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Abstract Anthropogenic habitat loss and fragmentation are the principle factors causing declines of
grassland birds. Declines in burrowing owl (Athene
cunicularia) populations have been extensive and
have been linked to habitat loss, primarily the decline
of black-tailed prairie dog (Cynomys ludovicianus)
colonies. Development of habitat use models is a
research priority and will aid conservation of owls
inhabiting human-altered landscapes. From 2001 to
2004 we located 160 burrowing owl nests on prairie
dog colonies on the Little Missouri National Grassland in North Dakota. We used multiple linear
regression and Akaike’s Information Criterion to
estimate the relationship between cover type characteristics surrounding prairie dog colonies and (1)
number of owl pairs per colony and (2) reproductive
success. Models were developed for two spatial
scales, within 600 m and 2,000 m radii of nests for
cropland, crested wheatgrass (Agropyron cristatum),
grassland, and prairie dog colonies. We also included
number of patches as a metric of landscape fragmentation. Annually, fewer than 30% of prairie dog
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colonies were occupied by owls. None of the models
at the 600 m scale explained variation in number of
owl pairs or reproductive success. However, models
at the 2,000 m scale did explain number of owl pairs
and reproductive success. Models included cropland,
crested wheatgrass, and prairie dog colonies. Grasslands were not included in any of the models and had
low importance values, although percentage grassland surrounding colonies was high. Management
that protects prairie dog colonies bordering cropland
and crested wheatgrass should be implemented to
maintain nesting habitat of burrowing owls.
Keywords Athene cunicularia 
Black-tailed prairie dog  Burrowing owl 
Crested wheatgrass  Cynomys ludovicianus 
Fragmentation  Grassland  Habitat selection

Introduction
Anthropogenic habitat loss and fragmentation are the
principle causes of species declines worldwide.
Fragmentation typically decreases amount of available habitat and increases degree of isolation and
edge/area ratios of remaining patches (Wilcove et al.
1986; Saunders et al. 1991; Andrén 1994; Wiens
1994; Fahrig 2003). Within the Great Plains of North
America, over 80% of native grasslands have been
lost. In the most impacted areas of the tallgrass
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prairie, less than 0.1% of original grassland persists;
most has been put into agricultural production
(Sampson and Knopf 1994; Vickery et al. 1999;
Askins et al. 2007). Moreover, remaining grassland
patches often become unsuitable with time because of
fire suppression, removal of native grazers, pollution,
and species introductions. As a consequence, grassland birds have shown the most consistent,
widespread declines of any avian assemblage (Knopf
1994; Peterjohn and Sauer 1999; Vickery and Herkert
2001; Brennan and Kuvlesky 2005; Askins et al.
2007). Species vulnerability seems to be related to
habitat use, with specialists showing the swiftest and
sharpest declines [e.g., Cassin’s sparrow (Aimophila
cassinii) and grasshopper sparrow (Ammodramus
savannarum)]. In contrast, some generalists seem to
benefit from human-altered landscapes that create a
mosaic of habitats, particularly those species associated with woody or brushy edges [e.g., red-winged
blackbird (Agelaius phoeniceus), brown-headed cowbird (Molothrus ater)].
Deteriorating status of burrowing owl (Athene
cunicularia) populations coincides with the declines
of other grassland birds. Burrowing owls are extirpated from Manitoba, Minnesota, and eastern North
Dakota, and current populations in Alberta and
Saskatchewan are 85–95% smaller than those that
existed in the late 1980s (Martell et al. 2001; Murphy
et al. 2001; Shyry et al. 2001; Skeel et al. 2001;
Wellicome and Holroyd 2001). There is mounting
evidence that declines of burrowing owls reflect
decreases in populations of fossorial mammals,
primarily black-tailed prairie dogs (Cynomys ludovicianus) and ground squirrels (Spermophilus spp.),
species on which owls rely for nest burrows (Haug
et al. 1993; Desmond et al. 2000; Restani et al. 2001;
Smith and Lomolino 2004). Range of prairie dogs
after a century of poisoning, habitat conversion, and
sylvatic plague (Yersinia pestis) is 2–10% of the
historic distribution (Miller et al. 1994; Forrest 2005).
Increasing the distribution and abundance of prairie
dogs to improve status of owls, however, is unlikely
to occur because state and federal natural resources
agencies are pressured to keep prairie dog populations at or below existing levels.
Although burrowing owls in the Great Plains are
highly dependent upon prairie dogs for nest sites,
foraging activity during the breeding season is not
restricted to the immediate nest area. For example,

123

Landscape Ecol (2008) 23:977–987

owls nesting in agroecosystems devoid of prairie
dogs will travel nearly 3 km to foraging sites and
their home range size averages over 2 km2 (Haug and
Oliphant 1990; Gervais et al. 2003). We are unaware
of any studies reporting foraging behavior of radiotagged burrowing owls nesting in prairie dog colonies, but it is likely that landscape structure
surrounding nests also plays an important role in
decisions regarding habitat use. In Colorado, the
percentage of shortgrass prairie in the landscape
surrounding prairie dog colonies occupied by nesting
owls is less than that surrounding unoccupied colonies (Orth and Kennedy 2001). In Saskatchewan
north of prairie dog range, owls also nest in grassland
patches embedded within an agricultural matrix
(Warnock and James 1997). Although these studies
determined factors affecting occupancy, the relationship between demographic parameters and landscape
structure remains unknown but is needed to guide
conservation by identifying high quality habitat.
A hierarchy of decisions is thought to govern
habitat selection (Hildén 1965; Johnson 1980), and
biologists must consider habitat attributes at several
spatial scales when developing conservation plans for
declining and rare species (Wiens 1994). For example, mostly intact grasslands may be important to
burrowing owls at the largest spatial scales of the
geographic range (i.e., first-order selection), but a
mixture of vegetation types accompanying fragmentation may be important at smaller spatial scales
around the nest within the home range (i.e., third
order selection, Johnson 1980). We evaluate aspects
of this hypothesis by examining habitat use and
reproductive success of nesting owls at two spatial
scales on the Little Missouri National Grassland
(hereafter, Little Missouri) in North Dakota. Parcels
of public land of native prairie exist in a matrix of
private landownership dominated by varying mixture
of cropland and exotic grassland typical of the
northern Great Plains. The multiple-use landscape
includes activities along a continuum of intensity,
from recreation to cattle grazing to row crop farming.
Despite a 90% decline of prairie dogs on the Little
Missouri since the late 1800s (Bishop and Culbertson
1976; Sidle et al. 2001), the species continues to
provide the vast majority of burrows used by nesting
owls (Murphy et al. 2001; Davies and Restani 2006).
However, each year less than half of the colonies are
occupied by owls, so the presence of nest burrows
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alone is an insufficient cue during habitat selection.
We predicted that burrowing owls would nest most
often and have higher reproductive success on prairie
dog colonies embedded within more fragmented
grasslands because agroecosystems rather than intact
grasslands often contain higher abundance of small
mammals, passerines, and insects (Best et al. 1997;
Jonsen and Fahrig 1997; Sissons et al. 2001; Olson
and Brewer 2003; Moulton et al. 2006), the primary
prey of nesting owls.

