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Abstract

Grassland songbird populations are declining, and one reason for this might be livestock management practices in native
prairies. Although cattle grazing is a common practice in native mixed-grass prairie, little research has been conducted to date to
determine its impact on prairie songbird nest survival. During the summers of 2006–2007, we examined the effects of low- to
moderate-intensity cattle grazing typical of the region and nest site vegetation structure on nest survival of five species of
ground-nesting songbirds in native mixed-grass prairie in southwestern Saskatchewan, Canada. There was no significant effect
of grazing (P. 0.10) on Sprague’s pipit (Anthus spragueii), Baird’s sparrow (Ammodramus bairdii), vesper sparrow (Pooecetes
gramineus), lark bunting (Calamospiza melanocorys), or chestnut-collared longspur (Calcarius ornatus) nest survival. All five
species used denser vegetation than was generally available (P � 0.001). Sprague’s pipit nest survival was negatively correlated
with vegetation density (P¼0.055) and litter depth (P¼0.033), and vesper sparrow nest survival was positively correlated with
increased visibility from above (P¼0.056), but nest survival of the other species was independent of vegetation structure. Our
results suggest that low- to moderate-intensity grazing is consistent with the conservation needs of ground-nesting songbirds in
mixed-grass prairies of southwestern Saskatchewan.
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INTRODUCTION

Grassland bird populations are declining faster than birds of

any other ecosystem in North America (Knopf 1996). Factors

contributing to these declines likely include conversion of
native prairie for agriculture and degradation and fragmenta-

tion of the remaining prairie (Herkert et al. 1996; Brennan and
Kuvlesky 2005). In Saskatchewan, 21% of the original native

prairie remains, including 31% of the mixed-grass ecoregion,

which is characterized by speargrass (Stipa comata), blue
grama (Bouteloua gracilis), northern wheatgrass (Elymus
lanceolatus), and western wheatgrass (Pascopyrum smithii;
Hammermeister et al. 2001; Ecological Framework of Canada
2011). From 1970 to 2009, the Breeding Bird Survey recorded

significant average annual declines of 2% on average for

Saskatchewan’s grassland bird populations (Environment
Canada 2010), suggesting that there is an immediate need for

conservation and management of these species.

Grassland bird populations may be influenced by the

presence of livestock on the landscape, as a significant portion
of Saskatchewan’s native prairie is managed for cattle grazing

(Nernberg and Ingstrup 2005). Birds breeding in native mixed-
grass prairie evolved with the disturbance created by grazing

bison (Bison bison) and wildfire (Knopf and Samson 1997;

Askins 2000), and there is some evidence suggesting that cattle
may fulfill some of the ecological functions historically filled by
bison (Hart 2001; Derner et al. 2009). Both bison and cattle
grazing may increase plant species diversity (Hart 2001; Towne
et al. 2005) and heterogeneity of vegetation (Knapp et al. 1999;
Derner and Whitman 2009; Harrison et al. 2010) relative to
that in ungrazed prairie. Prairie songbird communities have a
wide range of habitat requirements, and a heterogeneous
vegetation structure can provide varied microhabitats suitable
for a range of different species (Knopf 1996; Madden et al.
2000). Cattle grazing has been used as a tool for managing
biodiversity and wildlife populations (Kresl et al. 1996);
rangeland managers can manipulate cattle grazing intensities
to increase vegetation heterogeneity (Derner et al. 2009), which
may benefit grassland birds.

In addition to increasing vegetation heterogeneity, grazing
can have direct and indirect impacts on prairie songbird nest
survival. Cattle grazing can influence the density of small
mammal populations and has had positive, negative, or no
effects on small mammal abundance, depending on the species,
habitat, and grazing intensity (e.g., Matlack et al. 2001;
Giuliano and Homyack 2004; Johnston and Anthony 2008).
Cattle may cause nest failure through trampling (Renfrew and
Ribic 2003) and may even depredate nests (Nack and Ribic
2005). However, trampling and depredation rates in northern
mixed-grass prairies are low (e.g., Koper and Schmiegelow
2007), presumably because stocking rates are typically low in
these relatively arid regions. This suggests that the effects of
livestock are generally indirect through the impact of livestock
on vegetation structure (Sutter and Ritchison 2005). Vegetation
structure influences small mammal community composition
and abundance (Grant et al. 1982; Hayward et al. 1997), which
may affect the risk of nest predation (Ackerman 2002). Snake
abundance also varies with vegetation structure, and nests
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located closer to snake habitat may have a higher risk of
predation (Klug et al. 2010). Predator search efficiency may
also be greater in shorter, sparser vegetation (Sutter and
Ritchison 2005), and reductions in vegetative cover may reduce
the availability of high-quality nest sites, forcing birds to select
sites where nests are more vulnerable to predation (Ammon
and Stacey 1997). Conversely, shorter vegetation may provide
small mammals with less protection from predation, which
may lead to lower densities of small mammals and thus lower
risks of nest predation in grazed areas (Weidinger 2002).

