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modifi cation paradigm for prairie dogs      

    Bruce W.    B aker  ,       David J.     Augustine  ,       James A.     Sedgwick   and       Bruce C.     Lubow           

 B. W. Baker and J. A. Sedgwick, U.S. Geological Survey, Fort Collins Science Center, Fort Collins, CO 80526  -  8118, USA.  –  D. J. Augustine 
(david.augustine@ars.usda.gov), USDA - ARS, Rangeland Resources Research Unit, Fort Collins, CO 80526, USA.  –  B. C. Lubow, Colorado State 
Univ., Fort Collins, CO 80523, USA.                             

 Colonial, burrowing herbivores can be engineers of grassland and shrubland ecosystems worldwide. Spatial variation 
in landscapes suggests caution when extrapolating single-place studies of single species, but lack of data and the need 
to generalize often leads to  ‘ model system ’  thinking and application of results beyond appropriate statistical inference. 
Generalizations about the engineering eff ects of prairie dogs ( Cynomys  sp.) developed largely from intensive study at 
a single complex of black-tailed prairie dogs  C. ludovicianus  in northern mixed prairie, but have been extrapolated to 
other ecoregions and prairie dog species in North America, and other colonial, burrowing herbivores. We tested the 
paradigm that prairie dogs decrease vegetation volume and the cover of grasses and tall shrubs, and increase bare 
ground and forb cover. We sampled vegetation on and off  279 colonies at 13 complexes of 3 prairie dog species widely 
distributed across 5 ecoregions in North America. Th e paradigm was generally supported at 7 black-tailed prairie dog 
complexes in northern mixed prairie, where vegetation volume, grass cover, and tall shrub cover were lower, and bare 
ground and forb cover were higher, on colonies than at paired off -colony sites. Outside the northern mixed prairie, all 
3 prairie dog species consistently reduced vegetation volume, but their eff ects on cover of plant functional groups varied 
with prairie dog species and the grazing tolerance of dominant perennial grasses. White-tailed prairie dogs  C. leucurus  
in sagebrush steppe did not reduce shrub cover, whereas black-tailed prairie dogs suppressed shrub cover at all complexes 
with tall shrubs in the surrounding habitat matrix. Black-tailed prairie dogs in shortgrass steppe and Gunnison ’ s prairie 
dogs  C. gunnisoni  in Colorado Plateau grassland both had relatively minor eff ects on grass cover, which may refl ect 
the dominance of grazing-tolerant shortgrasses at both complexes. Variation in modifi cation of vegetation structure may 
be understood in terms of the responses of diff erent dominant perennial grasses to intense defoliation and diff erences 
in foraging behavior among prairie dog species. Spatial variation in the engineering role of prairie dogs suggests spatial 
variation in their keystone role, and spatial variation in the roles of other ecosystem engineers. Th us, ecosystem engineer-
ing can have a spatial component not evident from single-place studies.   

 Ecosystem engineers aff ect physical and biological processes 
in grassland and shrubland habitats worldwide. Spatial 
variation in the inherent habitat matrix and functional vari-
ation among similar species of engineers may alter engineer-
ing processes, which can alter their keystone role. Colonial, 
burrowing herbivores can be both ecosystem engineers and 
keystone species that are widely distributed across diverse 
landscapes (Kotliar et   al. 1999, Delibes-Mateos et   al. 2011). 
Spatial variation in landscapes suggests caution before 
extrapolating single-place studies of single species, but lack 
of data and the need to generalize often leads to  ‘ model sys-
tem ’  thinking and application of results beyond appropri-
ate statistical inference. Similarities in form and function 
of colonial, burrowing herbivores, and the ecosystems they 
engineer, suggest a model system approach is desirable, as it 
can generalize results from intensive studies of a single spe-
cies at a single study site. Clearly, ecology benefi ts from this 

approach, but paradigms developed from intensive, single-
place studies should be tested with extensive, multi-place 
studies. 

 Prairie dogs ( Cynomys  sp.) are colonial, burrowing, 
herbivorous rodents widely distributed in grasslands and 
shrublands of west-central North America. Th ey have a 
complex social organization, with groups of families (cote-
ries) comprising colonies, and groups of colonies compris-
ing complexes (Hoogland 2006). Unsuitable or unoccupied 
land occurs within and among colonies; thus, complexes 
are a patchy aggregation of on- and off -colony sites. Prairie 
dogs are ecosystem engineers because they substantially 
modify the physical structure of vegetation and soils 
(Whicker and Detling 1988, Bangert and Slobodchikoff  
2000, Davidson and Lightfoot 2008), and keystone species 
because they infl uence abundance, diversity, and population 
processes for many associated species (Kotliar et   al. 1999, 
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Kotliar 2000), including birds (Baker et   al. 2000, Smith 
and Lomolino 2004, Dinsmore et   al. 2005), arthropods
(Davidson and Lightfoot 2007), reptiles (Kretzer and 
Cully 2001), and other mammals (Stapp 2007, Cully et   al. 
2010). Th ey also alter belowground structure, with eff ects 
that vary among species (Verdolin et   al. 2008). Prairie dogs 
once occupied vast regions of central North America, but 
have been severely reduced in number and distribution 
by development, poisoning, plague (caused by  Yersinia 
pestis ), and recreational shooting. Th e black-tailed prairie 
dog (BTPD;  C. ludovicianus ), the Gunnison ’ s prairie dog 
(GPD;  C. gunnisoni ), and the white-tailed prairie dog 
(WTPD;  C. leucurus ) are species of critical conservation 
concern that still occupy large complexes in several dif-
ferent ecoregions (Miller et   al. 1994, Hoogland 2006, 
Slobodchikoff  et   al. 2009). 

