
Appendix 1. Environmental predictor variables, descriptions, hypotheses, and predicted relationships used for the development of a 

species distribution model and climate envelope model for the Dusky Grouse (Dendragapus obscurus) in the American Southwest. 

Model  Environmental Variable Variable Description Hypothesized Function Predicted 
Relationship 

Citation(s) 

 Biophysical     

SDM Terrain Ruggedness 
Index 

Elevational 
difference between 
the value of a cell and 
the mean of an 8-cell 

neighborhood of 
surrounding cells for 
digital elevation 
models (Riley et al. 

1999). 

Topographic ruggedness 
can produce cool 
microclimates and 
determine associated 

vegetation communities.  
On a micro-level, greater 
terrain ruggedness may 
provide additional cover 

for concealment from 
predators. 

+ Riley et al. 1999. A 
terrain ruggedness index 
that quantifies 
topographic 

heterogeneity. 
Intermountain Journal of 
Sciences 5: 23–27.  
Aragon et al. 2009. The 

contribution of 
contemporary climate to 
ectothermic and 
endothermic vertebrate 

distributions in a glacial 
refuge. Global Ecology 
and Biogeography 19: 40–
49. Bouchet et al. 2015. 

Topographic determinants 
of mobile vertebrate 
predator hotspots: Current 
knowledge and future 

directions. Biological 
Reviews 90: 699–728. 



SDM Heat Load Index Estimated slope 
temperature 
according to slope 

steepness and aspect 
(McCune and Keon 
2002). 

Heat Load Index estimates 
the potential radiation of 
an area based on its 

latitude, slope, and aspect 
such that more 
southwestern slopes are 
warmest and northeastern 

are coolest. Dusky Grouse 
are associated with 
coniferous forest 
vegetation that occurs on 

shadier slopes. 

- McCune and Keon. 2002. 
Equations for potential 
annual direct radiation 

and heat load. Journal of 
Vegetation Science 13: 
603–606. Gottschalk et al. 
2007. Assessing the 

potential distribution of 
the Caucasian black 
grouse Tetrao 
mlokosiewiczi in Turkey 

through spatial modelling. 
Journal of Ornithology 
148: 427–434. 

SDM Landcover Macrogroup The dominant land 

cover classification at 
the macrogroup 
classification 
hierarchy.  Landcover 

macrogroup 
represents the general 
landcover type. 

Dusky Grouse are 

associated with subalpine 
vegetation types. 

+ (subalpine 

vegetation 
landcover 

types) 

Severson. 1986. Spring 

and early summer habitats 
and foods of male Blue 
Grouse in Arizona. 
Journal of the Arizona-

Nevada Academy of 
Science 21: 13–18.  
Pekins et al. 1991. 
Physical characteristics of 

Blue Grouse winter use-
trees and roost sites. Great 
Basin Naturalist 51: 244–
248. Zwickel and Bendell. 

2004. Blue Grouse: Their 
biology and natural 
history. National Research 
Council Research Press 

Canada. 



SDM Annual Normalized 
Difference Vegetation 
Index for 2013 (NDVI) 

Averaged monthly 
NDVI rasters of 
2013, NDVI is an 

index of greenness 
that represents 
primary productivity. 

Dusky Grouse are 
associated with forested 
(more productive) 

environments. 

+ Zwickel and Bendell. 
2004. Blue Grouse: Their 
biology and natural 

history. National Research 
Council Research Press 
Canada.  Tirpak and 
Giuliano. 2010. Using 

multitemporal satellite 
imagery to characterize 
forest wildlife habitat: 
The case of ruffed grouse. 

Forest Ecology and 
Management 260: 1539–
1547.  Lawson. 2018. 
Habitat selection of 

Dusky Grouse on a 
biosolids-remediated 
cattle ranch in British 
Columbia. Thesis. 

University of British 
Columbia, Vancouver, 
Canada. 



 Climate *Definitions for 
BIOCLIM variables 
obtained from: 

O'Donnell and 
Ignizio. 2012. 
Bioclimatic 
predictors for 

supporting ecological 
applications in the 
conterminous United 
States. U.S. 

