
ABUNDANCE AND DENSITY OF MOUNTAIN PLOVER

(CHARADRIUS MONTANUS) AND BURROWING OWL

(ATHENE CUNICULARIA) IN EASTERN COLORADO

Resumen.—Debido a las disminuciones de las poblaciones de aves de pastizales a escala continental sucedidas durante el último 

siglo, las agendas de conservación están enfocadas en aumentar el conocimiento de la ecología y las asociaciones de hábitat de las 

aves de estos ambientes. Las praderas de pastos cortos son ecosistemas únicos que son mantenidos parcialmente por los perros de 

la pradera (Cynomys ludovicianus). Charadrius montanus y Athene cunicularia hypugaea son aves de interés en conservación que se 

encuentran asociadas con las colonias de C. ludovicianus. Estimamos la abundancia de C. montanus y A. cunicularia en tres hábitats 

en el ecosistema de praderas de pastos cortos de Colorado: colonias de C. ludovicianus, pastizales no ocupados por C. ludovicianus y 

áreas agrícolas secas. Además, investigamos las asociaciones de C. montanus y A. cunicularia a varias escalas de paisaje. Estimamos 

que existen , individuos de C. montanus (IC del %: ,–,) y , de A. cunicularia (IC del %: ,–,) en el este 

de Colorado. La densidad de C. montanus en las parcelas ubicadas en colonias de C. ludovicianus (D  . aves por  ha, IC del %: 

.–.) fue significativamente más alta que en las ubicadas en pastizales (D  ., IC del %: .–.) y en áreas agrícolas secas 

(D  ., IC del %: .–.). La densidad de A. cunicularia en las colonias de C. ludovicianus (D  . aves por  ha, IC del 

%: .–.) fue significativamente mayor que en los pastizales (D  ., IC del %: .–.) y en las áreas agrícolas (ningún 

individuo fue detectado). Nuestros resultados sugieren que un incremento en las colonias de C. ludovicianus afectaría positivamente la 

abundancia de C. montanus y A. cunicularia.
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Abstract.—Because of continental-scale declines of grassland birds over the past century, conservation agendas are focused 

on increasing understanding of grassland bird ecology and habitat associations. Shortgrass prairie is a unique grassland ecosystem 

maintained, in part, by Black-tailed Prairie Dogs (Cynomys ludovicianus). The Mountain Plover (Charadrius montanus) and western 

Burrowing Owl (Athene cunicularia hypugaea) are species of conservation concern known to be associated with prairie dog colonies. We 

estimated abundance of Mountain Plovers and Burrowing Owls in three habitats within the Colorado shortgrass prairie ecosystem—

prairie dog colonies, grassland not occupied by prairie dogs, and dryland agriculture. Further, we investigated habitat associations 

of Mountain Plovers and Burrowing Owls at multiple landscape scales. We estimated , Mountain Plovers (% CI: ,–,) 

and , Burrowing Owls (% CI: ,–,) in eastern Colorado. Mountain Plover density on prairie dog colony plots (D  . 

birds per  ha, % CI: .–.) was significantly higher than densities on either grassland (D  ., % CI: .–.) or dryland-

agriculture plots (D  ., % CI: .–.). Burrowing Owl density on prairie dog colony plots (D  . birds per  ha, % CI: 

.–.) was significantly higher than densities on either grassland (D  ., % CI: .–.) or dryland-agriculture plots 

(no Burrowing Owls detected). Our results suggest that increased prairie dog colonies would positively influence the abundance of 

Mountain Plover and Burrowing Owl. Received  October , accepted  January .

Key words: abundance, Athene cunicularia, Burrowing Owl, Charadrius montanus, double-observer methods, Mountain Plover, 

shortgrass prairie.