 Our understanding of how prairie dogs modify vegeta-
tion structure developed largely from intensive studies of 
BTPDs in northern mixed prairie at Wind Cave National 
Park, South Dakota, USA. Studies there examined prairie 
dog eff ects on plant productivity, nutrient cycling, below-
ground structure, and shifts in vegetation composition 
and structure (Coppock et   al. 1983, Archer et   al. 1987, 
Polley and Detling 1988, Cid et   al. 1991). Th e result-
ing paradigm was that prairie dogs create unique patches 
in the landscape with increased cover of bare ground 
and forbs, decreased cover of grasses, and decreased veg-
etation volume (Whicker and Detling 1988). Subsequent 
work demonstrated BTPDs reduced cover of tall shrubs 
in Texas (Weltzin et   al. 1997) and Mexico (List 1997). Th is 
paradigm has been applied to other ecoregions, other spe-
cies of prairie dog, and other species of colonial, burrow-
ing herbivores (Stapp 1998, Delibes-Mateos et   al. 2011). 
Spatial variation in the inherent habitat matrix among 
ecoregions, variation in foraging strategies among prairie 
dog species, and variation among other species and habi-
tats suggests variation in engineering and keystone eff ects. 
For example, BTPDs live in dense social groups, build large 
burrow mounds, and clip vegetation both to remove and 
consume, whereas WTPDs live in sparse social groups, build 
small burrow mounds, and clip vegetation only to consume 
(Tileston and Lechleitner 1966). GPDs are intermediate, 
as they live in dense social groups but clip vegetation only 
to consume. Spatial variation in climate, soils, and other 
factors creates variation in the composition, height, canopy 
cover, and grazing tolerance of vegetation in the habitat 
matrix, which may mediate the eff ects of prairie dogs. For 
example, BTPD eff ects in arid shortgrass steppe can diff er 
from those in more mesic northern mixed prairie (Stapp 
2007, Hartley et   al. 2009). Th us, the engineering role of 
prairie dogs relative to modifi cation of vegetation structure 
may not apply equally across ecoregions and prairie dog 
species (Stapp 1998). 

 We tested the paradigm by asking how 3 species of prairie 
dogs in 5 ecoregions alter vegetation structure; specifi cally, 
do prairie dogs consistently increase cover of bare ground 
and forbs, and decrease vegetation volume and cover of 
grasses and tall shrubs. First, we examine variation within 
northern mixed prairie by assessing patterns at 7 BTPD 
complexes, with Wind Cave as the standard of compari-
son. Second, we examine variation among ecoregions and 

prairie dog species via 1 BTPD complex in shortgrass steppe 
of Colorado – Kansas, 1 BTPD complex in Chihuahuan 
Desert grassland of Mexico, 1 GPD complex in Colorado 
Plateau grassland of Arizona, and 3 WTPD complexes 
in sagebrush steppe of Colorado – Wyoming. We discuss 
spatial variation in prairie dog eff ects relative to dominant 
plants in the inherent habitat matrix, diff erences in for-
aging behavior among prairie dog species, and climatic 
gradients (e.g. aridity). Finally, we place our results within 
the ecological context of 1) prairie dogs as keystone species 
and 2) other ecosystem engineers, cognizant of the risk in 
generalizing beyond the scope of our results.  

 Methods 

 We sampled vegetation metrics both on and off  279 colonies 
at 13 prairie dog complexes in the United States and Mexico 
(Fig. 1) from May to July in 1996 (BTPD) and 1997 (GPD, 
WTPD). In both years, a fi eld crew moved from south 
to north as each complex was sampled. Complexes were 
selected via expert opinion and located via agency maps; 
collectively, they represented most of the active, large BTPD, 
GPD, and WTPD complexes known to land managers and 
ecologists at the time of sampling. Complexes with many 
small ( �    20 ha) or few ( �    10) large colonies were not sam-
pled due to logistical constraints and objectives related to 
concurrent studies (e.g. bird abundance). Th e Wind Cave 
complex (6 colonies) was included because it was the stan-
dard of comparison in this study. 