Geological Survey 
Data Series 691. 

   

SDM BIO 1 Annual Mean 
Temperature: BIO 1 
represents an annual 
trend in temperature 
and approximates 

total energy inputs.  It 
is thus representative 
of ecosystem type. 

Dusky Grouse are 
associated with subalpine 
coniferous forests (limiting 
winter habitat) which 
occur in areas with cool 

temperatures.   

- Pekins et al. 1992. Winter 
energy requirements of 
blue grouse. Canadian 
Journal of Zoology 70: 
22–24. 

Both BIO 2 Annual Mean Diurnal 

Range (Mean of 
monthly (max 
temperature - 
minimum 

temperature)):  BIO 2 
is a measure of 
difference in monthly 
extreme high and low 

temperatures. 

In the Southwest, Dusky 

Grouse occur in montane 
areas with relatively low 
temperature fluctuation 
compared to lower 

elevation sites.  Coniferous 
forests, which are used by 
Dusky Grouse, do not 
occur in areas with high 

temperatures. 

- Evans and Lyons. 2013. 

Bioclimatic extremes 
drive forest mortality in 
southwest, western 
Australia. Climate 1: 28–

52. 



Both BIO 3 Isothermality (Mean 
diurnal range / 
temperature annual 

range):  BIO 3 is a 
measure of evenness 
of the temperature 
(i.e., the daily 

temperature 
fluctuation relative to 
seasonal fluctuation), 
such as typically 

found in tropical or 
maritime 
environments. 

Dusky Grouse occur in 
areas where seasonal 
variation in temperature is 

greater than daily 
variation. 

- Ludwig et al. 2006. Short- 
and long-term population 
dynamical consequences 

of asymmetric climate 
change in black grouse. 
Proceedings of the Royal 
Society Biological 

Sciences 273: 2009–2016. 

Both BIO 4 Temperature 

Seasonality (standard 
deviation x 100): BIO 
4 is a measure of 
variation in 

temperature across 
the year. 

Subalpine forests, which 

are used by Dusky Grouse, 
occur in areas with high 
temperature seasonality. 

+ Zwickel and Bendell. 

1967. Early mortality and 
regulation of numbers in 
blue grouse. Canadian 
Journal of Zoology 45: 

817–851.  Redfield. 
1975.Comparative 
demography of increasing 
and stable of Blue Grouse 

(Dendragapus obscurus) 
Canadian Journal of 
Zoology 53: 1–11. 



Both BIO 5 Maximum 
Temperature of 
Warmest Month:  

BIO 5 is the highest 
temperature across 
the year and 
represents a potential 

extreme limiting 
factor for many 
organisms. 

Dusky Grouse are 
associated with cool 
environments and may be 

limited by areas with hot 
temperatures. 

- Bridgette et al. 2004. 
Weather and prairie 
grouse: Dealing with 

effects beyond our 
control. Wildlife Society 
Bulletin 32: 22–34. 

Both BIO 7 Temperature Annual 
Range (Maximum 
temperature of 

warmest month - 
minimum 
temperature of 
coldest month): BIO 

7 is a measure of how 
different the extreme 
coldest and warmest 
temperatures are 

across the year. 

In the Southwest, Dusky 
Grouse occur in an 
environment with large 

differences in 
temperatures, up to a 
point. 

+ sigmoidal Scherer and Diffenbaugh. 
2013. Transient twenty-
first century changes in 

daily-scale temperature 
extremes in the United 
States. Climate Dynamics 
42: 1383–1404. 

Both BIO 8 Mean Temperature of 
Wettest Quarter:  
BIO 8 is an index of 

the mean temperature 
during the wettest 
quarter of the year. 

This period corresponds to 
the summer monsoon in 
the Southwest.  Dusky 

Grouse are associated with 
subalpine coniferous 
forests which occur in 
locations that are relatively 

cool in the summer.   

- Peltier et al. 2016. Legacy 
effects of drought in the 
southwestern United 

States: A multi-species 
synthesis. Ecological 
Monographs 86: 312–326. 



Climate BIO 9 Mean Temperature of 
Driest Quarter:  BIO 
9 is an index of the 

mean temperature 
during the driest part 
of the year. 