Native grasslands have been altered to a greater extent than 

any other biome in North America (Samson et al. ), resulting 

in the conversion of a once diverse grassland landscape into a col-

lection of homogeneous grassland fragments interspersed with 

agricultural fields (Smith and Lomolino ). These alterations 

have likely resulted in continental-scale declines in grassland avi-

faunas (Knopf , ). Historically, the shortgrass prairie was 

maintained by native grazers, primarily American Bison (Bison
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bison) and prairie dogs (Cynomys spp.; Knopf , ). 

Today, the ecological functioning of shortgrass prairie re-

lies heavily on the disturbance caused by its remaining na-

tive grazer, the Black-tailed Prairie Dog (C. ludovicianus;

hereafter “prairie dog”), and drought conditions (Askins et 

al. ). In addition, cattle grazing functions as a second-

ary ecological driver (Milchunas et al. , Milchunas and 

Lauenroth , Samson and Knopf ; but see Schle-

singer et al. , Brown and McDonald ). Although 

prairie dogs covered  million ha in the early th cen-

tury, eradication efforts, sylvatic plague (Yersinia pestis), and 

habitat destruction and fragmentation have reduced their

coverage to % of that area today (Miller et al. , Smith and

Lomolino ).

Of the numerous grassland species closely associated with 

prairie dog colonies, many have declined and are species of con-

cern (Smith and Lomolino , and references therein), in-

cluding Mountain Plover (Charadrius montanus) and western 

Burrowing Owl (Athene cunicularia hypugaea). Conservation 

efforts to reverse avian population declines require reliable in-

formation on population status and habitat requirements. Thus, 

it is important that the methodologies used to estimate popula-

tion parameters address two important considerations: a prob-

ability-based sampling frame and incorporation of detection 

probability into population estimates (Williams et al. ). 

We incorporated a probability-based sampling approach to 

widen inference to include habitats within the shortgrass prai-

rie of Colorado and to avoid potential bias associated with con-

venience or road-based sampling. We employed the dependent 

double-observer approach (Nichols et al. ), an observation-

based mark–recapture method, to estimate the breeding-

ground abundance of Mountain Plover and Burrowing Owl 

within the shortgrass prairie ecosystem of Colorado. We fo-

cused on Mountain Plover and Burrowing Owl because of their 

conservation status.

In Colorado, Mountain Plovers use habitats within the 

shortgrass prairie, including agricultural fields and prairie dog 

colonies, for breeding activity (Knopf and Rupert , Dreitz 

et al. ). In other grassland systems, specifically in Montana, 

Mountain Plovers are strongly associated with prairie dog colo-

nies (Knowles et al. , Dinsmore et al. ). The nature of 

this relationship in Colorado is not well understood (Dreitz et al. 

, Knopf and Wunder ). Burrowing Owls also are highly 

associated with prairie dog colonies in shortgrass prairie (Barko 

et al. , VerCauteren et al. , Smith and Lomolino ), 

and the relative use of prairie dog colonies by Burrowing Owls 

may be directly related to colony activity status (Dechant et al. 

, and references therein). We tested predictions concern-

ing differences in plot-level abundance and detection of Moun-

tain Plovers and Burrowing Owls across three habitats within 

the shortgrass prairie—prairie dog colonies, native grassland 

not occupied by prairie dogs (hereafter “grassland”), and dryland 

agriculture—as well as predictions concerning the influence of 

surrounding habitat at multiple spatial scales. We predicted that 

abundance of the two species would be highest on prairie dog 

colony plots, and positively associated with the presence of ac-

tive prairie dogs and the relative area of prairie dog colonies in 

the landscape.

METHODS

Study area.—The study area was located on private and public 

lands in eastern Colorado, ~ km east of Interstate  (to avoid 

urban and exurban areas), and encompassed ~, km in  

counties. We determined that ~.% of the study area was short-

grass prairie (.% grassland, .% dryland agriculture, and .% 

prairie dog colonies). The remaining .% was native shrubland, 

wetland, riparian, irrigated agriculture, or Conservation Reserve 

Program land (for a discussion of the land-cover data we used, see 

Tipton ). Prairie dog colonies and grassland were dominated 

by low-growing perennial grasses such as Buffalograss (Buchloe 
dactyloides) and Blue Grama (Bouteloua gracilis) exposed to vary-

ing cattle-grazing regimes. “Dryland agriculture” comprised fal-

low fields and unirrigated crops such as wheat and millet.