Methods
Study area
We conducted research on the Little Missouri, an area
in western North Dakota, USA (47°150 N, 103°300 W)
administered by the U.S. Forest Service. Severe
drought in the 1930s combined with poor landuse
practices led to purchase of the grasslands under the
Bankhead-Jones Farm Tenant Act of 1937. East to west
contraction of burrowing owl range has encroached on
the Little Missouri, where the owl is considered a
‘‘sensitive species’’ (Murphy et al. 2001; Wellicome
and Holroyd 2001). Approximately 62% of total land
area (8,620 km2) within the boundaries of the Little
Missouri was managed by state and federal natural
resource agencies: U.S. Forest Service (87%), North
Dakota (8%), and National Park Service (5%) (Murphy
et al. 2001). The remainder was privately owned. Land
use across public and private lands included livestock
grazing, dryland farming (mostly hay land and small
grains, some configured in strips), oil drilling and
extraction, and a national park. Recreational shooting
of prairie dogs occurred throughout the year, but was
concentrated from late May to mid-June.
Black-tailed prairie dog colonies occupied approximately 1,800 ha on the Little Missouri (Sidle et al.
2001; Davies and Restani 2006). Topography was flat
to rolling mixed-grass prairie interspersed with
rugged badlands, with elevations ranging from 600
to 900 m. Prairie vegetation was dominated by
grasses (Bouteloua, Pascopyrum, and Stipa spp.)
and shrubs (Artemisia, Shepherdia, and Symphoricarpos spp.). Riparian areas supported plains
cottonwood (Populus deltoides), box elder (Acer
negundo), and willows (Salix spp.), whereas open
stands of ponderosa pine (Pinus ponderosa) and
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juniper (Juniperus scopulorum) dominated hillsides
within badlands. Climate was semi-arid, with mean
annual precipitation of about 35 cm.
Field procedures
We conducted field research from early May to late
August 2001–2004. We used spotting scopes
(15–459) and binoculars (109) to survey prairie dog
colonies for nesting burrowing owls, concentrating
effort in early morning (05:00–10:00 MDT) and late
afternoon (17:00–22:00), daytime periods when owls
are most active and visible (Haug and Oliphant 1990).
We repeatedly surveyed colonies in May and June
from a vehicle and on foot and used presence of owls,
whitewash, shredded cow dung, and owl pellets to
identify colonies occupied by nesting owls (Restani
et al. 2001). We defined an owl pair (i.e., a nesting
attempt) as a male and female owl regularly associated
with a burrow (Desmond and Savidge 1996). The
locations of nest burrows were recorded using a Global
Positioning System (GPS) (Garmin, Olathe, KS, USA).
We did not survey prairie dog colonies on state and
private lands and did not search for owls off of prairie
dog colonies. Nest burrows were repeatedly revisited
in mid to late July to estimate brood size when young
averaged 31–39 days old (Davies and Restani 2006).
We estimated reproductive success from brood size by
observing nest burrows for at least 30 min during
mornings, and recorded the maximum number of
young observed outside the burrow at one time.
Although our maximum counts likely underestimated
brood size (Gorman et al. 2003), we believe detectability was similar among nests because of the uniform,
low height of vegetation on prairie dog colonies.
Habitat analysis
We defined burrowing owl habitat as the sum total of
characteristics of an area (e.g., prey, nest burrows)
that produced occupancy (Hall et al. 1997; Jones
2001). In our study, habitat use was equated with the
distribution of burrowing owl nests on prairie dog
colonies. Habitat quality varied along a continuum
from poor to high, and was ranked based on owl
reproductive success (i.e., brood size) not nesting
density (Van Horne 1983; Hall et al. 1997), although
the two parameters are often positively correlated
(Bock and Jones 2004).
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We obtained Geographic Information System
(GIS) data of land cover types and prairie dog
colonies on the Little Missouri from the U.S. Forest
Service. Land cover data of 30-m spatial resolution
were generated using Satellite Imagery Land Cover
(SILC) obtained in 2000. These data were groundtruthed by the U.S. Forest Service. Perimeters of
prairie dog colonies were mapped in 2001 on foot or
by driving an all terrain vehicle along the edge of the
colony while plotting boundary locations of active
prairie dog burrows (i.e., fresh diggings and scat)
with a gimbal-mounted GPS unit. We used ArcGIS
9.0 (ESRI 2004) to analyze cover type data.
We categorized SILC data by life form into eight
cover types: cropland (hay land and small grains),
grassland, shrubland [primarily sagebrush (Artemisia
spp.)], crested wheatgrass (Agropyron cristatum),
broadleaf forest, coniferous forest, badlands, and
water. We created 600-m and 2,000-m buffers around
a point centered within prairie dog colonies with and
without nesting owls (Orth and Kennedy 2001), and
used the intersect tool (ArcGIS) to determine area (ha)
of the eight land cover types within buffers. We used
the same technique to determine area of prairie dog
colonies within the buffers. Radii of 600 m and
2,000 m had biological significance because burrowing owls spent approximately 95% of their time
foraging within 600 m of nests (Haug and Oliphant
1990), and because maximum range from nests during
foraging on the Little Missouri was approximately
2,000 m (R. Olson, unpublished data). The 600-m
radius was embedded within the 2,000-m radius.
Cover type variables in our models only included
cropland (CR), crested wheatgrass (CW), grassland
(GR), and prairie dog colony habitat (PD). We
incorporated native vegetation, which was composed
of shrubland and grassland, into a grassland category
(shrubland averaged only 12–15% of the combined
category). We selected these four cover types because
of their demonstrated or presumed relationship to
habitat use of nesting burrowing owls (Rich 1986;
Warnock and James 1997; Clayton and Schmutz 1999;
Desmond et al. 2000; Orth and Kennedy 2001). We
expected that increasing grassland and prairie dog area
would promote owl use. Crested wheatgrass may
mimic natural grasslands when birds select nesting
habitat (Sutter and Brigham 1998; Davis and Duncan
1999; Lloyd and Martin 2005), so we assumed it also
would increase probability of owl use. Burrowing owl
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nest sites in other study areas were often surrounded by
fragmented habitat containing cropland, and biologists
have speculated that prey abundance may be greater in
fragmented grasslands, thus prompting selection by
owls for these landscapes (Rich 1986; Orth and
Kennedy 2001; Moulton et al. 2006). However, the
relationship between amount of cropland in the
landscape and owl use was likely quadratic, with
intermediate levels of cropland around prairie dog
colonies supporting a higher density of owls than
either very low or very high amounts of cropland (e.g.,
Schmutz 1989). We expected that area (ha) of prairie
dog colonies would be positively correlated with owl
use because this habitat feature was strongly correlated
with size and trend of burrowing owl populations in the
central Great Plains (Desmond et al. 2000). Finally, we
included number of different cover type patches (NP)
(i.e., the number of polygon pieces) within buffers as a
direct measure of landscape fragmentation (Gutzwiller
and Barrow 2002). Landscape fragmentation
increased with number of patches.
Statistical analysis
All five explanatory variables had reasonable ranges
in value at both spatial scales (Table 1), which is a
prerequisite for model building (Hirzel and Guisan
2002). Before developing models, we determined if
any variables were correlated within and across
spatial scales (Table 2). High positive correlations
existed between similar habitat variables measured at
the 600-m and 2,000-m scales (CR = 0.82,
CW = 0.75, GR = 0.60, PD = 0.84, NP = 0.52),
probably because of non-independence (i.e., the 600m radius was embedded in the 2,000-m radius).
Therefore, we did not include in the list of candidate
models any with the same variables at both spatial
scales. Moreover, we did not include models containing the following pairs of variables because they
were highly correlated (each negatively): GR and
CW at 600 m, GR and PD at 600 m, and CR and GR
at 2,000 m. Given these constraints, we derived a
suite of 20 candidate models, of the general form:

Owlpairs ¼ eb0 þb1 CRþb2 CWþb3 PDþb4 NPþb5 GR  1:
ð1Þ
Finally, we did not examine interactions among
variables given the relatively small sample size.
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Table 1 Summary statistics for variables considered in modeling habitat use by burrowing owls on the Little Missouri National
Grassland, North Dakota, 2001–2004
Buffer
radius

Cover type
variable

600 m

CR

2.0

0.0

0.0

0.0

0.0

CW

13.1

0.0

0.0

3.2

18.7

87.2

GR

65.1

17.7

48.0

67.0

84.9

100.4

PD

20.4

7.3

14.2

26.3

85.8

NP

26.8

26

34

57

CR

76.5

0.0

0.0

0.4

83.5

CW

93.6

0.0

10.0

40.4

129.6

463.6

GR

845.3

223.2

767.8

884.2

978.3

1121.2

2,000 m

Mean

Minimum
(0 percentile)

PD

31.2

NP

157.2

0.3
10

Median
(25 percentile)

20

0.3

8.9

57

117

(50 percentile)

19.6
152

(75 percentile)

49.9
187

Maximum
(100 percentile)
32.7

850.3

121.9
325

Sample size: n = 72 prairie dog colonies
CR = Cropland, CW = Crested wheatgrass, GR = (Shrubland ? grassland), PD = Prairie dog colony, NP = Number of patches;
CR, CW, GR, and PD in ha

Table 2 Correlation matrix for variables considered in modeling habitat use by burrowing owls on the Little Missouri
National Grassland, North Dakota, 2001–2004
GR

CW

PD

NP

600-m radius
CR

-0.40

GR

0.27

-0.03

0.02

-0.60

-0.51

-0.19

-0.21

-0.33

CW
PD

0.23

2,000-m radius
CR
GR

-0.76

0.21
-0.43

CW
PD

-0.08

-0.31

0.15

0.01

-0.05

-0.47
-0.21

Sample size: n = 72 prairie dog colonies
CR = Cropland,
CW = Crested
wheatgrass,
GR =
(Shrubland ? grassland), PD = Prairie dog colony, NP =
Number of patches