The majority of songbird nests fail, primarily due to
predation (Ricklefs 1969), and evolutionary processes should
thus have led to birds developing strategies to avoid detection
of nests by predators (Martin 1993). Previous studies have
demonstrated that prairie songbirds actively select for nest site
vegetation that is taller and denser than is generally available
(Sutter 1997; Dieni and Jones 2003; Davis 2005). One
hypothesis to explain this pattern is that birds are attempting
to reduce the risk of nest predation by selecting for nest sites
with greater cover, limiting the availability of visual, auditory,
and olfactory cues that predators use to locate nests (Martin
1993). Therefore, cattle grazing may indirectly increase the risk
of nest predation by reducing the availability of nest sites with
tall, dense vegetation (Sutter and Ritchison 2005).

Many studies have examined the effects of cattle grazing on
songbird abundance in prairie habitat, and they have found
positive, neutral, and negative effects of grazing on abundance,
depending on the species, grazing intensity, and local environ-
mental conditions (e.g., Saab et al. 2005; Nelson et al. 2011).
Perhaps surprisingly, the few studies that have examined the
role of nest site vegetation structure and/or cattle grazing in
songbird nest survival have found variable effects of cover on
nest survival in that tall, dense vegetation may lead to either
lower or higher nest survival (e.g., Davis 2005; Winter et al.
2005; Jones and Dieni 2007; Koper and Schmiegelow 2007;
Kerns et al. 2010). Red-winged blackbird (Agelaius phoeni-
ceus) and Savannah sparrow (Passerculus sandwichensis) nest
survival was significantly higher in ungrazed pastures than in
continuously grazed and rotationally grazed pastures in
nonnative prairie in southwestern Wisconsin (Temple et al.
1999). In Kentucky, grasshopper sparrow (Ammodramus
savannarum) had higher nest survival in ungrazed prairie
(Sutter and Ritchison 2005). Vesper sparrow (Pooecetes
gramineus) nest survival was lower in grazed short-grass steppe
in British Columbia (Harrison et al. 2011). In contrast, in
primarily nonnative grassland in Montana, western meadow-
lark (Sturnella neglecta) daily nest mortality rates were similar
on grazed and ungrazed plots, whereas Savannah sparrow had
higher daily nest mortality rates on grazed plots, where brown-
headed cowbird (Molothrus ater) parasitism was higher
(Fondell and Ball 2004). We are aware of only two other
studies that have compared songbird nest survival in grazed
and ungrazed mixed-grass prairie. In North Dakota, there was
a negative effect of rotational grazing on Savannah sparrow
nest survival, a possible negative effect on clay-colored sparrow
(Spizella pallida), and no effect on bobolink (Dolichonyx
oryzivorus; Kerns et al. 2010). Nest survival of most passerines
was similar in grazed and ungrazed sites in Alberta (Koper and
Schmiegelow 2007), although nest survival was lower in

ungrazed sites for chestnut-collared longspur (Calcarius orna-
tus).

To the best of our knowledge, no previous studies have
compared Sprague’s pipit (Anthus spragueii), Baird’s sparrow
(Ammodramus bairdii), vesper sparrow, and lark bunting
(Calamospiza melanocorys) nest survival in grazed and
ungrazed native mixed-grass prairie. This is of management
and conservation concern, as all of these species continue to
experience long-term population declines (Sauer and Hines
2008). Sprague’s pipit and chestnut-collared longspur are listed
as ‘‘threatened’’ under the Canadian Species at Risk Act
(Government of Canada 2012). The Sprague’s pipit recovery
strategy specifies that information on land use practices that
benefit this species is essential for recovery efforts (Environ-
ment Canada 2008b). These four species reflect a range of
different habitat preferences. Lark buntings prefer short to
medium vegetation (Smith and Smith 1966; Wiens 1970),
Sprague’s pipits and Baird’s sparrows prefer taller vegetation
(Madden et al. 2000), and vesper sparrows are generalists that
utilize grasslands, croplands, and haylands (Davis and Duncan
1999; McMaster et al. 2005). By evaluating effects of
management on nest survival of several diverse species, we
can develop grazing management recommendations that
concurrently conserve several species, an increasingly common
goal in prairie conservation (e.g., Downey et al. 2008).