 Th e climate, soils, topography, and vegetation that 
comprised the inherent vegetation matrix surrounding these 
complexes varied regionally (Appendix 1). Complexes were 
analyzed by Th e Nature Conservancy ecoregions (TNC 
1999), which were updated from Bailey (1995). For con-
sistency with Great Plains literature (Coupland 1992, 
Lauenroth et   al. 1999), we use northern mixed prairie for 
the northwestern Great Plains (Western Great Plains steppe 
of TNC) and shortgrass steppe for the west-central Great 
Plains (central shortgrass prairie of TNC). Th is terminology 
refl ects greater aridity in shortgrass steppe relative to north-
ern mixed prairie (Lauenroth et   al. 1999). 

 We sampled 7 BTPD complexes (141 colonies) in north-
ern mixed prairie (all dominated by perennial cool-season 
grasses, such as  Pascopyrum smithii , and perennial warm-
season shortgrasses, such as  Bouteloua gracilis ), 1 BTPD 
complex (13 colonies) in shortgrass steppe (dominated by 
perennial warm-season shortgrasses, such as  B. gracilis  and 
 Buchloe dactyloides ), 1 BTPD complex (28 colonies) in 
Chihuahuan Desert (dominated by perennial warm-
season grasses, such as  Pleuraphis mutica,  and shrubs, such 
as  Prosopis glandulosa  and  Ephedra trifurca ), 1 GPD complex 
(15 colonies) in Colorado Plateau (dominated by  B. gracilis ), 
and 3 WTPD complexes (82 colonies) in sagebrush steppe 
(dominated by  Artemisia  and perennial and annual cool-
season grasses; Fig. 1, Appendix 1). Of the 7 northern mixed 
prairie complexes, the 4 in South Dakota lacked a tall shrub 
component and were wetter (mean annual precipitation
43.1 cm), and the 3 in Wyoming and Montana had her-
baceous cover similar to South Dakota, but were more 
arid (mean annual precipitation of 32.4 cm) and had a tall
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Figure 1.     Locations of 13 complexes of 3 prairie dog species where vegetation attributes were measured in western North America. 
Complexes are shown relative to 5 ecoregions (A – E) whose boundaries were delineated through Th e Nature Conservancy ’ s ecoregional 
planning process (TNC 1999). 1  �  Wind Cave National Park; 2  �  Pine Ridge Indian Reservation; 3  �  Badlands National Park and Buff alo 
Gap National Grassland; 4  �  Cheyenne River Indian Reservation; 5  �  Th under Basin National Grassland; 6  �  Phillips County Public 
Lands (Bureau of Land Management [BLM] and C. M. Russell National Wildlife Refuge); 7  �  Fort Belknap Indian Reservation; 8  �  Janos  –  
Casas Grandes region of Chihuahua, Mexico; 9  �  Comanche and Cimarron National Grasslands; 10  �  Aubrey Valley, Big Boquillas Ranch; 
11  �  Coyote Basin Public Lands (BLM and Dinosaur National Monument); 12  �  Moxa Arch Public Lands (BLM); 13  �  Shirley Basin 
Public Lands (BLM).  

shrub component, primarily  Artemisia tridentata  and  
A. cana . All complexes were grazed by domestic cattle 
except Wind Cave and the Badlands portion of Badlands –
 Buff alo Gap, which were national parks grazed by bison 
 Bison bison . 

 At each complex, colonies were selected using agency 
maps and were  �    20 ha in size and active at the time of sam-
pling (prairie dogs or fresh scat present at burrows). Paired 

off -colony sites were located by observing colony boundar-
ies, and identifying nearby ( ∼ 0.5 – 2.0 km) sites with simi-
lar topography, soils, and current grazing management, 
but lacking prairie dogs. We sampled all colonies within 
a complex that met these criteria, with the exception that 
we sampled about half of the colonies at the 2 largest com-
plexes due to time constraints (Badlands – Buff alo Gap and 
Th under Basin). We assumed that on- and off -colony sites 
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 Results  

 Variation in BTPD effects in northern mixed prairie 

 Th e paradigm that prairie dogs increase bare ground and 
forb cover and decrease VO, grass cover, and tall shrub 
cover was generally supported at 7 BTPD complexes in 
northern mixed prairie (Fig. 2). At Wind Cave (complex 
no. 1), bare ground was higher (X–  �    28 vs 6%) and VO 
and grass cover were lower (1.6 vs 6.9 cm and 35 vs 76%, 
respectively) on colonies than at paired off -colony sites; these 
patterns were remarkably consistent in direction, magni-
tude, and strength of AIC evidence for all 7 complexes. Forb 
cover was higher on colonies at 6 of 7 complexes, includ-
ing Wind Cave (16 vs 9%), but strength of evidence was 
weak at Wind Cave and 2 other complexes. Shrub cover 
was minimal and did not diff er on and off  colonies at the 
4 South Dakota complexes, including Wind Cave (Fig. 2; 
no. 1 – 4). Shrub cover was lower on than off  colonies at the 
3 complexes in Montana and Wyoming (Fig. 2; no. 5 – 7), 
which had tall sagebrush (A. tridentata and A. cana) in the 
habitat matrix (Appendix 1).   

