 (0.09) 

184 -11.60 (6.56) 1.67 (1.02) 10.59 (7.39) -3.97 (8.27) -5.25 (2.35) -47.56 (21.66) 7.76 (4.17) 0.14 (0.06) 0.11 (0.09) 

-12.52 (6.40) 1.58 (1.00) 8.20 (7.11) -2.24 (8.14) -5.35 (2.31) -40.78 (20.75) 8.18 (4.05) 0.15 (0.09) 

186 -20.01 (7.94) 1.22 (1.04) 14.34 (8.66) -8.76 (9.64) -4.12 (2.02) 11.71 (4.22) 0.11 (0.06) 0.09 (0.05) -0.02 (0.01) 0.07 (0.08) 

187 -12.03 (6.78) 1.59 (1.13) 8.33 (7.18) -2.33 (8.27) -6.10 (2.55) -51.42 (21.76) 0.14 (0.09) 

188 -14.38 (7.04) 1.42 (1.12) 9.67 (7.05) -3.72 (8.13) -6.29 (2.51) -46.66 (20.72) 0.17 (0.09) 

189 -9.53 (6.27) 1.67 (1.01) 9.52 (7.31) -3.64 (8.23) -5.22 (2.34) -50.65 (22.12) 7.64 (4.18) 0.14 (0.06) 0.09 (0.08) 

-10.52 (6.46) 1.76 (1.01) 13.28 (7.05) -6.91 (8.01) -5.56 (2.36) -58.47 (21.87) 0.14 (0.06) 0.10 (0.09) 

191 -20.90 (8.05) 1.07 (1.06) 14.97 (8.53) -8.77 (9.63) -4.13 (2.03) 11.33 (4.38) 0.10 (0.06) 0.09 (0.05) -0.02 (0.01) 0.08 (0.09) 

192 -23.73 (8.71) 0.37 (1.14) 21.27 (8.29) -16.83 (9.08) -4.92 (2.22) -54.74 (21.29) 0.13 (0.06) 0.11 (0.05) -0.02 (0.01) 0.12 (0.09) 

193 -21.66 (8.20) 1.20 (1.05) 15.04 (8.75) -8.74 (9.73) -4.23 (2.07) 11.70 (4.22) 0.11 (0.06) 0.09 (0.05) -0.02 (0.01) 0.09 (0.09) 

194 -11.28 (5.79) 2.63 (0.94) 12.79 (7.22) -4.87 (8.32) -4.27 (2.24) -51.52 (22.24) 9.22 (4.08) 0.13 (0.06) 0.08 (0.08) 

-20.87 (8.17) 1.86 (1.24) 14.17 (8.59) -7.86 (9.74) -4.68 (2.16) 10.43 (4.16) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

196 -12.48 (6.72) 1.60 (1.00) 13.76 (7.04) -7.21 (8.00) -5.59 (2.35) -54.76 (21.14) 0.14 (0.06) 0.12 (0.09) 

197 -9.13 (6.42) 2.05 (1.09) 10.35 (7.40) -4.26 (8.36) -6.08 (2.57) -48.04 (22.17) 6.04 (4.31) 0.15 (0.06) 0.09 (0.09) 

198 -25.85 (8.76) 0.48 (1.15) 21.39 (8.01) -16.50 (8.97) -5.07 (2.23) -49.29 (20.81) 0.11 (0.05) -0.03 (0.01) 0.15 (0.09) 
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TABLE 7.12. Extended 

SOLAR2c WELL1km POWER1km CONTAG5km SALT18km RDdens18km MjRD1km AG1km LL K AICc �AICc �wi 

0.05 (0.03) -0.55 (0.58) -172.69 11 369.06 4.90 0.728 

0.03 (0.03) -1.27 (0.89) -0.58 (0.58) -170.37 13 369.07 4.91 0.731 

0.06 (0.03) -2.30 (2.69) -0.52 (0.58) -170.37 13 369.07 4.91 0.734 

0.05 (0.03) -1.48 (0.93) 0.80 (0.60) -3.40 (2.72) -170.38 13 369.10 4.93 0.737 

0.04 (0.03) 0.43 (0.49) -171.56 12 369.12 4.95 0.740 

0.04 (0.03) -1.33 (0.92) -0.02 (0.01) -8.20 (2.91) 0.02 (0.86) -170.40 13 369.13 4.97 0.743 

0.04 (0.03) -0.02 (0.01) -7.50 (3.00) -172.73 11 369.14 4.98 0.747 

0.06 (0.03) -2.33 (2.68) -172.74 11 369.17 5.01 0.750 

0.04 (0.03) 0.08 (0.48) -171.59 12 369.17 5.01 0.753 

0.04 (0.03) -1.54 (0.94) 0.35 (0.88) -170.42 13 369.18 5.01 0.756 

0.06 (0.03) 0.85 (0.58) -172.75 11 369.18 5.01 0.759 

0.04 (0.03) 0.87 (0.59) -172.76 11 369.20 5.03 0.762 

0.06 (0.03) -1.79 (0.94) 0.84 (0.59) -5.84 (2.47) 0.90 (0.47) -171.60 12 369.20 5.04 0.765 

0.05 (0.03) -0.02 (0.01) -7.53 (2.97) 0.53 (0.50) -0.57 (0.58) -169.25 14 369.20 5.04 0.768 

0.05 (0.03) -1.91 (0.96) 0.88 (0.48) 0.35 (0.87) -170.44 13 369.22 5.05 0.771 

0.04 (0.03) -1.25 (0.90) -172.78 11 369.24 5.07 0.774 

0.05 (0.03) -0.44 (0.58) -171.63 12 369.25 5.08 0.777 

0.06 (0.03) 0.38 (0.49) -0.50 (0.58) -170.46 13 369.26 5.09 0.780 

0.06 (0.03) -0.01 (0.01) -5.04 (2.99) -171.64 12 369.27 5.11 0.783 

0.05 (0.03) 0.71 (0.59) -0.01 (0.01) -171.64 12 369.28 5.11 0.787 

0.05 (0.03) -1.78 (0.95) -6.33 (2.49) 0.88 (0.47) 0.34 (0.83) -170.48 13 369.28 5.12 0.790 

0.04 (0.03) -1.84 (0.95) 0.80 (0.61) 0.90 (0.48) -170.48 13 369.29 5.12 0.793 

0.05 (0.03) -1.53 (0.92) 1.06 (0.62) -0.74 (0.61) -170.50 13 369.33 5.16 0.796 

0.05 (0.03) -1.21 (0.88) -0.57 (0.58) -171.67 12 369.33 5.17 0.799 

0.05 (0.03) -1.20 (0.89) -0.02 (0.01) -3.53 (2.99) -170.50 13 369.33 5.17 0.802 

0.05 (0.03) 0.84 (0.60) -5.15 (2.63) 0.01 (0.84) -170.52 13 369.38 5.21 0.805 

0.06 (0.03) -4.85 (2.53) -174.00 10 369.39 5.22 0.807 

0.03 (0.03) -1.22 (0.90) 0.46 (0.86) -170.53 13 369.39 5.23 0.810 

0.06 (0.03) -1.78 (0.93) -0.02 (0.01) -7.80 (2.74) 1.00 (0.47) -0.48 (0.58) -170.53 13 369.39 5.23 0.813 

0.07 (0.03) -0.02 (0.01) -8.16 (2.78) 0.80 (0.46) -172.87 11 369.42 5.25 0.816 

0.04 (0.03) -1.22 (0.91) -5.13 (2.60) 0.13 (0.84) -170.54 13 369.42 5.25 0.819 

0.04 (0.03) -1.36 (0.91) 1.13 (0.63) -5.81 (2.54) -0.67 (0.61) -170.54 13 369.42 5.25 0.822 

0.04 (0.03) -1.27 (0.91) 0.24 (0.49) -170.55 13 369.44 5.27 0.825 

0.05 (0.03) -4.15 (2.71) 0.25 (0.87) -170.55 13 369.44 5.28 0.828 

0.04 (0.03) 0.83 (0.60) 0.33 (0.86) -170.57 13 369.47 5.31 0.831 

0.04 (0.03) -1.24 (0.90) 0.86 (0.59) -171.74 12 369.47 5.31 0.834 

0.05 (0.03) -1.25 (0.89) 0.71 (0.59) -0.01 (0.01) -170.58 13 369.49 5.33 0.837 

0.05 (0.03) 1.14 (0.62) -6.02 (2.53) -0.65 (0.61) -171.75 12 369.49 5.33 0.839 

0.04 (0.03) -1.19 (0.91) -0.01 (0.01) -6.92 (2.99) -0.11 (0.86) -169.40 14 369.50 5.34 0.842 

0.06 (0.03) 0.80 (0.59) -3.65 (2.74) -171.76 12 369.50 5.34 0.845 
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TABLE 7.12. Continued 

Rank Intercept ALLSAGE3km NDVI5km NDVI5km
b GRASS540 MIX18km RIP5km CTI ELEVc ELEV2d SOLAR 

199 -29.39 (8.82) 0.68 (1.07) 22.35 (7.95) -16.25 (9.07) -4.11 (2.07) -53.63 (20.73) 0.12 (0.05) -0.03 (0.01) 0.16 (0.10) 

200 -19.27 (8.83) 1.34 (1.30) 17.48 (8.50) -12.30 (9.55) -6.17 (2.50) 0.13 (0.06) 0.07 (0.05) -0.01 (0.01) 0.10 (0.09) 

201 -21.61 (8.44) 0.55 (1.15) 14.74 (8.62) -8.99 (9.69) -4.70 (2.15) 11.29 (4.33) 0.12 (0.06) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

202 -23.81 (8.46) 1.68 (1.23) 14.76 (8.72) -7.86 (9.92) -4.58 (2.15) 11.07 (4.15) 0.09 (0.05) -0.02 (0.01) 0.13 (0.09) 

203 -12.77 (6.13) 2.57 (0.93) 11.94 (7.29) -3.33 (8.42) -4.25 (2.25) -46.26 (21.37) 10.35 (4.09) 0.14 (0.06) 0.10 (0.08) 

204 -10.63 (6.25) 1.73 (1.00) 8.19 (7.12) -2.42 (8.14) -5.33 (2.32) -44.49 (21.58) 7.63 (4.08) 0.12 (0.08) 

205 -10.83 (6.52) 1.30 (1.06) 8.72 (7.32) -2.39 (8.37) -5.02 (2.33) -55.66 (22.78) 6.03 (4.48) 0.13 (0.06) 0.10 (0.09) 

206 -25.07 (8.15) 1.65 (1.23) 22.46 (7.81) -17.06 (8.94) -4.47 (2.12) -50.31 (21.72) 0.12 (0.05) -0.03 (0.01) 0.12 (0.09) 

207 -22.08 (8.32) 1.15 (1.08) 15.64 (8.59) -8.95 (9.70) -4.29 (2.08) 11.72 (4.37) 0.11 (0.06) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

208 -21.29 (8.24) 0.68 (1.15) 14.14 (8.48) -9.01 (9.51) -4.78 (2.14) 10.22 (4.27) 0.10 (0.05) -0.02 (0.01) 0.11 (0.09) 

209 -24.05 (8.39) 1.62 (1.21) 14.48 (8.65) -8.08 (9.84) -4.55 (2.10) 11.35 (4.12) 0.10 (0.05) -0.02 (0.01) 0.13 (0.09) 

210 -12.77 (6.51) 1.71 (1.01) 9.06 (7.17) -2.68 (8.18) -5.32 (2.32) -40.87 (21) 7.69 (4.08) 0.15 (0.09) 

211 -12.56 (6.92) 1.47 (1.08) 9.63 (7.36) -2.48 (8.41) -5.12 (2.36) -48.30 (21.80) 7.20 (4.44) 0.14 (0.06) 0.12 (0.09) 

212 -11.72 (6.69) 1.63 (1.13) 7.81 (7.27) -1.84 (8.37) -5.85 (2.52) -48.93 (22.41) 3.07 (4.60) 0.14 (0.09) 

213 -17.44 (8.65) 1.56 (1.31) 16.94 (8.48) -11.85 (9.52) -6.12 (2.51) 0.13 (0.06) 0.07 (0.05) -0.01 (0.01) 0.08 (0.09) 

214 -26.56 (8.11) 1.61 (0.99) 18.86 (7.75) -12.56 (8.78) -61.49 (21.68) 0.12 (0.05) -0.03 (0.01) 0.12 (0.08) 

215 -12.01 (6.53) 1.28 (1.05) 7.59 (7.18) -1.66 (8.21) -5.06 (2.31) -51.73 (22.46) 5.24 (4.38) 0.14 (0.09) 

216 -21.79 (8.14) 2.98 (1.18) 14.72 (8.57) -7.21 (9.69) -42.24 (21.57) 9.34 (4.26) 0.15 (0.06) 0.09 (0.05) -0.02 (0.01) 0.08 (0.09) 

217 -21.62 (8.20) 1.82 (1.23) 14.00 (8.65) -7.80 (9.82) -4.57 (2.12) 10.98 (4.16) 0.09 (0.05) -0.02 (0.01) 0.10 (0.09) 

218 -22.27 (8.21) 2.20 (1.02) 15.00 (8.48) -8.34 (9.47) -46.31 (21.24) 9.34 (4.39) 0.14 (0.06) 0.10 (0.05) -0.02 (0.01) 0.09 (0.08) 

a Variable defnitions provided in Table 4.2 
b values are multiplied by 102 

c values are multiplied by 10 
d values are multiplied by 104 

The composite model of white-tailed 
jackrabbit occurrence had good accuracy 
(ROC AUC = 0.70) when predicting pres-
ence and improved the prediction over the 
AICc-selected top model (ROC AUC = 
0.68). The optimal cutoff probability for 
predicting white-tailed jackrabbit occur-
rence, based on sensitivity and specificity 
equality threshold, was 0.25 and resulted 
in an overall percent correctly classified 
accuracy of 64.9%. 

White-tailed jackrabbit occurrence was 
highest in the Worland Basin and in areas 
throughout the southern portion of Wyo-
ming of the WBEA area (Fig. 7.13).  Based 
on our optimal cutoff point and a binary 
presence-absence prediction, 63,890 km2 

(22.1%) of white-tailed jackrabbit habi-

tat was predicted for the Wyoming Basins 
(Fig. 7.14). White-tailed jackrabbits were 
likely to occupy areas with >82% big sage-
brush land cover within 0.27 km (Fig. 7.15). 

Cottontail rabbits 

Two predictor variables, coniferous 
forest (0.27 and 0.54 km), were excluded 
because they were present on <20 survey 
blocks in the least frequent abundance 
category (present). Coniferous forest (3, 
5, and 18 km), salt desert shrubland (0.27 
km), all sagebrush mean patch size (1, 3, 
and 5 km), and all sagebrush contagion (5 
km), were removed from consideration 
because of correlation.  Our exploratory 
data analysis suggested a non-linear rela-
tionship between sagebrush and cottontail 
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TABLE 7.12. Extended 

SOLAR2c WELL1km POWER1km CONTAG5km SALT18km RDdens18km MjRD1km AG1km LL K AICc �AICc �wi 

0.07 (0.03) 0.80 (0.59) 0.65 (0.47) -171.77 12 369.53 5.36 0.848 

0.05 (0.03) -0.02 (0.01) -6.60 (3.11) -171.77 12 369.53 5.36 0.851 

0.05 (0.03) -2.62 (2.65) -0.58 (0.58) -170.60 13 369.53 5.37 0.854 

0.05 (0.03) 0.97 (0.62) -0.01 (0.01) -0.88 (0.62) -170.61 13 369.55 5.38 0.857 

0.04 (0.03) 1.13 (0.63) -0.84 (0.62) -171.78 12 369.55 5.39 0.859 

0.05 (0.03) -1.25 (0.89) -4.74 (2.54) -172.94 11 369.57 5.40 0.862 

0.05 (0.03) -1.51 (0.94) -5.29 (2.53) 0.62 (0.51) -0.44 (0.57) -169.44 14 369.58 5.41 0.865 

0.05 (0.03) -1.53 (0.92) -0.01 (0.01) -171.79 12 369.58 5.42 0.868 

0.04 (0.03) 0.83 (0.60) 0.06 (0.48) -170.64 13 369.61 5.44 0.871 

0.05 (0.03) -1.17 (0.88) -2.15 (2.66) -171.81 12 369.61 5.44 0.874 

0.05 (0.03) -0.01 (0.01) -0.60 (0.59) -171.81 12 369.62 5.45 0.876 

0.06 (0.03) 0.84 (0.59) -4.86 (2.56) -172.97 11 369.63 5.46 0.879 

0.05 (0.03) 1.05 (0.63) -5.12 (2.57) 0.34 (0.49) -0.74 (0.61) -169.47 14 369.64 5.47 0.882 

0.06 (0.03) -1.66 (0.95) -0.01 (0.01) -7.11 (2.92) 0.85 (0.51) -170.67 13 369.67 5.50 0.885 

0.04 (0.03) -1.28 (0.91) -0.02 (0.01) -6.23 (3.07) -170.68 13 369.70 5.54 0.887 

0.05 (0.03) -1.92 (0.94) 0.99 (0.47) -173.01 11 369.70 5.54 0.890 

0.06 (0.03) -1.60 (0.93) -5.18 (2.52) 0.72 (0.50) -171.87 12 369.74 5.58 0.893 

0.04 (0.03) 0.71 (0.61) -0.01 (0.01) -170.71 13 369.75 5.58 0.896 

0.05 (0.03) -1.26 (0.88) -0.01 (0.01) -0.62 (0.59) -170.71 13 369.76 5.59 0.898 

0.04 (0.03) -0.95 (2.60) -171.88 12 369.76 5.60 0.901 

occurrence, so we assessed sagebrush vari-
ables in both linear and quadratic form. 
There was no evidence of non-linear re-
lationships with NDVI or interactions be-
tween the sagebrush and NDVI variables. 

Based on logistic regression analyses, 
the AICc-selected top sagebrush/NDVI 
model included all sagebrush within 5-km 
in quadratic form (ALLSAGE5km) and 
NDVI within 5 km (NDVI5km) (Table 7.21). 
Within 5-km there was 1.6% more all sage-
brush at presence sites (70.6%, SE = 1.3) 
than at absent sites (69.0%, SE = 1.7) (Ap-
pendix 7.5). 

After assessing individual multi-scale 
covariates (Table 7.22) and developing 
submodels, the top vegetation submodel 
for cottontail consisted of coniferous forest 

within 1 km (CFRST1km), grassland within 
18 km (GRASS18km), mixed shrubland 
within 0.54 km ( MIX540), riparian within 
0.27 km (RIP270), and all sagebrush edge 
density within 5 km (EDGE5km) in addition 
to the sagebrush/NDVI base model (Table 
7.23). Topographic ruggedness within 0.27 
km (TRI270), elevation (ELEV), and 0.25-
km distance decay from intermittent water 
(iH2Od250), were important abiotic predic-
tors of cottontail occurrence (Table 7.23). 
Only one disturbance factor, 1-km distance 
decay from power lines (POWER1km), was 
included in the top disturbance submodel 
(Table 7.23). 

The AICc-selected top cottontail model 
was a combination of vegetation, abiotic, 
and disturbance factors.  Cottontails were 
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FIG. 7.7. Thatch ant probability of occurrence in the Wyoming Basins Ecoregional Assessment area.  Black areas 
are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). Thatch ants are 
likely to occur in areas with probability > 0.38. 

positively associated with moderate levels 
of all sagebrush, large expanses of conif-
erous forest, grassland, and mixed shru-
bland land cover, rugged topography, and 
proximity to power lines and negatively 
associated with high productivity and in-
creased elevation (Table 7.24). The weight 
of evidence for the top model was low (wi 

= 0.06) indicating other candidate models 
were suitable. Variables in the other 62 
candidate models with cumulative Akaike 

weights of just � 0.9 showed that cottontail 
probability of occurrence also was posi-
tively associated with increased all sage-
brush edge density, riparian land cover, 
and proximity to intermittent water (Table 
7.24). The final composite probability of 
occurrence model is below. 

(7.6) 
Prob = 1 / (1 + (exp(-(7.56 + 1.33 * 
ALLSAGE5km - 1.46 * ALLSAGE5km

2 - 12.07 *
 NDVI5km + 4.92 * CFRST1km + 6.98 * 

https://exp(-(7.56
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FIG. 7.8. Distribution of thatch ants estimated from ant mound abundance in the Wyoming Basins Ecoregional 
Assessment area and based on optimum probability cutoff threshold of 0.41.  Black areas are outside the inference 
of our models (<3% sagebrush within 5 km or within a body of water). 

GRASS18km + 7.18 * MIX540 - 0.003 * 
ELEV + 0.03 * TRI270 + 1.52 * POWER1km 

+ 0.284 * iH2Od250 + 1.08 * RIP270 + 
0.0009 *EDGE5km)))) 

Both the composite model and AICc-se-
lected top model of cottontail occurrence 
had excellent accuracy (ROC AUC = 0.84) 
when predicting cottontail presence. The 
optimal cutoff probability for predicting 

cottontail occurrence based on the sen-
sitivity-specificity equality threshold was 
0.47 resulting in an overall percent cor-
rectly classified accuracy of 76.6%. 

Cottontail probability of occurrence 
was highest near Green River, Wyoming; 
Vernal, Utah; and throughout the Worland 
Basin in the WBEA area (Fig. 7.16).  Based 
on our optimal cutoff point and a binary 
presence-absence prediction, 121,131 km2 
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FIG. 7.9. The distribution of thatch ant probability of occurrence within the Wyoming Basins Ecoregional Assess-
ment area in relation to proportion of all sagebrush (Artemesia spp.) within a 18-km radius.  Mean probability of 
occurrence (black line, ± 1SD [dashed lines]) values were calculated in each one percent increment of all sagebrush 
within an 18-km radius moving window.  Range of predictions relate to the observed range of sagebrush at study 
site locations. The dashed horizontal line represents the optimal cutoff threshold (0.41), above which occurrence is 
predicted.  Histogram values represent the proportion of the total study area in each 10% segment of all sagebrush 
within 18 km. 

TABLE 7.13. Results of AICc-based model selection for short-horned lizard occurrence in the Wyoming Ba-
sins Ecoregional Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-
likelihood (LL), number of parameters (K), Akaike’s Information Criterion corrected for small sample sizes 
(AICc), change in AICc value from the top model (�AICc), and Akaike weight (wi).  Only models with �AICc 

� 2 are shown. 

Rank Modela LL K AIC �AICc c wi 

1 ABIGSAGE5km + NDVI18km -147.23 3 300.54 0.00 0.09 

2 ABIGSAGE1km + NDVI18km -147.30 3 300.67 0.14 0.08 

3 ABIGSAGE540 + NDVI18km -147.39 3 300.85 0.31 0.07 

4 ABIGSAGE3km + NDVI18km -147.40 3 300.87 0.33 0.07 

5 ALLSAGE1km + NDVI18km -147.57 3 301.21 0.67 0.06 

6 ALLSAGE5km + NDVI18km -147.78 3 301.63 1.09 0.05 

7 ALLSAGE540 + NDVI18km -147.78 3 301.63 1.09 0.05 

8 ALLSAGE3km + NDVI18km -147.92 3 301.92 1.38 0.04 

9 ABIGSAGE18km + NDVI18km -147.96 3 302.00 1.46 0.04 

10 ALLSAGE18km + NDVI18km -147.97 3 302.01 1.48 0.04 
a Variable defnitions provided in Table 4.2 
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TABLE 7.14. Evaluation statistics from AICc-based univariate model selection for short-horned lizard occurrence 
in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance 
predictor variables (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for 
small sample sizes [AICc], change in AICc value from the top model [�AICc], and Akaike weight [wi]). We ran 
logistic regression models with the all big sagebrush (5-km radius) and NDVI (18-km radius) variables as a base 
model for all variables tested. We used AICc to identify the scale at which short-horned lizards respond to individual 
variables. 

Category Variablea LL K AICc �AICc wi 

Vegetation GRASS1km -146.95 4 301.98 0.00 0.20 

GRASS5km -147.15 4 302.38 0.40 0.17 

GRASS270 -147.19 4 302.46 0.48 0.16 

GRASS3km -147.20 4 302.47 0.49 0.16 

GRASS540 -147.20 4 302.48 0.50 0.16 

GRASS18km -147.23 4 302.53 0.55 0.15 

MIX5km -146.53 4 301.14 0.00 0.36 

MIX3km -146.93 4 301.93 0.80 0.24 

MIX18km -147.08 4 302.24 1.11 0.21 

MIX1km -147.17 4 302.42 1.28 0.19 

RIP5km -146.81 4 301.70 0.00 0.27 

RIP1km -147.19 4 302.45 0.75 0.19 

RIP540 -147.22 4 302.52 0.82 0.18 

RIP3km -147.23 4 302.54 0.84 0.18 

RIP18km -147.23 4 302.54 0.84 0.18 

SALT540 -146.82 4 301.72 0.00 0.41 

SALT1km -147.06 4 302.19 0.48 0.32 

SALT270 -147.21 4 302.49 0.78 0.27 

CONTAG5km -146.12 4 300.32 0.00 0.31 

EDGE5km -146.44 4 300.96 0.65 0.23 

CONTAG1km -147.03 4 302.13 1.81 0.13 

EDGE1km -147.14 4 302.35 2.03 0.11 

EDGE3km -147.15 4 302.37 2.05 0.11 

CONTAG3km -147.16 4 302.40 2.08 0.11 

Abiotic CLAY -147.21 4 302.50 0.00 1.00 

CTI -145.62 4 299.32 0.00 0.71 

CTI2c -145.49 5 301.11 1.79 0.29 

ELEV -146.35 4 300.78 0.00 0.54 

ELEV2c -145.48 5 301.09 0.31 0.46 

iH2Od1km
b -147.04 4 302.15 0.00 0.34 

iH2Od500
b -147.05 4 302.17 0.02 0.33 

iH2Od250
b -147.06 4 302.19 0.05 0.33 
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TABLE 7.14. Continued 

Category Variablea LL K AICc �AICc wi 

pH2Od250
b -147.06 4 302.19 0.00 0.37 

pH2Od1km
b -147.17 4 302.42 0.23 0.33 

pH2Od500
b -147.23 4 302.53 0.34 0.31 

SOILcm -147.23 4 302.53 0.00 1.00 

SAND -147.16 4 302.39 0.00 1.00 

SOLAR -147.14 4 302.35 0.00 0.65 

SOLAR2c -146.73 5 303.59 1.23 0.35 

Tmin -146.57 4 301.22 0.00 0.73 

Tmin2c -146.54 5 303.20 1.98 0.27 

TRI5km -145.67 4 299.42 0.00 0.22 

TRI1km -145.82 4 299.72 0.30 0.19 

TRI18km -146.10 4 300.27 0.85 0.14 

TRI540 -146.10 4 300.28 0.86 0.14 

TRI3km -146.10 4 300.28 0.86 0.14 

TRI270 -146.47 4 301.02 1.60 0.10 

TRI -146.97 4 302.01 2.59 0.06 

Disturbance bAG250 -146.61 4 301.30 0.00 0.43 

bAG500 -146.96 4 302.00 0.70 0.30 

bAG1km -147.10 4 302.28 0.98 0.26 

MjRD250
b -146.63 4 301.34 0.00 0.44 

MjRD500
b -147.02 4 302.11 0.77 0.30 

MjRD1km
b -147.18 4 302.44 1.11 0.26 

PIPE1km
b -146.96 4 301.99 0.00 0.35 

PIPE500
b -146.99 4 302.05 0.06 0.34 

PIPE250
b -147.07 4 302.21 0.22 0.31 

bPOWER500 -146.86 4 301.79 0.00 0.35 

bPOWER1km -146.91 4 301.89 0.11 0.33 

bPOWER250 -146.92 4 301.91 0.12 0.33 

RDdens18km -146.27 4 300.61 0.00 0.17 

RDdens1km -146.57 4 301.22 0.61 0.13 

b2RD500 -146.64 4 301.36 0.75 0.12 

b2RD1km -146.65 4 301.38 0.77 0.12 

b2RD250 -146.73 4 301.54 0.93 0.11 

RDdens3km -146.85 4 301.78 1.17 0.10 

RDdens5km -146.90 4 301.88 1.27 0.09 

RDdens270 -147.02 4 302.12 1.51 0.08 
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TABLE 7.14. Continued 

Category Variablea LL K AICc �AICc wi 

RDdens540 -147.04 4 302.16 1.55 0.08 

WELL250
b -147.07 4 302.21 0.00 0.35 

WELL1km
b -147.10 4 302.27 0.06 0.34 

WELL500
b -147.22 4 302.52 0.30 0.30 

a Variable defnitions provided in Table 4.2 
b Distance decay function (e(Euclidean distance from feature /-distance parameter)) 
c Quadratic function (variable + variable2) 

(41.9%) of cottontail habitat was predicted 
for the Wyoming Basins (Fig. 7.17).  Cot-
tontails were likely to occupy areas with 
sagebrush land cover >60% and <75% 
within 5 km (Fig. 7.18). 