We initially considered using Poisson or negative
binomial distributions in a generalized linear modeling framework because the response variable for each
year was a count of the number of burrowing owl
pairs within a prairie dog colony (McCullagh and
Nelder 1989). However, we chose to define the
response variable as the mean number of owl pairs
across the four study years because (1) surrounding
habitats did not change year-to-year from estimates

obtained in 2000 and (2) because our main interest
was addressing ‘‘On average, how many owl pairs
can be expected to occupy a prairie dog colony based
on surrounding cover types?’’. Therefore, based on
Johnson (1995), we used multiple linear regression
with ordinary least squares (Freund and Littell 2000)
to model mean number of owl pairs as a function of
CR, CW, GR, PD, and NP. We log-transformed the
mean number of owl pairs to accommodate a few
prairie dog colonies that consistently had high
numbers of owl pairs. A value of 1.0 was added to
all owl pairs prior to transformations to accommodate
prairie dog colonies that never were occupied by
nesting owls (Steel and Torrie 1980). Although 60%
of colonies never had owls, we did not use logistic
regression to model presence-absence of owl pairs
because our interest focused on modeling numbers of
owls not simply likelihood of occurrence.
We conducted the same modeling to determine the
mean brood size of burrowing owls based on
surrounding cover types and number of patches.
Prior to modeling, we averaged brood size for each
occupied colony across the four years of study to
obtain an estimate of reproductive success.
We used an information-theoretic model selection
approach (Burnham and Anderson 2002) and PROC
REG (SAS 2004) to estimate the relationship between
explanatory variables and burrowing owl pairs or
reproductive success. We did not split the data into a
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training data set and test data set, but rather used all
observations for model building and report two
summary statistics, adjusted R2 and adjusted PRESS
R2 (Myers et al. 2002), to assist in evaluating the
overall fit of candidate models.
In some models the number of samples was small
relative to the number of parameters (n/K \ 40), so
we used Akaike’s Information Criterion corrected for
small sample size (AICC) during model selection
procedures (Burnham and Anderson 2002). Models
with the lowest DAICC values (\3) were considered
the most parsimonious and received the strongest
support. We also calculated Akaike’s weights (wi)
and the relative importance of each habitat variable
(i.e., by summing wi values), which provided better
insight for the importance of a single variable than
from what could be surmised from the entire model
set (Burnham and Anderson 2002). To estimate final
model parameters, we calculated model-averaged
parameter estimates based on re-scaled Akaike
weights (Burnham and Anderson 2002) across all
candidate models. Standard errors of model-averaged
parameter estimates were calculated from unconditional variances across all candidate models including
model uncertainty.

Results
From 2001 to 2004, we searched for nesting burrowing owls on 72 prairie dog colonies, averaging
24.6 ± 3.2 ha, located on public land of the Little
Missouri. Colonies were dispersed across the
8,620 km2 Little Missouri and totaled approximately
1,745 ha. Number of nesting pairs varied from 31 in
2001 to 47 in 2003 and 2004 (Table 3). Each year,
40–65% of colonies occupied by owls contained only
one breeding pair (range 1–13 pairs per colony,
Fig. 1). Size of prairie dog colony was a poor
predictor of nesting density (r2 = 0.20, P \ 0.001,
Table 3 Distribution and
abundance of burrowing owls
nesting on the Little Missouri
National Grassland, North
Dakota, 2001–2004
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2001 - 2004
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0
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10

12

Number of burrowing owl pairs

Fig. 1 Number of burrowing owl pairs per black-tailed prairie
dog colony on the Little Missouri National Grassland, North
Dakota, 2001–2004. The number of colonies per year (n = 72)
was summed across years

y = -0.003x ? 0.25, n = 72). Grassland was the
most common cover type surrounding nests at both
spatial scales.
Owls produced a mean 3.4 ± 0.4 young per pair in
2001 (range 0–7, n = 31), 3.7 ± 0.3 young per pair
in 2002 (range 0–9, n = 35), 2.6 ± 0.3 young per
pair in 2003 (range 0–7, n = 47), and 3.5 ± 0.3
young per pair in 2004 (range 0–7, n = 47). Seven
pairs failed to fledge young in 2001, three pairs failed
in 2002, 12 pairs failed in 2003, and six pairs failed in
2004.
Two of the 20 candidate models predicting number
of owl pairs per colony had DAICC values \3.0
(Table 4). All other models had DAICC values [9.0,
and therefore provided little insight into habitat use
by nesting burrowing owls. Cropland, crested wheatgrass, and prairie dog colonies had the highest
relative importance values of the five variables
considered (Table 5). The two top ranked models
explained [50% of the observed variation in number
of burrowing owl pairs (adjusted R2), and [40% of
the variation in predicted owl pairs (adjusted PRESS
R2). Only one of the 20 candidate models predicting

Number of
owl pairs

Nearest neighbor distance (km)

% of prairie dog colonies
occupied by nesting owls

Mean (SE)

Range

2001

31

4.5 (1.5)

0.035–38.0

28 (20 of 72 colonies)

2002

35

2.3 (1.0)

0.020–26.3

24 (17 of 72 colonies)

2003
2004

47
47

1.4 (0.6)
1.7 (0.6)

0.045–23.3
0.041–23.2

21 (15 of 72 colonies)
28 (20 of 72 colonies)
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Table 4 Results of the best five habitat use models for
predicting number of owl pairs (log [burrowing owl
pairs ? 1.0], top) and reproductive success (log [mean brood
Buffer

Model

K

RSS

count ? 1.0], bottom) based on n = 72 prairie dog colonies
on the Little Missouri National Grassland, North Dakota,
2001–2004
Log L

DAICC

wi

Adj. R2

PRESS
Adj. R2

0.43

Number of pairs
2,000 m

CR ? PD ? CW

5

6.98

84.00

0.00

0.5758

0.52

2,000 m

CR ? CW

4

7.28

82.51

0.65

0.41571

0.51

0.43

2,000 m

GR ? NP

4

8.20

78.23

9.22

0.00573

0.45

0.38

2,000 m

GR ? PD ? NP

5

8.16

78.41

11.18

0.00216

0.44

0.36

2,000 m

CR ? NP

4

8.92

75.18

15.33

0.00027

0.40

0.30

Reproductive success
2,000 m

CR ? PD ? CW

5

19.03

47.90

0.00

0.94570

0.44

0.36

2,000 m

CR ? CW

4

21.70

43.18

7.12

0.02687

0.37

0.32

2,000 m
600 m

GR ? PD ? CW
CR ? PD ? CW

5
5

21.07
22.61

44.24
41.69

7.32
12.41

0.02438
0.00191

0.38
0.33

0.29
0.25

2,000 m

GR ? CW

4

23.82

39.82

13.85

0.00093

0.30

0.25

CR = Cropland, CW = Crested wheatgrass, GR = (Shrubland ? grassland), PD = Prairie dog colony, NP = Number of patches

Table 5 Importance values and model averaged parameter
estimates (2,000-m buffer only) for habitat use by burrowing
owls on the Little Missouri National Grassland, North Dakota,
2001–2004
Cover type
variable

Relative
importance

Parameter (SE)

reproductive success of burrowing owl pairs
(adjusted R2), and 36% of the variation in predicted
reproductive success (adjusted PRESS R2). Cropland,
crested wheatgrass, and prairie dog colonies also had
the highest importance values (Table 5).