Sample-plot selection.—We selected sample plots within our 

three habitats using equal sample allocation within a spatially bal-

anced sampling design (Stevens and Olsen , Theobald et al. 

) applied in ARCGIS, version . (ESRI, Redlands, Califor-

nia). Sample plots were    m ( ha), categorized as prai-

rie dog colony, grassland, or dryland agriculture. We based plot 

size on the minimum estimated brood-rearing territory of Moun-

tain Plovers ( ha; Knopf and Rupert ), which is considerably 

larger than that of Burrowing Owls (– ha; Grant ).

Once sampling plots were selected, we made contacts to gain 

access to private land. We based final plot selection on qualita-

tive habitat assessments, using the following criteria: () prairie 

dog colony plots had % coverage by active or inactive prairie 

dog colonies, and () grassland and dryland-agriculture plots had 

% coverage of the respective cover type. Plots that did not meet 

these criteria were excluded from the sampling frame. We classi-

fied the activity status of prairie dog colonies on the basis of site 

observations of prairie dogs or prairie dog sign (e.g., fresh scat). 

Plots with inactive colonies (i.e., no evidence of prairie dogs) were 

surveyed only if above-ground conditions were not visibly differ-

ent from those of active colonies (e.g., short vegetation, moderate 

amounts of bare ground, and relatively intact, clean burrows). Plot 

boundaries could go up to, but not overlap, major roads to allow 

for safety considerations.

Field-data collection.—We conducted double-observer sur-

veys from  May to  June , following protocol described 

by Nichols et al. (). Surveying during this period facilitated 

detection of adults while still allowing observers to differentiate 

between young and adult birds. We conducted a single survey of 

each plot during either the morning (between sunrise and  

hours MST) or evening (between  hours and sunset) and only 

under acceptable weather conditions (temperatures  C, wind 

speeds . m s−, visibility to  m). At the beginning and end 

of each survey, we recorded time and weather conditions with a 

digital temperature and wind meter.

We began surveys at the southeast corner of each plot. Ob-

servers conducted a walking transect that passed within  m 

of all parts of the study plot (Fig. ). The -m limit was based 

on evidence of decreased detection of Mountain Plovers at dis-

tances  m (Wunder et al. ). Surveys were conducted 

by five teams of two observers each, one designated as the “pri-

mary” observer and the other as the “secondary” observer. Walk-

ing transects single-file, the primary observer identified all adults 
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seen or heard within the plot and communicated each individual 

detection, detection type, and approximate location to the sec-

ondary observer, who recorded the information. The secondary 

observer also surveyed the plot and recorded any additional indi-

viduals. Observer roles were alternated on consecutive surveys. 

We employed various techniques, including maintaining a mini-

mum distance and faking observations, to prevent the secondary 

observer from cueing the primary observer to an individual. We 

recorded auditory-only observations (% of observations) when an 

individual bird was thought to be within plot boundaries. Surveys 

lasted – min.

Statistical analysis.—We estimated plot-level detection 

probabilities (p) and abundances (N) using the Huggins closed-

captures model (Huggins , ) in program MARK (White 

and Burnham ). This model allows modeling of p with individ-

ual covariates (discussed below). Before building our models, we 

examined the available variance and correlation for all our mea-

sured covariates. If there was no variability in a covariate, it would 

not be useful in modeling exercises. If covariates were highly corre-

lated (R  .), we excluded one of the correlated variables to keep 

our set of variables as independent as possible (Tipton ), with 

the recognition that correlation does not imply causation, because 

there could be many correlated variables that we did not measure 

that influenced the results. Our highly correlated covariates were 

those representing the average and maximum values of our survey 

weather covariates (i.e., temperature and wind); we chose to use the 

average values and exclude maximum values. Probability of recap-

ture (c) was set to zero for all models to simulate a removal model 

based on dependent double-observer methodology.