 Variation among prairie dog species and 
ecoregions 

 Th e paradigm was not generally supported for prairie dog 
species and ecoregions outside the northern mixed prairie 
(Fig. 1, 2). Th e only consistent prairie dog eff ect was lower 
VO on colonies at all 13 complexes. Th us, vegetation on 
prairie dog colonies was short and sparse relative to the inher-
ent habitat matrix for all prairie dog species and ecoregions, 
but other eff ects varied. 

 For BTPDs in the Chihuahuan Desert (complex no. 8), 
bare ground dominated the landscape due to extreme 
drought conditions, but cover of bare ground was still higher 
on than off  colonies (X–  �    90 vs 80%). Grass cover was lower 
on than off  colonies and was dominated by perennials. 
Although annual grasses and forbs were largely absent when 
we sampled, they can be abundant following summer rains. 
VO and shrub cover were much lower on than off  colonies; 
honey mesquite  Prosopis glandulosa  was the dominant shrub. 
Th us, for BTPDs in Chihuahuan Desert the paradigm was 
largely supported, but the magnitudes of eff ect for bare 
ground and grass cover were less than in northern mixed 
prairie. 

 For BTPDs in the shortgrass steppe (complex no. 9), 
VO was slightly lower on than off  colonies, but evidence 
was weak for an on-off  diff erence in either bare ground or 
grass cover. Forb and shrub cover were nearly absent both on 
and off  colonies. Th us, the only similarity between BTPD 
eff ects in shortgrass steppe and northern mixed prairie was 
that VO was reduced in both ecoregions. 

 For GPDs in the Colorado Plateau (complex no. 10), 
patterns were very similar to BTPDs in shortgrass steppe. 
VO was slightly lower on than off  colonies within a matrix 
of short, sparse vegetation, but evidence was lacking for on-
off  diff erences in bare ground, grass cover, or forb cover. As 
in the shortgrass steppe (complex no. 9), grasses were domi-
nated by blue grama  Bouteloua gracilis , a grazing-tolerant 
shortgrass species (Appendix 1). 

had similar vegetation potential and that diff erences in veg-
etation were correlated with diff erences in prairie dog occu-
pancy. Colony age and prairie dog density was unknown, 
but likely varied greatly. Recent rainfall and other weather 
patterns also infl uenced the state of vegetation present 
when we sampled. All complexes were sampled under condi-
tions of average to above average moisture availability, with 
the exception of Janos – Casas Grandes, Mexico, which was 
sampled during a drought (Appendix 1; Palmer drought 
index for the month and year when sampled, National 
Climatic Data Center ( �  www.ncdc.noaa.gov/temp-and-
precip/drought/historical-palmers.php  � ). 

 We sampled vegetation along a single transect that 
bisected each on and off  colony site (mean transect length  �     
1300 m). Visual obstruction of vegetation (VO) and abso-
lute canopy cover data were measured at a sampling station 
located every 100 m along transects. We visually estimated 
the absolute canopy cover of graminoids (grasses and  Carex  
spp.), forbs, shrubs (including cacti), and bare ground 
within two 20  �  50 cm quadrats per sampling station (i.e. 
28 quadrats on a 1300-m transect) (Daubenmire 1959). 
Quadrats were not moved if they occurred on burrows. 
We also recorded VO at 2 locations (adjacent to quadrats) 
per sampling station following the method of Robel et   al. 
(1970), with the modifi cation that increments on the pole 
were 2.5 cm. VO measurements at each location were 
obtained by observing the 1.5-m-tall pole from 1 m high 
and 4 m away in 4 perpendicular directions and recording 
the highest 2.5-cm interval completely obscured by vegeta-
tion (bare ground  �    0) (i.e. 112 VO measures on a 1300-m 
transect). VO integrates both the horizontal and vertical 
planes as a surrogate of vegetation volume. For complexes of 
BTPDs, we visually estimated shrub canopy cover within a 
0.1-ha plot (17.8-m radius) centered at each sampling sta-
tion because we expected shrubs would be widely dispersed. 
For complexes of WTPDs and GPDs, we used the 20  �  50 cm 
quadrats (0.001-ha) to estimate shrub cover because we 
anticipated greater values at these sites. We estimated cover 
in categories (%) consisting of 0, 0 – 1, 1 – 5, 5 – 25, 25 – 50, 
50 – 75, 75 – 95, and 95 – 100; midpoints were used for 
data analysis. We collected measurements from a total of 
7553 sampling stations (15 106 quadrats and 60 428 VO 
measurements). 