Least chipmunk 

Seven predictor variables were ex-
cluded because they contained values >0 
on <20 survey blocks in the least frequent 
abundance category (present). These vari-
ables included proportion of coniferous 

forest (0.27 and 0.54 km), grassland (0.27 
km), mixed shrubland (0.27, 0.5, 1 km), 
and riparian (0.27 km).  Slope, mean an-
nual maximum temperature, precipitation, 
and soil bulk density were correlated with 
other variables and excluded. There was 
no evidence of non-linear relationships 
between sagebrush or NDVI and least 
chipmunk occurrence or sagebrush/NDVI 
interactions. 

Based on logistic regression analyses, 
the AICc-selected top sagebrush/NDVI 

TABLE 7.15. Results of AICc-based submodel selection for short-horned lizard occurrence in the Wyoming Ba-
sins Ecoregional Assessment area; the table also shows log-likelihood (LL), number of parameters (K), Akaike’s 
Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (�AICc), 
and Akaike weight (wi).  Only models with �AICc � 2 are shown. 

Category Rank Modela LL K AICc �AICc wi 

Vegetation 1 ABIGSAGE5km + NDVI18km + CONTAG5km -146.12 4 300.37 0.00 0.08 

2 ABIGSAGE5km + NDVI18km -147.23 3 300.54 0.17 0.07 

3 ABIGSAGE5km + NDVI18km + SALT5km -146.42 4 300.96 0.59 0.06 

4 ABIGSAGE5km + NDVI18km + CONTAG5km + SALT5km -145.47 5 301.13 0.77 0.05 

5 ABIGSAGE5km + NDVI18km + CONTAG5km + RIP5km -145.50 5 301.19 0.82 0.05 

6 ABIGSAGE5km + NDVI18km + MIX5km -146.53 4 301.19 0.82 0.05 

7 ABIGSAGE5km + NDVI18km + CONTAG5km + MIX5km -145.55 5 301.28 0.92 0.05 

8 ABIGSAGE5km + NDVI18km + SALT5km + GRASS1km -145.58 5 301.35 0.98 0.05 

9 ABIGSAGE5km + NDVI18km + RIP5km -146.81 4 301.75 1.38 0.04 

10 ABIGSAGE5km + NDVI18km + SALT5km + MIX5km -145.82 5 301.83 1.46 0.04 

11 ABIGSAGE5km + NDVI18km + CONTAG5km + SALT5km + GRASS1km -144.83 6 301.94 1.57 0.04 

12 ABIGSAGE5km + NDVI18km + GRASS1km -146.95 4 302.03 1.66 0.03 

13 ABIGSAGE5km + NDVI18km + CONTAG5km + GRASS1km -145.93 5 302.06 1.69 0.03 

14 ABIGSAGE5km + NDVI18km + CONTAG5km + SALT5km + MIX5km -144.97 6 302.20 1.83 0.03 



 
  

  

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

266 PART III: Spatially Explicit Models of Sagebrush-Associated Species in the Wyoming Basins 

TABLE 7.15. Continued 

Category Rank Modela LL K AICc �AICc wi 

Abiotic 1 ABIGSAGE5km + NDVI18km + CTI + TRI5km -142.80 5 295.80 0.00 0.06 

2 ABIGSAGE5km + NDVI18km + CTI + TRI5km + ELEV -141.79 6 295.85 0.05 0.06 

3 ABIGSAGE5km + NDVI18km + CTI + TRI5km + pH2Od250 -142.32 6 296.91 1.11 0.03 

4 ABIGSAGE5km + NDVI18km + CTI + TRI5km + ELEV + pH2Od250 -141.45 7 297.25 1.45 0.03 

5 ABIGSAGE5km + NDVI18km + CTI + TRI5km + Tmin -142.66 6 297.58 1.78 0.02 

6 ABIGSAGE5km + NDVI18km + CTI + TRI5km + iH2Od1km -142.70 6 297.66 1.86 0.02 

Disturbance 1 ABIGSAGE5km + NDVI18km -147.23 3 300.54 0.00 0.06 

2 ABIGSAGE5km + NDVI18km + RDdens18km -146.27 4 300.66 0.13 0.05 

3 ABIGSAGE5km + NDVI18km + RDdens18km + AG250 -145.56 5 301.30 0.77 0.04 

4 ABIGSAGE5km + NDVI18km + RDdens18km + MjRD250 -145.57 5 301.33 0.79 0.04 

5 ABIGSAGE5km + NDVI18km + AG250 -146.61 4 301.35 0.81 0.04 

6 ABIGSAGE5km + NDVI18km + MjRD250 -146.63 4 301.39 0.85 0.04 

7 ABIGSAGE5km + NDVI18km + POWER500 -146.86 4 301.84 1.30 0.03 

8 ABIGSAGE5km + NDVI18km + RDdens18km + POWER500 -145.85 5 301.90 1.36 0.03 

9 ABIGSAGE5km + NDVI18km + RDdens18km + WELL250 -145.91 5 302.01 1.47 0.03 

10 ABIGSAGE5km + NDVI18km + PIPE1km -146.96 4 302.04 1.50 0.03 

11 ABIGSAGE5km + NDVI18km + WELL250 -147.07 4 302.26 1.73 0.02 

12 ABIGSAGE5km + NDVI18km + RDdens18km + AG250 + MjRD250 -145.00 6 302.27 1.73 0.02 

13 ABIGSAGE5km + NDVI18km + RDdens18km + MjRD250 + POWER500 -145.08 6 302.42 1.88 0.02 

14 ABIGSAGE5km + NDVI18km + RDdens18km + PIPE1km -146.12 5 302.42 1.88 0.02

 15 ABIGSAGE5km + NDVI18km + AG250 + MjRD250 -146.15 5 302.49 1.96 0.02 

a Variable defnitions provided in Table 4.2 

model consisted of big sagebrush (5-km, 
BIGSAGE5km) (Table 7.25). Within 5-km 
there was 9.7% less big sagebrush at pres-
ence sites (46.9%, SE = 4.1) than at absence 
sites (56.5%, SE = 1.6; Appendix 7.6). 

After assessing individual multi-scale 
covariates (Table 7.27) and developing 
submodels, the top vegetation submodel 
for least chipmunk use consisted of grass-
land within 3 km (GRASS3km), mixed 
shrubland within 18 km (MIX18km), and 
all sagebrush edge density within 3 km 
(EDGE3km), in addition to the sagebrush/ 
NDVI base model (Table 7.28).  Mean 
minimum temperature (Tmin), topograph-
ic ruggedness within 18 km (TRI18km), solar 

radiation (SOLAR), and percent soil sand 
content (SAND) were important abiotic 
predictors (Table 7.28).  Four disturbance 
factors, 1-km distance decay from power 
lines (POWER1km), 0.25-km distance decay 
from pipelines (PIPE250), 1-km distance 
decay from interstates/major highways 
(MjRD1km), and 0.5-km distance decay 
from oil/gas wells (WELL500), were includ-
ed in the top disturbance submodel (Table 
7.28). 

The AICc-selected top least chipmunk 
model was a combination of vegetation, 
abiotic, and disturbance factors.  Least 
chipmunks were negatively associated 
with large expanses of big sagebrush 
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land cover, increased all sagebrush edge 
density, increased mean minimum tem-
perature, and proximity to pipelines, but 
positively associated with proximity to 
power lines (Table 7.29). The weight of 
evidence for the top model was low (wi 

= 0.04) with 136 models with a cumula-
tive Akaike weight of just � 0.9. Variables 
in these other candidate models showed 
that least chipmunk locations also were 
positively associated with increased solar 
radiation, and proximity to highways and 
oil/gas wells, but negatively associated 
with topographic ruggedness, proportion 
of mixed shrubland and grassland land 
cover, and percent soil sand content (Ta-
ble 7.29). The final composite probability 
of occurrence model is below. 

(7.7) 

Prob =1 / (1 + (exp(-(-1.26 - 0.92 * 
BIGSAGE5km - 0.02 * EDGE3km - 0.25 * 
Tmin - 0.46 * PIPE250 + 0.51 * POWER1km + 
0.002 * SOLAR - 0.01 * TRI18km - 0.003 * 
SAND + 0.15 * MjRD1km - 2.57 * 
MIX18km+ 0.37 * WELL500 + -0.41 * 
GRASS3km)))) 

The composite model of least chipmunk 
occurrence had good model accuracy 
(ROC AUC = 0.75). The model accuracy 
of the composite was a slight improvement 
over the AICc-selected top model (ROC 
AUC = 0.74). The optimal cutoff proba-
bility for predicting least chipmunk occur-
rence based on sensitivity and specificity 
equality threshold was 0.18 resulting in an 
overall percent correctly classified accu-
racy of 69.4%. 

Least chipmunk occurrence was pre-
dicted to be highest in high-elevation shru-
bland areas of the south east and western 
portions of the Wyoming Basins Ecore-
gional Assessment area (Fig. 7.19). Within 
the Wyoming Basins, 44.4% of the area 
(153,437 km2) was predicted to be suit-
able least chipmunk habitat (Fig. 7.20) 
using our optimal cutoff point and a bi-
nary presence/absence classification. Least 

https://exp(-(-1.26
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FIG. 7.10. Short-horned lizard probability of occurrence in the Wyoming Basins Ecoregional Assessment area. 
Semi-transparent grey shaded areas are outside the range of the short-horned lizard; black areas are outside the 
inference of our models (<3% sagebrush within 5 km or within a body of water).  Short-horned lizards are likely to 
occur in areas with probability > 0.22. 

chipmunks were more likely to occur in ar-
eas with <6 or >91% big sagebrush within 
5-km (Fig. 7.21). 

Model Evaluation 

Short-horned lizards were the only 
species for which we had sufficient data 
to evaluate models.  Our model of short-
horned lizard occurrence validated well 
(Fig. 7.22) with slope of observed versus 
expected values being close to 1.0 and the 

intercept close to zero (slope = 0.89, 95% 
CI = -0.15–1.92; intercept = -0.014, 95% CI 
= -0.16–0.19, R2 = 0.426), although fit was 
only moderate suggesting variation among 
binned occurrence classes. 

DISCUSSION 

Understanding the distribution of wild-
life species, both common and rare, is im-
portant to assessing the integrity of the 

https://0.16�0.19
https://0.15�1.92
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FIG. 7.11. Distribution of short-horned lizards in the Wyoming Basins Ecoregional Assessment area based on 
optimum probability cutoff threshold of 0.22.  Semi-transparent grey shaded areas are outside the range of the 
short-horned lizard, black areas are outside the inference of our models (<3% sagebrush within 5 km or within a 
body of water). 

wildlife community of a region.  Knowing 
how sagebrush-associated wildlife species 
respond to habitat and disturbance charac-
teristics and the spatial distribution of these 
species provides information useful for re-
source managers when planning treatments 
or mitigation efforts.  For example, informa-
tion on the distribution of seed predators 
may help when planning seed mixes or the 
timing of the seeding itself, and the distribu-
tion of potential prey species can help guide 

management of predator species of con-
servation concern, such as the ferruginous 
hawk.  Below, we discuss the key factors in-
fluencing abundance or occurrence of each 
species assessed across the WBEA. 

Harvester Ant 

Harvester ants were negatively associ-
ated with high productivity and large ex-
panses of sagebrush. Areas of high pro-
ductivity generally have increased soil 
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FIG. 7.12. Distribution of short-horned lizard probability of occurrence within the Wyoming Basins Ecoregional 
Assessment area in relation to proportion of all big sagebrush (Artemesia tridentata) within a 5-km radius.  Mean 
probability of occurrence (black line, ±1 SD [dashed lines]) values were calculated in each one percent increment of 
all big sagebrush within a 5-km radius moving window.  Range of predictions relate to the observed range of sage-
brush at study site locations. The dashed horizontal line represents the optimal cutoff threshold (0.22), above which 
occurrence is predicted.  Histogram values represent the proportion of the total study area in each 10% segment of 
all big sagebrush within 5 km. 

moisture which can be problematic for 
harvester ants because high levels of mois-
ture in the nest can lead to germination of 
cached seed (Cole 1932a).  Increases in har-
vester ant mound abundance has been as-
sociated with a reduction in cover of sage-
brush (Sneva 1979) and other perennial 
shrubs (Sharp and Barr 1960).  In Oregon, 
the number of mounds more than doubled 

following a 95% reduction in sagebrush 
cover (Sneva 1979).  However, harvester 
ants in Idaho had their highest densities in 
sagebrush communities (Blom et al. 1991), 
although there was a high degree of vari-
ability in densities that was attributable to 
differences in soil characteristics. 

Several soil characteristics were impor-
tant predictors of harvester ant occurrence 

TABLE 7.17. Results of AICc-based model selection for white-tailed jackrabbit occurrence in the Wyoming Basins 
Ecoregional Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood 
(LL), number of parameters (K),Akaike’s Information Criterion corrected for small sample sizes (AICc), change in 
AICc value from the top model (�AICc), and Akaike weight (wi).  Only models with � AICc � 2 are shown. 

Rank Modela LL K AICc �AICc wi 

1 BIGSAGE270 -165.48 2 335.01 0.00 0.11 

2 BIGSAGE270 + NDVI -165.22 3 336.51 1.51 0.05 

3 BIGSAGE270 + NDVI270 -165.28 3 336.64 1.64 0.05 

4 BIGSAGE270 + NDVI540 -165.41 3 336.90 1.90 0.04 

5 BIGSAGE270 + NDVI18km -165.45 3 336.97 1.96 0.04 

6 BIGSAGE270  + NDVI3km -165.45 3 336.97 1.97 0.04 

a Variable defnitions provided in Table 4.2 
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TABLE 7.18. Evaluation statistics from AICc-based univariate model selection for white-tailed jackrabbit oc-
currence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and 
disturbance predictor variables (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion 
corrected for small sample sizes [AICc], change in AICc value from the top model [�AICc], and Akaike weight [wi]). 
We ran generalized ordered logistic models with the big sagebrush (0.27-km radius) variable as a base model for all 
variables tested.We used AICc to identify the scale at which white-tailed jackrabbits respond to individual variables. 

Category Variablea LL K AICc �AICc wi 

Vegetation CFRST18km -165.34 3 336.72 0.00 0.34 

CFRST5km -165.35 3 336.74 0.02 0.34 

CFRST3km -165.43 3 336.90 0.18 0.31 

GRASS540 -163.52 3 333.07 0.00 0.32 

GRASS1km -163.86 3 333.75 0.68 0.22 

GRASS270 -163.93 3 333.89 0.82 0.21 

GRASS3km -164.38 3 334.80 1.73 0.13 

GRASS5km -165.13 3 336.30 3.23 0.06 

GRASS18km -165.32 3 336.67 3.60 0.05 

MIX5km -165.40 3 336.84 0.00 0.21 

MIX3km -165.44 3 336.92 0.08 0.20 

MIX1km -165.47 3 336.98 0.14 0.20 

MIX18km -165.47 3 336.99 0.14 0.20 

MIX540 -165.48 3 336.99 0.15 0.20 

RIP1km -165.33 3 336.69 0.00 0.18 

RIP540 -165.41 3 336.85 0.16 0.17 

RIP18km -165.42 3 336.88 0.19 0.17 

RIP270 -165.43 3 336.91 0.22 0.17 

RIP3km -165.48 3 337.00 0.31 0.16 

RIP5km -165.48 3 337.00 0.32 0.16 

SALT3km -162.78 3 331.60 0.00 0.40 

SALT5km -163.08 3 332.20 0.59 0.30 

SALT18km -163.87 3 333.78 2.18 0.13 

SALT1km -164.23 3 334.49 2.88 0.09 

SALT540 -164.92 3 335.87 4.27 0.05 

SALT270 -165.41 3 336.86 5.25 0.03 

PATCH1km -164.11 3 334.25 0.00 0.24 

EDGE3km -164.50 3 335.03 0.78 0.16 

CONTAG5km -164.68 3 335.40 1.16 0.13 

PATCH3km -164.92 3 335.87 1.62 0.10 

PATCH5km -165.01 3 336.05 1.80 0.10 

EDGE5km -165.28 3 336.59 2.34 0.07 

CONTAG1km -165.34 3 336.73 2.48 0.07 

https://tested.We
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TABLE 7.18. Continued 

Category Variablea LL K AICc �AICc wi 

CONTAG3km -165.36 3 336.76 2.51 0.07 

EDGE1km -165.40 3 336.83 2.59 0.06 

Abiotic CTI2b -164.15 4 336.38 0.00 0.58 

CTI -165.48 3 337.00 0.62 0.42 

ELEV -165.33 3 336.69 0.00 0.71 

ELEV2b -165.21 4 338.50 1.81 0.29 

ciH2Od1km -165.32 3 336.68 0.00 0.35 

ciH2Od500 -165.34 3 336.71 0.03 0.34 

ciH2Od250 -165.42 3 336.89 0.20 0.31 

cpH2Od500 -164.31 3 334.65 0.00 0.37 

cpH2Od1km -164.45 3 334.93 0.29 0.32 

cpH2Od250 -164.50 3 335.04 0.39 0.31 

SOLAR2b -163.88 4 335.83 0.00 0.56 

SOLAR -165.13 3 336.29 0.46 0.44 

Tmin -165.42 3 336.89 0.00 0.71 

Tmin2b -165.31 4 338.69 1.81 0.29 

TRI540 -163.32 3 332.68 0.00 0.33 

TRI270 -163.50 3 333.04 0.36 0.28 

TRI1km -164.34 3 334.72 2.04 0.12 

TRI -164.49 3 335.01 2.33 0.10 

TRI18km -164.89 3 335.82 3.13 0.07 

TRI5km -165.23 3 336.49 3.81 0.05 

TRI3km -165.36 3 336.76 4.07 0.04 

Disturbance cAG250 -165.00 3 336.04 0.00 0.38 

cAG500 -165.13 3 336.29 0.25 0.33 

cAG1km -165.27 3 336.57 0.53 0.29 

cMjRD1km -162.73 3 331.49 0.00 0.41 

cMjRD500 -162.79 3 331.62 0.13 0.38 

cMjRD250 -163.36 3 332.77 1.27 0.21 

cPIPE500 -165.30 3 336.64 0.00 0.35 

cPIPE1km -165.34 3 336.73 0.08 0.33 

cPIPE250 -165.40 3 336.84 0.19 0.32 

cPOWER500 -163.83 3 333.70 0.00 0.37 

cPOWER1km -163.94 3 333.92 0.22 0.33 

cPOWER250 -164.05 3 334.13 0.44 0.30 

RDdens3km -163.86 3 333.76 0.00 0.33 
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TABLE 7.18. Continued 

Category Variablea LL K AICc �AICc wi 

RDdens5km -164.62 3 335.29 1.52 0.15 

RDdens18km -165.18 3 336.39 2.63 0.09 

c2RD500 -165.24 3 336.51 2.75 0.08 

c2RD1km -165.24 3 336.52 2.76 0.08 

c2RD250 -165.33 3 336.69 2.93 0.08 

RDdens1km -165.44 3 336.91 3.15 0.07 

RDdens540 -165.48 3 337.00 3.24 0.06 

RDdens270 -165.48 3 337.00 3.24 0.06 

cWELL500 -164.93 3 335.90 0.00 0.35 

cWELL1km -164.96 3 335.96 0.06 0.34 

cWELL250 -165.09 3 336.22 0.31 0.30 

a Variable defnitions provided in Table 4.2 
b Quadratic function (variable + variable2) 
c Distance decay function (e(Euclidean distance from feature/-distance parameter)) 

within the Wyoming Basins.  Soil sand con-
tent and soil depth were positively associ-
ated, and soil clay content was negatively 
associated, with harvester ant occurrence. 
In Idaho, high harvester ant densities 
were also associated with increased sand 
content (Blom et al. 1991).  Sand content 
may improve the ability of harvester ants 
to build nests and increase availability of 
pebbles for making nest mounds (Cole 
1932a).  Harvester ant (P. occidentalis) 
locations in North Dakota, at the eastern 
edge of the species range, all contained 
high percent sand content, and no sites 
were found in clay or silty clay loam soils 
(DeMers 1993).  Increased soil depth may 
be necessary for proper nest construction 
because harvester ants use relatively deep 
reaches of the soil profile (Lavigne 1969, 
Fitzner et al. 1979, MacKay 1981).  In cen-
tral Oregon, the highest colony densities 
were found on deep soils with low densi-
ties occurring on rocky, shallow soils (Wil-
lard and Crowell 1965).  Overwintering 
workers have been found as deep as 2.7 m 
in Wyoming (Lavigne 1969) and Washing-
ton (Fitzner et al. 1979). 

Grassland and salt desert shrubland 
were both negatively associated with har-
vester ant occurrence, whereas sagebrush 
edge density was positively associated with 
harvester ants.  Mounds were scarce in 
shadscale saltbush (Atriplex confertifolia) 
habitats in Idaho and western Wyoming 
(Cole 1932a, Sharp and Barr 1960, Blom et 
al. 1991), and densities were lower in crest-
ed wheatgrass (Agropyron cristatum), In-
dian ricegrass (Achnatherum hymenoides), 
and basin wildrye (Leymus cinerus) com-
munities (Blom et al. 1991). An increase 
in sagebrush patch edges may provide 
increased proximity to a variety of food 
sources, enhancing ant density. 

The only other abiotic factor in addi-
tion to soil characteristics was a positive 
association with increased minimum tem-
peratures when predicting harvester ant 
occurrence.  Harvester ants are tempera-
ture sensitive and limit daily and seasonal 
foraging to specific temperature ranges 
with activity occurring between 25 to 55 
C and maximum foraging between 40 to 
45 C (Crist and MacMahon 1991). At a 
grassland site in northeastern Colorado, 
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Ants, Reptiles, and Mammals – Hanser et al. 

harvester ants opened mound entrances 
when soil surface temperatures reached 
24 C, but little activity took place until 
temperatures reached 28 C (Rogers 1974). 
Mean minimum temperatures may be low 
enough within the areas of the WBEA that 
they limit harvester ant foraging activity, 
therefore reducing their probability of oc-
currence and abundance. 

Ants were positively associated with 
two disturbance factors: proximity to ag-
ricultural land and pipelines.  Soil distur-
bances associated with these areas may 
lead to increased seed production by ex-
otic invasive species, leading to increased 
food resources.  In areas with high cover of 
cheatgrass, harvester ants harvested large 
quantities of cheatgrass seed (Cole 1932a). 

Proximity to oil/gas development was 
negatively associated with harvester ant 
occurrence.  Disturbance of the soil sur-
face and crested wheatgrass seedings were 
negatively associated with nest densities in 
Idaho (Blom et al. 1991).  Both are char-
acteristics of active oil and gas fields with 
crested wheatgrass commonly used in well 
pad reclamation efforts and subsequently 
associated with oil/gas well locations (Ch. 
10). Also, drilling rigs, pump stations, or 
condensation tanks at active well pads can 
cause shadowing which can induce emigra-
tion in actively foraging colonies of P. oc-
cidentalis (Coffin and Lauenroth 1990). 

Abundance of harvester ants on survey 
blocks in the WBEA were similar to pre-
vious studies (3-80 mounds/ha; Soule and 
Knapp 1996). Although we were unable 
to conduct a formal analysis of detection 
probability, this comparison is evidence 
that our abundance estimates were com-
parable with previous research. This is not 
a substitute for a detection analysis, and 
we encourage future efforts account for 
detectability when possible. 

Thatch Ant 

Thatch ants were positively associated 
with large expanses of sagebrush land 
cover. Thatch ants were most abundant 
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TABLE 7.20. Results of AICc-based model selection for the combined white-tailed jackrabbit occurrence modelsa 

in the Wyoming Basins Ecoregional Assessment area; the table also shows parameter estimates (beta [SE]) and 
evaluation statistics (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for 
small sample sizes [AICc], change in AICc value from the top model [�AICc], and cumulative Akaike weight [�wi]). 
Models shown with cumulative Akaike weight (wi) of just � 0.9. 

Rank Intercept BIGSAGE270 GRASS540 SALT3km TRI540 MjRD1km 

1 -1.66 (0.59) 1.12 (0.55) 3.29 (1.34) 2.82 (1.43) -0.02 (0.01) -1.82 (0.78) 

2 -1.61 (0.59) 1.11 (0.55) 3.21 (1.34) 2.85 (1.43) -0.02 (0.01) -1.58 (0.78) 

3 -1.57 (0.59) 1.02 (0.55) 2.97 (1.36) 2.60 (1.45) -0.02 (0.01) -1.88 (0.83) 

4 -1.34 (0.66) 1.15 (0.56) 3.11 (1.35) 2.67 (1.43) -0.02 (0.01) -1.73 (0.78) 

5 -1.32 (0.66) 1.14 (0.55) 3.04 (1.35) 2.72 (1.44) -0.02 (0.01) -1.51 (0.78) 

6 -1.64 (0.59) 1.06 (0.55) 3.15 (1.36) 2.62 (1.45) -0.02 (0.01) -2.06 (0.84) 

7 -1.21 (0.53) 0.87 (0.52) 3.02 (1.33) -0.03 (0.01) -1.90 (0.78) 

8 -1.17 (0.53) 0.78 (0.52) 2.69 (1.34) -0.03 (0.01) -2.02 (0.83) 

9 -1.15 (0.53) 0.86 (0.52) 2.95 (1.33) -0.03 (0.01) -1.67 (0.78) 

10 -2.51 (0.43) 1.64 (0.50) 3.16 (1.33) 3.53 (1.39) -1.61 (0.77) 

11 -0.86 (0.60) 0.91 (0.53) 2.81 (1.33) -0.03 (0.01) -1.79 (0.77) 

12 -1.30 (0.66) 1.08 (0.56) 2.95 (1.36) 2.45 (1.46) -0.02 (0.01) -1.98 (0.84) 

13 -2.47 (0.43) 1.64 (0.50) 3.08 (1.33) 3.59 (1.39) -1.39 (0.77) 

14 -0.83 (0.60) 0.82 (0.53) 2.48 (1.35) -0.03 (0.01) -1.94 (0.82) 

15 -1.23 (0.53) 0.82 (0.52) 2.85 (1.34) -0.03 (0.01) -2.21 (0.84) 

16 -2.40 (0.43) 1.52 (0.50) 2.84 (1.34) 3.30 (1.42) -1.71 (0.82) 

17 -0.83 (0.60) 0.90 (0.53) 2.76 (1.33) -0.03 (0.01) -1.59 (0.78) 

18 -0.87 (0.60) 0.85 (0.53) 2.63 (1.34) -0.03 (0.01) -2.12 (0.83) 

19 -2.20 (0.51) 1.68 (0.50) 2.98 (1.34) 3.38 (1.39) -1.52 (0.76) 

20 -1.88 (0.58) 1.18 (0.55) 3.01 (1.33) 3.10 (1.42) -0.02 (0.01) 

21 -1.24 (0.54) 0.70 (0.51) 2.23 (1.42) -0.02 (0.01) -1.80 (0.81) 

22 -2.18 (0.51) 1.68 (0.50) 2.92 (1.34) 3.46 (1.39) -1.32 (0.76) 

23 -2.48 (0.43) 1.56 (0.51) 3.02 (1.34) 3.30 (1.42) -1.87 (0.83) 

24 -2.09 (0.51) 1.56 (0.50) 2.64 (1.35) 3.13 (1.42) -1.64 (0.81) 

25 -0.55 (0.56) 0.59 (0.50) -0.03 (0.01) -1.85 (0.80) 

26 -1.26 (0.54) 0.79 (0.51) 2.53 (1.40) -0.02 (0.01) -1.47 (0.77) 

27 -1.30 (0.54) 0.79 (0.51) 2.47 (1.39) -0.02 (0.01) -1.72 (0.77) 

28 -0.87 (0.61) 0.75 (0.52) 2.07 (1.42) -0.02 (0.01) -1.72 (0.80) 

29 -0.92 (0.49) 0.53 (0.49) -0.03 (0.01) -1.93 (0.81) 

30 -1.51 (0.66) 1.21 (0.55) 2.81 (1.34) 2.95 (1.43) -0.02 (0.01) 

31 -0.92 (0.61) 0.83 (0.51) 2.30 (1.40) -0.02 (0.01) -1.61 (0.76) 

32 -0.91 (0.61) 0.83 (0.51) 2.38 (1.40) -0.02 (0.01) -1.38 (0.76) 

33 -2.15 (0.51) 1.60 (0.51) 2.81 (1.35) 3.12 (1.42) -1.79 (0.82) 

34 -2.60 (0.42) 1.64 (0.49) 2.97 (1.32) 3.71 (1.39) 
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TABLE 7.20. Extended 