Initiation of a long-term adaptive management grazing
experiment at Grasslands National Park of Canada in
Saskatchewan enabled us to conduct a 2-yr study (2006–
2007) to achieve three main objectives: 1) determining
differences between used and available nest microhabitats, 2)
determining the effects of light to moderate stocking rates of
cattle grazing, and 3) determining the effects of nest site
vegetation structure on nest survival of five songbird species in
native mixed-grass prairie. We compared Sprague’s pipit,
Baird’s sparrow, vesper sparrow, lark bunting, and chestnut-
collared longspur nest survival in grazed and ungrazed native
mixed-grass prairie. As this region is arid and thus plant
productivity is low, we predicted that even though stocking
rates were light to moderate, grazing would reduce vegetative
cover sufficiently that nests in grazed sites would be more
exposed to predators and thus that nest survival would be
lower in grazed compared with ungrazed prairie.

METHODS

The study was located in Grasslands National Park of Canada
and adjacent Mankota Community Pastures in southwestern
Saskatchewan, Canada. The region is semiarid and annual
precipitation averaged 347.7 mm (Environment Canada
2008a). Riparian shrub communities were dominated by
western snowberry (Symphoricarpos occidentalis), prairie rose
(Rosa acicularis), sagebrush (Artemisia cana), and Canada
bluegrass (Poa compressa). Upland areas were characterized by
speargrass, blue grama, northern wheatgrass, June grass
(Koeleria macrantha), and western wheatgrass.

Terrestrial predators observed in the area include American
badger (Taxidea taxus), coyote (Canus latrans), mice and voles
(Peromyscus, Clethrionomys), ground squirrels (Spermophilus
tridecemlineatus, Spermophilus richardsonii), and garter snake
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(Thamnophis), all species that are known to depredate
songbird nests in other regions (Pietz and Granfors 2000;
Renfrew and Ribic 2003). Avian species observed in the study
area that are known to depredate nests include Northern
harrier (Circus cyaneus; Davis et al. 2012), Buteo species
(Grant et al. 2006), short-eared owl (Asio flammeus; Holt
1993), and Western meadowlark (Schaeff and Picman 1988).

The site consisted of 13 300-ha units of gently rolling native
mixed-grass prairie (Fig. 1). Grazed and ungrazed pastures
were fully interspersed north and south to reduce the likelihood
of differences in vegetation or topography influencing the study
results but could not be interspersed west and east due to the
limited availability of ungrazed prairie. Pasture units were
selected to ensure approximately equal proportions of upland,
riparian, and lowland habitats relative to other pastures;
similar topography among pastures; a minimum of 15 yr of
consistent management (i.e., without cattle for ungrazed sites,
with cattle for grazed sites); a lack of cross-fencing within 300-
ha pastures; and a high probability that sites would be available
for monitoring over the 12 yr proposed for the project.

The four grazed units are commercially managed for raising
beef cattle and are located in the adjacent Mankota Commu-
nity Pastures. Sites were grazed annually at low to moderate
intensity from May to September, with a management goal of
moderate intensity grazing. In 2006, the mean stocking rate in
the four pastures was 0.452 animal unit months (AUM) � ha�1

(range: 0.247–0.551 AUM � /ha�1. In 2007, the mean stocking
rate was 0.450 AUM � ha�1 (range: 0.247–0.541 AUM � ha�1).
The nine ungrazed units were unfenced, while the four grazed
units were 300-ha subsamples within larger fenced pastures.

Within each of the upland and lowland portions of each
pasture, we established a randomly selected 3003300-m nest-
searching plot (n¼26 plots). Wildfires burned portions of a
grazed unit (55.9 ha) and two ungrazed units (110.3 and 3.6
ha) in July 2006, including one upland grazed nest-searching
plot. A new plot was established after the fire and searched
once that year and in 2007.