Number of pairs
CR
CW

0.99190
0.99171

0.00132 (0.00025)
0.00191 (0.00034)

Discussion

PD

0.57817

0.00209 (0.00124)

NP

0.00825

-0.00392 (0.00077)

GR

0.00806

-0.00123 (0.00024)

Intercept

–

-0.01020 (0.08474)

Each year, burrowing owls nested on a minority
(\30%) of prairie dog colonies on the Little Missouri
and landscape composition surrounding colonies at
the 2,000-m scale correlated with both the number of
owl pairs per colony and their reproductive success.
Landscapes composed of relatively high amounts of
crested wheatgrass, cropland, and prairie dog colonies predicted owl distribution and productivity,
whereas the amount of grassland and the number of
habitat patches, a metric of landscape fragmentation,
were unimportant at both spatial scales. All of the
models at the 600-m scale failed to predict owl use or
reproductive success.
Burrowing owls nesting in the northern Great
Plains are closely associated with prairie dogs
(Murphy et al. 2001; Restani et al. 2001; Davies
and Restani 2006). However, on the Little Missouri,
only one habitat use model at the 2,000-m scale
revealed a positive effect of prairie dogs on the

Reproductive success
CW

0.99783

0.00297 (0.00056)

CR

0.97255

0.00140 (0.00040)

PD

0.97020

0.00631 (0.00205)

GR

0.02550

-0.00087 (0.00042)

NP

0.00020

-0.00380 (0.00137)

Intercept

–

-0.02580 (0.13330)

CR = Cropland,
CW = Crested
wheatgrass,
GR =
(Shrubland ? grassland), PD = Prairie dog colony, NP =
Number of patches