 All statistical analyses treated the on-off  colony pair as 
the unit of replication; therefore, we calculated a mean 
of vegetation metrics for each response variable on each 
transect. An analysis of variance (ANOVA; SAS Proc GLM 
ver. 6, SAS Inst.) was used to model variation among sites 
both with and without an eff ect of prairie dog presence 
included in the model. Residuals of all ANOVA ’ s were 
examined for normality and homogeneity of variance, and 
if necessary, a power transformation was selected that maxi-
mized the Shapiro – Wilk statistic testing for normality of the 
residual errors (SAS Proc Univariate ver. 6; SAS Inst.). For 
each analysis, we fi tted models with and without the eff ect 
of prairie dogs, calculated AICc values as an intermediate 
step, and then calculated and reported Akaike weights (w i ) 
comparing the 2 models (Burnham and Anderson 2002). 
Akaike weights represent the weight of evidence in favor of 
the model being the best model given that 1 of the models 
must be the best in that set.    
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 Figure 2.     Comparison of 5 vegetation attributes measured off  (open bars) and on (shaded bars) 279 prairie dog colonies at 13 complexes of 
3 prairie dog species located in 5 ecoregions (Fig. 1). Akaike weight (0 – 100%) in support of a diff erence shown with horizontal bars;   �   1 
standard error shown with vertical bars.  

 For WTPDs in the sagebrush steppe (complex no. 
11 – 13), VO was lower on than off  colonies at all 3 com-
plexes. However, eff ects on bare ground, grass cover, and forb 
cover were weak and inconsistent. Shrub cover was lower on 

than off  colonies at complex no. 11, but was slightly higher 
on colonies at complex no. 12 and 13. Shrubs at all 3 com-
plexes were dominated by tall species, such as  A. tridentata . 
Weak eff ects of WTPDs on tall shrubs in sagebrush steppe 
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among prairie dog species also may underlie their diff erential 
eff ects on shrub cover, but few comparative data exist. 
We also note that BTPDs in Chihuahuan Desert grassland 
signifi cantly suppressed shrub cover, which consisted pri-
marily of  P. glandulosa  and  E. trifurca . Since our study, these 
shrubs have expanded where former prairie dog colonies 
have contracted (Ceballos et   al. 2010); for example, there 
was a 14% increase in mesquite during the 8 yr following 
the poisoning of a prairie dog colony (List 1997). Similarly, 
in southern mixed prairie of Texas, BTPDs girdle and destroy 
mesquite seedlings and saplings, which restricted shrub 
invasion into former grassland (Weltzin et   al. 1997). 

 White-tailed prairie dogs decreased vegetation volume 
nearly as much as BTPDs even though they did not decrease 
shrub cover and had relatively small eff ects on bare ground, 
grass cover, and forb cover. Th ese patterns likely refl ect the 
growth form of dominant herbaceous species in the sage-
brush steppe habitat of WTPDs. Under the defoliation 
regime imposed by WTPDs, perennials such as  Elymus 
lanceolatus ,  Pleuraphis jamesii ,  Aristida  spp., and  Phlox 
hoodii , as well as annual grasses and forbs, appear capable 
of maintaining a prostrate growth form with a similar 
amount of cover as off -colony vegetation. Th us, diff erences 
in prairie dog eff ects in sagebrush steppe versus northern 
mixed prairie refl ect a combination of the diff erences in the 
foraging and clipping behavior of BTPDs and WTPDs, and 
diff erences in herbaceous plant responses to defoliation. 

 Prairie dog eff ects on grass and bare ground cover were 
reduced in the more arid sagebrush steppe, shortgrass 
steppe, Colorado Plateau, and Chihuahuan Desert relative 
to the northern mixed prairie. Reduced prairie dog eff ects 
in arid environments likely refl ect seasonal diff erences in the 
timing and amount of precipitation and increased grazing 
tolerance of dominant herbaceous plants. Grazing and aridity 
often function as convergent selective forces, such that traits 
conferring plant resistance to aridity also confer greater graz-
ing tolerance (Milchunas et   al. 2008, Quiroga et   al. 2010). 
Both the shortgrass steppe and Colorado Plateau are domi-
nated by the grazing-tolerant shortgrass,  Bouteloua gracilis , 
which is capable of sustaining basal and prostrate foliar cover 
under heavy grazing pressure. Th is contrasts with the taller 
 P. smithii , which has a lower relative tolerance to repeated 
defoliation (Milchunas et   al. 2008). Other studies in short-
grass steppe dominated by  B. gracilis  also reported reduced 
eff ects of BTPD on vegetation height and bare ground rela-
tive to northern mixed prairie (Winter et   al. 2002, Stapp 
2007, Hartley et   al. 2009). Furthermore, both our study 
and Bartz et   al. (2007) found only a modest diff erence in 
vegetation cover on and off  GPD colonies in the Colorado 
Plateau (where  B. gracilis  is dominant), whereas Davidson
and Lightfoot (2008) found larger eff ects of GPDs on 
grass cover and vegetation height in Chihuahuan Desert 
(where  B. gracilis  is not dominant). Mechanisms other than 
response of the dominant plant species may underlie these 
patterns, but research is lacking in part because GPDs are 
declining in number and persist only in relatively small and 
isolated complexes (Wagner et   al. 2006). However, our study 
and others show how prairie dog eff ects can vary among 
species and ecoregions, which suggests the vegetation modi-
fi cation paradigm does not have universal application. 

are in sharp contrast to strong BTPD eff ects on tall shrubs 
in both northern mixed prairie (complex no. 5 – 7) and 
Chihuahuan Desert (complex no. 8).    