We conducted nest searching using the rope-drag method
(Davis 2003). Our resources enabled us to search the plots
twice between May and August 2006 (first round: May 25–
June 29; second round: June 30–August 1), and three times
between May and July 2007 (first round: May 7–June 14;
second round: June 20–July 9; third round: July 10–27). To
increase the sample size, in 2007, we moved the plots to areas
of higher Sprague’s pipit densities if no nests were found during
the first round of nest searching and moved some again
following the second round if, again, no nests were found. We
used 2007 point count survey data from the adaptive
management grazing experiment to determine areas of higher
Sprague’s pipit densities in an attempt to maximize the numbers
of nests found (Bleho 2009). ‘‘Incidental’’ nests found in the
study area during other research activities were also monitored
to increase the sample size. This sampling intensity allowed us
to collect at least 31 nests per species to enable us to evaluate
effects of grazing on five species but certainly led to our
sampling only a subsample of the nests started within the
boundaries of each plot.

We limited the study to ground-nesting species. Horned lark
(Eremophila alpestris), Savannah sparrow, and western mead-
owlark had small sample sizes in 2006 (n,14), so we did not

monitor their nests in 2007. We marked nests with a survey flag

10 m west of each nest and a bamboo stake 10 m south of each

nest to assist with relocation while minimizing the risk of

attracting cattle or predators to the nest (Hein and Hein 1996;

Koper and Schmiegelow 2007). Nest locations were also

marked using a handheld GPS unit. We monitored all nests

every 2–4 d and used behavioral and nest site cues to determine

nest success and failure. Nests were considered successful if

they fledged at least one young. If nestlings disappeared while

too young to fledge, the cause of nest failure was assumed

predation (Jones and Dieni 2007).

We collected structural vegetation data within 2 wk of nest

termination. We collected data at the nest and at a control site

(‘‘available’’ site) that was used to allow us to compare used

versus available habitat. The control vegetation site was

randomly located within 50 m of the nest, which is within

the territory size for most of the study species (Maher 1973;

Reed 1986; Winter 1999; Fisher and Davis 2011; Jones 2011).

We increased the number of control sites per nest to two in

2007. We measured the visibility of the nest cup (at nest sites

only) from a meter above using a circular plastic disk 8.9 cm in

diameter, divided into quarters that was placed on top of the

nest cup (modified from Davis and Sealy 1998). Vegetation

density measurements were centered on the nest or the middle

of the control plots. Density was measured using visual

obstruction readings taken with a Robel pole (divided into 5-

Figure 1. Location of the study area in Grasslands National Park of Canada
and adjacent Mankota Community Pastures (lat 49810037 00N, long
107825033 00W) in southwestern Saskatchewan, Canada, 2006 and 2007.
Solid lines indicate streams. Dashed lines indicate adaptive management
grazing experiment plots, and areas outlined in black indicate nest-
searching plots with solid black areas indicating lowland nest-searching
plots and white areas indicating upland nest-searching plots. The plot
marked with horizontal lines in unit 12 burned during a wildfire in 2006, and
the plot marked with vertical lines replaced it. Areas marked with hatching
indicate new upland nest-searching plots established in 2007 based on
Sprague’s pipit densities from point count surveys (Bleho 2009). In 2006,
wildfires burned portions of units 5 (110.3 ha), 6 (3.6 ha), and 12 (55.9
ha).
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cm increments) 4 m away from the pole at a height of 1 m
(modified from Robel et al. 1970). Litter depth was measured
at the nest with a ruler (Koper and Shmiegelow 2007), with
litter defined as any dead vegetation that was not attached to
the ground (Sutter 1997).

Statistical Analysis
Throughout, we use P values from global models to indicate
statistical significance and did not use information theory to
select best-fitting models. We used a¼0.10 to reduce the
chance of type II errors, which are a serious concern in
conservation biology (Taylor and Gerrodette 2002). Because
Bonferroni adjustments also increase the risk of type II errors to
unacceptably high levels for many ecology studies (Nakagawa
2004), we did not adjust statistical analyses to account for
multiple comparisons.

Nest Site Vegetation. We compared used with available nest
sites using paired t tests in SAS 9.12 (SAS Institute, Cary, NC).
We included all monitored nests regardless of their fate. For the
2007 data, we averaged vegetation structure from the two
random sites prior to analyses. We used QQ-plots to confirm
normality.

Nest Survival Analyses. All nest survival analyses were
conducted using the logistic exposure method in PROC
NLMIXED in SAS 9.12 (SAS Institute) following the approach
of Shaffer (2004). This analysis approach was developed
because researchers use primarily the presence of adult birds
to locate nests and are thus less likely to locate nests that fail
early in the nesting cycle (Shaffer 2004). As a result, nests that
are found and sampled by researchers are more likely to be
successful than the overall population of nests, and thus
unadjusted nest success parameters are positively biased (Klett
and Johnson 1982; Shaffer 2004). The logistic exposure
method avoids this problem because it estimates nest survival
using only those data from the period during which nests are
monitored by the researcher (the exposure period; Shaffer
2004), not the period prior to the nest’s being found. To prevent
pseudoreplication due to intervals from the same nest being
related, we used the number of nests to determine the degrees
of freedom as opposed to the number of nest visit intervals. It is
possible that there is pseudoreplication within the sample size,
as we could not identify renests or second nest attempts (Grant
et al. 2006).