reproductive success of owls had a DAICC value\3.0
(Table 4), and it also included cropland, crested
wheatgrass, and prairie dog colonies. The model
explained 44% of the observed variation in
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number of owls nesting per colony. It appeared,
therefore, that once requirements of a nest burrow
were met at the local scale, prairie dogs became
relatively unimportant in habitat use at larger scales,
such as that associated with foraging. Many studies
have shown that owls nested on prairie dog colonies
in areas of low vegetative cover and high prairie dog
density (30–75 m radius from nests) (Plumpton and
Lutz 1993; Desmond and Savidge 1996; Restani et al.
2001; Lantz et al. 2007). These characteristics
apparently improved nest success by reducing predation on incubating females and flightless young
(Desmond and Savidge 1999) and by providing
habitat for young during the post-fledging period
(Davies and Restani 2006). Our data further supported these observations because model importance
value of prairie dog colonies was much higher for
reproductive success than for number of owl pairs per
colony.
Although prairie dog colonies on the Little Missouri comprise the smallest percentage of cover types
around nests at the 2,000-m scale, presence of prairie
dogs in models for both number of owls per colony
and reproductive success supports the proposition
that prairie dogs have disproportionate effects on
grassland ecosystems by maintaining high biological
diversity (Miller et al. 1994; Smith and Lomolino
2004). Protecting and fostering growth of existing
prairie dog colonies and promoting new colonies
through translocation would contribute significantly
to owl conservation. During this study, occupied
range of prairie dogs in western North Dakota was
approximately 10% of historic distribution (Bishop
and Culbertson 1976; Sidle et al. 2001). Any future
loss of colonies from poisoning, habitat conversion,
or sylvatic plague will likely threaten population
persistence of burrowing owls (Desmond et al. 2000;
Restani et al. 2001). Owl range has contracted
hundreds of kilometers from north to south and from
east to west within the northern Great Plains during
the past 50 years (Murphy et al. 2001; Shyry et al.
2001; Skeel et al. 2001; Wellicome and Holroyd
2001), probably from the combined effect of converting native prairies to agricultural cover types and
suppressing prairie dog populations.
Crested wheatgrass often is a component of seed
mixtures planted as part of the Conservation Reserve
Program (CRP) in western prairies. Although CRP
functions primarily to control erosion by retiring
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unproductive agricultural lands, it also is habitat for
nesting birds (Johnson and Schwartz 1993; Best et al.
1997; Coppedge et al. 2001). Crested wheatgrass is
an exotic species and is popular among farmers
because of its growth characteristics, grazing tolerance, and relatively inexpensive cost. How well
monocultures of crested wheatgrass mimic native
grassland, however, remains largely unresolved and a
source of conservation concern (Deluca and Lesica
1996; Christian and Wilson 1999). For example,
chestnut-collared longspurs (Calcarius ornatus) do
not discriminate between crested wheatgrass and
native grasses when selecting nest sites, but nesting
pairs suffer lower productivity in the exotic habitat
type, which may have dire consequences for persistence of this declining grassland obligate (Lloyd and
Martin 2005). In contrast, crested wheatgrass was
positively associated with the number of burrowing
owl pairs per colony and reproductive success on the
Little Missouri, and at least two possibilities existed
for this pattern. First, owls may have been unable to
detect a difference between crested wheatgrass and
native grasses because of their similar structure and
appearance. Alternatively, owls may have nested in
prairie dog colonies near fields of crested wheatgrass
because they provided increased prey abundance or
availability. Crested wheatgrass began growing earlier than native grasses, and harbored higher numbers
of mammalian prey than native grassland in spring
(R. Olsen, unpublished data), a critical time period
when female owls mobilize resources for egg
production. Moreover, crested wheatgrass monocultures contained high proportions of bare ground
(Sutter and Brigham 1998; Christian and Wilson
1999), a condition which has facilitated detection of
invertebrate prey by foraging birds (Atkinson et al.
2004; Butler and Gillings 2004).
Presence of cropland surrounding prairie dog
colonies also was a strong predictor of the number
of owl pairs per colony and reproductive success, and
the variable had high model importance values.
Although amount of cropland surrounding nests was
small relative to most other cover types, its occurrence may have been important because owl prey
species (e.g., small mammals, passerines, insects)
have occurred at highest abundance in areas containing a mixture of native grasslands and cropland
(Jonsen and Fahrig 1997; Robinson et al. 2001;
Sissons et al. 2001; Olson and Brewer 2003; Moulton
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et al. 2006). Moreover, owls preferred to forage along
habitat edges (Rich 1986; Haug and Oliphant 1990;
Rosenberg and Haley 2004), and consumed more
small mammals following crop harvest, presumably
because of increased prey vulnerability (Bellocq
1997).
Although the percentage of grasslands surrounding
colonies was the highest of all cover types at both
spatial scales, grassland was not included in any of
the top models and had low importance values.
Percentage grassland also was unimportant in core
owl habitat at either 2.7-km or 20-km radius scales in
Saskatchewan (Warnock and James 1997), and
colonies occupied by owls in Colorado had a smaller
percentage of the surrounding landscape in shortgrass
prairie than unoccupied colonies (Orth and Kennedy
2001). Burrowing owls nested in intensive agroecosystems in California (Rosenberg and Haley 2004)
and Idaho (Moulton et al. 2006) that were outside the
range of prairie dogs, which suggested native vegetation was not necessary to support owl populations
as long as some nest burrows were available.
Historically, in the Great Plains, however, amount
of grassland was probably closely tied to prairie dogs
and declines in the latter were highly correlated with
loss of owls in Nebraska (Desmond et al. 2000).
Burrow availability on prairie dog colonies is high
and allows groups of owls to nest semi-colonially, a
condition generally different from that found in
agroecosystems.
The number of patches of different cover types, an
indicator of landscape fragmentation, did not affect
habitat use or reproductive success at either spatial
scale. In contrast to our findings, burrowing owls in
Colorado and Saskatchewan nested within more
fragmented landscapes at the 2.0 to 20-km radius
spatial scales (Warnock and James 1997; Orth and
Kennedy 2001). Differences in the amount of different cover types within 2,000 m of nests among the
study areas may have contributed to the varying
effects reported. On the Little Missouri, approximately 70% of the area within 2,000-m radii of nests
was grassland (not including prairie dog colonies),
which was higher than that reported from Colorado
(about 60%) (Orth and Kennedy 2001).
How much landscape in the northern Great Plains
can be converted to agricultural cover types before
negatively impacting burrowing owls remains
unknown and needs to be determined. In general,
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many species, such as prairie dogs, decline with
increasing agricultural intensification (review by
Benton et al. 2003). Most of the landscape on the
Little Missouri remains in native condition, and it
appears that the current level of heterogeneity derived
from cropland and crested wheatgrass on private
lands adjacent to prairie dog colonies on the Little
Missouri is beneficial to owls. The mechanism
driving this association remains unknown. Although
intensive agricultural landscapes contain less spatial
and temporal heterogeneity than natural landscapes, a
species that requires heterogeneous landscapes can
meet its needs by exploiting different cover types
across short time scales or by using different cover
types as they become available (Benton et al. 2003).
We are currently evaluating which strategy radiotagged burrowing owls employ when foraging on the
Little Missouri.
Acknowledgments R. Murphy encouraged us to study
Burrowing Owls in western North Dakota. D. Svingen and
R. Rothaus supported our research and provided helpful
administrative support, along with S. Jensen-Cekalla,
L. Donnay, B. Kjellberg, and M. McKenzie. P. Sjursen kindly
supplied GIS data of prairie dog colonies and vegetation cover
types on and surrounding the Little Missouri. B. Adams and
J. Tindle conducted fieldwork in 2001 and 2002, respectively.
We thank the private landowners who graciously granted access
to federal lands through their properties. B. Smith, M. Sovada,
D. Turner, and three anonymous reviewers improved the draft
manuscript. Funding was provided by the U.S. Forest Service,
Dakota Prairie Grasslands (Agreement No. 03-CS-11011800009), and the Office of Sponsored Programs, St. Cloud State
University.

References
Andrén H (1994) Effects of habitat fragmentation on birds and
mammals in landscapes with different proportions of
suitable habitat: a review. Oikos 71:355–366. doi:
10.2307/3545823
Askins RA, Chavez-Ramirez F, Dale BC et al (2007) Conservation of grassland birds in North America:
understanding ecological processes in different regions.
Ornithological Mono 64:1–46
Atkinson PW, Buckingham D, Morris AJ (2004) What factors
determine where invertebrate-feeding birds forage in dry
agricultural grasslands? Ibis 146(Suppl 2):99–107.
doi:10.1111/j.1474-919X.2004.00346.x
Bellocq MI (1997) Ecology of the burrowing owl in agrosystems of Central Argentina. J Raptor Res 9:52–57
Benton TG, Vickery JA, Wilson JD (2003) Farmland biodiversity: is habitat heterogeneity the key? Trends Ecol Evol
18:182–188. doi:10.1016/S0169-5347(03)00011-9