 Discussion  

 Spatial variation in prairie dog engineering effects 

 Th e paradigm that prairie dogs increase cover of grasses 
and bare ground, and decrease cover of forbs and tall shrubs, 
was not consistently supported for all 3 prairie dog species 
and 5 ecoregions. However, visual obstruction (VO) was 
consistently lower on colonies at all 13 complexes; thus, 
prairie dogs created patches of short, sparse vegetation 
within a matrix of relatively tall, dense vegetation. Taken 
together, prairie dog colonies and off -colony sites increase 
heterogeneity and create diversity in the landscape. Generally, 
spatial variation in prairie dog engineering eff ects can be 
understood in terms of variation in dominant grass species, 
prairie dog species, and precipitation patterns. 

 In northern mixed prairie, BTPDs dramatically decreased 
grass cover and vegetation volume and increased bare ground. 
Th e consistency of prairie dog eff ects across the northern 
mixed prairie was striking given variation in the habitat 
matrix due to precipitation, soils, and plant species compo-
sition. Interestingly,  Pascopyrum smithii  was the dominant 
grass species at all 7 northern mixed prairie complexes. 
 Pascopyrum smithii  is a perennial, cool-season grass that 
exhibits phenotypic and genetic changes under prairie dog 
grazing, including increased leaf blade/sheath ratios and 
more horizontal leaf angles (Detling and Painter 1983, Polley 
and Detling 1988). Furthermore, productivity and below-
ground reserves often decline under repeated grazing (Polley 
and Detling 1988, Milchunas et   al. 2008). Th us, a fi nding 
of less vegetation volume, less grass cover, and more bare 
ground on colonies is consistent with the direct response of 
 P. smithii  to intense grazing, and with a lack of shifts in the 
height or cover of other plant species that might off set its 
response. 

 One of the most notable diff erences among prairie 
dog species was in their eff ect on shrub cover. BTPDs 
substantially reduced shrub cover both in the northern 
mixed prairie, where tall  Artemisia  shrubs dominated the 
3 western complexes, and in the Chihuahuan Desert, where 
honey mesquite dominated the habitat matrix. In sharp 
contrast, WTPDs did not reduce shrub cover in sagebrush 
steppe, which had a similar composition of tall  Artemisia  
shrubs as the 3 western BTPD complexes. We suggest 
the diff erential eff ect on tall shrubs between WTPDs and 
BTPDs is due to diff erences in life history traits. BTPDs 
live in more dense social groups and clip tall vegetation 
both to remove (presumably to facilitate predator detec-
tion) and consume, whereas WTPDs live in relatively sparse 
social groups and typically clip vegetation only to consume 
(Tileston and Lechleitner 1966). We regularly observed 
that BTPDs had removed and left uneaten 5 – 10 cm sec-
tions of  A. tridentata  stems, a species that declines under 
heavy browsing (Bilbrough and Richards 1993). We did not 
observe similar patterns for WTPDs. Dietary diff erences 
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of several interacting eff ects that underlie spatial variation in 
the keystone role of prairie dogs.   

 Spatial variation in other ecosystem engineers 

 Given observed spatial variation in vegetation modifi ca-
tion by prairie dogs, what patterns can be predicted for 
other ecosystem engineers? Colonial, burrowing herbi-
vores occur on most continents, and like prairie dogs, are 
often considered ecosystem engineers. In Argentina, the 
plains vizcacha  Lagostomus maximus  is a colonial, burrow-
ing rodent of semiarid scrub and grassland that decreases 
height and cover of grasses and shrubs, increases forb 
cover, and provides habitat for associated species (Branch 
et   al. 1996). In Mongolian steppe, the colonial, burrowing 
Siberian marmot  Marmota sibirica  creates distinct patches 
within the grassland matrix, increasing complexity at the 
landscape scale (Van Staalduinen and Werger 2007). In 
Europe, the warrens and grazing activities of European 
rabbits  Oryctolagus cuniculus  increase plant heterogeneity 
and species richness (G á lvez-Bravo et   al. 2011). In Australia, 
the burrowing bettong  Bettongia lesueur  is a colonial, 
burrowing marsupial that formerly was widespread and 
abundant in semi-arid and arid mainland. Before declining 
in abundance, they reduced shrub encroachment and likely 
altered vegetation structure in ways similar to prairie dogs 
(Baker and Noble 1999). 