POWER500 PIPE500 RDdens3km LL K AICc �AICc �wi 

-155.53 6 323.32 0.00 0.069 

-1.37 (1.11) -154.59 7 323.53 0.21 0.132 

-1.66 (1.12) 0.83 (0.66) -153.82 8 324.10 0.78 0.179 

-0.23 (0.22) -154.94 7 324.24 0.91 0.223 

-1.32 (1.12) -0.22 (0.22) -154.09 8 324.64 1.32 0.259 

0.53 (0.63) -155.18 7 324.72 1.40 0.294 

-157.42 5 325.02 1.70 0.323 

-1.67 (1.12) 1.00 (0.65) -155.38 7 325.11 1.79 0.352 

-1.35 (1.12) -156.52 6 325.32 1.99 0.377 

-157.61 5 325.42 2.09 0.402 

-0.27 (0.22) -156.62 6 325.51 2.19 0.425 

0.58 (0.63) -0.25 (0.22) -154.53 8 325.51 2.19 0.448 

-1.34 (1.08) -156.67 6 325.61 2.29 0.470 

-1.65 (1.14) 1.04 (0.65) -0.27 (0.22) -154.60 8 325.65 2.33 0.492 

0.73 (0.62) -156.76 6 325.78 2.46 0.513 

-1.66 (1.10) 0.88 (0.66) -155.80 7 325.95 2.63 0.531 

-1.28 (1.13) -0.25 (0.22) -155.84 7 326.03 2.71 0.549 

0.77 (0.62) -0.28 (0.22) -155.89 7 326.14 2.82 0.566 

-0.23 (0.22) -157.01 6 326.28 2.96 0.582 

-1.87 (1.13) -157.07 6 326.40 3.08 0.597 

-1.81 (1.13) 1.00 (0.65) -156.12 7 326.60 3.28 0.610 

-1.28 (1.09) -0.22 (0.22) -156.16 7 326.68 3.36 0.623 

0.57 (0.63) -157.21 6 326.69 3.37 0.636 

-1.65 (1.11) 0.93 (0.66) -0.24 (0.22) -155.18 8 326.82 3.50 0.648 

-1.78 (1.15) 1.18 (0.64) -0.31 (0.22) -156.24 7 326.83 3.51 0.660 

-1.45 (1.13) -157.29 6 326.84 3.52 0.672 

-158.34 5 326.87 3.55 0.684 

-1.80 (1.15) 1.05 (0.65) -0.29 (0.22) -155.21 8 326.88 3.55 0.696 

-1.80 (1.13) 1.15 (0.64) -157.33 6 326.93 3.61 0.707 

-1.79 (1.13) -0.26 (0.22) -156.35 7 327.06 3.74 0.718 

-0.29 (0.22) -157.41 6 327.08 3.76 0.728 

-1.39 (1.13) -0.27 (0.22) -156.48 7 327.31 3.98 0.738 

0.62 (0.63) -0.25 (0.22) -156.53 7 327.42 4.10 0.747 

-1.76 (1.10) -158.62 5 327.44 4.12 0.756 
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TABLE 7.20. Continued 

Rank Intercept BIGSAGE270 GRASS540 SALT3km TRI540 MjRD1km 

35 -0.54 (0.56) 0.66 (0.49) -0.03 (0.01) -1.67 (0.76) 

36 -0.58 (0.56) 0.61 (0.50) -0.03 (0.01) -2.03 (0.82) 

37 -1.29 (0.54) 0.73 (0.51) 2.22 (1.41) -0.02 (0.01) -2.01 (0.83) 

38 -0.90 (0.61) 0.77 (0.52) 2.03 (1.42) -0.02 (0.01) -1.91 (0.82) 

39 -0.94 (0.49) 0.61 (0.49) -0.03 (0.01) -1.80 (0.77) 

40 -0.88 (0.49) 0.60 (0.49) -0.03 (0.01) -1.56 (0.77) 

41 -0.52 (0.56) 0.65 (0.49) -0.03 (0.01) -1.46 (0.76) 

42 -2.01 (0.36) 1.17 (0.45) 2.88 (1.38) -1.67 (0.80) 

43 -0.97 (0.49) 0.55 (0.49) -0.03 (0.01) -2.14 (0.82) 

44 -2.03 (0.57) 1.23 (0.55) 3.09 (1.33) 3.08 (1.42) -0.02 (0.01) 

45 -2.25 (0.51) 1.68 (0.50) 2.78 (1.33) 3.56 (1.39) 

46 -1.88 (0.57) 1.15 (0.55) 2.90 (1.36) 3.03 (1.43) -0.02 (0.01) 

47 -1.66 (0.44) 1.23 (0.45) 2.72 (1.38) -1.59 (0.80) 

48 -1.60 (0.65) 1.25 (0.55) 2.86 (1.34) 2.90 (1.43) -0.02 (0.01) 

49 -2.05 (0.36) 1.28 (0.45) 3.21 (1.35) -1.33 (0.76) 

50 -2.09 (0.36) 1.27 (0.45) 3.13 (1.35) -1.56 (0.76) 

51 -1.73 (0.45) 1.33 (0.45) 2.97 (1.36) -1.45 (0.76) 

52 -1.50 (0.65) 1.17 (0.55) 2.66 (1.37) 2.85 (1.44) -0.02 (0.01) 

53 -2.69 (0.43) 1.64 (0.50) 3.06 (1.32) 3.63 (1.39) 

54 -1.42 (0.52) 0.94 (0.52) 2.72 (1.31) -0.03 (0.01) 

55 -1.72 (0.44) 1.34 (0.45) 3.06 (1.36) -1.24 (0.76) 

56 -2.10 (0.39) 1.36 (0.48) 2.42 (1.31) -1.84 (0.82) 

57 -2.29 (0.52) 1.68 (0.50) 2.84 (1.33) 3.45 (1.39) 

58 -1.02 (0.60) 0.97 (0.53) 2.50 (1.32) -0.03 (0.01) 

59 -1.10 (0.60) 0.91 (0.51) 2.60 (1.40) -0.02 (0.01) 

60 -1.52 (0.53) 0.87 (0.50) 2.78 (1.39) -0.02 (0.01) 
a Variable defnitions provided in Table 4.2 

in semi-arid habitats, including sage-
brush.  Mounds were typically centered 
on a sagebrush shrub (Cole 1932b); 
thatch ants fulfilled most of their dietary 
needs by tending aphids on sagebrush 
(Weber 1935, McIver and Yandell 1998) 
and were abundant at high elevation 
sites with increased shrub cover (Mont-
Blanc et al. 2007).  In our study, thatch 
ant occurrence was associated with areas 

of moderate to high productivity. These 
ants are commonly found on the margin 
of deciduous woodlands and in river val-
leys (Weber 1935), which typically have 
increased productivity.  Similarly, thatch 
ant occurrence in the WBEA area in-
creased with increasing proportions of 
riparian land cover and topographic 
moisture; both factors increase vegeta-
tion cover. 
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TABLE 7.20. Extended 

POWER500 PIPE500 RDdens3km LL K AICc �AICc �wi 

-0.31 (0.21) -158.72 5 327.63 4.31 0.764 

0.88 (0.62) -0.32 (0.21) -157.74 6 327.74 4.42 0.771 

0.68 (0.62) -157.75 6 327.77 4.45 0.779 

0.73 (0.62) -0.30 (0.22) -156.74 7 327.85 4.52 0.786 

-159.87 4 327.87 4.55 0.793 

-1.42 (1.14) -158.89 5 327.96 4.64 0.800 

-1.34 (1.14) -0.30 (0.21) -157.87 6 328.01 4.69 0.807 

-1.80 (1.11) 1.03 (0.65) -157.90 6 328.06 4.73 0.813 

0.85 (0.61) -158.95 5 328.08 4.76 0.820 

-158.96 5 328.10 4.78 0.826 

-1.68 (1.10) -0.26 (0.22) -157.92 6 328.11 4.79 0.833 

-2.01 (1.17) 0.29 (0.61) -156.96 7 328.27 4.95 0.838 

-1.79 (1.13) 1.08 (0.65) -0.29 (0.22) -156.97 7 328.30 4.98 0.844 

-0.30 (0.22) -158.02 6 328.31 4.99 0.850 

-1.42 (1.10) -159.13 5 328.46 5.13 0.855 

-160.18 4 328.49 5.16 0.860 

-0.29 (0.22) -159.25 5 328.69 5.37 0.865 

-1.98 (1.17) 0.37 (0.61) -0.27 (0.22) -156.18 8 328.81 5.49 0.870 

-160.35 4 328.82 5.50 0.874 

-1.88 (1.15) -159.35 5 328.89 5.57 0.878 

-1.35 (1.11) -0.27 (0.22) -158.33 6 328.92 5.60 0.883 

-1.64 (1.09) 1.13 (0.64) -158.35 6 328.96 5.64 0.887 

-0.29 (0.22) -159.44 5 329.06 5.74 0.891 

-1.78 (1.15) -0.29 (0.22) -158.40 6 329.07 5.74 0.895 

-1.83 (1.14) -0.31 (0.22) -158.43 6 329.13 5.80 0.898 

-1.93 (1.14) -159.47 5 329.14 5.81 0.902 

Thatch ant occurrence decreased 
with increasing abundance of grass-
land and mixed shrubland land cover. 
These habitat types may support popu-
lations of thatch ants, but the lack of 
vegetation (sagebrush) that support 
food sources (aphids) may limit popula-
tion size.  Sagebrush contagion and salt 
desert shrubland both had negative as-
sociations with thatch ant occurrence. 

The high elevation habitats that these 
ants inhabit generally have inclusions 
of coniferous forest, aspen woodlands, 
and other montane shrub communities 
that decrease the contagion of sagebrush 
patches within the area occupied. Also, 
salt desert shrubland is generally found 
at low elevations, whereas thatch ants 
are part of the high elevation ant com-
munity (MontBlanc 2007). 



 

  
 
 

   
 

 
  

 

  

   
  

280 PART III: Spatially Explicit Models of Sagebrush-Associated Species in the Wyoming Basins 

FIG. 7.13. White-tailed jackrabbit probability of occurrence in the Wyoming Basins Ecoregional Assessment area. 
Black areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). White-
tail jackrabbits are likely to occur in areas with probability > 0.25. 

Thatch ants in the WBEA area had an 
affinity for moderate to high elevation habi-
tats and areas with increased solar radiation. 
Thatch ants are common between 1,524 to 
2,438 m elevation (Cole 1932b, Risch et 
al. 2008). The most productive thatch ant 
habitats had increased exposure to sunlight 
(Weber 1935) and mounds were found pre-
dominately on warmer east, south-east and 
south exposed sites (Risch et al. 2008). 

Disturbance factors were additions to 
the AICc-selected top model although the 

strength of these relationships is question-
able given the large error estimates sur-
rounding their coefficients.  Raptors use 
power lines as perches for prey searching, 
and thereby may indirectly enhance habi-
tat for thatch ants through increased pre-
dation on avian, mammalian, and reptilian 
species which, in turn, prey on thatch ants 
(Engel et al. 1992, Knight and Kawashima 
1993, Steenhof et al. 1993).  Proximity to 
agriculture was also positively associated 
with thatch ant occurrence in the WBEA. 
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FIG. 7.14. Distribution of white-tailed jackrabbits in the Wyoming Basins Ecoregional Assessment area based on 
optimum probability cutoff threshold of 0.25.  Black areas are outside the inference of our models (<3% sagebrush 
within 5 km or within a body of water). 

Cultivation attracts insects (Benton et al. 
2002) which are the primary prey of thatch 
ants (Weber 1935).  Correlative abiotic 
factors, such as soil depth and productivity, 
which make land suitable for agricultural 
purposes, may also be beneficial for thatch 
ants. 

Thatch ants were negatively associated 
with proximity to oil/gas wells and highways 
but positively associated with road density. 
However, the direct link between these dis-
turbance factors and thatch ant occurrence 

was not readily apparent, although oil/gas 
development and highways both influence 
the distribution of exotic vegetation (Ch. 
10) which may alter food availability for 
thatch ants in the WBEA area. 

The influences of thatch ants on ecosys-
tems include a reduction in the likelihood 
of pest insect outbreak (McIver et al. 1997), 
increased plant diversity (Beattie and Cul-
ver 1977), and reduced insect diversity 
and abundance (Hiekkenen 1999).  Our 
thatch ant model for the WBEA improves 
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FIG. 7.15. Distribution of white-tailed jackrabbit probability of occurrence within the Wyoming Basins Ecore-
gional Assessment area in relation to proportion of big sagebrush (Artemisia tridentata ssp. tridentata, A. t. ssp. 
wyomingensis) within a 0.27-km radius.  Mean probability of occurrence (black line, ± 1SD [dashed lines]) values 
were calculated in each one percent increment of big sagebrush within a 0.27-km radius moving window.  Range of 
predictions relate to the observed range of sagebrush at study site locations. The dashed horizontal line represents 
the optimal cutoff threshold (0.25), above which occurrence is predicted.  Histogram values represent the propor-
tion of the total study area in each 10% segment of big sagebrush within 0.27 km. 

our understanding of the factors influenc- formal analysis of detection probability, 
ing the spatial distribution of thatch ants this comparison is evidence that our abun-
across the WBEA area and may further dance estimates were comparable with 
work on the distribution of insects, plant previous research.  Future data collection 
diversity, and pest insects in the sagebrush and analysis efforts should account for de-
ecosystem. tectability when possible. 

Abundance of thatch ants on survey 
Short-horned Lizard

blocks in the WBEA was higher than the 
0.11–0.17 mound/ha reported in Yellow- Research on short-horned lizard habitat 
stone National Park (Risch et al. 2008) but relationships has been limited (Pianka and 
lower than the 73.3 mounds/ha at a super Parker 1975; Powell and Russell 1998a, 
colony site in Oregon (McIver et al. 1997). 1998b, James 2004), partly because of their 
Although we were unable to conduct a cryptic nature.  Short-horned lizard occur-

TABLE 7.21. Results of AICc-based model selection for cottontail occurrence in the Wyoming Basins Ecoregional 
Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood (LL), number of 
parameters (K),Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from 
the top model (�AICc), and Akaike weight (wi).  Only models with �AICc � 2 are shown. 

Rank Modela LL K AICc �AICc wi 

1 ALLSAGE5km + ALLSAGE5km 
2 + NDVI5km -186.94 4 382.01 0.00 0.23 

2 ALLSAGE5km + ALLSAGE5km 
2 + NDVI3km -187.66 4 383.45 1.43 0.15 

3 ALLSAGE540 + ALLSAGE540 
2 + NDVI3km -187.91 4 383.95 1.94 0.14 

a Variable defnitions provided in Table 4.2 

https://0.11�0.17
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TABLE 7.22. Evaluation statistics from AICc-based univariate model selection for cottontail occurrence in the 
Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance predic-
tor variables (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small 
sample sizes [AICc], change in AICc value from the top model [�AICc], and Akaike weight [wi]). We ran logistic 
models with all sagebrush (5 km, quadratic) and NDVI (5-km) variables as a base model for all variables tested. We 
used AICc to identify the scale at which cottontails respond to individual variables. 

Category Variablea LL K AICc �AICc wi 

Vegetation CFRST1km -184.66 5 379.52 0.00 1.00 

GRASS18km -184.13 5 378.45 0.00 0.86 

GRASS540 -184.78 5 379.75 1.30 0.45 

GRASS1km -185.32 5 380.83 2.38 0.26 

GRASS270 -186.02 5 382.22 3.77 0.13 

GRASS3km -186.27 5 382.74 4.29 0.10 

GRASS5km -186.72 5 383.64 5.19 0.06 

MIX540 -184.39 5 378.97 0.00 0.56 

MIX1km -185.35 5 380.88 1.91 0.21 

MIX3km -185.95 5 382.10 3.13 0.12 

MIX5km -186.45 5 383.10 4.13 0.07 

MIX18km -186.94 5 384.07 5.09 0.04 

RIP270 -185.81 5 381.81 0.00 0.25 

RIP5km -185.96 5 382.10 0.29 0.21 

RIP18km -186.08 5 382.36 0.55 0.19 

RIP3km -186.40 5 382.98 1.17 0.14 

RIP540 -186.43 5 383.05 1.24 0.13 

RIP1km -186.91 5 384.00 2.19 0.08 

EDGE5km -183.44 5 377.07 0.00 0.68 

EDGE3km -184.70 5 379.60 2.53 0.19 

CONTAG1km -185.93 5 382.06 4.99 0.06 

EDGE1km -185.95 5 382.09 5.02 0.05 

CONTAG3km -186.83 5 383.85 6.78 0.02 

SALT270 -186.38 5 382.94 0.00 0.35 

SALT540 -186.78 5 383.76 0.82 0.24 

SALT18km -186.90 5 384.00 1.06 0.21 

SALT1km -186.94 5 384.08 1.14 0.20 

Abiotic CTI -186.92 5 384.03 0.00 1.00 

ELEV -177.38 5 364.95 0.00 1.00 

iH2Od250
b -184.61 5 379.41 0.00 0.43 

iH2Od1km
b -184.99 5 380.17 0.76 0.29 

iH2Od500
b -185.02 5 380.24 0.83 0.28 

pH2Od500
b -186.65 5 383.48 0.00 0.35 
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TABLE 7.22. Continued 

Category Variablea LL K AICc �AICc wi 

pH2Od250
b -186.69 5 383.57 0.08 0.33 

pH2Od1km
b -186.73 5 383.66 0.18 0.32 

SOLAR -185.30 5 380.79 0.00 1.00 

Tmin -179.50 5 369.20 0.00 1.00 

TRI270 -181.47 5 373.13 0.00 0.47 

TRI540 -181.91 5 374.01 0.87 0.30 

TRI1km -182.90 5 376.00 2.87 0.11 

TRI -183.23 5 376.66 3.52 0.08 

TRI3km -184.43 5 379.06 5.93 0.02 

TRI5km -185.71 5 381.61 8.48 0.01 

TRI18km -186.24 5 382.66 9.53 0.00 

Disturbance bAG1km -186.46 5 383.11 0.00 0.43 

bAG500 -186.83 5 383.85 0.74 0.30 

bAG250 -186.94 5 384.07 0.96 0.27 

MjRD500
b -186.23 5 382.65 0.00 0.35 

MjRD1km
b -186.27 5 382.73 0.07 0.33 

MjRD250
b -186.30 5 382.80 0.14 0.32 

PIPE1km
b -186.58 5 383.36 0.00 0.37 

PIPE500
b -186.72 5 383.63 0.27 0.32 

PIPE250
b -186.75 5 383.69 0.34 0.31 

POWER1km
b -185.10 5 380.40 0.00 0.58 

POWER500
b -185.82 5 381.83 1.43 0.28 

POWER250
b -186.52 5 383.23 2.83 0.14 

b2RD1km -186.32 5 382.82 0.00 0.16 

RDdens18km -186.49 5 383.17 0.35 0.13 

b2RD500 -186.53 5 383.25 0.43 0.13 

RDdens540 -186.55 5 383.30 0.47 0.12 

b2RD250 -186.72 5 383.63 0.80 0.10 

RDdens1km -186.79 5 383.76 0.94 0.10 

RDdens270 -186.88 5 383.95 1.12 0.09 

RDdens3km -186.93 5 384.05 1.23 0.08 

RDdens5km -186.93 5 384.06 1.23 0.08 

WELL250
b -186.93 5 384.04 0.00 0.34 

WELL500
b -186.93 5 384.06 0.01 0.33

 WELL1km
b -186.94 5 384.07 0.03 0.33 

a Variable defnitions provided in Table 4.2 
b Distance decay function (e(Euclidean distance from feature/-distance parameter)) 
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rence in the WBEA was positively associ-
ated with big sagebrush and aggregation 
of sagebrush habitats, which corroborates 
previous research (Pianka and Parker 
1975; Reynolds 1979; Montanucci 1981; 
Werschkul 1982; Powell and Russell 1985, 
1998b; Powell et al. 1998; James 2004). 
Short-horned lizards move through veg-
etation and forage in more open habitats. 
Thus, short-horned lizards are found in 
semi-open, more thinly vegetated habitats. 
Short-horned lizards rarely occur in thick, 
grass-dominated habitats, such as crested 
wheatgrass fields or native grasslands, ex-
cept when grass patches have been grazed 
heavily or are interspersed with sagebrush 
(Reynolds 1979, Werschkul 1982, James 
2004). Within the WBEA, short-horned 
lizards were more likely to occur in low 
productivity areas, relatively flat habitats, 
and sites with decreased topographic mois-
ture. These habitat associations fit with the 
life history and habitat associations of this 
desert dwelling species (Pianka and Parker 
1975, Powell and Russell 1998b, Powell et 
al. 1998, Sherbrooke 2003).  Short-horned 
lizards were found in all habitat types but 
riparian near Vernal, Utah (Grant 1986) 
and typically inhabited upland habitat 
in areas bisected by riparian vegetation, 
swales and other topographically moist ar-
eas (Pianka and Parker 1975). 

Pygmy Rabbit 

We were unable to model the distribu-
tion of pygmy rabbits in the WBEA area 
because of a limited number of observa-
tions (Ch. 4).  Pygmy rabbits often occur in 
disjunct and isolated populations through-
out their range (Green and Flinders 1980, 
Dobler and Dixon 1990), which may be 
due to the distribution of suitable habitat. 
In Idaho, only 17% of the potential habitat 
for pygmy rabbits was highly suitable (pri-
ority rank 1 [Rachlow and Svancara 2003]), 
and at the Idaho National Laboratory, only 
23% of the 1,999-km2 site was estimated to 
be suitable for pygmy rabbits (Gabler et 
al. 2000).  Given this distribution pattern, a 

species-specific sampling scheme stratified 
by characteristics important for pygmy 
rabbit occurrence (Rachlow and Svancara 
2006) is likely required to assess habitat 
needs and disturbance responses for pyg-
my rabbits within the WBEA area. 

The known range of pygmy rabbits in 
Wyoming (Purcell 2006) was recently ex-
panded by >100 km after survey efforts 
were extended beyond the previously de-
lineated range of the species.  Our sam-
pling suggests that potential pygmy rabbit 
habitat within the WBEA area occurs out-
side of this updated range, and includes the 
Worland Basin and the areas east of River-
ton, Wyoming.  Furthermore, a pygmy rab-
bit was seen at one survey block within the 
Worland Basin. To verify these findings, 
the Worland Basin should be surveyed 
more intensely. 

White-tailed Jackrabbit 

Our model predicted white-tailed jack-
rabbit to be rare throughout the non-
mountainous areas of the Wyoming Basins. 
White-tailed jackrabbits were positively 
associated with the proportion of big sage-
brush within a small radius (0.27 km), which 
is an area much smaller than the typical 
home range (2–3 km2, Jackson 1961).  Dur-
ing the day, white-tailed jackrabbits hide 
at the base of bushes or beside rocks (Dal-
quest 1948, Rogowitz 1997), while at night 
they feed in areas with high herbaceous 
cover, often moving to these areas from ad-
jacent upland habitat (McAdoo et al. 1986). 
Therefore, our diurnal surveys sampled 
roosting habitat consisting of small patches 
of sagebrush in proximity to small-scale 
grassland land cover (0.54 km) potentially 
used as foraging habitat. White-tailed jack-
rabbits in Colorado were most common in 
crested wheatgrass and alfalfa (Medicago 
sativa) habitats in between areas of four-
wing saltbush (Atriplex canescens) and prai-
rie sagewort (Artemisia frigida) (Flinders 
and Hansen 1973).  Salt desert shrubland 
(3 km) was the only important large-scale 
habitat variable, which may be an indica-
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TABLE 7.24. Results of AICc-based model selection for the combined cottontail occurrence modelsa  in the Wyo-
ming Basins Ecoregional Assessment area; the table also shows parameter estimates (beta [SE]) and evaluation 
statistics (log-likelihood [LL], number of parameters [K],Akaike’s Information Criterion corrected for small sample 
sizes [AICc], change in AICc value from the top model [�AICc], and cumulative Akaike weight [�wi]).  Models shown 
with cumulative Akaike weight (wi) of just � 0.9. 

Model Constant ALLSAGE5km ALLSAGE5km
2 NDVI5km CFRST1km GRASS18km MIX540 ELEVb 

1 7.24 (2.17) 2.53 (4.82) -2.14 (3.76) -12.18 (2.35) 6.03 (2.59) 9.61 (5.04) 11.91 (8.59) -0.27 (0.06) 

2 7.47 (2.19) 1.81 (4.85) -1.61 (3.80) -12.59 (2.39) 6.05 (2.61) 9.83 (5.04) 12.06 (8.58) -0.27 (0.06) 

3 6.98 (2.16) 2.13 (4.80) -1.99 (3.75) -11.95 (2.34) 5.67 (2.60) 9.25 (5.08) 11.76 (8.49) -0.26 (0.06) 

4 7.54 (2.17) 2.30 (4.82) -1.78 (3.75) -12.27 (2.35) 6.28 (2.59) 10.12 (5.01) -0.28 (0.06) 

5 7.78 (2.19) 1.59 (4.86) -1.24 (3.79) -12.66 (2.39) 6.31 (2.62) 10.37 (5.01) -0.28 (0.06) 

6 7.29 (2.16) 1.91 (4.80) -1.63 (3.74) -12.03 (2.34) 5.92 (2.60) 9.81 (5.04) -0.27 (0.06) 

7 7.22 (2.19) 1.65 (4.83) -1.59 (3.78) -12.30 (2.40) 5.77 (2.62) 9.46 (5.07) 11.97 (8.52) -0.26 (0.06) 

8 7.34 (2.18) 3.27 (4.82) -3.46 (3.70) -12.39 (2.39) 5.58 (2.58) 12.63 (8.43) -0.25 (0.06) 

9 7.64 (2.19) 3.76 (4.85) -3.70 (3.71) -12.65 (2.40) 5.94 (2.57) 12.70 (8.51) -0.27 (0.06) 

10 7.53 (2.19) 1.43 (4.84) -1.23 (3.78) -12.37 (2.39) 6.02 (2.62) 10.03 (5.04) -0.27 (0.06) 

11 7.84 (2.21) 3.17 (4.89) -3.27 (3.75) -13.04 (2.45) 6.01 (2.60) 12.92 (8.52) -0.27 (0.06) 

12 7.14 (2.27) 1.95 (6.05) -1.56 (5.27) -12.01 (2.58) 6.02 (2.59) 9.46 (5.13) 11.87 (8.59) -0.27 (0.06) 

13 7.36 (2.30) 1.21 (6.10) -1.00 (5.32) -12.41 (2.63) 6.05 (2.61) 9.67 (5.14) 12.04 (8.57) -0.27 (0.06) 

14 7.69 (2.18) 3.13 (4.84) -3.17 (3.70) -12.50 (2.39) 5.85 (2.58) -0.27 (0.06) 

15 7.99 (2.19) 3.60 (4.86) -3.40 (3.71) -12.76 (2.40) 6.21 (2.57) -0.28 (0.06) 

16 7.00 (2.26) 2.24 (6.03) -2.11 (5.27) -11.98 (2.59) 5.67 (2.60) 9.27 (5.16) 11.76 (8.49) -0.26 (0.06) 

17 7.42 (2.27) 1.65 (6.05) -1.12 (5.26) -12.07 (2.58) 6.27 (2.59) 9.95 (5.10) -0.28 (0.06) 

18 7.54 (2.21) 2.90 (4.86) -3.16 (3.73) -12.71 (2.44) 5.69 (2.60) 12.87 (8.47) -0.26 (0.06) 

19 7.82 (2.12) -2.63 (4.28) 1.04 (3.48) -10.44 (2.10) 8.90 (4.94) 12.63 (8.60) -0.23 (0.06) 

20 7.66 (2.29) 0.92 (6.10) -0.56 (5.31) -12.46 (2.62) 6.30 (2.61) 10.19 (5.11) -0.28 (0.06) 

21 8.20 (2.22) 3.02 (4.91) -2.97 (3.75) -13.14 (2.45) 6.28 (2.60) -0.28 (0.06) 

22 7.29 (2.26) 1.95 (6.04) -1.67 (5.27) -12.04 (2.58) 5.92 (2.60) 9.82 (5.13) -0.27 (0.06) 

23 8.20 (2.13) -2.55 (4.32) 1.11 (3.50) -10.59 (2.10) 9.27 (4.90) 12.86 (8.72) -0.24 (0.06) 

24 8.39 (2.16) -3.22 (4.37) 1.62 (3.54) -10.97 (2.15) 9.55 (4.91) 13.01 (8.71) -0.24 (0.06) 

25 7.20 (2.29) 1.56 (6.09) -1.50 (5.33) -12.27 (2.63) 5.77 (2.62) 9.44 (5.16) 11.97 (8.53) -0.26 (0.06) 

26 8.19 (2.12) -3.09 (4.28) 1.57 (3.47) -10.47 (2.10) 9.49 (4.90) -0.24 (0.06) 

27 7.25 (2.30) 1.83 (6.10) -1.74 (5.28) -12.04 (2.64) 5.91 (2.56) 12.55 (8.48) -0.26 (0.06) 

28 8.03 (2.15) -3.13 (4.33) 1.45 (3.52) -10.73 (2.14) 9.14 (4.94) 12.85 (8.63) -0.23 (0.06) 