Nest survival did not vary among plots for any species except
lark bunting, so we did not include plot as a random variable
for these species. Nest survival of lark buntings varied among
plots, perhaps because the semicolonial behavior of the species
alters nest survival among nest clusters. However, models with
plot included as a random variable did not converge, so it could
not be included in nest survival models.

Preliminary Analyses. We ran preliminary models to determine
whether year and seasonality (visit date) influenced daily nest
survival (Koper and Schmiegelow 2007) and thus whether these
variables should be included in the vegetation and grazing
models. We used a polynomial equation to describe the effects
of visit date on nest survival, as daily nest survival may vary
nonlinearly throughout the season (Rotella et al. 2004; Shaffer
2004). We centered visit date when there was high correlation

between linear and quadratic effects of date in the models
(Quinn and Keough 2002).

Nest age can influence daily survivorship rates (e.g., Davis
2005). However, it is difficult to confidently assess age of
songbird nests during incubation, and we felt it was important
to leave unnecessary independent variables out of models to
avoid overparameterization. We handled this situation in two
ways. First, we ran preliminary models to determine whether
nest age, estimated on the basis of the number of eggs present at
first visit and/or ages of nestlings at first or subsequent visits,
influenced daily nest survival. We included linear, cubic, and
quadratic effects of age, as previous studies have found cubic
effects of nest age on Baird’s sparrow and chestnut-collared
longspur (Davis 2005), vesper sparrow (Grant et al. 2005), and
lark bunting (Skagen and Yackel Adams 2010). If there were
significant effects of age for a species, then we included age in
the vegetation structure models. Second, we used a two-sample
t test in S-PLUS 6.2 (Tibco, Somerville, MA) to determine
whether there was a significant difference in a species’ average
age in grazed and ungrazed prairie. If there was no significant
difference in the average age in grazed and ungrazed prairie,
then we did not include nest age in the grazing models, as any
increased variance due to nest age was equally dispersed across
the treatments and should not confound the results.

Analyses of variance (ANOVAs) showed that vegetation
structure in upland habitat was significantly different from that
in lowland habitat for all species combined (Lusk 2009), so
upland/lowland habitat was included in the vegetation models
for all species except lark bunting, which nested only in
lowland habitat. ANOVAs also showed that measures of litter
depth and visibility from above varied by observer (P, 0.02) in
2007. Therefore, we included observer as a variable in the
vegetation models.

Grazing, Vegetation, and Nest Survival. Because nest sample
sizes available for exploring effects of grazing and effects of
vegetation structure differed, we conducted two separate
logistic exposure analyses: one that included a grazed/ungrazed
binary variable, plus the nuisance variables described above
(year, date), and another that included vegetation structure
variables (litter depth, vegetation density, and nest cup
visibility), plus nuisance variables (year, date, observer,
upland/lowland). To ensure that our results were not driven
by overparameterization of the models, which was a risk given
our relatively small sample sizes, we compared the results of the
above models with results of models that excluded the nuisance
variables. Including the nuisance variables in the models had no
effect on whether the management variables were significant,
indicating that our results were not driven by overparamete-
rization. Thus, we present the results including all the variables.
We were unable to examine vegetation structure for Baird’s
sparrow due to small sample size (n¼31) and the need to
include year and date in the model.

We focused our analyses on nest failure due to predation
since it is the primary cause of nest failure (Ricklefs 1969);
nests destroyed due to inclement weather or where fate was
uncertain were excluded from nest survival analyses. We
considered nests parasitized by brown-headed cowbirds suc-
cessful if they fledged at least one young of the host species. We
excluded nests that failed due to brood parasitism (n¼4). We
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eliminated nests found in the burned plots from analyses. We
excluded nests found during the laying stage from analysis if
they were depredated prior to the first nest check, as they may
have been abandoned prior to the predation event due to
researcher disturbance (Grant et al. 2005). We defined a
successful interval as one during which the nest was successful
at both the beginning and the end of the observation interval.
We removed nest visits that occurred during laying from our
analysis so that our results would be comparable with some
other studies (e.g. Davis 2003; Grant et al. 2006; Yackel Adams
et al. 2007). We used a mean incubation plus nestling period of
25 d for Sprague’s pipit (Davis 2009); 20 d for Baird’s sparrow
(Ehrlich et al. 1988; Davis 2003; Baicich and Harrison 2005),
vesper sparrow (Ehrlich et al. 1988; Baicich and Harrison
2005), and lark bunting (Yackel Adams et al. 2001, 2007); and
22 d for chestnut-collared longspur (Davis 2003).