 As with prairie dogs, we may expect to fi nd spatial varia-
tion in vegetation modifi cation by these species, which in 
turn is linked to their keystone eff ect on associated taxa. Our 
fi ndings provide a baseline to evaluate variation among and 
within species relative to eff ects on vegetation structure in 
diff erent ecosystems. Given similarities in engineering and 
keystone roles among colonial, burrowing herbivores across 
continents, and spatial variation in how prairie dogs modify 
vegetation structure, we suggest understanding spatial varia-
tion is critical to fully understanding the engineering and 
keystone eff ects of many other species.   

 Conclusions 

 We found that BTPD eff ects on vegetation structure in 
northern mixed prairie cannot be consistently extrapolated 
to other ecoregions or prairie dog species. Black-tailed 
prairie dog eff ects on grass cover and bare ground were less 
in shortgrass steppe and Colorado Plateau grassland than in 
northern mixed prairie. Th is may be explained by the domi-
nance of grazing-tolerant shortgrasses in the matrix vegeta-
tion of shortgrass steppe and Colorado Plateau versus the 
dominance of taller-structured perennial grasses in north-
ern mixed prairie. With respect to variation among prairie 
dog species, where shrubs occur in the matrix vegetation, 
shrub cover was consistently lower on BTPD colonies but 
not WTPD colonies. Diff erences may be due to greater 
burrow densities of BTPDs and their behavior of cutting
shrubs to enhance visibility. In spite of spatial variation in 
their eff ects, all 3 species of prairie dog signifi cantly reduced 
vegetation volume in all 5 ecoregions. We suggest that future 
eff orts to understand prairie dog eff ects focus on sagebrush 

 Finally, factors beyond the scope of this investigation 
likely mitigate prairie dog eff ects on vegetation. For exam-
ple, plague can reduce the size and persistence of prairie 
dog colonies, which can reduce the magnitude of vegetation 
eff ects (Augustine et   al. 2008, Hartley et   al. 2009). At the 
time of our study, plague eff ects varied from recent (complex 
no. 9) to unaff ected (South Dakota complexes) to unknown. 
In general, colonies can remain in the same location fol-
lowing recovery from plague (Wyoming and Montana) or 
move location (shortgrass steppe; Augustine et   al. 2008). 
In shortgrass steppe, less vegetation in the habitat matrix, 
greater grazing resistance of dominant shortgrasses, and less 
frequent occupancy of prairie dogs in a given location due 
to plague epizootics may all contribute to reduced prairie 
dog eff ects on vegetation structure. In this study, we focused 
on spatial variation but ignored temporal variation. Inter-
annual variation in precipitation infl uences vegetation struc-
ture in the habitat matrix, which likely infl uences prairie dog 
eff ects. Th us, plague, temporal variation, and other factors 
likely infl uenced prairie dog eff ects observed in this study of 
spatial variation.   

 Spatial variation in the keystone role of prairie dogs 

 How does spatial variation in the engineering role of 
prairie dogs apply to their keystone role? Vegetation volume 
was lower on than off  colonies at all 13 complexes despite 
spatial variation in the habitat matrix. Colonies occurred 
as relatively homogenous patches of short, sparse vegeta-
tion within a more heterogeneous matrix; thus, prairie dogs 
increased heterogeneity at the landscape scale. Spatial het-
erogeneity in vegetation structure is a key factor contributing 
to diverse faunal communities, and has been closely linked 
to habitat for grassland and shrubland birds (Fuhlendorf 
et   al. 2006, Derner et   al. 2009). 

 Spatial variation in prairie dog eff ects likely aff ects 
associated fauna. For example, the mountain plover 
 Charadrius montanus  is a grassland bird species that breeds 
in areas with short, sparse vegetation. In sagebrush steppe, 
where bare ground cover already is high in the vegetation 
matrix, mountain plovers can be found in areas both with 
and without prairie dog disturbance (Plumb et   al. 2005). In 
contrast, where the vegetation matrix is more dense, moun-
tain plovers occur at higher densities (shortgrass steppe, 
Augustine 2011) or almost exclusively (northern mixed 
prairie; Dinsmore et   al. 2005) on prairie dog colonies. 

 Shifts in vegetation structure induced by prairie dogs 
may also infl uence small mammal (Stapp 2007, Cully et   al. 
2010), large mammal (Krueger 1986), arthropod (Davidson 
and Lightfoot 2007), and herpetofaunal communities 
(Kretzer and Cully 2001). Specifi cally, Cully et   al. (2010) 
found BTPDs consistently altered rodent species composi-
tion at many of the same complexes as in our study, with 
eff ects that varied along latitudinal and longitudinal gradi-
ents. In addition to eff ects on vegetation structure, prairie 
dogs aff ect associated species via development of burrow 
systems and serving as prey for a variety of species. Placed 
in context with previous prairie dog research, our large-
scale study shows that spatial variation in how prairie dogs 
modify vegetation structure should be considered as one 



237

  Cid, M. S. et   al. 1991. Vegetational responses of a mixed-grass 
prairie site following exclusion of prairie dogs and bison.  –  J. 
Range Manage. 44: 100 – 105.  