We used Akaike’s information criterion corrected for small 

sample size (AIC
c
) to rank models (Burnham and Anderson ). 

We calculated habitat-specific densities using the derived abun-

dance estimates generated under the highest-ranking (ΔAIC
c

 ) 

model for each species. We extrapolated our calculated density 

estimates to an area that accounts for nonresponse problems (e.g., 

habitat misclassification, logistical issues, denial of access) to ob-

tain Mountain Plover and Burrowing Owl population estimates 

(Tipton ). For example, of the grassland plots selected for 

sampling, we were unable to reach landowners for ~% of plots 

and were denied access for another %. Thus, a statistically valid 

extrapolation is limited to ~% of grassland habitat in our study 

area.

Because the abundance parameter (N) is not included in the 

formal likelihood in the Huggins model (Huggins , ), but 

is a derived parameter, effects of habitat factors (see below) on 

abundance cannot be compared using the AIC
c
 model-selection 

framework. Instead, we used variance components analysis (also 

available in MARK) to examine the amount of process variance 

(sensu Link and Nichols ) in abundance explained by each 

habitat covariate. Overall variance in abundance among plots has 

two components: sampling variance and process variance. Sam-

pling variance is nuisance variance attributable to the sampling 

methods. Process variance is the biological variance and is the 

component we are interested in explaining. We were able to cal-

culate the amount of process variation in abundance explained by 

each covariate, as well as the residual variation.

Covariates affecting detection.—We modeled p as either con-

stant or a function of selected visit-specific covariates including 

day (a model with general temporal variance), average temperature 

(warmer temperatures might make birds less active), and average 

wind speed (higher wind speeds might make birds more difficult 

to detect). Because observers vary in their ability and experience, 

we included a model in which observer team would affect p. Ob-

server team  included a field-crew member who had substantially 

less experience than the other crew members, and we predicted 

that team  would have a lower p value for both species. The above 

variables were included individually or in additive combinations. 

Although plot habitat likely influenced p, low numbers of detec-

tions of both species on grassland or agricultural plots prevented 

the inclusion of plot habitat as a factor affecting p.

Covariates affecting abundance.—To investigate species–

habitat associations, we tested the effect of plot-level and land-

scape-level habitat characteristics on Mountain Plover and 

Burrowing Owl abundance. Because of the high correlation of 

nested variables, we selected three plot-level and six landscape-

level covariates. Plot-level habitat covariates included habitat

type and, for prairie dog colony plots, colony activity status and 

the area of prairie dog colonies within plot boundaries (required to 

be % of total area). For our landscape-level habitat covariates,

we were interested in the effect of varying amounts of prairie dog 

colony and grassland surrounding the plot at three landscape-level 

scales: plot plus -m, ,-m, or ,-m buffer (Tipton ). 

We used digital aerial photographs taken during the field season 

to identify prairie dog colonies within , m of surveyed plot 

boundaries (Tipton ). We digitized these data and combined 

the resulting prairie dog colony layer with existing land-cover data 

to obtain plot- and landscape-level habitat variables representing 

the percent cover of prairie dog colony and grassland.

For Mountain Plover, we predicted abundance on prairie dog 

colony plots  dryland agriculture plots  grassland plots. For Bur-

rowing Owl, we predicted that abundance would be highest on 

prairie dog colony plots, with very few Burrowing Owls expected 

on grassland and dryland-agriculture plots. For both species, we 

predicted that the presence of prairie dogs would have a strong 

positive effect on species abundance.