123

986
Best LB, Campa H III, Kemp KE et al (1997) Bird abundance
and nesting in CRP fields and cropland in the Midwest: a
regional approach. Wildl Soc Bull 25:864–877
Bishop NG, Culbertson JL (1976) Decline of prairie dog towns
in southwestern North Dakota. J Range Manage 29:217–
220. doi:10.2307/3897279
Bock CE, Jones ZF (2004) Avian habitat evaluation: should
counting birds count? Front Ecol Environ 2:403–410
Brennan LA, Kuvlesky WP Jr (2005) North American grassland
birds: an unfolding conservation crisis? J Wildl Manage
69:1–13. doi:10.2193/0022-541X(2005)069\0001:NAG
BAU[2.0.CO;2
Burnham KP, Anderson DR (2002) Model selection and multimodel inference: a practical information-theoretic
approach. Springer-Verlag, New York
Butler SJ, Gillings S (2004) Quantifying the effects of habitat
structure on prey detectability and accessibility to farmland birds. Ibis 146(Suppl 2):123–130. doi:10.1111/
j.1474-919X.2004.00352.x
Christian JM, Wilson SD (1999) Long-term ecosystem impacts
of an introduced grass in the northern Great Plains.
Ecology 80:2397–2407
Clayton KM, Schmutz JK (1999) Is the decline of burrowing
owls Speotyto cunicularia in Canada linked to changes in
Great Plains ecosystems? Bird Conserv Int 9:163–185
Coppedge BR, Engle DM, Masters RE et al (2001) Avian
response to landscape change in fragmented southern Great
Plains grasslands. Ecol Appl 11:47–59. doi:10.1890/10510761(2001)011[0047:ARTLCI]2.0.CO;2
Davies JM, Restani M (2006) Survival and movements of
juvenile burrowing owls during the post-fledging period.
Condor 108:282–291. doi:10.1650/0010-5422(2006)108
[282:SAMOJB]2.0.CO;2
Davis SK, Duncan DC (1999) Grassland songbird occurrence
in native and crested wheatgrass pastures of southern
Saskatchewan. Stud Avian Biol 19:211–218
Deluca TH, Lesica P (1996) Long-term harmful effects of
crested wheatgrass on Great Plains grassland ecosystems.
J Soil Water Conserv 51:408–409
Desmond MJ, Savidge JA (1996) Factors influencing Burrowing Owl (Speotyto cunicularia) nest densities and
numbers in western Nebraska. Am Midl Nat 136:143–
148. doi:10.2307/2426639
Desmond MJ, Savidge JA (1999) Satellite burrow use by
burrowing owl chicks and its influence on nest fate. Stud
Avian Biol 19:128–130
Desmond MJ, Savidge JA, Eskridge KM (2000) Correlations
between burrowing owl and black-tailed prairie dog
declines: a 7-year analysis. J Wildl Manage 64:1067–1075.
doi:10.2307/3803217
ESRI (2004) ArcGIS, 9.0. ESRI, Redlands
Fahrig L (2003) Effects of fragmentation on biodiversity. Annu
Rev Ecol Syst 34:487–515. doi:10.1146/annurev.ecolsys.
34.011802.132419
Forrest S (2005) Getting the story right: a response to Vermeire
and colleagues. Bioscience 55:526–530. doi:10.1641/00063568(2005)055[0526:GTSRAR]2.0.CO;2
Freund RJ, Littell RC (2000) SAS system for regression. SAS
Institute, Cary

123

Landscape Ecol (2008) 23:977–987
Gervais JA, Rosenberg DK, Anthony RG (2003) Space use and
pesticide exposure risk of male burrowing owls in an
agricultural landscape. J Wildl Manage 67:155–164.
doi:10.2307/3803071
Gorman LR, Rosenberg DK, Ronan NA et al (2003) Estimation
of reproductive rates of burrowing owls. J Wildl Manage
67:493–500. doi:10.2307/3802707
Gutzwiller KJ, Barrow WC Jr (2002) Does bird community
structure vary with landscape patchiness? A Chihuahuan
Desert perspective. Oikos 98:284–298. doi:10.1034/j.
1600-0706.2002.980210.x
Hall LS, Krausman PR, Morrison ML (1997) The habitat
concept and a plea for standard terminology. Wildl Soc
Bull 25:173–182
Haug EA, Oliphant LW (1990) Movements, activity patterns,
and habitat use of burrowing owls in Saskatchewan.
J Wildl Manage 54:27–35. doi:10.2307/3808896
Haug EA, Millsap BA, Martell MS (1993) Burrowing owl
(Speotyto cunicularia). In: Poole A, Gill F (eds) Birds of
North America, vol 61. The Academy of Sciences,
Philadelphia
Hildén O (1965) Habitat selection in birds: a review. Ann Zool
Fenn 2:53–75
Hirzel A, Guisan A (2002) Which is the optimal strategy for
habitat suitability modeling? Ecol Model 157:331–341.
doi:10.1016/S0304-3800(02)00203-X
Johnson DH (1980) The comparison of usage and availability
measurements for evaluating resource preference. Ecology 61:65–71. doi:10.2307/1937156
Johnson DH (1995) Statistical sirens: the allure of nonparametrics. Ecology 76:1998–2000. doi:10.2307/1940733
Johnson DH, Schwartz MD (1993) The conservation reserve
program and grassland birds. Conserv Biol 7:934–937.
doi:10.1046/j.1523-1739.1993.740934.x
Jones J (2001) Habitat selection in Avian ecology: a critical
review. Auk 118:557–562. doi:10.1642/0004-8038(2001)
118[0557:HSSIAE]2.0.CO;2
Jonsen ID, Fahrig L (1997) Response of generalist and specialist insect herbivores to landscape spatial structure.
Landsc Ecol 12:185–197. doi:10.1023/A:1007961006232
Knopf FL (1994) Avian assemblages on altered grasslands.
Stud Avian Biol 15:247–257
Lantz SJ, Conway CJ, Anderson SH (2007) Multiscale habitat
selection by burrowing owls in black-tailed prairie dog
colonies. J Wildl Manage 71:2664–2672. doi:10.2193/
2006-221
Lloyd JD, Martin TE (2005) Reproductive success of ChestnutCollared Longspurs in native and exotic grassland. Condor 107:363–374. doi:10.1650/7701
Martell MS, Schladweiler J, Cuthbert F (2001) Status and
attempted reintroduction of burrowing owls in Minnesota,
USA. J Raptor Res 35:331–336
McCullagh P, Nelder JA (1989) Generalized linear models.
Chapman and Hall, London
Miller B, Ceballos G, Reading R (1994) The prairie dog and
biotic diversity. Conserv Biol 8:677–681. doi:10.1046/j.
1523-1739.1994.08030677.x
Moulton CE, Brady RS, Belthoff JR (2006) Associations
between wildlife and agriculture: underlying mechanisms