29 7.90 (2.21) 2.76 (4.88) -2.87 (3.73) -12.81 (2.44) 5.97 (2.61) -0.27 (0.06) 

30 7.11 (2.29) 2.10 (6.07) -2.27 (5.28) -12.02 (2.65) 5.56 (2.57) 12.55 (8.42) -0.25 (0.06) 

31 7.43 (2.33) 1.12 (6.15) -1.19 (5.33) -12.39 (2.69) 5.97 (2.59) 12.78 (8.49) -0.26 (0.06) 

32 8.57 (2.13) -3.01 (4.33) 1.64 (3.49) -10.63 (2.10) 9.80 (4.87) -0.26 (0.06) 

33 8.77 (2.16) -3.69 (4.37) 2.16 (3.53) -11.00 (2.14) 10.11 (4.87) -0.26 (0.06) 

34 7.50 (2.28) 1.28 (6.09) -1.07 (5.32) -12.33 (2.62) 6.02 (2.62) 9.99 (5.13) -0.27 (0.06) 

35 8.18 (2.16) -1.57 (4.33) -0.39 (3.43) -10.76 (2.13) 13.53 (8.55) -0.23 (0.06) 

36 7.57 (2.30) 1.49 (6.11) -1.27 (5.27) -12.09 (2.64) 6.17 (2.57) -0.28 (0.06) 
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TABLE 7.24. Extended 

TRI270 POWER1km RIP270 iH2Od250 
cEDGE5km LL K AICc �AICc �wi 

0.03 (0.01) 1.63 (0.66) -161.08 10 342.87 0.00 0.060 

0.03 (0.01) 1.60 (0.66) 2.78 (2.09) -160.04 11 342.94 0.06 0.118 

0.03 (0.01) 1.61 (0.66) 0.67 (0.50) -160.17 11 343.20 0.32 0.168 

0.03 (0.01) 1.61 (0.66) -162.34 9 343.27 0.39 0.218 

0.03 (0.01) 1.58 (0.66) 2.73 (2.09) -161.35 10 343.41 0.54 0.263 

0.03 (0.01) 1.59 (0.66) 0.66 (0.50) -161.44 10 343.58 0.71 0.305 

0.03 (0.01) 1.59 (0.66) 2.21 (2.10) 0.52 (0.52) -159.53 12 344.07 1.20 0.338 

0.03 (0.01) 1.63 (0.66) 0.71 (0.49) -161.87 10 344.44 1.56 0.365 

0.03 (0.01) 1.65 (0.66) -162.94 9 344.46 1.59 0.392 

0.03 (0.01) 1.57 (0.66) 2.15 (2.11) 0.52 (0.51) -160.84 11 344.53 1.66 0.418 

0.03 (0.01) 1.62 (0.66) 2.60 (2.04) -161.99 10 344.69 1.82 0.442 

0.03 (0.01) 1.62 (0.67) 0.03 (0.02) -161.07 11 344.99 2.12 0.463 

0.03 (0.01) 1.59 (0.66) 2.78 (2.08) 0.03 (0.02) -160.03 12 345.07 2.20 0.483 

0.03 (0.01) 1.61 (0.66) 0.70 (0.49) -163.38 9 345.33 2.46 0.501 

0.03 (0.01) 1.63 (0.66) -164.44 8 345.34 2.46 0.518 

0.03 (0.01) 1.61 (0.66) 0.67 (0.50) -0.01 (0.02) -160.17 12 345.35 2.48 0.535 

0.03 (0.01) 1.60 (0.66) 0.03 (0.02) -162.33 10 345.36 2.49 0.552 

0.03 (0.01) 1.60 (0.66) 2.01 (2.03) 0.59 (0.51) -161.31 11 345.47 2.60 0.569 

0.03 (0.01) 1.55 (0.65) 0.75 (0.49) -162.39 10 345.49 2.62 0.585 

0.03 (0.01) 1.57 (0.66) 2.73 (2.09) 0.03 (0.02) -161.33 11 345.52 2.65 0.601 

0.03 (0.01) 1.59 (0.66) 2.53 (2.04) -163.55 9 345.68 2.80 0.615 

0.03 (0.01) 1.59 (0.66) 0.66 (0.50) 0.01 (019) -161.44 11 345.73 2.85 0.630 

0.03 (0.01) 1.57 (0.65) -163.59 9 345.76 2.89 0.644 

0.03 (0.01) 1.54 (0.65) 2.76 (2.05) -162.54 10 345.79 2.91 0.658 

0.03 (0.01) 1.59 (0.66) 2.21 (2.10) 0.52 (0.52) 0.01 (0.19) -159.53 13 346.24 3.37 0.669 

0.03 (0.01) 1.52 (0.65) 0.75 (0.49) -163.85 9 346.27 3.40 0.680 

0.03 (0.01) 1.61 (0.67) 0.09 (0.18) -162.80 10 346.32 3.44 0.691 

0.03 (0.01) 1.53 (0.65) 2.10 (2.06) 0.62 (0.51) -161.80 11 346.45 3.57 0.701 

0.03 (0.01) 1.58 (0.66) 1.92 (2.03) 0.58 (0.50) -162.87 10 346.45 3.58 0.711 

0.03 (0.01) 1.60 (0.67) 0.69 (0.50) 0.06 (0.18) -161.81 11 346.48 3.61 0.720 

0.03 (0.01) 1.57 (0.67) 2.61 (2.03) 0.01 (0.18) -161.84 11 346.53 3.66 0.730 

0.03 (0.01) 1.54 (0.65) -165.05 8 346.56 3.68 0.739 

0.03 (0.01) 1.51 (0.65) 2.70 (2.06) -164.05 9 346.67 3.80 0.748 

0.03 (0.01) 1.57 (0.66) 2.15 (2.11) 0.51 (0.52) 0.01 (0.19) -160.84 12 346.69 3.81 0.757 

0.04 (0.01) 1.56 (0.65) 0.79 (0.49) -164.06 9 346.69 3.81 0.766 

0.03 (0.01) 1.58 (0.67) 0.01 (0.18) -164.28 9 347.13 4.25 0.773 
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TABLE 7.24. Continued 

Model Constant ALLSAGE5km ALLSAGE5km
2 NDVI5km CFRST1km GRASS18km MIX540 ELEVb 

37 8.40 (2.15) -3.59 (4.33) 1.98 (3.51) -10.75 (2.14) 9.74 (4.90) -0.25 (0.06) 

38 7.17 (2.16) 3.01 (4.82) -2.66 (3.76) -12.67 (2.35) 5.78 (2.59) 9.83 (4.96) 12.08 (8.86) -0.26 (0.06) 

39 8.60 (2.17) -1.41 (4.39) -0.42 (3.47) -10.91 (2.14) 13.67 (8.66) -0.24 (0.06) 

40 7.43 (2.29) 1.78 (6.09) -1.80 (5.28) -12.07 (2.65) 5.84 (2.58) -0.26 (0.06) 

41 7.76 (2.33) 0.79 (6.17) -0.71 (5.33) -12.44 (2.69) 6.24 (2.59) -0.28 (0.06) 

42 7.26 (2.32) 1.47 (6.14) -1.70 (5.34) -12.27 (2.69) 5.68 (2.60) 12.78 (8.45) -0.25 (0.06) 

43 6.91 (2.13) 3.75 (4.77) -3.21 (3.72) -12.24 (2.30) 5.74 (2.56) 9.64 (4.97) 11.96 (8.87) -0.26 (0.06) 

44 8.78 (2.20) -1.99 (4.44) 0.00 (3.50) -11.26 (2.18) 13.90 (8.66) -0.24 (0.06) 

45 7.85 (2.22) -2.48 (5.61) 0.89 (5.05) -10.49 (2.35) 8.95 (5.04) 12.64 (8.60) -0.23 (0.06) 

46 7.49 (2.15) 2.77 (4.83) -2.30 (3.76) -12.73 (2.35) 6.01 (2.59) 10.31 (4.93) -0.27 (0.06) 

47 6.69 (2.12) 3.30 (4.76) -3.04 (3.71) -12.00 (2.29) 5.36 (2.57) 9.27 (5.01) 11.80 (8.81) -0.24 (0.06) 

48 7.22 (2.13) 3.52 (4.78) -2.86 (3.72) -12.30 (2.30) 5.97 (2.56) 10.09 (4.94) -0.27 (0.06) 

49 8.37 (2.19) -1.98 (4.38) -0.08 (3.47) -11.01 (2.17) 13.78 (8.59) -0.23 (0.06) 

50 8.09 (2.23) -3.16 (5.63) 1.73 (5.04) -10.42 (2.33) 9.10 (5.01) 12.82 (8.71) -0.24 (0.06) 

51 8.28 (2.26) -3.81 (5.69) 2.21 (5.10) -10.81 (2.38) 9.39 (5.02) 12.98 (8.70) -0.24 (0.06) 

52 6.99 (2.12) 3.08 (4.76) -2.68 (3.70) -12.06 (2.29) 5.59 (2.57) 9.78 (4.97) -0.26 (0.06) 

53 8.62 (2.16) -2.00 (4.36) 0.09 (3.44) -10.80 (2.13) -0.24 (0.06) 

54 6.94 (2.15) 2.81 (4.80) -2.63 (3.75) -12.37 (2.35) 5.48 (2.60) 9.47 (4.99) 12.00 (8.83) -0.25 (0.06) 

55 8.21 (2.22) -3 .00(5.62) 1.48 (5.04) -10.50 (2.34) 9.52 (5) -0.24 (0.06) 

56 7.59 (2.32) 1.16 (6.15) -1.24 (5.34) -12.31 (2.68) 5.95 (2.60) -0.27 (0.06) 

57 8.03 (2.25) -3.13 (5.68) 1.45 (5.11) -10.73 (2.38) 9.14 (5.04) 12.85 (8.63) -0.23 (0.06) 

58 9.04 (2.18) -1.85 (4.42) 0.07 (3.47) -10.96 (2.14) -0.26 (0.06) 

59 8.44 (2.23) -3.70 (5.64) 2.33 (5.04) -10.44 (2.32) 9.61 (4.98) -0.26 (0.06) 

60 7.26 (2.15) 2.58 (4.81) -2.27 (3.74) -12.43 (2.35) 5.71 (2.60) 9.99 (4.96) -0.26 (0.06) 

61 7.95 (2.27) -2.78 (5.66) 0.84 (5.06) -10.39 (2.38) 13.45 (8.54) -0.23 (0.06) 

62 8.65 (2.25) -4.34 (5.70) 2.81 (5.09) -10.82 (2.37) 9.92 (4.98) -0.25 (0.06) 

63 9.23 (2.21) -2.43 (4.47) 0.50 (3.51) -11.30 (2.18) -0.26 (0.06) 

a Variable defnitions provided in Table 4.2 
b Coeffcients and standard errors multiplied by 102 

c Coeffcients and standard errors multiplied by 10 

tor of the regional context or conditions for 
white-tailed jackrabbit occurrence. White-
tailed jackrabbit occurrence was associated 
with less rugged terrain, the only abiotic 
influence.  Habitats of white-tailed jack-
rabbits are generally flat or gently sloping 
shrub and grassland habitats (Svihla 1931, 
Kim 1987), which are typically less rugged. 

Several disturbance factors influenced 
the distribution of white-tailed jackrab-
bits in the Wyoming Basins.  Rabbit oc-
currence was positively associated with 
proximity to pipelines which may be a 
function of revegetation efforts on pipe-
line rights-of-way, ultimately leading to 
short-term grassland habitat (Booth and 
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TABLE 7.24. Extended 

TRI270 POWER1km 

0.03 (0.01) 1.50 (0.65) 

0.03 (0.01) 

0.04 (0.01) 1.58 (0.65) 

0.03 (0.01) 1.58 (0.66) 

0.03 (0.01) 1.54 (0.66) 

0.03 (0.01) 1.57 (0.66) 

0.03 (0.01) 

0.04 (0.01) 1.55 (0.65) 

0.03 (0.01) 1.55 (0.65) 

0.03 (0.01) 

0.03 (0.01) 

0.03 (0.01) 

0.04 (0.01) 1.54 (0.65) 

0.03 (0.01) 1.55 (0.65) 

0.03 (0.01) 1.52 (0.65) 

0.03 (0.01) 

0.04 (0.01) 1.53 (0.65) 

0.03 (0.01) 

0.03 (0.01) 1.52 (0.65) 

0.03 (0.01) 1.55 (0.66) 

0.03 (0.01) 1.53 (0.65) 

0.04 (0.01) 1.55 (0.65) 

0.03 (0.01) 1.53 (0.65) 

0.03 (0.01) 

0.04 (0.01) 1.53 (0.65) 

0.03 (0.01) 1.50 (0.65) 

0.04 (0.01) 1.51 (0.65) 

RIP270 

2.03 (2.06) 

2.95 (2.11) 

2.53 (2.03) 

2.04 (2.03) 

2.55 (2.01) 

2.92 (2.11) 

1.88 (1.99) 

2.75 (2.05) 

2.37 (2.11) 

1.96 (2.03) 

2.10 (2.06) 

2.32 (2.12) 

2.70 (2.06) 

2.47 (2.01) 

iH2Od250 

0.61 (0.51) 

0.68 (0.49) 

0.56 (0.51) 

0.76 (0.50) 

0.68 (0.50) 

0.68 (0.50) 

0.68 (0.49) 

0.78 (0.48) 

0.53 (0.51) 

0.75 (0.49) 

0.55 (0.51) 

0.62 (0.51) 

0.53 (0.51) 

0.77 (0.49) 

cEDGE5km 

0.07 (0.18) 

0.11 (0.18) 

0.07 (0.18) 

-0.01 (0.18) 

0.03 (0.02) 

0.03 (0.02) 

0.01 (0.18) 

0.08 (0.18) 

0.01 (0.18) 

0.03 (0.02) 

0.06 (0.18) 

0.03 (0.02) 

LL 

-163.30 

-163.30 

-165.42 

-163.31 

-163.37 

-161.24 

-164.45 

-164.49 

-162.39 

-164.53 

-163.49 

-165.65 

-163.55 

-163.58 

-162.53 

-164.68 

-165.77 

-162.75 

-163.85 

-162.78 

-161.80 

-167.13 

-165.03 

-163.98 

-164.00 

-164.03 

-166.27 

K 

10 

10 

8 

10 

10 

12 

9 

9 

11 

9 

10 

8 

10 

10 

11 

9 

8 

11 

10 

11 

12 

7 

9 

10 

10 

10 

8 

AICc 

347.30 

347.30 

347.31 

347.33 

347.45 

347.48 

347.48 

347.55 

347.64 

347.64 

347.68 

347.76 

347.81 

347.86 

347.90 

347.93 

348.01 

348.36 

348.40 

348.41 

348.60 

348.62 

348.64 

348.67 

348.71 

348.77 

348.99 

�AICc 

4.43 

4.43 

4.43 

4.45 

4.58 

4.61 

4.61 

4.68 

4.76 

4.77 

4.80 

4.89 

4.94 

4.99 

5.03 

5.06 

5.14 

5.48 

5.53 

5.54 

5.73 

5.75 

5.76 

5.80 

5.83 

5.89 

6.12 

�wi 

0.780 

0.786 

0.793 

0.799 

0.805 

0.811 

0.817 

0.823 

0.828 

0.834 

0.839 

0.845 

0.850 

0.855 

0.859 

0.864 

0.869 

0.873 

0.876 

0.880 

0.884 

0.887 

0.890 

0.894 

0.897 

0.900 

0.903 

Cox 2009).  Grasslands were a preferred 
foraging habitat for white-tailed jackrab-
bits (Flinders and Hansen 1973).  Proxim-
ity to interstates and major highways and 
power lines in the WBEA area had a nega-
tive influence on white-tailed jackrabbit 
occurrence.  Power lines can increase rap-
tor populations by increasing local avail-

ability of nesting and perching platforms 
(Knight and Kawashima 1993, Steenhof 
et al. 1993). White-tailed jackrabbits are 
common prey (McGahan 1967) of raptors, 
such as golden eagles, that may forage long 
distances (>3 km) from nest sites in search 
of prey (Marzluff et al. 1997). The negative 
association between jackrabbit occurrence 



 

   

 

 
 

  

 
 
 

 

292 PART III: Spatially Explicit Models of Sagebrush-Associated Species in the Wyoming Basins 

FIG. 7.16. Cottontail probability of occurrence in the Wyoming Basins Ecoregional Assessment area.  Black areas 
are outside the inference of our models (<3% sagebrush within 5 km or within a body of water).  Cottontails are 
likely to occur in areas with probability > 0.47. 

and interstates and major highways may be 
due to direct mortality or increased abun-
dance of synanthropic predators (Johnston 
2001, Leu et al. 2008). 

Our model did not perform well using in-
ternal validation tests and we were unable 
to obtain independent data in order to vali-
date this model. Therefore, caution should 
be taken when using our white-tailed jack-
rabbit model.  Clearly further research is 

needed to fully understand how vegetation, 
abiotic, and disturbance factors influence 
the distribution of white-tailed jackrabbits. 

Cottontail 

Cottontails were associated with moder-
ate levels of sagebrush but were predicted 
to occur over the entire range of sagebrush, 
indicating that other factors were important 
in determining their distribution.  Cotton-
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FIG. 7.17. Distribution of cottontail rabbits in the Wyoming Basins Ecoregional Assessment area based on op-
timum probability cutoff threshold of 0.47.  Black areas are outside the inference of our models (<3% sagebrush 
within 5 km or within a body of water). 

tails are found in a variety of habitats and 
this was apparent from the large number of 
land cover types positively associated with 
cottontail occurrence in the WBEA, includ-
ing coniferous forest, grassland, mixed shru-
bland, and riparian, as well as sagebrush 
edge.  In a large-scale context, shrub and 
grassland habitats commonly associated 
with cottontails have low productivity. The 
generalist tendency of cottontails also is il-

lustrated by the wide variety of plants they 
consume (Turkowski 1975, Hansen and 
Gold 1977, DeCalesta 1979). 

Abiotic factors associated with cot-
tontail occurrence included proximity to 
intermittent water and increased topo-
graphic ruggedness, while increased el-
evation had a negative influence. Areas 
of intermittent water may increase cover 
of forbs, which are a primary food source 
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FIG. 7.18. Distribution of cottontail probability of occurrence within the Wyoming Basins Ecoregional Assessment area 
in relation to proportion of all big sagebrush (Artemisia tridentata) within a 5-km radius.  Mean probability of occurrence 
(black line, ±1 SD [dashed lines]) values were calculated in each one percent increment of all big sagebrush within a 5-km 
radius moving window.  Range of predictions relate to the observed range of sagebrush at study site locations. The dashed 
horizontal line represents the optimal cutoff threshold (0.47), above which occurrence is predicted.  Histogram values 
represent the proportion of the total study area in each 10% segment of all big sagebrush within 5 km. 

during the growing season (MacCracken a negative association because of the po-
and Hansen 1984). tential for increased predation due to the 

Cottontails had a non-intuitive positive increased raptor densities (Steenhof et al. 
association with distance to power lines. 1993).  Food resources or other environ-
We expected that cottontails would have mental conditions may increase the likeli-

TABLE 7.25. Results of AICc-based model selection for least chipmunk occurrence in the Wyoming Basins 
Ecoregional Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood 
(LL), number of parameters (K), Akaike’s Information Criterion corrected for small sample sizes (AICc), change 
in AICcvalue from the top model (�AICc), and Akaike weight (wi).  Only models with �AICc � 2 are shown. 

Rank Modela LL K AIC �AICc c wi 

1 BIGSAGE5km -143.05 2 290.14 0.00 0.04 

2 BIGSAGE18km -143.42 2 290.88 0.75 0.03 

3 BIGSAGE3km -143.68 2 291.40 1.26 0.02 

4  NDVI5km -143.92 2 291.89 1.75 0.02 

5  NDVI3km -143.94 2 291.92 1.79 0.02 

6 BIGSAGE1km -143.97 2 291.98 1.85 0.01 

7 BIGSAGE5km + NDVI -143.00 3 292.08 1.95 0.01 

8 BIGSAGE5km + NDVI5km -143.01 3 292.09 1.96 0.01 

9 BIGSAGE5km + NDVI3km -143.01 3 292.10 1.96 0.01 
a Variable defnitions provided in Table 4.2. 
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TABLE 7.26. Evaluation statistics from AICc-based univariate model selection for least chipmunk occurrence in 
the Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance pre-
dictor variables (log-likelihood [LL], number of parameters [K],Akaike’s Information Criterion corrected for small 
sample sizes [AICc], change in AICc value from the top model [�AICc], and Akaike weight [wi]). We ran logistic 
models with big sagebrush (5-km radius) as a base model for all variables tested. We used AICc to identify the scale 
at which least chipmunks respond to individual variables. 

Category Variablea LL K AICc �AICc wi 

Vegetation CFRST5km -142.88 3 291.84 0.00 0.26 

CFRST1km -142.93 3 291.94 0.10 0.25 

CFRST18km -142.94 3 291.95 0.11 0.25 

CFRST3km -142.97 3 292.01 0.17 0.24 

GRASS3km 

GRASS540 

GRASS5km 

GRASS1km 

GRASS18km 

-141.47 

-141.77 

-142.00 

-142.03 

-143.01 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

289.01 

289.61 

290.08 

290.13 

292.10 

288.28 

291.66 

292.13 

291.42 

291.70 

291.82 

292.13 

292.17 

278.17 

284.43 

291.55 

291.70 

291.83 

292.03 

292.07 

292.12 

292.15 

291.58 

291.74 

291.79 

291.95 

291.97 

0.00 

0.60 

1.07 

1.13 

3.10 

0.00 

3.38 

3.85 

0.00 

0.29 

0.40 

0.71 

0.76 

0.00 

6.26 

13.38 

13.53 

13.65 

13.86 

13.90 

13.95 

13.97 

0.00 

0.16 

0.21 

0.37 

0.39 

0.32 

0.24 

0.19 

0.18 

0.07 

0.75 

0.14 

0.11 

0.25 

0.21 

0.20 

0.17 

0.17 

0.95 

0.04 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.22 

0.21 

0.20 

0.19 

0.18 

MIX18km 

MIX5km 

MIX3km 

RIP18km 

RIP1km 

RIP540 

RIP5km 

RIP3km 

-141.10 

-142.79 

-143.03 

-142.67 

-142.81 

-142.87 

-143.02 

-143.05 

EDGE3km 

CONTAG3km 

EDGE1km 

CONTAG5km 

PATCH3km 

CONTAG1km 

PATCH1km 

PATCH5km 

EDGE5km 

-136.05 

-139.18 

-142.74 

-142.81 

-142.88 

-142.98 

-143.00 

-143.02 

-143.04 

SALT18km 

SALT3km 

SALT540 

SALT1km 

SALT5km 

-142.75 

-142.83 

-142.86 

-142.94 

-142.95 

Abiotic CLAY -142.28 3 290.64 0.00 1.00 

CTI -142.65 3 291.37 0.00 1.00 

ELEV -141.95 3 289.97 0.00 1.00 

iH2Od1km
b -142.89 3 291.86 0.00 0.36 

iH2Od250
b -143.00 3 292.09 0.23 0.32 

iH2Od500
b -143.02 3 292.12 0.27 0.32 
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TABLE 7.26. Continued 

Category Variablea LL K AICc �AICc wi 

pH2Od250
b -142.70 3 291.47 0.00 0.41 

pH2Od500
b -142.98 3 292.04 0.56 0.31 

pH2Od1km
b -143.05 3 292.17 0.70 0.29 

SOILcm -142.54 3 291.16 0.00 1.00 

SAND -142.84 3 291.75 0.00 1.00 

SOLAR -142.24 3 290.55 0.00 1.00 

Tmin -134.98 3 276.04 0.00 1.00 

TRI18km -141.26 3 288.60 0.00 0.39 

TRI3km -142.32 3 290.71 2.10 0.14 

TRI -142.39 3 290.85 2.24 0.13 

TRI5km -142.68 3 291.43 2.83 0.10 

TRI270 -142.75 3 291.58 2.98 0.09 

TRI540 -142.84 3 291.75 3.15 0.08

 TRI1km -142.92 3 291.92 3.31 0.08 

Disturbance bAG250 -142.68 3 291.44 0.00 0.40 
bAG500 -142.95 3 291.99 0.54 0.31 
bAG1km -143.01 3 292.10 0.66 0.29 

MjRD1km
b -142.31 3 290.70 0.00 0.49 

MjRD250
b -142.87 3 291.82 1.12 0.28 

MjRD500
b -143.04 3 292.16 1.46 0.23 

PIPE250
b -141.69 3 289.46 0.00 0.60 

PIPE500
b -142.60 3 291.27 1.80 0.24 

PIPE1km
b -143.02 3 292.11 2.64 0.16 

POWER1km
b -141.72 3 289.52 0.00 0.59 

POWER500
b -142.62 3 291.32 1.80 0.24 

POWER250
b -142.98 3 292.03 2.51 0.17 

RDdens3km -140.86 3 287.79 0.00 0.37 

RDdens18km -141.60 3 289.27 1.48 0.18 

RDdens5km -142.27 3 290.61 2.82 0.09 
b2RD250 -142.28 3 290.63 2.84 0.09 
b2RD500 -142.65 3 291.37 3.58 0.06 

RDdens1km -142.67 3 291.42 3.62 0.06 
b2RD1km -142.72 3 291.51 3.72 0.06 

RDdens270 -143.03 3 292.13 4.34 0.04 

RDdens540 -143.03 3 292.14 4.35 0.04 

WELL500
b -141.56 3 289.20 0.00 0.45 

WELL1km
b -141.97 3 290.01 0.81 0.30

 WELL250
b -142.15 3 290.37 1.17 0.25 

a Variable defnitions provided in Table 4.2 
b Distance decay function (e(Euclidean distance from feature/-distance parameter)) 
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TABLE 7.28. Results of AICc-based model selection for the combined least chipmunk occurrence modelsa  in the 
Wyoming Basins Ecoregional Assessment area; the table also shows parameter estimates (beta [SE]) and evalua-
tion statistics (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small 
sample sizes [AICc], change in AICc value from the top model [�AICc], and cumulative Akaike weight [�wi]).  Mod-
els shown with cumulative Akaike weight (wi) of just � 0.9. 