FIG. 1. Diagram of transect walked by observers during double-observer 
surveys conducted on randomly selected 500  500 m plots in eastern 
Colorado in 2005.
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Landscapes containing more native grassland may represent 

higher-quality breeding habitat (Hamer et al. ). Thus, we pre-

dicted a positive relationship between grassland landscape vari-

ables and species abundance. We also predicted a positive effect of 

increasing amounts of prairie dog colony in the landscape (at all 

spatial scales) on species abundance. This hypothesis was based 

on species’ breeding ecologies and habitat preferences, including 

association with prairie dog complexes (Dechant et al. , and 

references therein; Dreitz et al. ).

RESULTS

We surveyed a total of  plots:  in prairie dog colonies,  

in grassland, and  in dryland agriculture. Approximately % 

of surveyed plots were located on private land. Fifty-nine Moun-

tain Plovers were detected on  of the surveyed plots, and  Bur-

rowing Owls were detected on  of the surveyed plots. Forty-five 

Mountain Plovers were detected on  prairie dog colony plots, 

 were detected on  grassland plots, and  were detected on  

dryland-agriculture plots. Burrowing Owls were detected mainly 

on prairie dog colony plots ( detections on  plots); one was de-

tected on grassland, and none on dryland-agriculture plots.

Mountain Plover.—Models in which p was modeled as a 

function of observer team (obs  obs−) consistently ranked 

higher than models in which p was modeled as constant (.) or al-

lowed to vary by other covariates (day, temperature, and wind). 

There was some evidence of a negative effect of the variable obs 

on detection, as predicted (  −., % confidence interval 

[CI]: −. to .). Average detection probability, as estimated 

under the model with constant p, was . (% CI: .–.). 

On occupied plots, the estimated number of Mountain Plovers 

ranged from one to four individuals per plot. Mountain Plover 

density on prairie dog colony plots (D  . birds per  ha, 

% CI: .–.) was significantly higher than densities on ei-

ther grassland (D  ., % CI: .−.) or dryland-agricul-

ture plots (D  ., % CI: .–.; Fig. ). Extrapolation of 

these densities indicates a Mountain Plover population of , 

(% CI: ,–,).

Results of variance component analysis suggest that the 

amount of prairie dog colony within  m of the plot explained 

the most process variance in Mountain Plover abundance esti-

mates (.% of variance explained). The amount of prairie dog 

colony within the plot and within , m and , m also ex-

plained some process variance (.%, .%, and .%, respec-

tively). Although plot habitat and prairie dog activity status each 

explained .% of the process variance, the amount of grassland 

in the landscape at any scale explained very little, if any, of the pro-

cess variance.

Burrowing Owl.—Because of the low numbers of detections 

by two of the observer teams, models in which p varied by ob-

server team were not possible. The model in which p was kept con-

stant ranked higher than models in which p was allowed to vary 

by our covariates. Under this model, p  . (% CI: .–.). 

On occupied plots, the estimated number of Burrowing Owls 

ranged from one to six individuals per plot. Results of variance 

component analysis suggest that none of the measured covariates

explained underlying process variance in Burrowing Owl abun-

dance estimates. Burrowing Owl density on prairie dog colony plots

(D  . birds per  ha, % CI: .–.) was significantly 

higher than densities on either grassland (D  ., % CI: 

.−.) or dryland-agriculture plots (no owls detected; Fig. ). 

Extrapolation of these densities indicates a Burrowing Owl popu-

lation of , (% CI: ,–,).

DISCUSSION

The historical factors that shaped the shortgrass prairie of North 

America produced an ecosystem characterized by local homo-

geneity and regional heterogeneity (Samson et al. , Askins 

et al. ). Avian diversity evolved with this heterogeneity, and 

prairie dogs were a major factor shaping the local homogeneity 

of this ecosystem (Miller et al. , Smith and Lomolino ). 

Various species depend on these local homogenized patches, and 

our results suggest that Mountain Plover and Burrowing Owl, at 

least, are present in greater numbers on prairie dog habitat than 

on grassland or dryland agricultural habitat.