This period generally 
occurs during winter in the 
Southwest.  Dusky Grouse 

occur in relatively cool 
locations and use snow 
during winter for 
thermoregulation.   

- Pekins. 1988. Winter 
ecological energetics of 
blue grouse. Dissertation. 

Utah State University, 
Logan, Utah, USA.  
Pelren. 1996. Blue Grouse 
winter ecology in 

northeastern Oregon. 
Thesis. Oregon State 
University, Corvallis, 
Oregon, USA. 

Both BIO 12 Annual Precipitation: 

BIO 12 is an index 
for the total 
precipitation in the 
year. 

In the Southwest, Dusky 

Grouse are associated with 
areas of high primary 
productivity which is a 
result of high precipitation. 

+ Arriaga-Ramirez and 

Cavasos. 2010. Regional 
trends of daily 
precipitation indices in 
northwest Mexico and 

southwest United States. 
Journal of Geophysical 
Research Atmospheres 
115: D14111. 

Both BIO 14 Precipitation of 
Driest Month: BIO 
14 is the amount of 

precipitation in the 
driest month and 
represents an extreme 
potential limiting 

factor for many 
organisms. 

Dusky Grouse are 
associated with coniferous 
forests that require 

abundant precipitation. 

+ Cayan et al. 2010. Future 
dryness in the southwest 
US and the hydrology of 

21st century drought. 
Proceedings of the 
National Academy of 
Sciences 107: 21272–

21276.   



Climate BIO 15 Precipitation 
Seasonality:  BIO 15 
is the variation in 

monthly precipitation 
across the year. 

In the Southwest, Dusky 
Grouse occur in areas with 
relatively low variation in 

precipitation. 

- Bridgette et al. 2004. 
Weather and prairie 
grouse: Dealing with 

effects beyond our 
control. Wildlife Society 
Bulletin 32: 22–34. 

Climate BIO 16 Precipitation of 
Wettest Quarter:  
BIO 16 is the amount 
of precipitation 

during the wettest 
quarter of the year. 

This period occurs during 
the summer monsoon in 
the Southwest.  The 
summer monsoon is 

important to producing 
grasses and forbs used by 
Dusky Grouse for nesting 
and foraging in summer.  

However, large rainfall 
events may cause chick 
mortality. 

+ for adults, 
- potentially 
for chicks 

Cedarlake et al. 1982. 
Weather conditions in 
early summer and their 
effects on September Blue 

Grouse (Dendragapus 
obscurus) harvest. Great 
Basin Naturalist 42: 91–
95.  Lawson. 2018. 

Habitat selection of 
Dusky Grouse on a 
biosolids-remediated 
cattle ranch in British 

Columbia. Thesis. 
University of British 
Columbia, Vancouver, 
Canada. 



SDM BIO 18 Precipitation of 
Warmest Quarter:  
BIO 18 is the amount 

of precipitation in the 
warmest quarter of 
the year. 

This period reflects the 
summer monsoon.  The 
summer monsoon is 

important to producing 
grasses and forbs used by 
Dusky Grouse for nesting 
and foraging in summer.   

+ Comrie and Glenn. 1998. 
Principal components-
based regionalization of 

precipitation regimes 
across the southwest 
United States and 
northern Mexico, with an 

application to monsoon 
precipitation variability. 
Climate Research 10: 
201–215.  Lawson. 2018. 

Habitat selection of 
Dusky Grouse on a 
biosolids-remediated 
cattle ranch in British 

Columbia. Thesis. 
University of British 
Columbia, Vancouver, 
Canada. 

Both BIO 19 Precipitation of 
Coldest Quarter:  
BIO 19 is the amount 

of precipitation in the 
cold quarter of the 
year, which reflects 
winter snow. 

Snow provides thermal 
cover for Dusky Grouse 
and evidence suggests that 

populations increase 
following periods of high 
winter precipitation. 

+ Brown and Smith. 1980. 
Winter-spring 
precipitation and 

population levels of Blue 
Grouse in Arizona. 
Wildlife Society Bulletin 
8: 136–141. 

 