We converted parameter estimates and confidence intervals
to odds ratios for ease of interpretation. Odds ratios are
interpreted as follows: if the odds ratio is more than 1, such as
1.7, then as the independent variable increases by one unit (e.g.,
1 yr), the odds of the nest surviving increases by (1�odds
ratio)*100, in this example, by 70%. If the odds ratio is
between 0 and 1, such as 0.7, then as the independent variable
increases by one unit, the odds of the nest surviving decreases
by (1�odds ratio)*100, or 30% in this example.

RESULTS

In 2006 and 2007, we found 36 Sprague’s pipit, 45 Baird’s
sparrow, 44 vesper sparrow, 57 lark bunting, and 97 chestnut-
collared longspur nests. Predation accounted for 84% of all
known nest failures. Parasitism resulted in the failure of one
Baird’s sparrow nest and three vesper sparrow nests. We had
only one known case of nest failure due to cattle trampling
during the 2 yr of the study. Among abandoned nests, we
attributed three out of five to severe weather events (i.e., heavy
rain and hailstorms). Thirteen nests had an unknown fate.

Nest Site Vegetation
A subsample of 254 nests was used to explore effects of
vegetation on nest survival. All five species had nest sites with
significantly greater vegetation density and litter depth than the
average available vegetation (Table 1).

Preliminary Nest Survival Analyses
There was no significant effect of year on daily nest survival
(P. 0.35) except for Baird’s sparrow (odds ratio¼3.266,
CI¼1.158�9.214, n¼31). Nest survival declined during the
breeding season for Baird’s sparrow (odds ratio¼0.925,
CI¼0.866�0.987, n¼31), lark bunting (odds ratio¼0.942,
CI¼0.892�0.995, n¼50), and chestnut-collared longspur
(odds ratio¼0.985, CI¼0.968�1.003, n¼71) and reached a
maximum in the middle of the breeding season for vesper
sparrow (odds ratio¼1.028, CI¼1.020�1.036, n¼41). Spra-
gue’s pipit daily nest survival did not vary with visit date
(P. 0.21).

Baird’s sparrow, vesper sparrow, lark bunting, and chestnut-
collared longspur daily nest survival varied with nest age,
sometimes nonlinearly and generally declining with nest age Ta
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(Lusk 2009), so we included nest age in the vegetation models
for these species. There was no significant difference (P� 0.13)
in the average age of nests monitored in grazed and ungrazed
prairie for any species, so we did not include nest age in the
grazing models.

Grazing, Vegetation, and Nest Survival
We found 160 nests in grazed prairie and 119 nests in ungrazed
prairie. Perhaps because vegetation structure had little effect on
nest survival, there was no significant effect of grazing on nest
survival for any of the five species in the study for 2006, 2007,
or both years combined (P.0.10; Table 2). Daily and
cumulative nest survival varied among species (Table 3).

Sprague’s pipit daily nest survival declined by 76.4% per 5-
cm-increment increase in vegetation density (odds ra-
tio¼0.236, CI¼0.069�0.802, n¼31). Sprague’s pipit daily
nest survival also declined by 11% per 1-mm increase in litter
depth (odds ratio¼0.890, CI¼0.816�0.972, n¼31). Vesper
sparrow daily nest survival increased by 1.8% per 1%
increment increase in visibility from above (odds ratio¼1.018,
CI¼1.003�1.033, n¼41). There were no significant effects of

vegetation density, litter depth, or visibility from above on daily
nest survival (t value ��1.46, P. 0.10) for lark bunting,
chestnut-collared longspur, or all species combined.