Landscape Ecol (2008) 23:977–987
and implications in burrowing owls. J Wildl Manage
70:708–716. doi:10.2193/0022-541X(2006)70[708:ABW
AAU]2.0.CO;2
Murphy RK, Hasselblad KW, Grondahl CD et al (2001) Status
of the burrowing owl in North Dakota. J Raptor Res
35:322–330
Myers RH, Montgomery DC, Vining GG (2002) Generalized
linear models: with applications to engineering and the
sciences. Wiley, New York
Olson RA, Brewer MJ (2003) Small mammal populations
occurring in a diversified winter wheat cropping system.
Agric Ecosyst Environ 95:311–319. doi:10.1016/S01678809(02)00092-0
Orth PB, Kennedy PL (2001) Do land-use patterns influence
nest-site selection by burrowing owls (Athene cunicularia
hypugaea) in northeastern Colorado? Can J Zool 79:
1038–1045. doi:10.1139/cjz-79-6-1038
Peterjohn BG, Sauer JR (1999) Population status of North
American grassland birds from the North American
Breeding Bird Survey, 1966–1996. Stud Avian Biol
19:27–44
Plumpton DL, Lutz RS (1993) Nesting habitat used by burrowing owls in Colorado. J Raptor Res 27:175–179
Restani M, Rau LR, Flath DL (2001) Nesting ecology of
burrowing owls occupying black-tailed prairie dog towns
in Southeastern Montana. J Raptor Res 35:296–303
Rich T (1986) Habitat and nest-site selection by burrowing
owls in the sagebrush steppe of Idaho. J Wildl Manage
50:548–555. doi:10.2307/3800962
Robinson RA, Wilson JD, Crick HQP (2001) The importance
of arable habitat for farmland birds in grassland landscapes. J Appl Ecol 38:1059–1069. doi:10.1046/j.13652664.2001.00654.x
Rosenberg DK, Haley KL (2004) The ecology of burrowing
owls in the agroecosystems of the Imperial Valley,
California. Stud Avian Biol 27:120–135
Samson F, Knopf F (1994) Prairie conservation in North
America. Bioscience 44:418–421. doi:10.2307/1312365
SAS Institute (2004) SAS OnlineDoc[R] version 9.1.2. SAS
Institute, Cary
Saunders DA, Hobbs RJ, Margules CR (1991) Biological
consequences of ecosystem fragmentation: a review.
Conserv Biol 5:18–32
Schmutz JK (1989) Hawk occupancy of disturbed grasslands in
relation to models of habitat selection. Condor 91:362–
371. doi:10.2307/1368315
Shyry DT, Wellicome TI, Schmutz JK et al (2001) Burrowing
owl population-trend surveys in southern Alberta: 1991–
2000. J Raptor Res 35:316–321

987
Sidle JG, Johnson DH, Euliss BR (2001) Estimated areal extent
of colonies of black-tailed prairie dogs in the northern
Great Plains. J Mammal 82:928–936. doi:10.1644/15451542(2001)082\0928:EAEOCO[2.0.CO;2
Sissons RA, Scalise KL, Wellicome TI (2001) Nocturnal foraging and habitat use by male burrowing owls in a
heavily-cultivated region of southern Saskatchewan.
J Raptor Res 35:304–309
Skeel MA, Keith J, Palaschuk CS (2001) A population decline
recorded by operation burrowing owl in Saskatchewan.
J Raptor Res 35:371–377
Smith GA, Lomolino MV (2004) Black-tailed prairie dogs and
the structure of avian communities on the shortgrass
prairie. Oecologia 138:592–602. doi:10.1007/s00442-0031465-3
Steel RGB, Torrie JH (1980) Principles and procedures of
statistics: a biometrical approach. McGraw-Hill, New
York
Sutter GC, Brigham RM (1998) Avifaunal and habitat changes
resulting from conversion of native prairie to crested
wheat grass: patterns at songbird community and species
levels. Can J Zool 76:869–875. doi:10.1139/cjz-76-5-869
Van Horne B (1983) Density as a misleading indicator of
habitat quality. J Wildl Manage 47:893–901. doi:10.2307/
3808148
Vickery PD, Herkert JR (2001) Recent advances in grassland
bird research: where do we go from here? Auk 118:11–
15. doi:10.1642/0004-8038(2001)118[0011:RAIGBR]2.0.
CO;2
Vickery PD, Tubaro PL, daSilva JMC et al (1999) Conservation of grassland birds in the Western Hemisphere. Stud
Avian Biol 19:2–26
Warnock RG, James PC (1997) Habitat fragmentation and
burrowing owls (Speotyto cunicularia) in Saskatchewan.
In: Duncan JR, Johnson DH, Nicholls TH (eds) Biology
and conservation of owls of the Northern Hemisphere:
2nd international symposium. USDA General Technical
Report NC-190, St. Paul, Minnesota, pp 477–486
Wellicome TI, Holroyd GL (2001) The second international
burrowing owl symposium: Background and context.
J Raptor Res 35:269–273
Wiens JA (1994) Habitat fragmentation: island vs. landscape
perspectives on bird conservation. Ibis 137:S97–S104.
doi:10.1111/j.1474-919X.1995.tb08464.x
Wilcove DS, McLellan CH, Dobson AP (1986) Habitat fragmentation in the temperate zone. In: Soule ME (ed)
Conservation biology. Sinauer, Sunderland, pp 237–256

123