Model Constant BIGSAGE5km EDGE3km Tmin POWER1km PIPE250 TRI18km SOLAR 

1 -1.61 (0.68) -0.48 (0.55) -0.02 (0.01) -0.27 (0.10) 1.61 (0.71) -2.03 (1.50) 

2 -0.60 (0.97) -1.41 (0.80) -0.02 (0.01) -0.28 (0.10) 1.10 (0.67) -0.02 (0.01) 

3 -2.60 (1.78) -1.47 (0.79) -0.02 (0.01) -0.26 (0.09) -0.03 (0.01) 0.02 (0.01) 

4 0.37 (1.02) -1.38 (0.79) -0.02 (0.01) -0.28 (0.09) -0.03 (0.01) 

5 -1.69 (0.67) -0.51 (0.54) -0.02 (0.01) -0.29 (0.10) 1.26 (0.65) 

6 -1.51 (0.67) -0.71 (0.57) -0.02 (0.01) -0.26 (0.10) 1.33 (0.65) 

7 -0.25 (0.94) -1.48 (0.79) -0.02 (0.01) -0.26 (0.09) -0.02 (0.01) 

8 0.00 (0.95) -1.72 (0.81) -0.02 (0.01) -0.23 (0.10) -0.02 (0.01) 

9 -1.26 (0.74) -0.35 (0.56) -0.02 (0.01) -0.31 (0.09) 1.21 (0.65) 

10 -0.44 (0.95) -1.47 (0.79) -0.02 (0.01) -0.27 (0.10) -0.02 (0.01) 

11 -3.49 (1.69) -0.34 (0.56) -0.02 (0.01) -0.29 (0.10) 1.29 (0.65) 0.01 (0.01) 

12 -1.37 (0.73) -0.75 (0.58) -0.02 (0.01) -0.28 (0.10) 1.24 (0.65) 

13 -0.08 (0.96) -1.48 (0.79) -0.02 (0.01) -0.24 (0.10) -1.46 (1.40) -0.02 (0.01) 

14 -1.78 (0.68) -0.49 (0.54) -0.02 (0.01) -0.30 (0.10) 1.10 (0.68) 

15 -1.59 (0.67) -0.34 (0.54) -0.02 (0.01) -0.26 (0.09) -1.98 (1.47) 

16 -1.50 (0.65) -0.42 (0.53) -0.02 (0.01) -0.27 (0.09) 

17 -1.05 (0.72) -0.25 (0.55) -0.02 (0.01) -0.29 (0.09) 

18 -0.03 (0.99) -1.43 (0.79) -0.02 (0.01) -0.23 (0.10) -0.03 (0.01) 

19 -1.66 (0.67) -0.41 (0.54) -0.02 (0.01) -0.28 (0.09) 

20 -0.22 (0.94) -1.50 (0.78) -0.02 (0.01) -0.25 (0.10) -0.02 (0.01) 

21 -1.62 (0.69) -0.45 (0.56) -0.02 (0.01) -0.28 (0.10) 1.24 (0.65) 

22 -1.49 (0.67) -0.61 (0.56) -0.02 (0.01) -0.25 (0.10) 

23 -1.33 (0.66) -0.60 (0.55) -0.02 (0.01) -0.25 (0.09) 

24 -1.17 (0.71) -0.68 (0.58) -0.02 (0.01) -0.26 (0.09) 

25 -1.22 (0.74) -0.24 (0.55) -0.02 (0.01) -0.30 (0.09) 

26 -0.70 (0.77) -0.51 (0.59) -0.02 (0.01) -0.28 (0.09) 

27 -1.32 (0.72) -0.68 (0.58) -0.02 (0.01) -0.27 (0.10) 

28 -3.18 (1.66) -0.26 (0.56) -0.02 (0.01) -0.27 (0.09) 0.01 (0.01) 

29 -1.41 (0.66) -0.38 (0.54) -0.02 (0.01) -0.26 (0.09) -1.26 (1.36) 

30 -2.74 (1.68) -0.08 (0.57) -0.02 (0.01) -0.29 (0.09) 0.01 (0.01) 

31 -0.97 (0.72) -0.19 (0.56) -0.02 (0.01) -0.28 (0.09) -1.29 (1.36) 

32 -0.94 (0.73) -0.42 (0.58) -0.02 (0.01) -0.27 (0.10) 

33 -1.01 (0.71) -0.85 (0.59) -0.02 (0.01) -0.24 (0.10) 

34 -1.22 (0.67) -0.56 (0.55) -0.02 (0.01) -0.23 (0.10) -1.46 (1.43) 

35 -0.11 (0.41) -1.26 (0.53) -0.03 (0.01) 1.75 (0.71) -3.02 (1.69) 

36 -2.91 (1.64) -0.44 (0.58) -0.02 (0.01) -0.25 (0.09) 0.01 (0.01) 
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TABLE 7.28. Extended 

SAND WELL500 MjRD1km GRASS3km MIX18km LL K AICc �AICc �wi 

-128.55 6 269.37 0.00 0.040 

-128.64 6 269.55 0.18 0.076 

-128.69 6 269.64 0.27 0.111 

-0.02 (0.01) -128.72 6 269.70 0.34 0.145 

-129.80 5 269.80 0.43 0.177 

1.69 (1.20) -128.87 6 270.01 0.64 0.206 

-129.92 5 270.02 0.66 0.235 

1.68 (1.20) -129.01 6 270.29 0.92 0.260 

-0.01 (0.01) -129.03 6 270.32 0.96 0.284 

0.80 (0.60) -129.08 6 270.44 1.07 0.308 

-129.11 6 270.49 1.12 0.331 

-3.40 (3.21) -129.17 6 270.60 1.23 0.352 

-129.22 6 270.70 1.34 0.372 

0.55 (0.63) -129.44 6 271.15 1.78 0.389 

1.15 (0.64) -129.47 6 271.21 1.84 0.405 

-131.56 4 271.25 1.89 0.420 

-0.02 (0.01) -130.65 5 271.48 2.12 0.434 

-21.57 (30.66) -129.64 6 271.56 2.19 0.447 

0.81 (0.60) -130.68 5 271.56 2.19 0.461 

-1.93 (3.14) -129.71 6 271.69 2.32 0.473 

-10.90 (30.16) -129.73 6 271.74 2.37 0.485 

1.69 (1.20) 0.90 (0.60) -129.76 6 271.79 2.42 0.497 

1.50 (1.19) -130.82 5 271.83 2.46 0.509 

-3.57 (3.20) -130.85 5 271.89 2.53 0.520 

-0.01 (0.01) 0.77 (0.59) -129.84 6 271.95 2.58 0.531 

-0.02 (0.01) -3.72 (3.22) -129.87 6 272.01 2.65 0.542 

0.85 (0.60) -3.80 (3.25) -129.90 6 272.06 2.70 0.552 

-130.94 5 272.08 2.71 0.562 

-131.02 5 272.24 2.87 0.572 

-0.02 (0.01) -130.01 6 272.29 2.92 0.581 

-0.02 (0.01) -130.08 6 272.42 3.06 0.590 

-0.01 (0.01) 1.31 (1.22) -130.10 6 272.47 3.10 0.598 

1.46 (1.19) -3.48 (3.18) -130.14 6 272.55 3.18 0.606 

1.64 (1.19) -130.15 6 272.56 3.19 0.615 

2.72 (1.16) -130.21 6 272.69 3.33 0.622 

1.45 (1.20) -130.25 6 272.76 3.40 0.629 
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TABLE 7.28. Continued 

Model Constant BIGSAGE5km EDGE3km Tmin POWER1km PIPE250 TRI18km SOLAR 

37 -3.07 (1.67) -0.27 (0.56) -0.02 (0.01) -0.28 (0.09) 0.01 (0.01) 

38 1.55 (0.76) -2.37 (0.75) -0.03 (0.01) -2.37 (1.57) -0.03 (0.01) 

39 -2.82 (1.69) -0.53 (0.60) -0.02 (0.01) -0.26 (0.09) 0.01 (0.01) 

-1.40 (0.67) -0.35 (0.55) -0.02 (0.01) -0.26 (0.10) 

41 -3.09 (1.67) -0.22 (0.56) -0.02 (0.01) -0.26 (0.09) -1.23 (1.34) 0.01 (0.01) 

42 -1.13 (0.71) -0.62 (0.58) -0.02 (0.01) -0.25 (0.09) -1.10 (1.34) 

43 1.50 (0.75) -2.11 (0.77) -0.03 (0.01) -0.03 (0.01) 

44 -2.71 (0.53) -0.32 (0.54) -0.34 (0.09) 1.69 (0.70) -2.16 (1.48) 

-1.57 (0.69) -0.33 (0.55) -0.02 (0.01) -0.26 (0.10) 

46 -0.99 (0.74) -0.19 (0.57) -0.02 (0.01) -0.28 (0.10) 

47 -0.99 (1.66) -2.36 (0.76) -0.03 (0.01) -0.03 (0.01) 0.02 (0.01) 

48 -2.83 (0.54) -0.28 (0.55) -0.34 (0.09) 1.52 (0.72) -2.61 (1.56) 

49 -1.23 (0.68) -0.52 (0.57) -0.02 (0.01) -0.23 (0.10) 

1.15 (0.76) -2.10 (0.74) -0.03 (0.01) 1.35 (0.72) -2.69 (1.57) -0.03 (0.01) 

51 -1.80 (0.86) -1.10 (0.80) -0.33 (0.09) 1.55 (0.71) -2.17 (1.48) -0.02 (0.01) 

52 -1.17 (1.69) -1.85 (0.76) -0.03 (0.01) -0.04 (0.01) 0.02 (0.01) 

53 -1.07 (0.73) -0.61 (0.59) -0.02 (0.01) -0.24 (0.10) 

54 -4.66 (1.61) -0.13 (0.57) -0.34 (0.09) 1.73 (0.70) -2.20 (1.46) 0.01 (0.01) 

-2.28 (0.62) -0.15 (0.56) -0.36 (0.09) 1.64 (0.70) -2.24 (1.47) 

56 -2.60 (0.53) -0.50 (0.57) -0.32 (0.09) 1.81 (0.71) -2.46 (1.57) 

57 1.19 (0.76) -2.38 (0.76) -0.03 (0.01) 1.03 (0.66) -0.03 (0.01) 

58 1.30 (0.76) -2.15 (0.74) -0.03 (0.01) -2.80 (1.56) -0.03 (0.01) 

59 -3.08 (1.67) -0.19 (0.57) -0.02 (0.01) -0.25 (0.10) 0.01 (0.01) 

-4.22 (1.68) -1.18 (0.80) -0.35 (0.09) 1.12 (0.64) -0.02 (0.01) 0.02 (0.01) 

61 1.40 (0.75) -2.39 (0.76) -0.03 (0.01) -0.03 (0.01) 

62 -1.33 (0.68) -0.31 (0.55) -0.02 (0.01) -0.24 (0.10) -1.24 (1.36) 

63 1.51 (0.75) -1.87 (0.75) -0.03 (0.01) -1.90 (1.44) -0.03 (0.01) 

64 -1.08 (1.71) -2.09 (0.74) -0.03 (0.01) -1.95 (1.41) -0.03 (0.01) 0.02 (0.01) 

-0.14 (0.41) -1.09 (0.52) -0.03 (0.01) -2.90 (1.63) 

66 -2.81 (0.53) -0.37 (0.54) -0.37 (0.09) 1.26 (0.63) 

67 1.28 (0.76) -2.42 (0.76) -0.03 (0.01) -0.03 (0.01) 

68 1.42 (0.75) -1.89 (0.76) -0.03 (0.01) -0.03 (0.01) 

69 -2.47 (0.59) -0.52 (0.58) -0.33 (0.09) 1.64 (0.70) -2.05 (1.47) 

-3.34 (1.69) -1.14 (0.79) -0.36 (0.09) -0.03 (0.01) 0.02 (0.01) 

71 -1.90 (0.85) -1.16 (0.79) -0.36 (0.09) 1.13 (0.64) -0.02 (0.01) 

72 -1.57 (0.84) -1.19 (0.79) -0.32 (0.09) -2.08 (1.44) -0.02 (0.01) 

73 -3.92 (1.66) -1.25 (0.78) -0.34 (0.09) -0.03 (0.01) 0.02 (0.01) 

74 -4.64 (1.60) -0.20 (0.56) -0.37 (0.09) 1.28 (0.63) 0.01 (0.01) 
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TABLE 7.28. Extended 

SAND WELL500 MjRD1km GRASS3km MIX18km LL K AICc �AICc �wi 

0.73 (0.60) -130.25 6 272.77 3.41 0.637 

2.53 (1.14) -130.25 6 272.77 3.41 0.644 

-3.57 (3.25) -130.26 6 272.78 3.42 0.651 

-14.25 (29.51) -131.44 5 273.07 3.70 0.657 

-130.41 6 273.10 3.73 0.664 

-3.25 (3.21) -130.44 6 273.15 3.79 0.670 

2.26 (1.15) -46.87 (30.56) -130.48 6 273.22 3.86 0.675 

-131.58 5 273.35 3.99 0.681 

0.82 (0.60) -15.10 (29.90) -130.55 6 273.36 4.00 0.686 

-0.01 (0.01) -11.50 (30.22) -130.57 6 273.41 4.04 0.692 

2.31 (1.15) -130.59 6 273.45 4.09 0.697 

0.94 (0.65) -130.61 6 273.48 4.12 0.702 

1.52 (1.19) -14.83 (28.89) -130.68 6 273.63 4.26 0.707 

-130.69 6 273.64 4.28 0.711 

-130.70 6 273.66 4.29 0.716 

-51.62 (31.95) -130.71 6 273.69 4.33 0.720 

-3.58 (3.20) -14.41 (29.27) -130.72 6 273.71 4.34 0.725 

-130.72 6 273.71 4.34 0.730 

-0.01 (0.01) -130.75 6 273.77 4.40 0.734 

1.57 (1.20) -130.78 6 273.82 4.45 0.738 

2.53 (1.15) -130.79 6 273.85 4.48 0.743 

1.15 (0.63) -130.82 6 273.91 4.54 0.747 

-14.06 (29.43) -130.82 6 273.91 4.54 0.751 

-130.89 6 274.04 4.68 0.755 

2.35 (1.14) -131.94 5 274.06 4.70 0.758 

-13.27 (30.04) -130.92 6 274.11 4.74 0.762 

-48.69 (31.96) -130.99 6 274.25 4.88 0.766 

-131.02 6 274.31 4.94 0.769 

2.71 (1.15) 1.32 (0.63) -131.03 6 274.32 4.95 0.772 

-133.11 4 274.34 4.97 0.776 

2.56 (1.15) 0.82 (0.60) -131.06 6 274.39 5.02 0.779 

-51.24 (32.01) -132.19 5 274.58 5.21 0.782 

-2.83 (3.25) -131.16 6 274.59 5.22 0.785 

-0.02 (0.01) -131.17 6 274.61 5.25 0.788 

-132.22 5 274.62 5.26 0.791 

1.22 (0.64) -131.26 6 274.79 5.42 0.793 

-132.30 5 274.80 5.43 0.796 

-132.34 5 274.86 5.50 0.798 
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TABLE 7.28. Continued 

Model Constant BIGSAGE5km EDGE3km Tmin POWER1km PIPE250 TRI18km SOLAR 

-1.24 (1.70) -2.13 (0.75) -0.03 (0.01) -0.03 (0.01) 0.02 (0.01) 

76 -1.35 (0.94) -1.08 (0.80) -0.37 (0.09) 1.05 (0.65) -0.02 (0.01) 

77 1.44 (0.75) -2.15 (0.74) -0.03 (0.01) -2.04 (1.44) -0.03 (0.01) 

78 -2.41 (0.62) -0.23 (0.55) -0.38 (0.09) 1.20 (0.63) 

79 1.22 (0.76) -1.86 (0.76) -0.03 (0.01) 0.84 (0.66) -0.03 (0.01) 

-1.45 (1.71) -2.10 (0.75) -0.03 (0.01) 0.91 (0.65) -0.03 (0.01) 0.02 (0.01) 

81 -2.52 (0.59) -0.60 (0.58) -0.35 (0.09) 1.24 (0.63) 

82 1.85 (0.89) -2.34 (0.76) -0.03 (0.01) -0.03 (0.01) 

83 -0.99 (0.89) -1.13 (0.79) -0.36 (0.09) -0.02 (0.01) 

84 1.30 (0.76) -1.89 (0.76) -0.03 (0.01) -0.03 (0.01) 

-3.86 (1.67) -1.20 (0.78) -0.32 (0.09) -1.42 (1.32) -0.03 (0.01) 0.02 (0.01) 

86 -2.67 (0.57) -0.29 (0.56) -0.33 (0.10) 1.68 (0.70) -2.17 (1.48) 

87 1.41 (0.75) -2.38 (0.75) -0.03 (0.01) -0.03 (0.01) 

88 -0.11 (0.40) -1.07 (0.52) -0.03 (0.01) 1.55 (0.70) -2.60 (1.56) 

89 -2.73 (0.53) -0.51 (0.56) -0.35 (0.09) 1.30 (0.63) 

1.93 (0.89) -1.83 (0.76) -0.03 (0.01) -0.03 (0.01) 

91 -1.57 (0.82) -1.23 (0.78) -0.34 (0.09) -0.02 (0.01) 

92 -3.81 (1.68) -1.25 (0.79) -0.34 (0.09) -0.03 (0.01) 0.02 (0.01) 

93 0.22 (0.46) -1.58 (0.56) -0.03 (0.01) 1.19 (0.64) 

94 -4.21 (1.62) -0.05 (0.58) -0.38 (0.09) 1.22 (0.63) 0.01 (0.01) 

-0.15 (0.41) -0.74 (0.57) -0.03 (0.01) 1.54 (0.71) -2.53 (1.57) 

96 -1.78 (0.86) -1.34 (0.81) -0.34 (0.09) 1.18 (0.64) -0.02 (0.01) 

97 -0.23 (0.41) -1.04 (0.52) -0.03 (0.01) 1.38 (0.72) -3.12 (1.66) 

98 -2.90 (0.54) -0.35 (0.54) -0.37 (0.09) 1.10 (0.65) 

99 -0.08 (0.40) -1.32 (0.53) -0.03 (0.01) 1.20 (0.64) 

-1.71 (0.83) -1.23 (0.79) -0.35 (0.09) -0.02 (0.01) 

101 -0.75 (1.75) -2.07 (0.76) -0.03 (0.01) -0.03 (0.01) 0.02 (0.01) 

102 -1.15 (0.91) -1.15 (0.79) -0.37 (0.09) -0.02 (0.01) 

103 -2.72 (0.53) -0.18 (0.54) -0.33 (0.09) -1.92 (1.41) 

104 1.33 (0.74) -2.18 (0.74) -0.03 (0.01) -0.03 (0.01) 

-0.83 (0.90) -1.08 (0.79) -0.34 (0.09) -1.52 (1.37) -0.02 (0.01) 

106 -2.08 (0.68) -0.46 (0.59) -0.37 (0.09) 1.17 (0.63) 

107 1.97 (0.89) -2.10 (0.75) -0.03 (0.01) -2.08 (1.46) -0.03 (0.01) 

108 -1.96 (0.86) -1.17 (0.80) -0.36 (0.09) 0.95 (0.67) -0.02 (0.01) 

109 -4.34 (1.62) -0.43 (0.60) -0.35 (0.09) 1.26 (0.63) 0.01 (0.01) 

-0.11 (0.40) -0.99 (0.58) -0.03 (0.01) 1.16 (0.64) 

111 0.13 (0.45) -1.30 (0.55) -0.03 (0.01) 1.49 (0.70) -2.29 (1.52) 

112 1.42 (0.75) -1.90 (0.75) -0.03 (0.01) -0.03 (0.01) 
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TABLE 7.28. Extended 

SAND WELL500 MjRD1km GRASS3km MIX18km LL K AICc �AICc �wi 

-132.36 5 274.91 5.54 0.801 

-0.02 (0.01) -131.32 6 274.92 5.55 0.803 

-132.39 5 274.98 5.61 0.806 

-0.01 (0.01) -132.40 5 274.99 5.62 0.808 

-49.94 (32.42) -131.42 6 275.11 5.75 0.810 

-131.44 6 275.15 5.78 0.813 

-3.31 (3.25) -132.52 5 275.23 5.86 0.815 

-0.01 (0.01) 2.26 (1.15) -131.48 6 275.23 5.87 0.817 

-0.02 (0.01) -132.56 5 275.31 5.94 0.819 

0.71 (0.60) -52.92 (32.35) -131.53 6 275.32 5.95 0.821 

-131.55 6 275.36 5.99 0.823 

-7.30 (32.22) -131.56 6 275.38 6.01 0.825 

2.28 (1.14) -2.48 (3.04) -131.56 6 275.39 6.02 0.827 

-132.60 5 275.39 6.03 0.829 

1.22 (1.19) -132.61 5 275.41 6.04 0.831 

-0.01 (0.01) -53.07 (33.11) -131.58 6 275.43 6.06 0.833 

-133.67 4 275.47 6.11 0.835 

0.72 (0.60) -131.62 6 275.52 6.15 0.836 

2.33 (1.15) -4.26 (3.18) -131.63 6 275.54 6.17 0.838 

-0.01 (0.01) -131.64 6 275.55 6.18 0.840 

-41.44 (32.35) -131.64 6 275.55 6.19 0.842 

1.31 (1.20) -131.65 6 275.56 6.19 0.844 

0.91 (0.65) -131.66 6 275.59 6.22 0.845 

0.57 (0.62) -132.70 5 275.59 6.23 0.847 

2.43 (1.14) -132.71 5 275.60 6.23 0.849 

0.85 (0.59) -132.71 5 275.61 6.24 0.851 

-0.01 (0.01) -131.69 6 275.65 6.28 0.852 

-0.02 (0.01) 0.81 (0.60) -131.70 6 275.66 6.29 0.854 

1.17 (0.63) -132.75 5 275.70 6.33 0.856 

-133.80 4 275.72 6.35 0.858 

-0.02 (0.01) -131.73 6 275.73 6.36 0.859 

-0.01 (0.01) -3.54 (3.30) -131.74 6 275.74 6.37 0.861 

-0.01 (0.01) -131.74 6 275.75 6.39 0.862 

0.62 (0.63) -131.75 6 275.77 6.40 0.864 

-3.37 (3.31) -131.75 6 275.77 6.41 0.866 

2.31 (1.15) -37.92 (30.52) -131.79 6 275.84 6.47 0.867 

-3.68 (3.18) -131.82 6 275.90 6.54 0.869 

-2.46 (3.05) -48.86 (31.55) -131.83 6 275.92 6.55 0.870 
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TABLE 7.28. Continued 

Model Constant BIGSAGE5km EDGE3km Tmin POWER1km PIPE250 TRI18km SOLAR 

113 1.12 (0.76) -2.15 (0.75) -0.03 (0.01) 0.91 (0.65) -0.02 (0.01) 

114 -3.74 (1.65) -1.41 (0.80) -0.32 (0.09) -0.03 (0.01) 0.02 (0.01) 

115 -4.48 (1.58) -0.35 (0.58) -0.35 (0.09) 1.32 (0.63) 0.01 (0.01) 

116 -2.62 (0.51) -0.29 (0.53) -0.35 (0.09) 

117 -1.90 (1.59) -0.88 (0.55) -0.03 (0.01) 1.58 (0.70) -2.54 (1.55) 0.01 (0.01) 

118 -2.29 (0.61) -0.01 (0.56) -0.35 (0.09) -1.93 (1.40) 

119 -1.44 (0.82) -1.19 (0.78) -0.32 (0.09) -1.39 (1.34) -0.02 (0.01) 

120 -2.78 (0.53) -0.27 (0.53) -0.36 (0.09) 

121 -1.15 (1.71) -2.13 (0.75) -0.03 (0.01) -0.03 (0.01) 0.02 (0.01) 

122 -1.87 (0.86) -1.16 (0.79) -0.35 (0.09) 1.14 (0.64) -0.01 (0.01) 

123 -2.61 (0.53) -0.34 (0.55) -0.31 (0.09) -2.16 (1.48) 

124 -2.50 (0.63) -0.21 (0.55) -0.38 (0.09) 1.05 (0.65) 

125 -2.19 (0.59) -0.13 (0.55) -0.36 (0.09) 

126 0.03 (0.40) -1.09 (0.52) -0.03 (0.01) -2.01 (1.49) 

127 -2.76 (0.56) -0.34 (0.56) -0.36 (0.10) 1.25 (0.63) 

128 -2.45 (0.59) -0.73 (0.60) -0.34 (0.09) 1.28 (0.63) 

129 -2.38 (0.62) -0.36 (0.58) -0.36 (0.09) 1.24 (0.63) 

130 -1.06 (1.70) -2.14 (0.74) -0.03 (0.01) -0.03 (0.01) 0.02 (0.01) 

131 -1.74 (1.54) -1.16 (0.56) -0.03 (0.01) 1.22 (0.64) 0.01 (0.01) 

132 -3.74 (1.68) -1.22 (0.79) -0.31 (0.10) -0.03 (0.01) 0.02 (0.01) 

133 -2.60 (0.60) -0.58 (0.58) -0.36 (0.09) 1.06 (0.66) 

134 -4.54 (1.61) -0.19 (0.56) -0.37 (0.09) 1.15 (0.65) 0.01 (0.01) 

135 -1.58 (0.84) -1.42 (0.81) -0.33 (0.09) -0.02 (0.01) 

136 -1.77 (0.91) -1.13 (0.80) -0.34 (0.10) 1.10 (0.65) -0.02 (0.01) 

a Variable defnitions provided in Table 4.2 

hood of cottontail use of these areas near 
power lines and potentially indicate that 
areas near power lines act as an ecological 
trap (Dwernychuk and Boag 1972, Battin 
2004).  However, caution should be used 
in broadly interpreting this as an effect of 
power lines because our data only con-
tained major transmission corridors and 
did not include smaller and more common 
power lines. 

Least Chipmunk 

Least chipmunk occupancy in the 
WBEA area was negatively associated 

with proportion of sagebrush habitat and 
mixed shrublands, and increased sagebrush 
edge density.  Least chipmunks occur across 
many habitat types, including areas above 
treeline, montane forest, and shrublands 
(Bergstrom and Hoffmann 1991, Verts and 
Carraway 2001). We sampled gradients of 
disturbance and productivity within the 
sagebrush ecosystem along a large eleva-
tion gradient. The ability of least chipmunks 
to occupy forest and woodland habitats, as 
well as high elevation habitat, may lead to a 
negative association with large-scale sage-
brush metrics.  Previous research conducted 
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TABLE 7.28. Extended 

SAND WELL500 MjRD1km GRASS3km MIX18km LL K AICc �AICc �wi 

-132.89 5 275.97 6.60 0.872 

1.14 (1.20) -131.87 6 276.01 6.64 0.873 

1.18 (1.20) -131.87 6 276.02 6.65 0.875 

-134.98 3 276.04 6.67 0.876 

-131.91 6 276.08 6.71 0.877 

-0.01 (0.01) 1.10 (0.63) -131.93 6 276.13 6.76 0.879 

-132.98 5 276.15 6.78 0.880 

0.84 (0.59) -134.03 4 276.19 6.82 0.881 

0.53 (0.60) -131.98 6 276.24 6.87 0.883 

-2.13 (3.28) -131.98 6 276.24 6.87 0.884 

1.50 (1.21) 1.27 (0.63) -132.01 6 276.29 6.93 0.885 

-0.01 (0.01) 0.55 (0.62) -132.02 6 276.30 6.94 0.887 

-0.01 (0.01) -134.10 4 276.32 6.96 0.888 

2.35 (1.13) -133.07 5 276.33 6.97 0.889 

-7.66 (31.01) -133.07 5 276.34 6.97 0.890 

1.18 (1.19) -3.22 (3.24) -132.05 6 276.37 7.00 0.891 

-0.01 (0.01) 1.03 (1.22) -132.05 6 276.38 7.01 0.893 

-2.29 (3.13) -132.06 6 276.38 7.01 0.894 

2.38 (1.15) -132.06 6 276.39 7.03 0.895 

-20.43 (31.86) -132.08 6 276.42 7.05 0.896 

0.60 (0.63) -3.43 (3.28) -132.08 6 276.43 7.06 0.897 

0.46 (0.64) -132.09 6 276.44 7.07 0.899 

1.36 (1.21) 0.92 (0.60) -132.11 6 276.48 7.12 0.900 

-13.41 (31.96) -132.12 6 276.51 7.15 0.901 

within shrubland regions with small eleva-
tion gradients found that least chipmunks 
were sensitive to fragmentation and loss of 
sagebrush habitat and may be eliminated 
from landscapes without sagebrush cover 
(Reynolds 1980, Parmenter and MacMahon 
1983) or were absent in sagebrush patches 
isolated by >450 m in Idaho (Hanser and 
Huntly 2006).  Least chipmunks were ab-
sent from grasslands in Oregon and Utah 
(Feldhamer 1979; Smith and Urness 1984), 
which corroborates our results.  Conversely, 
in southeast Oregon they were only found 
in sagebrush and greasewood (Sarcobatus 

vermiculatus) communities (Feldhamer 
1979).  In addition, least chipmunk preda-
tion on passerine nests in Washington was 
more than twice as common in a continuous 
shrub steppe community as in a landscape 
fragmented by agriculture (Vander Haegen 
et al. 2002), suggesting greater abundance 
of this species in contiguous habitats.  In 
Utah, least chipmunk abundance was low-
er in edge habitat between grassland and 
sagebrush when compared to contiguous 
sagebrush (Smith and Urness 1984).  Mixed 
shrublands generally represented areas of 
low productivity and therefore may not 
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FIG. 7.19. Least chipmunk probability of occurrence in the Wyoming Basins Ecoregional Assessment area.  Black 
areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water).  Least chip-
munks are likely to occur in areas with probability > 0.18. 

have the resources necessary to maintain 
populations of least chipmunks. 

Abiotic factors, including temperature, 
topographic ruggedness, solar radiation, 
and soil sand content, also influenced the 
occurrence of least chipmunks.  Least 
chipmunks are commonly associated 
with rocky habitats at higher elevations 
and have been recorded above tree line 
in Colorado and up to 2,745 m in Or-
egon (Verts and Carraway 2001).  High-

elevation habitats have lower minimum 
temperatures than habitats at low eleva-
tion; this relationship is potentially lead-
ing to the association of least chipmunks 
with cooler temperatures in the WBEA 
area.  Minimum temperature (rather than 
elevation, even though both were evalu-
ated) was an important factor explaining 
least chipmunk occurrence. Temperature 
models used in our study were based on 
additional factors, such as aspect and top-
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FIG. 7.20. Distribution of least chipmunks in the Wyoming Basins Ecoregional Assessment area based on an op-
timum probability cutoff threshold of 0.18.  Black areas are outside the inference of our models (<3% sagebrush 
within 5 km or within a body of water). 

ographic position. Within a large-scale 
context, least chipmunks in the WBEA 
were negatively associated with increased 
topographic ruggedness.  In Colorado, 
least chipmunks are the only Tamias spe-
cies to occupy level, non-rocky shrubland 
habitats (Bergstrom and Hoffmann 1991). 
However, on a local scale, least chipmunks 
can be numerous on cliffs (Ward and An-
derson 1988).  Least chipmunk density in 
Oregon was positively correlated with soil 

depth and proportion of clay (Feldhamer 
1979). Although we did not find a similar 
relationship with clay soils, clay content is 
negatively correlated with sand content, 
for which occurrence of least chipmunks 
was negatively correlated. 