DISCUSSION

Our results did not support our prediction that nest survival
would vary between ungrazed and grazed prairies. Stocking
rates typical of the northern mixed-grass prairies allow for
selective grazing by cattle and result in a relatively patchy
vegetation structure (Bleho 2009). This may allow birds to find
and use nest sites of similar structure and quality in both grazed
and ungrazed prairies (see also Fondell and Ball 2004). Further,
because we detected relatively few effects of vegetation
structure on nest survival, this suggests that the range of
vegetation structure available in these pastures might be
sufficient for concealing nests from predators that hunt visually.
Cumulatively, this suggests that stocking rates typical of
commercial ranches in the northern mixed-grass prairies of
southern Saskatchewan are sufficiently low that they neither
directly nor indirectly affect nest survival of grassland
songbirds.

We caution that the sample sizes for each species were small,
and therefore we may not have been able to detect some small
differences among treatments. Nonetheless, we feel that our
results are informative for two reasons. First, combining our
data across species still showed no effect of grazing despite the
higher sample size for these analyses, suggesting that our results
were not driven by small sample sizes. Second, this is the first
study to address effects of grazing on nesting success of
Sprague’s pipit, Baird’s sparrow, vesper sparrow, and lark
bunting in mixed-grass prairie; because grassland songbird
nests are typically at low densities and thus sample sizes within
individual studies are small (e.g., Dieni and Jones 2003; Fondell
and Ball 2004; Davis 2005), it is important to initiate this

Table 2. Odds ratios and 90% confidence intervals (CI) describing daily
nest survival of grassland songbirds in grazed prairie relative to ungrazed
prairie in southwestern Saskatchewan, Canada, 2006 and 2007.1

Species n Odds ratio CI P

Sprague’s pipit 31 1.456 0.393, 5.394 0.629

Baird’s sparrow2 31 2.187 0.564, 8.473 0.334

Vesper sparrow3 41 1.853 0.872, 3.942 0.252

Lark bunting3 50 0.300 0.083, 1.091 0.124

Chestnut-collared longspur3 71 1.214 0.654, 2.255 0.602

All species combined2 224 1.133 0.810, 1.584 0.539
1Odds ratios estimated following logistic exposure analyses.
2Includes date and year covariates.
3Includes date covariates.

Table 3. Daily and cumulative songbird nest survival and 90% confidence intervals (CI) in grazed and ungrazed native mixed-grass prairie in southwestern
Saskatchewan, Canada, 2006 and 2007.1

Species Parameter n

Daily nest survival of

successful and predated nests

Cumulative nest survival of

successful and predated nests

Estimate CI Estimate CI

Sprague’s pipit Grazed 14 0.989 0.978, 1.000 0.753 0.544, 0.965

Ungrazed 17 0.984 0.970, 0.997 0.663 0.431, 0.894

Baird’s sparrow2 Grazed 8 0.959 0.905, 1.012 0.429 �0.051, 0.909

Ungrazed 23 0.910 0.862, 0.966 0.165 �0.022, 0.352

Vesper sparrow3 Grazed 18 0.968 0.947, 0.989 0.523 0.299, 0.746

Ungrazed 23 0.947 0.920, 0.975 0.340 0.139, 0.540

Lark bunting3 Grazed 35 0.964 0.943, 0.985 0.482 0.272, 0.693

Ungrazed 15 0.989 0.976, 1.003 0.803 0.585, 1.021

Chestnut-collared longspur3 Grazed 57 0.946 0.927, 0.965 0.301 0.170, 0.432

Ungrazed 14 0.933 0.894, 0.972 0.225 0.022, 0.428

All species combined Grazed 132 0.954 0.940, 0.967 —4 —4

Ungrazed 92 0.947 0.932, 0.964 —4 —4

1Odds ratios estimated following logistic exposure analyses.
2Includes year and date covariates.
3Includes date covariates.
4Not calculated as nest period varies by species.
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literature base so that subsequent studies can build on existing
knowledge, ultimately allowing a weight of evidence to develop
among multiple studies.

Previous studies that have been conducted outside of native
mixed-grass prairies provide further support for our conclusion
that grazing may not negatively affect nest survival. Our results
are consistent with a study in primarily nonnative grasslands in
Montana that found that western meadowlark and Savannah
sparrow had similar rates of nest predation in grazed and
ungrazed sites (Fondell and Ball 2004). While other studies have
found higher nest survival in ungrazed prairie (e.g., Temple et
al. 1999; Sutter and Ritchison 2005), this may reflect the higher
stocking rates and higher stock densities that are typical of more
mesic regions and that presumably have a greater impact on
vegetation structure (e.g., see trampling rates in Bélanger and
Picard 1999). In a similarly arid mixed-grass prairie in southern
Alberta, Koper and Schmiegelow (2007) also found little effect
of grazing on nest survival of passerines. Our results suggest
that cattle grazing in northern mixed-grass prairies—and in
southwestern Saskatchewan in particular—may be more
compatible with the conservation needs of grassland songbirds
than cattle grazing in more mesic regions, perhaps due to
differences in stocking rates among these regions.