FIG. 2. Calculated density of (A) Mountain Plover and (B) Burrowing 
Owl in three habitats—prairie dog colony (PDC), grassland (Grass), and 
dryland agriculture (Dry ag)—within the Colorado shortgrass prairie 
ecosystem in 2005. No Burrowing Owls were detected on the 91 dryland-
agriculture plots surveyed in 2005. Densities were calculated from de-
rived abundance estimates generated under the highest-ranking model 
for detection probability for each species. Error bars represent 95% con-
fidence intervals.
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Effects on abundance.—For both Mountain Plover and Bur-

rowing Owl, mean abundance was higher on prairie dog colony 

plots than on grassland or dryland-agriculture plots. This is simi-

lar to the results of Winter et al. (), which indicated positive 

associations with prairie dog colonies in southeastern Colorado 

and southwestern Kansas. Smith and Lomolino () also ob-

served a positive association between prairie dog habitat and Bur-

rowing Owls in the Oklahoma panhandle.

Mountain Plover abundance on occupied plots showed a posi-

tive relationship with the amount of prairie dog colony in the land-

scape. The amount of prairie dog colony in the landscape at  m

explained most of the process variation (.%) in Mountain Plo-

ver abundance. This landscape encompasses an average brood-

rearing territory (Knopf and Rupert , Dreitz et al. ). By 

contrast, our landscape variables failed to explain any process 

variance in abundance estimates of Burrowing Owl. These results 

contrast with those of Orth and Kennedy () in northeastern 

Colorado, which suggested that the percentage of an area covered 

by grassland was an important predictor.

Activity status of prairie dog colony plots explained some pro-

cess variance in Mountain Plover abundance but did not explain 

process variance in Burrowing Owl abundance. This result, as well 

as the failure of our other habitat variables to explain process vari-

ance in Burrowing Owl abundance, is likely related to the small 

amount of variance in Burrowing Owl abundance to be explained: 

of the  plots that had Burrowing Owls, .% had one or two 

individuals, and the same proportion had active prairie dogs. For 

the Mountain Plover, the lack of explanatory power of measured 

habitat covariates suggests that other factors cause between-plot 

variation in abundance. These factors may include smaller, patch- 

or plot-level variables such as vegetation characteristics, micro-

climates, and prey availability. In addition, habitat fragmentation 

(which can be expressed in measures of patch size and shape) and 

habitat degradation may also limit abundance. Thus, measures of 

habitat quality, structure, and configuration may also be neces-

sary to describe variation in estimated abundance of Mountain 

Plover and Burrowing Owl.

Abundance and density estimation.—Statistically reliable 

population estimates did not exist, before the present study, for 

either study species within the shortgrass prairie of eastern Col-

orado. Our extrapolated abundance estimate of , breeding 

Mountain Plovers does not include an isolated breeding popula-

tion of , breeding adults in South Park, Park County, Colo-

rado (Wunder et al. ). These two estimates combined suggest 

that , Mountain Plovers breed in Colorado—a large portion 

of the estimated global population of ,–, (Plumb et al. 

). However, we believe that the global population estimate 

needs to be revised to ,–, individuals. Our extrapo-

lated estimate of , Burrowing Owls is lower than previous 

reports of , in eastern Colorado (Hanni ). Obtaining 

abundance estimates for Burrowing Owls presents an additional 

challenge, in that one or both members of a pair could be in a bur-

row, and unavailable for detection, during site visits. This would 

result in an estimate of the “available” population, but an underes-

timate of the total population.

Estimated densities of Mountain Plovers and Burrowing Owls 

in our study area were lower than estimates from other portions of 

their ranges. On surveyed prairie dog colony plots, we calculated 

Mountain Plover density as . birds per  ha, with an average 

density of . birds per  ha on surveyed plots across all three 

habitats. This is much lower than the average density of . birds 

per  ha reported by Wunder et al. () from South Park and 

the .–. birds per  ha reported from the Pawnee National 

Grassland in northeastern Colorado (–; Knopf and Wun-

der ). Similar densities have been observed on prairie dog col-

onies in Montana (.–. birds per  ha, –; Knopf 

and Wunder ), appearing to vary with seasonal climatic con-

ditions. Higher densities have been found on known breeding 

locales in Wyoming (average . birds per  ha; Plumb et al. 