Our results linking anthropogenic fac-
tors to least chipmunk occurrence were 
perplexing.  Least chipmunk occurrence 
was negatively associated with proxim-
ity to pipelines.  But we also found posi-
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FIG. 7.21. Distribution of least chipmunk probability of occurrence in the Wyoming Basins Ecoregional Assess-
ment area in relation to proportion of big sagebrush (Artemisia tridentata spp. tridentata, A. t. spp. wyomingensis) 
within a 5-km radius.  Mean probability of occurrence (black line, ± 1 SD [dashed lines]) values were calculated in 
each one percent increment of big sagebrush within a 5-km radius moving window.  Range of predictions relate to 
the observed range of sagebrush at study site locations. The dashed horizontal line represents the optimal cutoff 
threshold (0.18), above which occurrence is predicted.  Histogram values represent proportion of the total study 
area in each 10% segment of big sagebrush within 5 km. 

FIG. 7.22. Validation results for short-horned lizard occurrence model in the Wyoming Basins Ecoregional As-
sessment area.  Based on the distribution of values in the probability of occurrence map, we compared expected 
versus the observed proportion of 22 independent short-horned lizard occurrence locations in 10% probability 
bins. The fitted regression is shown as a solid line; points represent the location of individual probability of oc-
currence bins; the dashed line is the 1:1 perfect fit line.  Spearman rank correlation and regression metrics are 
provided. 
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tive associations between least chipmunk 
occurrence and proximity to interstates 
and highways, power lines, and oil and gas 
wells although error estimates for these 
coefficients were quite large and indicated 
weak relationships. We expected negative 
associations with these factors due to the 
disturbance associated with these types of 
development, the clearing of rights-of-way, 
the resulting lack of shrub cover, and the 
increased predation risk in the vicinity of 
these features and their associated infra-
structure (Knight and Kawashima 1993, 
Steenhof et al. 1993, Booth and Cox 2009). 
Alternatively, interstates and highways, 
power lines, and oil and gas wells may be a 
surrogate for low topographic ruggedness; 
a factor that was positively related to least 
chipmunk occurrence. 

CONCLUSIONS 

The majority of species examined in 
the WBEA area had positive relation-
ships between probability of occurrence 
and the quantity or configuration of sage-
brush habitats across scales ranging from 
local to large spatial extents (0.27 km–18 
km). This highlights the importance of 
sagebrush and sagebrush habitats to the 
integrity of insect, reptile, and mammal 
populations and the wildlife community. 
Human disturbance also affected the oc-
currence of sagebrush-dependent species. 
Although land use or construction of hu-
man infrastructure leads to direct loss of 
sagebrush habitat, the influence of human 
disturbance, or ecological footprint (Leu 
et al. 2008), extends beyond the physical 
extent of the feature.  Our results in the 
WBEA area help to increase our under-
standing of how individual species re-
spond to different habitats and individual 
human disturbances. This information 
will therefore help inform regional man-
agement plans and decisions regarding 
rights-of-way, such as buffer distances 
around infrastructure projects. We cau-
tion that our models of species occur-

rence represent an initial exploratory 
effort and that further examination of 
population processes is necessary in order 
to determine the mechanisms influencing 
occupancy and abundance patterns. 
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APPENDIX 7.1 

Descriptive statistics for explanatory 
variables used to model harvester ant oc-
currence. Variables are summarized by oc-
currence class, and statistics include mean 
(x–), standard error (SE), lower (L95) and 
upper (U95) 95% confidence interval, and 
minimum and maximum value. This ap-
pendix is archived electronically and can 
be downloaded at the following URL: 
http://sagemap.wr.usgs.gov/wbea.aspx. 

APPENDIX 7.2 

Descriptive statistics for explanatory 
variables used to model thatch ant occur-
rence. Variables are summarized by oc-
currence class, and statistics include mean 
(x–), standard error (SE), lower (L95) and 
upper (U95) 95% confidence interval, and 
minimum and maximum value. This ap-
pendix is archived electronically and can 
be downloaded at the following URL: 
http://sagemap.wr.usgs.gov/wbea.aspx. 

APPENDIX 7.3 

Descriptive statistics for explanatory 
variables used to model short-horned liz-
ard occurrence. Variables are summarized 
by occurrence class, and statistics include 
mean (x–), standard error (SE), lower (L95) 
and upper (U95) 95% confidence interval, 
and minimum and maximum value. This 
appendix is archived electronically and 
can be downloaded at the following URL: 
http://sagemap.wr.usgs.gov/wbea.aspx. 

APPENDIX 7.4 

Descriptive statistics for explanatory 
variables used to model white-tailed jack-
rabbit occurrence. Variables are summa-
rized by occurrence class, and statistics in-
clude mean (x–), standard error (SE), lower 
(L95) and upper (U95) 95% confidence in-
terval, and minimum and maximum value. 
This appendix is archived electronically and 
can be downloaded at the following URL: 
http://sagemap.wr.usgs.gov/wbea.aspx. 

APPENDIX 7.5 

Descriptive statistics for explanatory 
variables used to model cottontail occur-
rence. Variables are summarized by oc-
currence class, and statistics include mean 
(x–), standard error (SE), lower (L95) and 
upper (U95) 95% confidence interval, and 
minimum and maximum value. This ap-
pendix is archived electronically and can 
be downloaded at the following URL: 
http://sagemap.wr.usgs.gov/wbea.aspx. 