Cattle grazing appeared to have little direct impact on nest
predation in this region. Although cattle may depredate nests
(Nack and Ribic 2005) and predators may consume the
contents of nests following trampling (Fondell and Ball
2004), in our system this did not lead to a higher predation
rate in grazed sites. Cattle destroyed only one nest by trampling
and thus had minimal direct impacts on nest survival. Kerns et
al. (2010) also found low rates of nest trampling in managed
prairie in North Dakota. Higher rates of trampling in other
regions (e.g., LaPointe et al. 2000; Renfrew and Ribic 2003)
probably reflect the effects of higher stocking rates than those
found in the relatively arid northern mixed-grass prairies.
Stocking rates typical of ranching in the northern mixed-grass
prairies may be low enough that they present little risk to
grassland songbird nests.

All five species used nest sites with greater litter depth and
vegetation density than was generally available. This is
consistent with the results of other studies (Dieni and Jones
2003; Davis 2005). However, in contrast to our predictions,
nest survival did not increase with nest concealment. Sprague’s
pipit nest survival declined with increased vegetation density
and litter depth despite the fact that they tended to use nest
microhabitats with greater vegetation density and litter depth
compared with available microhabitats. In addition, vesper
sparrow nest survival increased with greater visibility from
above, a result that differs from that of Grant et al. (2006), who
found that vesper sparrow nests with greater concealment had
higher nest survival in short-grass prairie in British Columbia.
Although there was relatively low nest survival during the time
frame of our study, it could reflect selection of nest sites that are
optimal over the long term (Clark and Shutler 1999) but were
suboptimal over the years of the study. Higher nest survival in
areas with lower and less dense vegetation might occur because
higher small mammal densities are associated with greater
cover, which provides protection from their own predators
(Murray and Vestal 1979; With 1994; Johnson and Horn
2008). We speculate that if small mammal populations were

high during the years of the study, this may have resulted in
higher predation risks to nests surrounded by dense cover.
Although this may have decreased nest survival in dense
vegetation during the years of our study, nest survival may also
be influenced by avian predators, snakes, or large mammals,
such as coyotes (e.g., see Renfew and Ribic 2003; Klug et al.
2010), and the relative abundance of these species may fluctuate
annually. This might lead to higher nest survival in some years
in some habitats but lower nest survival in the same habitats in
different years. Testing this hypothesis would require more
information and years of data than are available to us.

Our results regarding the lack of a correlation between
vegetation structure and nest survival for other songbird species
is consistent with some studies (Davis 2005; Koper and
Schmiegelow 2007) but not others (Lusk et al. 2003; Grant et
al. 2006; Jones and Dieni 2007). The lack of a significant effect
of vegetation structure on nest survival may result because 1)
songbirds had relatively similar vegetation structures regardless
of the location of their nest, which may result in a similar risk
of predation among nest locations; 2) predation risk is
primarily from opportunistic predators and thus may be
independent of nest concealment (Vickery et al. 1992); 3) the
wide range of predators present in this ecosystem may make it
difficult for birds to select safe nest sites (Filliater et al. 1994;
Dion et al. 2000); or 4) we did not measure some element of
vegetation structure that does, in fact, influence nest survival.
The long-term data gathered as part of the ongoing 12-yr
adaptive management grazing experiment in the study area will
provide further insight into the impact of vegetation structure
on songbird nest survival.

IMPLICATIONS

Our results (and those of other studies) suggest that low to
moderate grazing intensity of cattle may be consistent with
management and conservation of a range of diverse grassland
songbird species in the northern mixed-grass prairies of
southwestern Saskatchewan. Further research is required to
increase sample sizes and to determine whether this is a local or
a regional pattern and the extent to which effects of grazing
vary annually. Because all five species used nest sites with taller
and denser structure than average, this suggests that ensuring
the presence of some tall, dense vegetation on the landscape is
important for the conservation of grassland songbirds and that
stocking rates and stocking densities should be low enough to
allow livestock to forage selectively. Low to moderate grazing
intensities typical of southwestern Saskatchewan may allow
cattle to forage selectively and maintain a heterogeneous
vegetation structure such that grassland songbirds are able to
use relatively tall, dense nest sites.
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