). Of these estimates, only those from South Park and Wyo-

ming were adjusted for detection error.

Our calculated density estimates for Burrowing Owl were 

equally low (. birds per  ha) on surveyed prairie dog colony 

plots, with an average density of . birds per  ha on surveyed 

plots across all three habitats. Hughes () reported densities of 

–, owls per  ha on prairie dog colonies in northeastern 

Colorado, though counts were not adjusted for detection error. 

Desmond and Savidge () found –, owls per  ha on 

prairie dog colonies in the Nebraska panhandle using counts not 

adjusted for detection error, with density varying by colony size. 

Conway and Simon () estimated Burrowing Owl density as 

.–. birds per  ha in Wyoming using counts adjusted for 

detection, but inference is limited to roadside habitat.

Differences between our results and previous density esti-

mates may be attributable to the sampling frame used. Whereas 

most previous surveys were conducted only in known occupied 

areas and areas of higher concentrations, our study employed a 

probability-based sampling frame in which all areas meeting plot 

habitat criteria were open to sampling, including unoccupied areas 

and areas of low concentrations. This resulted in lower calculated 

densities than would have been obtained had we only surveyed ar-

eas where each species was known to occur in high numbers.

Limitations of inference.—Inference is limited by the short 

time-span of our study. A single-year study cannot consider the 

changing habitat conditions in eastern Colorado that result from 

fluctuations in precipitation and temperature. Therefore, replica-

tion and longer-term studies are desirable to obtain additional in-

formation on species–habitat associations through time.

Our results are limited to the entire eastern portion of Colo-

rado by the proportion of plots that could not be included in our 

sampling frame because of nonresponse issues (described above). 

Because of this limited inference, our extrapolated population es-

timates should be considered conservative. In addition, our popu-

lation estimates may be biased low because they did not include 

individuals using habitat types excluded from our study (e.g., ir-

rigated agriculture, shrublands, plots with % coverage by prai-

rie dog colonies). We also note that our abundance estimates are 

habitat-specific and, thus, dependent on our estimates of habitat 

coverage within the study area. If different habitat information is 

used (e.g., different estimates of amount of prairie dog habitat or 

different GIS vegetation layers), the resulting abundance estimates 

may vary greatly from those presented here.

Our estimates of abundance and density may be biased low if 

birds were within the plot but unavailable for detection. Marsh and 

Sinclair () and Diefenbach et al. () made the distinction 

between two types of detection probabilities: () the probability 
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that a bird is available to be detected; and () the probability that 

a bird is detected, given that it is available for detection. Our de-

tection probability estimated the latter. Although the probability 

that a bird is available to be detected is important to consider in 

estimating abundance, we believe that in open habitats, such as 

shortgrass prairie, most Mountain Plovers were available for de-

tection. By contrast, some Burrowing Owls may have been under-

ground in burrows and, thus, unavailable for detection, resulting 

in an underestimation of their numbers.

Monitoring, management, and conservation of grassland 

birds will remain topics of importance. Controversy surrounding 

the effects that prairie dogs have on the shortgrass ecosystem and 

its other inhabitants will likely continue. Conservation actions 

must include both targeted land-acquisition and partnerships with 

private landowners to meet land-management goals over a broad 

scale to achieve successful results. Additional research should be 

conducted to refine our knowledge of species–habitat relation-

ships in the shortgrass prairie and to investigate other potentially 

important habitat factors on avian population parameters. De-

spite these continued challenges, we believe that the results of the 

present study will serve to inform grassland bird-conservation is-

sues and provide impetus for implementing more rigorous sam-

pling and survey methodologies in broad-scale studies.
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