  Coppock, D. L. et   al. 1983. Plant – herbivore interactions in a 
North American mixed-grass prairie. I. Eff ects of black-tailed 
prairie dogs on intraseasonal aboveground plant biomass and 
nutrient dynamics.  –  Oecologia 56: 1 – 9.  

  Coupland, R. 1992. Mixed prairie.  –  In: Coupland, R. (ed.), 
Ecosystems of the world 8A: natural grasslands. Elsevier, 
pp. 151 – 182.  

  Cully, J. et   al. 2010. Spatial variation in keystone eff ects: small 
mammal diversity associated with black-tailed prairie dog 
colonies.  –  Ecography 33: 667 – 677.  

  Daubenmire, R. 1959. A canopy-coverage method of vegetational 
analysis.  –  Northwest Sci. 33: 43 – 64.  

  Davidson, A. D. and Lightfoot, D. C. 2007. Interactive eff ects of 
keystone rodents on the structure of desert grassland arthropod 
communities.  –  Ecography 30: 515 – 525.  

  Davidson, A. D. and Lightfoot, D. C. 2008. Burrowing rodents 
increase landscape heterogeneity in a desert grassland.  –  J. Arid 
Environ. 72: 1133 – 1145.  

  Delibes-Mateos, M. et   al. 2011. Th e paradox of keystone species 
persecuted as pests: a call for the conservation of abundant 
small mammals in their native range.  –  Biol. Conserv. 144: 
1335 – 1346.  

  Derner, J. D. et   al. 2009. Livestock as ecosystem engineers for 
grassland bird habitat in the western Great Plains of North 
America.  –  Rangeland Ecol. Manage. 62: 111 – 118.  

  Detling, J. and Painter, E. 1983. Defoliation responses of western 
wheatgrass populations with diverse histories of prairie dog 
grazing.  –  Oecologia 57: 65 – 71.  

  Dinsmore, S. J. et   al. 2005. Mountain plover population responses 
to black-tailed prairie dogs in Montana.  –  J. Wildl. Manage. 
69: 1546 – 1553.  

  Fuhlendorf, S. et   al. 2006. Should heterogeneity be the basis for 
conservation? Grassland bird response to fi re and grazing.  
–  Ecol. Appl. 16: 1706 – 1716.  

  G á lvez-Bravo, L. et   al. 2011. European rabbit ( Oryctolagus cuniculus ) 
engineering eff ects promote plant heterogeneity in Mediterra-
nean dehesa pastures.  –  J. Arid Environ. 75: 779 – 786.  

  Hartley, L. et   al. 2009. Introduced plague lessens the eff ects of an 
herbivorous rodent on grassland vegetation.  –  J. Appl. Ecol. 
46: 861 – 869.  

  Hoogland, J. L. (ed.) 2006. Conservation of the black-tailed 
prairie dog.  –  Island Press.  

  Kotliar, N. B. 2000. Application of the new keystone species con-
cept to prairie dogs: how well does it work?  –  Conserv. Biol. 
14: 1715 – 1721.  

  Kotliar, N. B. et   al. 1999. A critical review of assumptions about 
the prairie dog as a keystone species.  –  Environ. Manage. 24: 
177 – 192.  

  Kretzer, J. E. and Cully, J. F. Jr 2001. Eff ects of black-tailed prairie 
dogs on reptiles and amphibians in Kansas shortgrass prairie. 
 –  Southwest. Nat. 46: 171 – 177.  

  Krueger, K. 1986. Feeding relationships among bison, pronghorn, 
and prairie dogs: an experimental analysis.  –  Ecology 67: 
760 – 770.  

  Lauenroth, W. K. et   al. 1999. Th e structure and function of 
ecosystems in the central North American grassland region.  
–  Great Plains Res. 9: 223 – 260.  

  List, R. 1997. Ecology of the kit fox ( Vulpes macrotis ) and coyote 
( Canis latrans ) and the conservation of the prairie dog ecosys-
tem in northern Mexico.  –  PhD thesis, Univ. of Oxford, 
Oxford, UK.  

  Milchunas, D. et   al. 2008. Eff ects of grazing on vegetation.  
–  In: Lauenroth, W. and Burke, I. C. (eds), Ecology of the 
shortgrass steppe: a long-term perspective. Oxford Univ. Press, 
pp. 389 – 446.  

steppe, shortgrass steppe, and desert grasslands, especially 
relative to the distribution of dominant plant species, the 
length of prairie dog occupancy, and temporal variation in
precipitation patterns. Furthermore, spatial variation in 
how prairie dogs modify vegetation structure may be impor-
tant in understanding how prairie dogs modify associated 
faunal communities. Vegetation modifi cation should be 
integrated with other ways that prairie dogs infl uence associ-
ated species, including eff ects on belowground structure via 
burrowing, role as a prey source, and interactions with large 
herbivores. 
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