APPENDIX 7.6 

Descriptive statistics for explanatory 
variables used to model least chipmunk 
occurrence. Variables are summarized 
by occurrence class, and statistics include 
mean (x–), standard error (SE), lower (L95) 
and upper (U95) 95% confidence interval, 
and minimum and maximum value. This 
appendix is archived electronically and 
can be downloaded at the following URL: 
http://sagemap.wr.usgs.gov/wbea.aspx. 
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	Steven E. Hanser, Matthias Leu, Cameron L. Aldridge, Scott E. Nielsen, Mary M. Rowland, and Steven T. Knick 
	Abstract. Sagebrush (Artemisia spp.)associated wildlife are threatened by habitat loss and fragmentation and by impacts associated with anthropogenic disturbances, including energy development.  Understanding how species of concern as well as other wildlife including insects, reptiles, and mammals respond to type and spatial scale of disturbance is critical to managing future land uses and identifying sites that are important for conservation. We developed statistical models to describe species occurrence o
	Key words: abundance, anthropogenic disturbance, cottontail, habitat, harvester ant, least chipmunk, occurrence, pygmy rabbit, short-horned lizard, thatch ant, white-tailed jackrabbit. 
	Fragmentation and loss of sagebrush (Artemisia spp.) has been implicated in declines in abundance and distribution of sagebrush-obligate wildlife species (Paige and Ritter 1999, Knick et al. 2003, Dobkin and Sauder 2004, Schroeder et al. 2004). These declines have prompted petitions for the listing of several species, including the pygmy rabbit (Brachylagus idahoensis, [U.S. Department of the Interior 2003, 2005a, 2008]) and greater sage-grouse (Centrocercus urophasianus, [U.S. Department of the Interior 20
	Declines in abundance or loss of species can affect other species due to the inﬂuence individual species have on their environment or through cascading trophic interactions.  Many species create, modify, or maintain their environment and through these actions inﬂuence ecosystem processes (Jones et al. 1994).  For example, 
	221 
	pygmy rabbit and least chipmunk (Tamias minimus) modify the soil proﬁle through construction of burrows. Harvester ants (Pogonomyrmex spp.) alter soil characteristics through nest construction (Mandel and Sorenson 1982, Carlson and Whitford 1991) and also change plant distributions by preferentially harvesting and distributing seeds (Whitford 1978). Harvester ants may consume 10-26% of total seed bank, up to 100% of seed production of their preferred plant species (Crist and MacMahon 1992), and inﬂuence the
	Direct trophic interactions may also be inﬂuenced by changing habitat conditions (Clark et al. 1997, Grabowski 2004). Ants, including harvester ants, are the primary food source of the short-horned lizard (Phrynosoma hernandesi; Powell and Russell 1985), a species of conservation concern (U.S. Department of the Interior 2002). Changes in the environment that inﬂuence the distribution of ants can alter short-horned lizard distribution and abundance (Suarez and Case 2002).  Similarly, interactions between rap
	We developed spatially explicit models of occurrence and abundance for multiple ant, reptile, and mammal species in the Wyoming Basins Ecoregional Assessment (WBEA). We used ﬁeld surveys conducted throughout the Wyoming Basins (Ch. 4) 
	We conducted two rounds of ﬁeld surveys within 7.29 ha survey blocks sampled in 2005 and 2006 (Ch. 4) using a plot-search technique to sample ants, lizards, snakes, pygmy rabbits, and small to medium-sized mammals. We randomly selected the order in which survey blocks were surveyed each day and the starting location within each survey block (NE, NW, SE, and SW corner of each survey block).  For each survey, we noted start time and measured sampling effort (min). We sampled survey blocks by walking parallel 
	Ants 
	We counted ant mounds on survey blocks while walking transects (McIver et al. 1997). We differentiated between mound types based on mound character
	P.owyheei) and those constructed of thatch were thatch ant mounds (Formica haemorrhoidulis, F. obscuripes, F.obscuriventris and F. oreas; Wheeler and Wheeler 1988). While walking transects, observers tallied mounds detected by type within 15 m of the transect line. 
	Reptiles 
	We used visual encounter surveys to sample lizards and snakes. Surveys were conducted during peak activity hours of lizard and snake species to maximize detectability (Diller and Johnson 1982; Guyer and Linder 1985). Observers tracked time of sampling effort. Transects were walked slowly, carefully checking the understory vegetation and sagebrush canopy for basking lizards, noting reptiles detected within 15 m (Germaine and Wakeling 2001). When possible, we used binoculars to identify species. We recorded t
	Pygmy rabbits 
	Observers looked for burrow locations while walking transects and scanned the surrounding area for pygmy rabbits. Observers tracked time of sampling effort. Total number of rabbits seen and number of burrows detected were recorded within each of ﬁve burrow categories (modiﬁed from Ulmschneider 2004, Himes and Drohan 2007): (1) active with pellets (brown pellets near a burrow, at least one entrance open without cobwebs or debris indicating lack of use, usually shows a trail); (2) active without pellets (burr
	We only considered actual sightings and active burrows to indicate presence of pygmy rabbits (burrow categories one and two above) for analyses. We excluded all other detection categories because burrows could have been dug or maintained by other fossorial mammals and because contemporary habitat use could not be determined from inactive burrows. We also restricted the dataset to the known range of the species (Ch. 2). 
	Medium-sized mammals 
	We surveyed small to medium-sized mammal species on survey blocks concurrent with both sampling rounds.  For each survey, individual mammals detected within 15 m of the transect line were recorded by species to assess occurrence and abundance on survey blocks. Survey blocks were considered occupied if an individual was detected in one or both sampling periods. 
	Abundance Categories and Detection Probability 
	We classiﬁed abundance levels according to three classes for species that had a minimum of 100 occurrences (Ch. 4).  Survey blocks with zero detections were categorized as absent. Histograms of survey blocks with counts > 0 were used to categorize survey blocks into two abundance classes (low and high) based on patterns in the frequency distribution. 
	We used program DISTANCE (Thomas et al. 2006) to calculate detection probability for species with distance estimated for each detection and an adequate number of detections (n > 60). Detections were 
	TABLE 7.1. Summary of ant surveys during 2005 and 2006 on 326 survey blocks in the Wyoming Basins Ecoregional Assessment area. Shown are harvester and thatch ant occurrence (total detections) in relation to road juxtaposition, by year, and total detections for both years. 
	entered in DISTANCE using distance intervals dependent upon the detection curve for the species. We considered the half-normal and hazard rate key functions using simple polynomial and cosine series expansions and selected models with the lowest AIC value. We did not ﬁt other covariates to the detectability function. 
	Our data for medium-sized mammals did not meet assumptions necessary to calculate detection probability (Mackenzie et al. 2006), but we did have multiple surveys at each location. On survey blocks where we detected a species, we calculated the proportion of blocks with detections in one or both survey bouts as an informal assessment of detectability. Species that, when detected, are recorded during both survey bouts on a survey block are likely to have higher detectability. 
	Variables included in the model selection process for all species in this chapter 
	We used a hierarchical multi-stage modeling approach (Ch. 4) assessing all 
	TABLE 7.2. Reptile species detected in the Wyoming Basins Ecoregional Assessment area during area searches in 2005 and 2006 on 324 survey blocks.  Shown are occurrences (detections) by year and totals for both years. 
	Species Scientifc name 2005 2006 Total 
	model subsets using logistic or generalized ordered logistic regression (GOLOGIT2 within Stata 10.1, Stata Corporation, College Station, TX, USA; Williams 2006) modeling approaches. We ﬁrst examined scatterplots and histograms of sagebrush, NDVI, and abiotic variables to look for non-linearities and interactions and, if detected, included them in analyses. We used Akaike’s Information Criterion, corrected for small sample sizes (AICc), for model selection (Burnham and Anderson 2002). We ﬁrst evaluated each 
	TABLE 7.3. Summary of pygmy rabbit surveys in the Wyoming Basins Ecoregional Assessment area on 329 survey blocks in 2005 and 2006 in relation to road proximity.  Shown are occurrence and (total count) for sightings, active burrows with or without feces, undetermined activity burrows, and inactive burrows with or without feces. 
	2005 2006 On road Near road Far road Total On road Near road Far road Total Study total 
	Sightings 1 (1) 1 (1) 0 (0) 2 (2) 3 (5) 3 (4) 4 (4) 10 (13) 12 (15) Active burrows with feces 2 (4) 4 (8) 1 (2) 7 (14) 3 (4) 3 (4) 3 (4) 9 (12) 16 (26) Active burrows without feces 4 (4) 3 (4) 1 (3) 8 (11) 1 (1) 4 (4) 0 (0) 5 (5) 13 (16) Undetermined 3 (15) 5 (9) 3 (4) 11 (28) 1 (1) 1 (1) 1 (6) 3 (8) 14 (36) Inactive burrows with feces 4 (19) 3 (9) 2 (3) 9 (31) 7 (10) 3 (5) 4 (4) 14 (19) 23 (50) Inactive burrows without feces 4 (10) 4 (14) 4 (12) 12 (36) 5 (10) 8 (14) 4 (7) 17 (31) 29 (67) 
	FIG. 7.1. Distribution of survey blocks in the Wyoming Basins Ecoregional Assessment area surveyed for (A) harvester ants, (B) thatch ants, (C) pygmy rabbits, (D) short-horned lizards, (E) white-tailed jackrabbits, (F) cottontails, and (G) least chipmunks. Ant mounds were an indicator of harvester ant abundance and survey blocks were designated as absent (blue, zero roost piles), low abundance (red, 1-ant mounds), or high abundance (yellow, >18 ant mounds). For all other species, survey blocks were designat
	able. Accuracy of statistical models was evaluated with receiver operating characteristic (ROC) plots estimating area under the curve (AUC, Metz 1978). We determined an optimal cutoff threshold for predicting presence-absence of each species (i.e., habitat or non-habitat) using a sensitivity-speciﬁcity equality approach (Liu et al. 2005) and applied this threshold to assess predictive capacity for each model (Nielsen et al. 2004). 
	Spatial Application and Dose Response 
	We predicted species occurrence in a GIS at a 90-m resolution (pixel size) using the ﬁnal model coefﬁcients in ArcGIS raster calculator (ESRI 2006) and displayed ﬁnal model predictions in 10% probabil
	Following development of species models, we plotted predicted probability of occurrence relative to changes in sagebrush metrics to assess critical levels of sagebrush required for a species to be present and to characterize response to losses or fragmentation of sagebrush habitat. We calculated these values using the Dose Response Calculator for ArcGIS (Hanser et al. 2011). We used the optimal cut-off threshold to identify the sagebrush threshold value above which the species was likely to occur. 
	We evaluated model ﬁt for species for which we were able to obtain independent data by comparing observed proportion of locations in each probability bin against expected proportion of locations from the model using regression analysis (Johnson et al. 2006). A model with good ﬁt should have a high R value, a slope not different from 1.0, and an intercept not different from zero (Johnson et al. 2006). 
	We sampled 329 survey blocks (165 in 2005 and 164 in 2006), of which 125 (65 in 2005, 60 in 2006) were on-road survey 
	Ants 
	We sampled 326 survey blocks for ant mounds. Harvester ants were detected at 54% and thatch ants at 38% of survey blocks (Table 7.1, Fig. 7.1). Occurrence of harvester ants did not differ between 2005 and 2006; thatch ants occurred more frequently in 2006. Harvester ants were more abundant with nearly seven times the number of mounds (x= 2.01 mounds/ ha; range: 0–41.7) detected than for thatch 
	– 
	ants (x = 0.30; range: 0–12.1). In relation to stratiﬁed road distances, harvester ants were most numerous at on-road survey blocks whereas thatch ants were most numerous at near-road survey blocks. 
	Reptiles 
	We sampled 324 survey blocks for reptiles, including 156 in 2005 and 168 in 2006. No reptiles were detected on 74% of survey blocks. Where reptiles were detected, we observed 115 individual reptiles representing six species. The vast majority (95%) were lizards. Short-horned lizards were the most common species; we counted 64 individuals at 16% of the survey plots (Fig. 7.1, Table 7.2). We detected three snake species. 
	Pygmy rabbits 
	We surveyed 326 survey blocks for pygmy rabbits and their signs. We detected only 19 separate occurrences (Fig. 7.1c) within the known pygmy rabbit range, deﬁned as a survey block with either a sighting or active burrows with feces. Small sample sizes precluded development of predictive models of pygmy rabbit distributions. Sightings were higher in 2006 (12 of 171) than in 2005 (2 of 155) (Table 7.3). One pygmy rabbit sighting in the Worland 
	TABLE 7.4. Summary of mammal surveys in the Wyoming Basins Ecoregional Assessment area during 2005 and 2006 on 329 survey blocks.  Shown are occurrence (survey blocks detected), total detection in relation to road juxtaposition, and total detections for both years. 
	2005 Total Detections Common name Scientifc name Occurrence On road Near road Far road 
	FIG. 7.2. Histogram of survey blocks (n = 177) in the Wyoming Basins Ecoregional Assessment area surveyed for harvester ant mounds where the number of mounds was > 0. Abundance at each survey block was represented by the total number of mounds. Survey blocks with zero mounds were classiﬁed as absent, survey blocks with 1-18 mounds as low abundance, and >18 mounds as high abundance. The dashed vertical line indicates the boundary between low and high abundance classes. 
	TABLE 7.4. Extended 
	Total Detections Total Detections Occurrence On road Near road Far road Occurrence On road Near road Far road Total 
	FIG. 7.3. Histogram of survey blocks (n = 126) in the Wyoming Basins Ecoregional Assessment area surveyed for thatch ant mounds (Formica spp.) where the number of mounds was >0. Abundance at each survey block is represented by the total number of mounds. The dashed vertical line indicates the selected boundary (4 mounds) between low and high abundance classes. There were 40 survey blocks above this selected boundary. 
	TABLE 7.5. Results of AICc-based model selection for harvester ant occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood (LL), number of parameters (K), Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with .AICc . 2 are shown. 
	Rank ModelLL K AICc .AICc wi 
	Variable defnitions provided in Table 4.2 
	TABLE 7.6. Evaluation statistics from AICc-based univariate model selection for harvester ant occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance predictor variables (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and Akaike weight [wi]). We ran generalized ordered logistic models with all sagebrush (5-km radius) and
	Category VariableLL K AICc .AICc wi 
	GRASS3km -302.55 5 615.47 0.00 1.00 
	MIX5km -301.93 5 614.23 0.00 0.77 MIX18km -303.16 5 616.70 2.47 0.23 
	TABLE 7.6. Continued 
	EDGE3km -302.87 5 616.11 15.76 0.00 
	Abiotic CTI -302.44 5 615.26 0.00 0.71 CTI-302.24 6 617.01 1.75 0.29 
	ELEV-267.45 8 551.82 0.00 0.93 ELEV -272.25 6 557.03 5.22 0.07 
	c
	iH2Od-298.44 6 609.41 0.00 0.42 
	c
	iH2Od1km -298.47 6 609.46 0.04 0.41 
	c
	iH2Od-300.38 5 611.13 1.72 0.18 
	c
	pH2Od1km -302.64 5 615.66 0.00 0.43 
	c
	pH2Od 250 -303.06 5 616.49 0.83 0.29 
	c
	pH2Od-303.07 5 616.51 0.85 0.28 
	SOLAR -302.61 5 615.59 0.00 0.59 SOLAR-301.91 6 616.35 0.76 0.41 
	Tmin-290.83 7 596.37 0.00 0.57 Tmin -292.20 6 596.92 0.55 0.43 
	CLAY -301.25 5 612.87 0.00 1.00 
	SOILcm -299.94 5 610.26 0.00 1.00 
	SAND -296.42 6 605.36 0.00 1.00 
	c
	MjRD1km -301.38 5 613.13 0.00 0.43 
	c
	MjRD-301.55 5 613.48 0.35 0.36 
	c
	MjRD-302.05 5 614.47 1.34 0.22 
	c
	PIPE1km -297.75 5 605.88 0.00 0.79 
	c
	PIPE-299.28 5 608.94 3.07 0.17 
	c
	PIPE-300.63 5 611.63 5.75 0.04 
	c
	POWER1km -302.14 5 614.65 0.00 0.41 
	c
	POWER-302.44 5 615.26 0.61 0.30 
	c
	POWER-302.51 5 615.40 0.75 0.28 
	RDdens5km -302.83 5 616.04 0.00 0.14 RDdens3km -302.92 5 616.22 0.17 0.13 
	TABLE 7.6. Continued 
	c
	WELL-300.90 5 612.17 0.00 0.56 
	c
	WELL-301.52 5 613.41 1.23 0.30 
	c
	WELL1km -302.27 5 614.92 2.75 0.14 
	Variable defnitions provided in Table 4.2  Quadratic function (variable + variable) 
	c(Euclidean distance from feature/-distance parameter)
	Basin was 100 km outside of the known range of the species, thus extending its known range. 
	Medium-sized mammals 
	We detected 1,255 individuals of 11 mammal species (Table 7.4) on 329 survey blocks. Occurrence was highest for cottontails (44%; for scientiﬁc names see Table 7.4), followed by white-tailed jackrabbits (22%), least chipmunks (17%), and thirteen-lined ground squirrels (10%) (Fig. 7.1). Ranking of occurrence by survey block did not follow ranking of total detections. Total detections were highest for cottontails, followed by least chipmunks, white-tailed jackrabbits, and white-tailed prairie dogs. Thirteen-l
	Survey blocks with no harvester ant mound detections were classiﬁed as absent, those with 1-18 harvester ant mounds per site as low abundance and >18 ant mounds per site as high abundance (Fig. 7.1 and 7.2). Thatch ant abundance appeared in three abundance categories based on ant mound density (Fig. 7.3) but only 40 survey blocks were classiﬁed as high abundance plots. Thus, we were limited to only modeling occurrence for the thatch ant model. 
	Only one species of reptile, short-horned lizard, had sufﬁcient distance estimates and detections (n = 64) to assess detection probability using program DISTANCE. Detections were recorded in 1-m 
	We did not have sufﬁcient observations or data that met the assumptions for developing formal detection probability estimates for pygmy rabbits, medium-sized mammals and ants. Our informal analysis indicated that we had a high detection rate for cottontails, with 46% of occurrence survey blocks having detections in both rounds and single detection occurrence blocks occurring primarily during the ﬁrst survey round. A high proportion of least chipmunk occurrences 
	(0.82) were detected only in the ﬁrst round of surveys; white-tailed jackrabbit detections were evenly spread between rounds one (0.39) and two (0.48), with only 13% of detections occurring in both. 
	Model Selection, Spatial Application, and Dose Response 
	Two variables from the pool of a priori variables for all species, mixed shrubland 
	(0.27 km) and riparian (0.27 km), were excluded from model selection because they were present on <20 survey blocks.  Slope, precipitation, mean annual maximum temperature, and soil silt content also were removed from consideration for all species owing to correlation with other variables. 
	Harvester ants 
	Four a priori variables were excluded because they contained values >0 on <20 survey blocks in the least frequent abundance category (high). These variables included proportion of coniferous forest (0.27, 0.54, and 1 km) and mixed shrubland 
	(0.54 km).  Coniferous forest (18 km), all sagebrush contagion (5 km), and all sage-
	TABLE 7.7. Results of AICc-based submodel selection for harvester ant occurrence in the Wyoming Basins Ecoregional Assessment area; the table also shows log-likelihood (LL), number of parameters (K), Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with .AICc . 2 are shown. 
	Category Rank ModelLL K AICc .AICc wi 
	Vegetation 1 ALLSAGE5km + NDVI1km + GRASS3km + SALT1km + RIP1km + EDGE5km -287.45 9 593.47 0.00 0.20 2 ALLSAGE5km + NDVI1km + GRASS3km + SALT1km + RIP1km + EDGE5km + MIX5km -285.37 11 593.59 0.12 0.19 3 ALLSAGE5km + NDVI1km + GRASS3km + SALT1km + RIP1km + EDGE5km + CFRST3km -286.99 10 594.69 1.22 0.11 4 ALLSAGE5km + NDVI1km + GRASS3km + SALT1km + EDGE5km+ MIX5km -287.30 10 595.30 1.83 0.08 
	Abiotic 1 ALLSAGE5km + NDVI1km + Tmin + Tmin + CLAY + SAND + SOILcm -276.83 10 574.37 0.00 0.31 2 ALLSAGE5km + NDVI1km + Tmin + Tmin + CLAY + SAND+ iH2Od-276.85 10 574.39 0.03 0.31 
	Disturbance 1 ALLSAGE5km + NDVI1km + PIPE1km + WELL+ AG1km -292.76 7 599.87 0.00 0.19 2 ALLSAGE5km + NDVI1km + PIPE1km + WELL-293.95 6 600.16 0.29 0.16 3 ALLSAGE5km + NDVI1km + PIPE1km + WELL250 + AG1km + RDdens5km -292.61 8 601.68 1.82 0.08 
	Variable defnitions provided in Table 4.2 
	brush mean patch size (1, 3, and 5 km) were removed from consideration due to correlation with other variables. Several variables caused instability (i.e., non-convergence of likelihood estimates) in the generalized ordered logistic regression model and were therefore removed from submodel development: grassland (0.27, 0.54, 1, 5, and 18 km), mixed shrubland (1, and 3 km) land cover, elevation, and topographic ruggedness index (survey block, 3 and 5 km). Non-linear relationships were not evident between har
	The AICc-selected top sagebrush/NDVI model consisted of all sagebrush within 5 km (ALLSAGE5km) and NDVI within 1 km (NDVI1km), Table 7.5). Within a 5-km radius, there was on average 2.1% more sagebrush at high abundance sites (69.5%, SE = 1.8) and 4.5% more at low abundance sites (71.9%, SE = 1.4) compared to unused sites (67.4%, SE = 2.1) (Appendix 7.1). 
	After assessing individual multi-scale covariates (Table 7.6) and developing submodels, the top vegetation submodel for harvester ants consisted of grassland within 3 km (GRASSLAND3km), riparian within 1 km (RIP1km), salt desert shrubland within 1 km (SALT1km), and all sagebrush edge density within 5 km (EDGE5km) in addition to the sagebrush/NDVI base model (Table 7.7). Soil depth (SOILcm), percent soil clay content (CLAY), percent soil sand content (SAND), and mean minimum temperature in quadratic form (Tm
	The AICc-selected top model for harvester ants was a combination of vegetation, abiotic, and disturbance factors.  Harvester ants were positively associated with increased minimum temperature, higher percent soil sand content, and proximity to pipelines.  In contrast, harvester ants were negatively associated with highly productive habitats, large expanses of sagebrush, and increased percent clay and sand soil content (Table 7.8).  However, weight of evidence for the top model was low (wi = 
	0.18) indicating there were other suitable candidate models. Variables in the other candidate models with cumulative Akaike weights of just . 0.9 indicate that harvester ant locations also were positively associated with increased sagebrush edge density (all sagebrush types within 5 km), increased soil depth, and proximity to agricultural land, but negatively associated with salt desert shrubland and grassland land cover and proximity to oil/gas development (Table 7.8). The ﬁnal composite model-averaged lin
	(7.1) 
	Problow = - 1.88 * ALLSAGE5km - 7.99 * NDVI1km + 0.68 * Tmin + 0.06 * Tmin- 0.02 * CLAY + 0.03 * SAND + 1.21 * PIPE1km - 0.90 * WELL250 + 
	0.005 * EDGE5km + 0.001 * SOILcm - 0.04 * RIP1km - 0.83 * GRASS3km + 0.10 * AG1km - 0.02 * SALT1km))))
	 (7.2) 
	Probhigh = - 1.88 * 
	ALLSAGE5km - 7.99 * NDVI1km + 0.48* 
	Tmin + 0.06 * Tmin + -0.02 * CLAY + 
	0.03 * SAND + 1.21 * PIPE1km - 0.90 * WELL250 + 0.001 * EDGE5km + 0.001 * SOILcm - 0.04 * RIP1km - 0.83 * GRASS3km + 0.10 * AG1km - 0.02 * SALT1km)))) 
	The model averaged predictor of harvester ant occurrence had excellent model accuracy (ROC AUC = 0.84) when predicting harvester ant presence and was a slight improvement over the AICc-selected top model (ROC AUC = 0.83). Our model of harvester ant occurrence had an optimal sensitivity-speciﬁcity equality threshold of 
	0.53 when determining presence/absence, which resulted in correct classiﬁcation of 79.7% of survey blocks. 
	Harvester ant occurrence was predicted to be highest in the central part of the WBEA  (Fig. 7.4). Based on our optimal cutoff point and a binary presence/absence classiﬁcation, 99,555 km(34.4%) of suitable harvester ant habitat was predicted within the Wyoming Basins (Fig. 7.5). Roughly one quarter (26.0%) of predicted presence was considered high-density habitat (25,869 km, Fig. 7.5). Harvester ants were more likely to occur in areas that contained between 63 and 75% all sagebrush landcover within a 5-km r
	Thatch ants 
	Three predictor variables, salt desert shrubland (0.27, 0.54, and 1 km), were excluded because they were present on <20 survey blocks in the least frequent category (absent). Variables excluded owing to correlations with other variables included coniferous forest (3, 5, and 18 km), salt desert shrubland (3 and 5 km), all sagebrush mean patch size (1, 3, and 5 km), and distance decay from perennial water (0.25-, 0.50,- and 1-km distance parameter). We visually inspected sagebrush/NDVI interactions and quadra
	Based on logistic regression analyses, the AICc-selected top sagebrush/NDVI model included all sagebrush within 3 km (ALLSAGE3km) and quadratic form of NDVI with 5 km (NDVI5km + NDVI5km) (Table 7.9). Within 3 km, there was 5.9% more all sagebrush at presence sites (74.5 
	%, SE = 1.7) than at absence sites (68.6 %, SE = 1.6; Appendix 7.2). 
	After assessing individual multi-scale covariates (Table 7.10) and developing submodels, the top vegetation sub-model for thatch ants consisted of grassland within 0.54-km (GRASS), mixed shrubland within 18-km (MIX18km), riparian within 5-km (RIP5km), all sagebrush contagion within 5km (CONTAG5km), and salt desert shrubland within 18-km (SALT18km) in addition to the sagebrush/ NDVI base model (Table 7.11). Compound Topographic Index (CTI) together with the quadratic form of elevation (ELEV + ELEV) and solar
	The AICc-selected top model for thatch ants was a combination of vegetation and abiotic factors. Thatch ants were positively associated with large expanses of all sagebrush land cover, areas with moderate to high productivity, increased proportion of riparian land cover, increased topographic moisture, and moderate to high elevation and solar radiation, but negatively associated with increased proportion of grassland and mixed shrubland (Table 7.12). The weight of evidence for the AICc-selected top model wa
	TABLE 7.8. Results of AICc-based model selection for the combined harvester ant model in the Wyoming Basins Ecoregional Assessment area; the table also shows parameter estimates (beta [SE]) and evaluation statistics (loglikelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and cumulative Akaike weight [.wi]). Models are shown with cumulative Akaike weight (wi) of just . 0.9. 
	Rank Constant ALLSAGE5km NDVI1km Tmin TminSAND CLAY PIPE1km 
	TABLE 7.8. Extended 
	GRASS3km WELLAG1km EDGE5km SOILCM RIP1km SALT1km LL K AICc .AICc .wi 
	TABLE 7.8. Continued 
	Variable defnitions provided in Table 4.2 
	TABLE 7.8. Extended 
	ants are likely to occur in areas with probability > 0.53. 
	land cover, proximity to oil/gas wells and interstates/major highways (Table 7.12). The ﬁnal composite probability of occurrence model is below. 
	(7.3) 
	 + 1.39 * 
	ALLSAGE3km + 15.22 * NDVI5km - 9.18 * 
	NDVI5km - 4.61 * GRASS - 40.84 * 
	MIX18km + 5.65 * RIP5km + 0.09 * CTI + 
	0.006 * ELEV - 0.000001 * ELEV + 0.11 * SOLAR - 0.0005 * SOLAR + 0.26 * 
	POWER1km - 0.005 * CONTAG5km - 2.74 * 
	SALT18km + 0.20 * RDdens18km - 0.62 * 
	WELL1km - 0.13 * MjRD1km + 0.009 * 
	AG1km)))) 
	The composite model of thatch ant occurrence had excellent model accuracy (ROC AUC = 0.81), which was similar to the AICc-selected top model only (ROC AUC = 0.81). The optimal cutoff probability for predicting thatch ant occurrence based on 
	FIG. 7.5. Distribution of harvester ants estimated from ant mound abundance in the Wyoming Basins Ecoregional Assessment area based on optimum probability cutoff threshold of 0.53. Low abundance areas have an expected harvester ant mound abundance between >0 and 2.47 mounds/ha and >2.47 mounds/ha for the high class. Black areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). 
	the sensitivity-speciﬁcity equality threshold was 0.38 resulting in an overall percent correctly classiﬁed accuracy of 70.5%. 
	Thatch ant occurrence was predicted to be highest in higher elevation shrubland areas of the south east and western portions of the WBEA area (Fig. 7.7). Based on our optimal cutoff point and a binary presence/absence classiﬁcation, 58.2% (201,031 km) of the Wyoming Basins was 
	Short-horned lizards 
	Four predictor variables were excluded because they contained values > 0 on <20 survey blocks in the least frequent abundance category (present). These variables included proportion of coniferous forest 
	FIG. 7.6. Distribution of harvester ant probability of occurrence within the Wyoming Basins Ecoregional Assessment area in relation to proportion of all sagebrush (Artemesia spp.) within a 5-km radius. Mean probability of occurrence (black line, ±1 SD [dashed lines]) values were calculated in each one percent increment of all sagebrush within a 5-km radius moving window. Range of predictions relate to the observed range of sagebrush at study site locations. The dashed horizontal line represents the optimal 
	(0.27, 0.54, and 1 km) and mixed shru-Based on logistic regression analyses, the bland (0.54 km).  Coniferous forest (3, 5, AICc-selected top sagebrush/NDVI model and 18 km), all sagebrush mean patch size included all big sagebrush (A. tridentata) (1, 3, and 5 km), and salt desert shrub (3, within 5-km (ABIGSAGE5km) and NDVI 5, and 18 km) were removed from consid-within 18-km (NDVI18km) (Table 7.13). All eration owing to correlations with other models with .AICc . 2 contained ND-variables. No interactions o
	TABLE 7.9. Results of AICc-based model selection for thatch ant occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood (LL), number of parameters (K),Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with . AICc . 2 are shown. 
	Rank ModelLL K AICc .AICc wi 
	Variable defnitions provided in Table 4.2 
	TABLE 7.10. Evaluation statistics from AICc -based univariate model selection for thatch ant occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance predictor variables (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and Akaike weight [wi]). We ran logistic models with all sagebrush (3-km radius) and NDVI (5-km radius; i
	variables tested. We used AICc to identify the scale at which thatch ants respond to individual variables. 
	Category VariableLL K AICc .AICc wi 
	SALT18km -191.07 5 392.51 0.00 1.00 
	Abiotic CLAY -193.00 5 396.38 0.00 0.68 CLAY-192.69 6 397.91 1.52 0.32 
	CTI -190.83 5 392.04 0.00 1.00 
	ELEV-187.78 6 388.09 0.00 0.91 ELEV -191.20 5 392.77 4.68 0.09 
	c
	iH2Od1km -192.39 5 395.15 0.00 0.45 
	c
	iH2Od-192.71 5 395.80 0.65 0.32 
	c
	iH2Od-193.08 5 396.53 1.39 0.22 
	TABLE 7.10. Continued 
	SOILcm -192.99 5 396.35 0.00 1.00 
	SAND -193.03 5 396.43 0.00 0.70 SAND-192.78 6 398.09 1.67 0.30 
	SOLAR-186.66 6 385.84 0.00 0.79 SOLAR -189.04 5 388.45 2.61 0.21 
	Tmin -190.17 5 390.72 0.00 1.00 
	c
	MjRD1km -192.71 5 395.79 0.00 0.37 
	c
	MjRD-192.74 5 395.86 0.07 0.36 
	c
	MjRD-193.02 5 396.41 0.62 0.27 
	c
	PIPE-192.42 5 395.22 0.00 0.37 
	c
	PIPE1km -192.52 5 395.41 0.19 0.33 
	c
	PIPE-192.61 5 395.60 0.38 0.30 
	c
	POWER1km -191.32 5 393.02 0.00 0.55 
	c
	POWER-192.04 5 394.46 1.44 0.27 
	c
	POWER-192.42 5 395.21 2.19 0.18 
	c
	WELL1km -191.03 5 392.43 0.00 0.39 
	c
	WELL-191.25 5 392.87 0.45 0.31 
	TABLE 7.10. Continued 
	c
	WELL-191.31 5 392.99 0.56 0.30 
	Variable defnitions provided in Table 4.2  Quadratic function (variable + variable) 
	c(Euclidean distance from feature /-distance parameter)
	10.7% more all big sagebrush at presence sites (76.4% SE = 1.8) than at absence sites (65.7% SE = 1.3; Appendix 7.3). 
	After assessing individual multi-scale covariates (Table 7.14) and developing sub-models, the top vegetation submodel for short-horned lizard consisted of sagebrush contagion within 5 km (CONTAG5km) in addition to the sagebrush/NDVI base model (Table 7.15). Compound topographic index (CTI) and topographic ruggedness index within 5 km (TRI5km) were important abiotic predictors of short-horned lizard occurrence (Table 7.15). None of the disturbance factors were included in the top disturbance submodel (all bi
	The AICc-selected top model for short-horned lizards was a combination of vegetation and abiotic factors. Short-horned lizards were positively associated with large contiguous expanses of big sagebrush and negatively associated with areas of high productivity, rugged terrain, and increased topographic moisture (Table 7.16). All candidate models with cumulative Akaike weights of just . 0.9 (ﬁve total) were subsets of the AICc-selected top model (Table 7.16). The ﬁnal composite probability of occurrence model
	(7.4) 
	Prob = 1 / (1 + (exp(-(1.03 + 1.23 * 
	ABIGSAGE5km - 4.22* NDVI18km + 0.012 * 
	CONTAG5km - 0.18 * CTI - 0.04 * 
	TRI5km)))) 
	The composite model of short-horned lizard occurrence had good model accuracy (ROC AUC = 0.72), which was slightly 
	Short-horned lizard occurrence was predicted throughout the central portion of the Wyoming Basins (Fig. 7.10). Based on our optimal cutoff point and a binary presence-absence prediction, 46,648 km(20.6%) of the range of the species in the Wyoming Basins was predicted to be short-horned lizard habitat (Fig. 7.11). Short-horned lizards were likely to occupy sites with >81% all big sagebrush land cover within 5 km (Fig. 7.12). 
	White-tailed jackrabbits 
	Four predictor variables were excluded because they contained values > 0 on <20 survey blocks in the least frequent abundance category (present). These variables included proportion of coniferous forest (0.27, 0.54, and 1 km) and mixed shrubland 
	(0.54 km).  None of the sagebrush or NDVI variables had non-linear relationships or evidence of interactions. 
	Based on logistic regression analyses, the AICc-selected top sagebrush/NDVI model included big sagebrush (A. t. ssp. tridentata, A. t. ssp. wyomingensis) within 0.27 km (BIGSAGE; Table 7.17). All models with .AICc . 2 contained BIGSAGEwith NDVI at multiple radii. There was 13.6% more big sagebrush within 0.27-km at presence sites (70.3%, SE = 3.7) than at absent sites (56.7%, SE = 2.3; Appendix 7.4). 
	TABLE 7.11. Results of AICc -based submodel selection for thatch ant occurrence in the Wyoming Basins Ecoregional Assessment area; the table also shows log-likelihood (LL), number of parameters (K), Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with .AICc . 2 are shown. 
	Category Rank ModelLL K AICc .AICc wi 
	Vegetation 1 ALLSAGE3km + NDVI5km + NDVI5km + GRASS + RIP5km + SALT18km + MIX18km + CONTAG5km -180.61 9 380.36 0.00 0.11 2 ALLSAGE3km + NDVI5km + NDVI5km + GRASS + RIP5km + SALT18km + MIX18km -181.77 8 380.46 0.09 0.10 3 ALLSAGE3km + NDVI5km + NDVI5km + GRASS + RIP5km + SALT18km + CONTAG5km -182.04 8 380.99 0.63 0.08 4 ALLSAGE3km + NDVI5km + NDVI5km + GRASS + RIP5km + MIX18km -183.16 7 381.03 0.67 0.08 5 ALLSAGE3km + NDVI5km + NDVI5km + GRASS + SALT 18km + MIX18km + CONTAG5km -182.35 8 381.61 1.24 0.06 6 AL
	TABLE 7.11. Continued 
	Category Rank ModelLL K AICc .AICc wi 
	8 ALLSAGE3km + NDVI5km + NDVI5km + POWER1km + WELL1km + AG1km + RDdens18km -187.10 8 391.11 1.07 0.03 9 ALLSAGE3km + NDVI5km + NDVI5km + POWER1km + WELL1km + AG1km + PIPE-187.17 8 391.25 1.21 0.03 10 ALLSAGE3km + NDVI5km + NDVI5km + POWER1km + WELL1km -189.36 6 391.26 1.22 0.03 11 ALLSAGE3km + NDVI5km + NDVI5km + POWER1km + WELL1km + RDdens18km + PIPE-187.18 8 391.28 1.24 0.03 12 ALLSAGE3km + NDVI5km + NDVI5km + POWER1km + MjRD1km + WELL1km + AG1km + PIPE-186.12 9 391.38 1.35 0.03 13 ALLSAGE3km + NDVI5km + 
	Variable defnitions provided in Table 4.2 
	Ants, Reptiles, and Mammals – Hanser et al. 
	After assessing individual multi-scale covariates (Table 7.18) and developing sub-models, the top vegetation submodel for white-tailed jackrabbit consisted of grassland within 0.54 km (GRASS) and salt desert shrubland within 3-km (SALT3km), in addition to the sagebrush base model (Table 7.19). Topographic ruggedness within 
	0.54 km (TRI) was the only important abiotic predictor of white-tailed jackrabbit occurrence (Table 7.19).  Four disturbance factors, 1-km distance decay from inter-state/major highways (MjRD1km), 0.5-km distance decay from pipelines (PIPE), 0.5-km distance decay from power lines (POWER), and road density within 3 km (RDdens3km), were included in the top disturbance submodel (Table 7.19). 
	The AICc-selected top model for white-tailed jackrabbits was a combination of vegetation, abiotic, and disturbance factors. White-tailed jackrabbits were positively associated with small-scale big sagebrush and grassland land cover, and large-scale salt desert shrubland land cover, and negatively associated with rugged terrain and proximity to interstates and major highways (Table 7.20). The weight of evidence for the AICc-selected top model was low (wi = 0.07) indicating other candidate models also were su
	(7.5) 
	Prob= + 1.12 * BIGSAGE + 2.16 * GRASS + 2.07 * SALT3km - 0.02 * TRI - 1.54 * MjRD1km + 
	0.34 * PIPE - 0.773 * POWERDIST - 0.12 * RDdens3km)))) 
	TABLE 7.12. Results of AICc-based model selection for the combined vegetation, abiotic, and disturbance thatch ant occurrence model in the Wyoming Basins Ecoregional Assessment area; the table also shows parameter estimates (beta [SE]) and evaluation statistics (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICcvalue from the top model [.AICc], and cumulative Akaike weight [.wi]).  Models are shown with cumulative Akaike weig
	Rank Intercept ALLSAGE3km NDVI5km NDVI5kmb GRASSMIX18km RIP5km CTI ELEVc ELEV2d SOLAR 
	TABLE 7.12. Extended 
	SOLAR2c WELL1km POWER1km CONTAG5km SALT18km RDdens18km MjRD1km AG1km LL K AICc .AICc .wi 
	TABLE 7.12. Continued 
	TABLE 7.12. Continued 
	Variable defnitions provided in Table 4.2  values are multiplied by 10 values are multiplied by 10  values are multiplied by 10
	The composite model of white-tailed jackrabbit occurrence had good accuracy (ROC AUC = 0.70) when predicting presence and improved the prediction over the AICc-selected top model (ROC AUC = 0.68). The optimal cutoff probability for predicting white-tailed jackrabbit occurrence, based on sensitivity and speciﬁcity equality threshold, was 0.25 and resulted in an overall percent correctly classiﬁed accuracy of 64.9%. 
	White-tailed jackrabbit occurrence was highest in the Worland Basin and in areas throughout the southern portion of Wyoming of the WBEA area (Fig. 7.13). Based on our optimal cutoff point and a binary presence-absence prediction, 63,890 km(22.1%) of white-tailed jackrabbit habi
	Cottontail rabbits 
	Two predictor variables, coniferous forest (0.27 and 0.54 km), were excluded because they were present on <20 survey blocks in the least frequent abundance category (present). Coniferous forest (3, 5, and 18 km), salt desert shrubland (0.27 km), all sagebrush mean patch size (1, 3, and 5 km), and all sagebrush contagion (5 km), were removed from consideration because of correlation. Our exploratory data analysis suggested a non-linear relationship between sagebrush and cottontail 
	Based on logistic regression analyses, the AICc-selected top sagebrush/NDVI model included all sagebrush within 5-km in quadratic form (ALLSAGE5km) and NDVI within 5 km (NDVI5km) (Table 7.21). Within 5-km there was 1.6% more all sagebrush at presence sites (70.6%, SE = 1.3) than at absent sites (69.0%, SE = 1.7) (Appendix 7.5). 
	After assessing individual multi-scale covariates (Table 7.22) and developing submodels, the top vegetation submodel for cottontail consisted of coniferous forest 
	0.27 km (RIP), and all sagebrush edge density within 5 km (EDGE5km) in addition to the sagebrush/NDVI base model (Table 7.23). Topographic ruggedness within 0.27 km (TRI), elevation (ELEV), and 0.25km distance decay from intermittent water (iH2Od), were important abiotic predictors of cottontail occurrence (Table 7.23). Only one disturbance factor, 1-km distance decay from power lines (POWER1km), was included in the top disturbance submodel (Table 7.23). 
	The AICc-selected top cottontail model was a combination of vegetation, abiotic, and disturbance factors. Cottontails were 
	FIG. 7.7. Thatch ant probability of occurrence in the Wyoming Basins Ecoregional Assessment area. Black areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). Thatch ants are 
	likely to occur in areas with probability > 0.38. 
	positively associated with moderate levels of all sagebrush, large expanses of coniferous forest, grassland, and mixed shrubland land cover, rugged topography, and proximity to power lines and negatively associated with high productivity and increased elevation (Table 7.24). The weight of evidence for the top model was low (wi = 0.06) indicating other candidate models were suitable. Variables in the other 62 candidate models with cumulative Akaike 
	(7.6) 
	Prob = 1 / (1 + (exp(-(7.56 + 1.33 * 
	ALLSAGE5km - 1.46 * ALLSAGE5km - 12.07 *
	 NDVI5km + 4.92 * CFRST1km + 6.98 * 
	FIG. 7.8. Distribution of thatch ants estimated from ant mound abundance in the Wyoming Basins Ecoregional Assessment area and based on optimum probability cutoff threshold of 0.41. Black areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). 
	GRASS18km + 7.18 * MIX - 0.003 * 
	ELEV + 0.03 * TRI + 1.52 * POWER1km 
	+ 0.284 * iH2Od + 1.08 * RIP + 
	0.0009 *EDGE5km)))) 
	Both the composite model and AICc-selected top model of cottontail occurrence had excellent accuracy (ROC AUC = 0.84) when predicting cottontail presence. The optimal cutoff probability for predicting 
	0.47 resulting in an overall percent correctly classiﬁed accuracy of 76.6%. 
	Cottontail probability of occurrence was highest near Green River, Wyoming; Vernal, Utah; and throughout the Worland Basin in the WBEA area (Fig. 7.16). Based on our optimal cutoff point and a binary presence-absence prediction, 121,131 km
	FIG. 7.9. The distribution of thatch ant probability of occurrence within the Wyoming Basins Ecoregional Assessment area in relation to proportion of all sagebrush (Artemesia spp.) within a 18-km radius. Mean probability of occurrence (black line, ± 1SD [dashed lines]) values were calculated in each one percent increment of all sagebrush within an 18-km radius moving window. Range of predictions relate to the observed range of sagebrush at study site locations. The dashed horizontal line represents the opti
	TABLE 7.13. Results of AICc-based model selection for short-horned lizard occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood (LL), number of parameters (K), Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with .AICc . 2 are shown. 
	Rank ModelLL K AIC .AIC
	cc wi 
	Variable defnitions provided in Table 4.2 
	TABLE 7.14. Evaluation statistics from AICc-based univariate model selection for short-horned lizard occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance predictor variables (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and Akaike weight [wi]). We ran logistic regression models with the all big sagebrush (5-km radiu
	Category VariableLL K AICc .AICc wi 
	Abiotic CLAY -147.21 4 302.50 0.00 1.00 
	CTI -145.62 4 299.32 0.00 0.71 CTI-145.49 5 301.11 1.79 0.29 
	ELEV -146.35 4 300.78 0.00 0.54 ELEV-145.48 5 301.09 0.31 0.46 
	iH2Od1km-147.04 4 302.15 0.00 0.34 iH2Od-147.05 4 302.17 0.02 0.33 iH2Od-147.06 4 302.19 0.05 0.33 
	TABLE 7.14. Continued 
	pH2Od-147.06 4 302.19 0.00 0.37 pH2Od1km-147.17 4 302.42 0.23 0.33 pH2Od-147.23 4 302.53 0.34 0.31 
	SOILcm -147.23 4 302.53 0.00 1.00 
	SAND -147.16 4 302.39 0.00 1.00 
	SOLAR -147.14 4 302.35 0.00 0.65 SOLAR-146.73 5 303.59 1.23 0.35 
	Tmin -146.57 4 301.22 0.00 0.73 Tmin-146.54 5 303.20 1.98 0.27 
	MjRD-146.63 4 301.34 0.00 0.44 MjRD-147.02 4 302.11 0.77 0.30 MjRD1km-147.18 4 302.44 1.11 0.26 
	PIPE1km-146.96 4 301.99 0.00 0.35 PIPE-146.99 4 302.05 0.06 0.34 PIPE-147.07 4 302.21 0.22 0.31 
	RDdens-147.04 4 302.16 1.55 0.08 
	WELL-147.07 4 302.21 0.00 0.35 WELL1km-147.10 4 302.27 0.06 0.34 WELL-147.22 4 302.52 0.30 0.30 
	Variable defnitions provided in Table 4.2 
	b(Euclidean distance from feature /-distance parameter)
	 Quadratic function (variable + variable) 
	(41.9%) of cottontail habitat was predicted for the Wyoming Basins (Fig. 7.17). Cottontails were likely to occupy areas with sagebrush land cover >60% and <75% within 5 km (Fig. 7.18). 
	Least chipmunk 
	Seven predictor variables were excluded because they contained values >0 on <20 survey blocks in the least frequent abundance category (present). These variables included proportion of coniferous 
	Based on logistic regression analyses, the AICc-selected top sagebrush/NDVI 
	TABLE 7.15. Results of AICc-based submodel selection for short-horned lizard occurrence in the Wyoming Basins Ecoregional Assessment area; the table also shows log-likelihood (LL), number of parameters (K), Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with .AICc . 2 are shown. 
	Category Rank ModelLL K AICc .AICc wi 
	TABLE 7.15. Continued 
	Variable defnitions provided in Table 4.2 
	model consisted of big sagebrush (5-km, BIGSAGE5km) (Table 7.25). Within 5-km there was 9.7% less big sagebrush at presence sites (46.9%, SE = 4.1) than at absence sites (56.5%, SE = 1.6; Appendix 7.6). 
	After assessing individual multi-scale covariates (Table 7.27) and developing submodels, the top vegetation submodel for least chipmunk use consisted of grassland within 3 km (GRASS3km), mixed shrubland within 18 km (MIX18km), and all sagebrush edge density within 3 km (EDGE3km), in addition to the sagebrush/ NDVI base model (Table 7.28). Mean minimum temperature (Tmin), topographic ruggedness within 18 km (TRI18km), solar 
	The AICc-selected top least chipmunk model was a combination of vegetation, abiotic, and disturbance factors. Least chipmunks were negatively associated with large expanses of big sagebrush 
	TABLE 7.16. Results of AICc-based model selection for the combined short-horned lizard occurrence model in the Wyoming Basins Ecoregional Assessment area; the table also shows parameter estimates (beta [SE]) and evaluation statistics (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and cumulative Akaike weight [.wi]).  Models shown with cumulative Akaike weight (wi) of just . 0.9.
	Rank Intercept ABIGSAGE5km NDVI18km CONTAG5km CTI TRI5km LL K AICc .AICc .wi 
	1 2.00 (1.70) 0.11 (1.54) -4.50 (2.36) 0.02 (0.01) -0.21 (0.09) -0.04 (0.02) -141.35 6 294.97 0.00 0.441 
	2 0.39 (1.45) 2.39 (1.17) -3.09 (2.15) -0.19 (0.09) -0.04 (0.02) -142.80 5 295.80 0.83 0.731 
	3 0.62 (1.50) 1.28 (1.34) -6.98 (2.30) 0.02 (0.01) -0.14 (0.08) -144.17 5 298.52 3.55 0.806 4 -0.78 (1.34) 3.21 (1.14) -5.54 (2.05) -0.13 (0.08) -145.62 4 299.37 4.40 0.855 5 -1.65 (1.09) 2.40 (1.12) -2.77 (2.15) -0.03 (0.02) -145.67 4 299.47 4.50 0.901 
	Variable defnitions provided in Table 4.2 
	Ants, Reptiles, and Mammals – Hanser et al. 
	land cover, increased all sagebrush edge density, increased mean minimum temperature, and proximity to pipelines, but positively associated with proximity to power lines (Table 7.29). The weight of evidence for the top model was low (wi = 0.04) with 136 models with a cumulative Akaike weight of just . 0.9. Variables in these other candidate models showed that least chipmunk locations also were positively associated with increased solar radiation, and proximity to highways and oil/gas wells, but negatively a
	(7.7) 
	 - 0.92 * BIGSAGE5km - 0.02 * EDGE3km - 0.25 * Tmin - 0.46 * PIPE + 0.51 * POWER1km + 
	0.002 * SOLAR - 0.01 * TRI18km - 0.003 * SAND + 0.15 * MjRD1km - 2.57 * MIX18km+ 0.37 * WELL + -0.41 * GRASS3km)))) 
	The composite model of least chipmunk occurrence had good model accuracy (ROC AUC = 0.75). The model accuracy of the composite was a slight improvement over the AICc-selected top model (ROC AUC = 0.74). The optimal cutoff probability for predicting least chipmunk occurrence based on sensitivity and speciﬁcity equality threshold was 0.18 resulting in an overall percent correctly classiﬁed accuracy of 69.4%. 
	Least chipmunk occurrence was predicted to be highest in high-elevation shrubland areas of the south east and western portions of the Wyoming Basins Ecoregional Assessment area (Fig. 7.19). Within the Wyoming Basins, 44.4% of the area (153,437 km) was predicted to be suitable least chipmunk habitat (Fig. 7.20) using our optimal cutoff point and a binary presence/absence classiﬁcation. Least 
	FIG. 7.10. Short-horned lizard probability of occurrence in the Wyoming Basins Ecoregional Assessment area. Semi-transparent grey shaded areas are outside the range of the short-horned lizard; black areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). Short-horned lizards are likely to 
	occur in areas with probability > 0.22. 
	chipmunks were more likely to occur in areas with <6 or >91% big sagebrush within 5-km (Fig. 7.21). 
	Short-horned lizards were the only species for which we had sufﬁcient data to evaluate models. Our model of short-horned lizard occurrence validated well (Fig. 7.22) with slope of observed versus expected values being close to 1.0 and the 
	Understanding the distribution of wildlife species, both common and rare, is important to assessing the integrity of the 
	FIG. 7.11. Distribution of short-horned lizards in the Wyoming Basins Ecoregional Assessment area based on optimum probability cutoff threshold of 0.22. Semi-transparent grey shaded areas are outside the range of the short-horned lizard, black areas are outside the inference of our models (<3% sagebrush within 5 km or within a 
	body of water). 
	wildlife community of a region. Knowing how sagebrush-associated wildlife species respond to habitat and disturbance characteristics and the spatial distribution of these species provides information useful for resource managers when planning treatments or mitigation efforts.  For example, information on the distribution of seed predators may help when planning seed mixes or the timing of the seeding itself, and the distribution of potential prey species can help guide 
	Harvester ants were negatively associated with high productivity and large expanses of sagebrush. Areas of high productivity generally have increased soil 
	FIG. 7.12. Distribution of short-horned lizard probability of occurrence within the Wyoming Basins Ecoregional Assessment area in relation to proportion of all big sagebrush (Artemesia tridentata) within a 5-km radius. Mean probability of occurrence (black line, ±1 SD [dashed lines]) values were calculated in each one percent increment of all big sagebrush within a 5-km radius moving window. Range of predictions relate to the observed range of sagebrush at study site locations. The dashed horizontal line re
	moisture which can be problematic for harvester ants because high levels of moisture in the nest can lead to germination of cached seed (Cole 1932a).  Increases in harvester ant mound abundance has been associated with a reduction in cover of sagebrush (Sneva 1979) and other perennial shrubs (Sharp and Barr 1960). In Oregon, the number of mounds more than doubled 
	Several soil characteristics were important predictors of harvester ant occurrence 
	TABLE 7.17. Results of AICc-based model selection for white-tailed jackrabbit occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood (LL), number of parameters (K),Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with . AICc . 2 are shown. 
	Variable defnitions provided in Table 4.2 
	TABLE 7.18. Evaluation statistics from AICc-based univariate model selection for white-tailed jackrabbit occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance predictor variables (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and Akaike weight [wi]). We ran generalized ordered logistic models with the big sagebrush (0
	Category VariableLL K AICc .AICc wi 
	TABLE 7.18. Continued 
	CONTAG3km -165.36 3 336.76 2.51 0.07 EDGE1km -165.40 3 336.83 2.59 0.06 
	Abiotic CTI-164.15 4 336.38 0.00 0.58 CTI -165.48 3 337.00 0.62 0.42 
	ELEV -165.33 3 336.69 0.00 0.71 ELEV-165.21 4 338.50 1.81 0.29 
	c
	iH2Od1km -165.32 3 336.68 0.00 0.35 
	c
	iH2Od-165.34 3 336.71 0.03 0.34 
	c
	iH2Od-165.42 3 336.89 0.20 0.31 
	c
	pH2Od-164.31 3 334.65 0.00 0.37 
	c
	pH2Od1km -164.45 3 334.93 0.29 0.32 
	c
	pH2Od-164.50 3 335.04 0.39 0.31 
	SOLAR-163.88 4 335.83 0.00 0.56 SOLAR -165.13 3 336.29 0.46 0.44 
	Tmin -165.42 3 336.89 0.00 0.71 Tmin-165.31 4 338.69 1.81 0.29 
	c
	MjRD1km -162.73 3 331.49 0.00 0.41 
	c
	MjRD-162.79 3 331.62 0.13 0.38 
	c
	MjRD-163.36 3 332.77 1.27 0.21 
	c
	PIPE-165.30 3 336.64 0.00 0.35 
	c
	PIPE1km -165.34 3 336.73 0.08 0.33 
	c
	PIPE-165.40 3 336.84 0.19 0.32 
	c
	POWER-163.83 3 333.70 0.00 0.37 
	c
	POWER1km -163.94 3 333.92 0.22 0.33 
	c
	POWER-164.05 3 334.13 0.44 0.30 
	RDdens3km -163.86 3 333.76 0.00 0.33 
	TABLE 7.18. Continued 
	c
	WELL-164.93 3 335.90 0.00 0.35 
	c
	WELL1km -164.96 3 335.96 0.06 0.34 
	c
	WELL-165.09 3 336.22 0.31 0.30 
	Variable defnitions provided in Table 4.2  Quadratic function (variable + variable) 
	c(Euclidean distance from feature/-distance parameter)
	within the Wyoming Basins. Soil sand content and soil depth were positively associated, and soil clay content was negatively associated, with harvester ant occurrence. In Idaho, high harvester ant densities were also associated with increased sand content (Blom et al. 1991). Sand content may improve the ability of harvester ants to build nests and increase availability of pebbles for making nest mounds (Cole 1932a). Harvester ant (P. occidentalis) locations in North Dakota, at the eastern edge of the specie
	Grassland and salt desert shrubland were both negatively associated with harvester ant occurrence, whereas sagebrush edge density was positively associated with harvester ants. Mounds were scarce in shadscale saltbush (Atriplex confertifolia) habitats in Idaho and western Wyoming (Cole 1932a, Sharp and Barr 1960, Blom et al. 1991), and densities were lower in crested wheatgrass (Agropyron cristatum), Indian ricegrass (Achnatherum hymenoides), and basin wildrye (Leymus cinerus) communities (Blom et al. 1991)
	The only other abiotic factor in addition to soil characteristics was a positive association with increased minimum temperatures when predicting harvester ant occurrence. Harvester ants are temperature sensitive and limit daily and seasonal foraging to speciﬁc temperature ranges with activity occurring between 25 to 55 C and maximum foraging between 40 to 45 C (Crist and MacMahon 1991). At a grassland site in northeastern Colorado, 
	TABLE 7.19. Results of AICc -based submodel selection for white-tailed jackrabbit occurrence in the Wyoming Basins Ecoregional Assessment area; the table also shows log-likelihood (LL), number of parameters (K),Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with .AICc . 2 are shown. 
	Category Rank ModelLL K AICc .AICc wi 
	Vegetation 1 BIGSAGE + GRASS + SALT3km -160.35 4 328.77 0.00 0.18 2 BIGSAGE + CFRST18km + GRASS + SALT3km -160.22 5 330.57 1.80 0.08 3 BIGSAGE + GRASS + RIP1km + SALT3km -160.31 5 330.74 1.97 0.07 Abiotic 1 BIGSAGE + TRI-163.32 3 332.68 0.00 0.07 2 BIGSAGE + pH2Od + TRI-162.81 4 333.69 1.01 0.04 3 BIGSAGE + SOLAR + SOLAR2 + TRI-161.82 5 333.76 1.08 0.04 4 BIGSAGE + ELEV + TRI-163.08 4 334.23 1.55 0.03 5 BIGSAGE + Tmin + TRI-163.16 4 334.39 1.71 0.03 6 BIGSAGE + iH2Od1km + TRI-163.20 4 334.48 1.80 0.03 7 BIG
	TABLE 7.19. Continued 
	Category Rank ModelLL K AICc .AICc wi 
	13 BIGSAGE + MjRD1km + RDdens3km + PIPE -160.29 5 330.71 0.94 0.03 14 BIGSAGE + AG + MjRD1km + RDdens3km + POWER + WELL-158.34 7 330.94 1.16 0.03 15 BIGSAGE + MjRD1km + RDdens3km -161.51 4 331.09 1.31 0.02 16 BIGSAGE + AG + MjRD1km + PIPE-160.51 5 331.15 1.38 0.02 17 BIGSAGE + AG + RDdens3km + MjRD1km -160.54 5 331.20 1.42 0.02 18 BIGSAGE + MjRD1km + PIPE-161.59 4 331.25 1.47 0.02 19 BIGSAGE + RDdens3km + POWER + WELL-160.61 5 331.35 1.57 0.02 20 BIGSAGE + MjRD1km -162.73 3 331.49 1.72 0.02 21 BIGSAGE + MjR
	Variable defnitions provided in Table 4.2 
	Ants, Reptiles, and Mammals – Hanser et al. 
	harvester ants opened mound entrances when soil surface temperatures reached 24 C, but little activity took place until temperatures reached 28 C (Rogers 1974). Mean minimum temperatures may be low enough within the areas of the WBEA that they limit harvester ant foraging activity, therefore reducing their probability of occurrence and abundance. 
	Ants were positively associated with two disturbance factors: proximity to agricultural land and pipelines.  Soil disturbances associated with these areas may lead to increased seed production by exotic invasive species, leading to increased food resources. In areas with high cover of cheatgrass, harvester ants harvested large quantities of cheatgrass seed (Cole 1932a). 
	Proximity to oil/gas development was negatively associated with harvester ant occurrence.  Disturbance of the soil surface and crested wheatgrass seedings were negatively associated with nest densities in Idaho (Blom et al. 1991).  Both are characteristics of active oil and gas ﬁelds with crested wheatgrass commonly used in well pad reclamation efforts and subsequently associated with oil/gas well locations (Ch. 10). Also, drilling rigs, pump stations, or condensation tanks at active well pads can cause sha
	Abundance of harvester ants on survey blocks in the WBEA were similar to previous studies (3-80 mounds/ha; Soule and Knapp 1996). Although we were unable to conduct a formal analysis of detection probability, this comparison is evidence that our abundance estimates were comparable with previous research. This is not a substitute for a detection analysis, and we encourage future efforts account for detectability when possible. 
	Thatch ants were positively associated 
	with large expanses of sagebrush land 
	cover. Thatch ants were most abundant 
	TABLE 7.20. Results of AICc-based model selection for the combined white-tailed jackrabbit occurrence modelsin the Wyoming Basins Ecoregional Assessment area; the table also shows parameter estimates (beta [SE]) and evaluation statistics (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and cumulative Akaike weight [.wi]). Models shown with cumulative Akaike weight (wi) of just . 0.9. 
	Rank Intercept BIGSAGEGRASSSALT3km TRIMjRD1km 
	TABLE 7.20. Extended 
	TABLE 7.20. Continued 
	Variable defnitions provided in Table 4.2 
	in semi-arid habitats, including sagebrush. Mounds were typically centered on a sagebrush shrub (Cole 1932b); thatch ants fulﬁlled most of their dietary needs by tending aphids on sagebrush (Weber 1935, McIver and Yandell 1998) and were abundant at high elevation sites with increased shrub cover (Mont-Blanc et al. 2007).  In our study, thatch ant occurrence was associated with areas 
	Thatch ant occurrence decreased with increasing abundance of grassland and mixed shrubland land cover. These habitat types may support populations of thatch ants, but the lack of vegetation (sagebrush) that support food sources (aphids) may limit population size. Sagebrush contagion and salt desert shrubland both had negative associations with thatch ant occurrence. 
	The high elevation habitats that these ants inhabit generally have inclusions of coniferous forest, aspen woodlands, and other montane shrub communities that decrease the contagion of sagebrush patches within the area occupied. Also, salt desert shrubland is generally found at low elevations, whereas thatch ants are part of the high elevation ant community (MontBlanc 2007). 
	FIG. 7.13. White-tailed jackrabbit probability of occurrence in the Wyoming Basins Ecoregional Assessment area. Black areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). Whitetail jackrabbits are likely to occur in areas with probability > 0.25. 
	Thatch ants in the WBEA area had an afﬁnity for moderate to high elevation habitats and areas with increased solar radiation. Thatch ants are common between 1,524 to 2,438 m elevation (Cole 1932b, Risch et al. 2008). The most productive thatch ant habitats had increased exposure to sunlight (Weber 1935) and mounds were found predominately on warmer east, south-east and south exposed sites (Risch et al. 2008). 
	Disturbance factors were additions to the AICc-selected top model although the 
	FIG. 7.14. Distribution of white-tailed jackrabbits in the Wyoming Basins Ecoregional Assessment area based on optimum probability cutoff threshold of 0.25. Black areas are outside the inference of our models (<3% sagebrush 
	within 5 km or within a body of water). 
	Cultivation attracts insects (Benton et al. 2002) which are the primary prey of thatch ants (Weber 1935). Correlative abiotic factors, such as soil depth and productivity, which make land suitable for agricultural purposes, may also be beneﬁcial for thatch ants. 
	Thatch ants were negatively associated with proximity to oil/gas wells and highways but positively associated with road density. However, the direct link between these disturbance factors and thatch ant occurrence 
	10) which may alter food availability for thatch ants in the WBEA area. 
	The inﬂuences of thatch ants on ecosystems include a reduction in the likelihood of pest insect outbreak (McIver et al. 1997), increased plant diversity (Beattie and Culver 1977), and reduced insect diversity and abundance (Hiekkenen 1999). Our thatch ant model for the WBEA improves 
	FIG. 7.15. Distribution of white-tailed jackrabbit probability of occurrence within the Wyoming Basins Ecoregional Assessment area in relation to proportion of big sagebrush (Artemisia tridentata ssp. tridentata, A. t. ssp. wyomingensis) within a 0.27-km radius.  Mean probability of occurrence (black line, ± 1SD [dashed lines]) values were calculated in each one percent increment of big sagebrush within a 0.27-km radius moving window. Range of predictions relate to the observed range of sagebrush at study s
	our understanding of the factors inﬂuenc-formal analysis of detection probability, ing the spatial distribution of thatch ants this comparison is evidence that our abunacross the WBEA area and may further dance estimates were comparable with work on the distribution of insects, plant previous research. Future data collection diversity, and pest insects in the sagebrush and analysis efforts should account for deecosystem. tectability when possible. 
	Abundance of thatch ants on survey 
	blocks in the WBEA was higher than the  mound/ha reported in Yellow-Research on short-horned lizard habitat stone National Park (Risch et al. 2008) but relationships has been limited (Pianka and lower than the 73.3 mounds/ha at a super Parker 1975; Powell and Russell 1998a, colony site in Oregon (McIver et al. 1997). 1998b, James 2004), partly because of their Although we were unable to conduct a cryptic nature.  Short-horned lizard occur-
	TABLE 7.21. Results of AICc-based model selection for cottontail occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood (LL), number of parameters (K),Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with .AICc . 2 are shown. 
	Rank ModelLL K AICc .AICc wi 
	Variable defnitions provided in Table 4.2 
	TABLE 7.22. Evaluation statistics from AICc-based univariate model selection for cottontail occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance predictor variables (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and Akaike weight [wi]). We ran logistic models with all sagebrush (5 km, quadratic) and NDVI (5-km) varia
	used AICc to identify the scale at which cottontails respond to individual variables. 
	Category VariableLL K AICc .AICc wi 
	Vegetation CFRST1km -184.66 5 379.52 0.00 1.00 
	Abiotic CTI -186.92 5 384.03 0.00 
	1.00 
	ELEV -177.38 5 364.95 0.00 1.00 
	iH2Od-184.61 5 379.41 0.00 0.43 iH2Od1km-184.99 5 380.17 0.76 0.29 iH2Od-185.02 5 380.24 0.83 0.28 
	pH2Od-186.65 5 383.48 0.00 0.35 
	TABLE 7.22. Continued 
	pH2Od-186.69 5 383.57 0.08 0.33 pH2Od1km-186.73 5 383.66 0.18 0.32 
	SOLAR -185.30 5 380.79 0.00 1.00 
	Tmin -179.50 5 369.20 0.00 1.00 
	MjRD-186.23 5 382.65 0.00 0.35 MjRD1km-186.27 5 382.73 0.07 0.33 MjRD-186.30 5 382.80 0.14 0.32 
	PIPE1km-186.58 5 383.36 0.00 0.37 PIPE-186.72 5 383.63 0.27 0.32 PIPE-186.75 5 383.69 0.34 0.31 
	POWER1km-185.10 5 380.40 0.00 0.58 POWER-185.82 5 381.83 1.43 0.28 POWER-186.52 5 383.23 2.83 0.14 
	WELL-186.93 5 384.04 0.00 0.34 WELL-186.93 5 384.06 0.01 0.33 WELL1km-186.94 5 384.07 0.03 0.33 
	Variable defnitions provided in Table 4.2 
	b(Euclidean distance from feature/-distance parameter)
	rence in the WBEA was positively associated with big sagebrush and aggregation of sagebrush habitats, which corroborates previous research (Pianka and Parker 1975; Reynolds 1979; Montanucci 1981; Werschkul 1982; Powell and Russell 1985, 1998b; Powell et al. 1998; James 2004). Short-horned lizards move through vegetation and forage in more open habitats. Thus, short-horned lizards are found in semi-open, more thinly vegetated habitats. Short-horned lizards rarely occur in thick, grass-dominated habitats, suc
	Pygmy Rabbit 
	We were unable to model the distribution of pygmy rabbits in the WBEA area because of a limited number of observations (Ch. 4). Pygmy rabbits often occur in disjunct and isolated populations throughout their range (Green and Flinders 1980, Dobler and Dixon 1990), which may be due to the distribution of suitable habitat. In Idaho, only 17% of the potential habitat for pygmy rabbits was highly suitable (priority rank 1 [Rachlow and Svancara 2003]), and at the Idaho National Laboratory, only 23% of the 1,999-k
	The known range of pygmy rabbits in Wyoming (Purcell 2006) was recently expanded by >100 km after survey efforts were extended beyond the previously delineated range of the species. Our sampling suggests that potential pygmy rabbit habitat within the WBEA area occurs outside of this updated range, and includes the Worland Basin and the areas east of River-ton, Wyoming.  Furthermore, a pygmy rabbit was seen at one survey block within the Worland Basin. To verify these ﬁndings, the Worland Basin should be sur
	Our model predicted white-tailed jackrabbit to be rare throughout the non-mountainous areas of the Wyoming Basins. White-tailed jackrabbits were positively associated with the proportion of big sagebrush within a small radius (0.27 km), which is an area much smaller than the typical home range (2–3 km, Jackson 1961).  During the day, white-tailed jackrabbits hide at the base of bushes or beside rocks (Dalquest 1948, Rogowitz 1997), while at night they feed in areas with high herbaceous cover, often moving t
	TABLE 7.23. Results of AICc-based submodel selection for cottontail occurrence in the Wyoming Basins Ecoregional Assessment area; the table also shows log-likelihood (LL), number of parameters (K), Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with .AICc . 2 are shown. 
	Category Rank ModelLL K AICc .AICc wi 
	Vegetation 1 ALLSAGE5km + ALLSAGE5km + NDVI5km + CFRST1km + MIX + GRASS18km + RIP + EDGE5km -176.52 9 371.63 0.00 0.09 2 ALLSAGE5km + ALLSAGE5km + NDVI5km + CFRST1km + MIX + GRASS18km + EDGE5km -177.76 8 371.98 0.35 0.08 3 ALLSAGE5km + ALLSAGE5km + NDVI5km + CFRST1km + MIX + RIP + EDGE5km -177.91 8 372.28 0.66 0.07 4 ALLSAGE5km + ALLSAGE5km + NDVI5km + CFRST1km + MIX + EDGE5km -179.10 7 372.55 0.93 0.06 5 ALLSAGE5km + ALLSAGE5km + NDVI5km + GRASS18km + MIX + RIP + EDGE5km -178.45 8 373.35 1.73 0.04 6 ALLSAG
	TABLE 7.23. Continued 
	Category Rank ModelLL K AICc .AICc wi 
	12 ALLSAGE5km + ALLSAGE5km + NDVI5km + ELEV + TRI270 + SOLAR + pH2Od -168.52 8 353.51 1.49 0.03 13 ALLSAGE5km + ALLSAGE5km + NDVI5km + ELEV + TRI270 + CTI -169.61 7 353.58 1.57 0.03 14 ALLSAGE5km + ALLSAGE5km + NDVI5km + ELEV + TRI270 + SOLAR + CTI -168.60 8 353.66 1.64 0.03 15 ALLSAGE5km + ALLSAGE5km + NDVI5km + ELEV + TRI + iH2Od + SOLAR+ CTI -167.55 9 353.68 1.67 0.03 16 ALLSAGE5km + ALLSAGE5km + NDVI5km + ELEV + TRI + SOLAR + Tmin -168.62 8 353.71 1.69 0.03 17 ALLSAGE5km + ALLSAGE5km + NDVI5km + ELEV + 
	Variable defnitions provided in Table 4.2 
	TABLE 7.24. Results of AICc-based model selection for the combined cottontail occurrence models  in the Wyoming Basins Ecoregional Assessment area; the table also shows parameter estimates (beta [SE]) and evaluation statistics (log-likelihood [LL], number of parameters [K],Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and cumulative Akaike weight [.wi]). Models shown with cumulative Akaike weight (wi) of just . 0.9. 
	Model Constant ALLSAGE5km ALLSAGE5kmNDVI5km CFRST1km GRASS18km MIXELEV
	TABLE 7.24. Extended 
	TABLE 7.24. Continued 
	Variable defnitions provided in Table 4.2  Coeffcients and standard errors multiplied by 10 Coeffcients and standard errors multiplied by 10 
	tor of the regional context or conditions for white-tailed jackrabbit occurrence. White-tailed jackrabbit occurrence was associated with less rugged terrain, the only abiotic inﬂuence. Habitats of white-tailed jackrabbits are generally ﬂat or gently sloping shrub and grassland habitats (Svihla 1931, Kim 1987), which are typically less rugged. 
	Several disturbance factors inﬂuenced the distribution of white-tailed jackrabbits in the Wyoming Basins. Rabbit occurrence was positively associated with proximity to pipelines which may be a function of revegetation efforts on pipeline rights-of-way, ultimately leading to short-term grassland habitat (Booth and 
	FIG. 7.16. Cottontail probability of occurrence in the Wyoming Basins Ecoregional Assessment area. Black areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). Cottontails are likely to occur in areas with probability > 0.47. 
	and interstates and major highways may be due to direct mortality or increased abundance of synanthropic predators (Johnston 2001, Leu et al. 2008). 
	Our model did not perform well using internal validation tests and we were unable to obtain independent data in order to validate this model. Therefore, caution should be taken when using our white-tailed jackrabbit model. Clearly further research is 
	Cottontails were associated with moderate levels of sagebrush but were predicted to occur over the entire range of sagebrush, indicating that other factors were important in determining their distribution. Cotton
	FIG. 7.17. Distribution of cottontail rabbits in the Wyoming Basins Ecoregional Assessment area based on optimum probability cutoff threshold of 0.47. Black areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). 
	tails are found in a variety of habitats and this was apparent from the large number of land cover types positively associated with cottontail occurrence in the WBEA, including coniferous forest, grassland, mixed shrubland, and riparian, as well as sagebrush edge. In a large-scale context, shrub and grassland habitats commonly associated with cottontails have low productivity. The generalist tendency of cottontails also is il
	Abiotic factors associated with cottontail occurrence included proximity to intermittent water and increased topographic ruggedness, while increased elevation had a negative inﬂuence. Areas of intermittent water may increase cover of forbs, which are a primary food source 
	FIG. 7.18. Distribution of cottontail probability of occurrence within the Wyoming Basins Ecoregional Assessment area in relation to proportion of all big sagebrush (Artemisia tridentata) within a 5-km radius. Mean probability of occurrence (black line, ±1 SD [dashed lines]) values were calculated in each one percent increment of all big sagebrush within a 5-km radius moving window.  Range of predictions relate to the observed range of sagebrush at study site locations. The dashed horizontal line represents
	during the growing season (MacCracken a negative association because of the poand Hansen 1984). tential for increased predation due to the 
	Cottontails had a non-intuitive positive increased raptor densities (Steenhof et al. association with distance to power lines. 1993).  Food resources or other environ-We expected that cottontails would have mental conditions may increase the likeli-
	TABLE 7.25. Results of AICc-based model selection for least chipmunk occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale sagebrush and NDVI; the table also shows log-likelihood (LL), number of parameters (K), Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICcvalue from the top model (.AICc), and Akaike weight (wi). Only models with .AICc . 2 are shown. 
	Rank ModelLL K AIC .AIC
	cc wi 
	Variable defnitions provided in Table 4.2. 
	TABLE 7.26. Evaluation statistics from AICc-based univariate model selection for least chipmunk occurrence in the Wyoming Basins Ecoregional Assessment area in relation to multi-scale vegetation, abiotic, and disturbance predictor variables (log-likelihood [LL], number of parameters [K],Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and Akaike weight [wi]). We ran logistic models with big sagebrush (5-km radius) as a base model for al
	at which least chipmunks respond to individual variables. 
	Category VariableLL K AICc .AICc wi 
	Abiotic CLAY -142.28 3 290.64 0.00 
	1.00 
	CTI -142.65 3 291.37 0.00 1.00 
	ELEV -141.95 3 289.97 0.00 1.00 
	iH2Od1km-142.89 3 291.86 0.00 0.36 iH2Od-143.00 3 292.09 0.23 0.32 iH2Od-143.02 3 292.12 0.27 0.32 
	TABLE 7.26. Continued 
	pH2Od-142.70 3 291.47 0.00 0.41 pH2Od-142.98 3 292.04 0.56 0.31 pH2Od1km-143.05 3 292.17 0.70 0.29 
	SOILcm -142.54 3 291.16 0.00 1.00 
	SAND -142.84 3 291.75 0.00 1.00 
	SOLAR -142.24 3 290.55 0.00 1.00 
	Tmin -134.98 3 276.04 0.00 1.00 
	MjRD1km-142.31 3 290.70 0.00 0.49 MjRD-142.87 3 291.82 1.12 0.28 MjRD-143.04 3 292.16 1.46 0.23 
	PIPE-141.69 3 289.46 0.00 0.60 PIPE-142.60 3 291.27 1.80 0.24 PIPE1km-143.02 3 292.11 2.64 0.16 
	POWER1km-141.72 3 289.52 0.00 0.59 POWER-142.62 3 291.32 1.80 0.24 POWER-142.98 3 292.03 2.51 0.17 
	WELL-141.56 3 289.20 0.00 0.45 WELL1km-141.97 3 290.01 0.81 0.30 WELL-142.15 3 290.37 1.17 0.25 
	Variable defnitions provided in Table 4.2 
	b(Euclidean distance from feature/-distance parameter)
	TABLE 7.27. Results of AICc-based submodel selection for least chipmunk occurrence in the Wyoming Basins Ecoregional Assessment area; the table also shows log-likelihood (LL), number of parameters (K),Akaike’s Information Criterion corrected for small sample sizes (AICc), change in AICc value from the top model (.AICc), and Akaike weight (wi). Only models with .AICc . 2 are shown. 
	Category Rank ModelLL K AICc .AICc wi 
	Vegetation 1 BIGSAGE5km + EDGE3km + GRASS3km + MIX18km -133.69 5 277.57 0.00 0.12 2 BIGSAGE5km + EDGE3km + GRASS3km -134.80 4 277.72 0.15 0.11 3 BIGSAGE5km + EDGE3km + MIX18km -134.85 4 277.83 0.27 0.10 4 BIGSAGE5km + EDGE3km -136.05 3 278.17 0.61 0.09 Abiotic 1 BIGSAGE5km + Tmin + TRI18km + SOLAR + SAND -131.17 6.00 274.61 0.00 0.03 2 BIGSAGE5km + Tmin + TRI18km + SOLAR -132.30 5.00 274.80 0.18 0.03 3 BIGSAGE5km + Tmin + TRI18km + SOLAR + CTI -131.31 6.00 274.89 0.28 0.03 4 BIGSAGE5km + Tmin + TRI18km + SO
	Variable defnitions provided in Table 4.2 
	TABLE 7.28. Results of AICc-based model selection for the combined least chipmunk occurrence models in the Wyoming Basins Ecoregional Assessment area; the table also shows parameter estimates (beta [SE]) and evaluation statistics (log-likelihood [LL], number of parameters [K], Akaike’s Information Criterion corrected for small sample sizes [AICc], change in AICc value from the top model [.AICc], and cumulative Akaike weight [.wi]). Models shown with cumulative Akaike weight (wi) of just . 0.9. 
	Model Constant BIGSAGE5km EDGE3km Tmin POWER1km PIPETRI18km SOLAR 
	TABLE 7.28. Extended 
	SAND WELLMjRD1km GRASS3km MIX18km LL K AICc .AICc .wi 
	TABLE 7.28. Continued 
	TABLE 7.28. Continued 
	Variable defnitions provided in Table 4.2 
	hood of cottontail use of these areas near power lines and potentially indicate that areas near power lines act as an ecological trap (Dwernychuk and Boag 1972, Battin 2004).  However, caution should be used in broadly interpreting this as an effect of power lines because our data only contained major transmission corridors and did not include smaller and more common power lines. 
	Least Chipmunk 
	Least chipmunk occupancy in the WBEA area was negatively associated 
	TABLE 7.28. Extended 
	within shrubland regions with small elevation gradients found that least chipmunks were sensitive to fragmentation and loss of sagebrush habitat and may be eliminated from landscapes without sagebrush cover (Reynolds 1980, Parmenter and MacMahon 1983) or were absent in sagebrush patches isolated by >450 m in Idaho (Hanser and Huntly 2006). Least chipmunks were absent from grasslands in Oregon and Utah (Feldhamer 1979; Smith and Urness 1984), which corroborates our results.  Conversely, in southeast Oregon t
	FIG. 7.19. Least chipmunk probability of occurrence in the Wyoming Basins Ecoregional Assessment area. Black areas are outside the inference of our models (<3% sagebrush within 5 km or within a body of water). Least chipmunks are likely to occur in areas with probability > 0.18. 
	have the resources necessary to maintain populations of least chipmunks. 
	Abiotic factors, including temperature, topographic ruggedness, solar radiation, and soil sand content, also inﬂuenced the occurrence of least chipmunks. Least chipmunks are commonly associated with rocky habitats at higher elevations and have been recorded above tree line in Colorado and up to 2,745 m in Oregon (Verts and Carraway 2001). High-
	FIG. 7.20. Distribution of least chipmunks in the Wyoming Basins Ecoregional Assessment area based on an optimum probability cutoff threshold of 0.18. Black areas are outside the inference of our models (<3% sagebrush 
	within 5 km or within a body of water). 
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