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Contrasting Effects of Cattle Grazing Intensity on Upland-Nesting Duck
Production at Nest and Field Scalesin the Aspen Parkland, Canada

Effets contrastants du paturage par lesbestiaux sur la productivité des
canards des terres émergees aux echellesdu nid et du champ dansla
forét-parc de peuplier faux-tremble du Canada

Jeffrey M. Warren?, Jay Rotella?, and Jonathan E. Thompson 2

ABSTRACT. The Aspen Parkland of Canadaisone of the most important breeding areasfor temperate nesting ducks
in North America. The region is dominated by agricultural land use, with approximately 9.3 million hain pasture
land for cattle grazing. However, the effects of using land for cattle grazing on upland-nesting duck production are
poorly understood. The current study was undertaken during 2001 and 2002 to investigate how nest density and
nesting success of upland-nesting ducks varied with respect to the intensity of cattle grazing in the Aspen Parkland.
We predicted that the removal and trampling of vegetation through cattle grazing would reduce duck nest density.
Both positive and negative responses of duck nesting success to grazing have been reported in previous studies,
leading us to test competing hypotheses that nesting success would (1) decline linearly with grazing intensity or (2)
peak at moderate levelsof grazing. Nearly 3300 haof upland cover were searched during the study. Despite extensive
and severe drought, nest searches located 302 duck nests. As predicted, nest density was higher in fields with lower
grazing intensity and higher pasture health scores. A lightly grazed field with a pasture score of 85 out of apossible
100 was predicted to have 16.1 nests/100 ha (95% CI = 11.7-22.1), more than five times the predicted nest density
of a heavily grazed field with a pasture score of 58 (3.3 nests/100 ha, 95% CI = 2.2-4.5). Nesting success was
positively related to nest-site vegetation density across most levels of grazing intensity studied, supporting our
hypothesisthat reductionsin vegetation caused by grazing would negatively affect nesting success. However, nesting
success increased with grazing intensity at the field scale. For example, nesting success for awell-concealed nestin
alightly grazed field was 11.6% (95% CI = 3.6-25.0%), whereas nesting success for a nest with the same level of
nest-site vegetation in aheavily grazed field was 33.9% (95% CI = 17.0-51.8%). Across the range of residual cover
observed in this study, nests with above-average nest-site vegetation density had nesting success rates that exceeded
the levels believed necessary to maintain duck populations. Our findings on complex and previously unreported
relationships between grazing, nest density, and nesting success provide useful insights into the management and
conservation of ground-nesting grassland birds.

RESUME. L aforét-parc depeuplier faux-trembledu Canadaest I’ unedesplusimportantesrégionsNord-Américaines
pour la reproduction des canards de la zone tempérée. La région est dominée par |’ agriculture, avec environ 9,3
millions d' ha de péaturages réservés aux bestiaux. Toutefois, les effetsde |’ utilisation des terres pour le péturage par
les bestiaux sur la productivité des canards nichant dans les terres émergées sont peu connus. Cette éude a été
entreprise en 2001 et 2002 afin de déterminer de quelle fagon la densité et |e succes de reproduction variaient en
fonction de I'intensité du péturage par les bestiaux dans la forét-parc de peuplier faux-tremble. Nos prédictions
étaient que le broutage et |e piétinement de la végétation par les bestiaux réduiraient la densité de nids de canards.
Des études précédentes ont rapporté des réponses positives ou négatives du succés de reproduction des canards a
I'intensité du broutage, ce qui nousaamenésatester eshypothéses compétitrices suivantes: le succesdereproduction
(1) diminuera linéairement en fonction de I'intensité du broutage ou (2) atteindra un sommet a des niveaux
intermédiaires de broutage. Prés de 3300 ha de couvert végétal ont été inspectés dans le cadre de I’ étude. En dépit
d' une sécheresse intense, nos recherches ont permis de localiser 302 nids de canards. Tel que prédit, ladensité était
plus éevée dans les champs ou I’ intensité de broutage était plus faible et la qualité des paturages était plus éevée.
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Notre modéle prédit qu’ un champ faiblement brouté ayant un indice de qualité de paturage de 85 sur une échelle de
100 aurait une densité de 16,1 nids/100 ha (I.C. 95% = 11.7-22.1), soit plus de 5 fois la densité de nids prédite pour
un champ brouté intensivement ayant un indice de qualité de paturage de 58 (3,3 nids/100 ha, |.C. 95% = 2.2-4.5).
L e succés de reproduction était relié positivement ala densité de lavégétation au site de nidification, pour la plupart
des niveaux d’intensité de broutage étudiés, conformément a notre hypothese selon laquelle laréduction du couvert
végétal associ éeau broutage affecterait négativement le succesde reproduction. Toutefois, pour un nid bien camouflé,
le succes de reproduction dans un péaturage peu intensif était de 11,6% (1.C. 95% = 3.6-25.0%), alors que pour un
nid aussi bien camouflé dans un paturage intensif, il éait de 33,9%. Selon le gradient de couvert résiduel observé
dans cette étude, les nids plus camouflés que la moyenne avaient un succés de reproduction supérieur au taux jugé
nécessaire pour maintenir les populations de canards. Nos résultats sur les relations complexes et inconnues
auparavant entre le broutage, la densité de nids et |e succes de reproduction fournissent un éclairage nouveau sur la

conservation et I’aménagement des populations d’ oiseaux nichant au sol dans les prairies.
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INTRODUCTION

The Prairie Pothole Region (PPR) supports the
highest densities of breeding waterfowl in North
America. Although this region covers only 10% of
the available breeding habitat for waterfowl, it can
account for greater than 50% of annual continental
duck production (Smith et al. 1964). The PPR is
divided into two major zones, the larger being the
grasslands, which cover the southern portion of the
Prairie Provinces. The northern one-third (22
million ha) of the PPR, the Aspen Parkland,
supported nearly half of the waterfowl that bred in
the Canadian PPR during the last decade (U.S. Fish
and Wildlife Service 2007).

Duck recruitment in the PPR can be limited by
predation of nesting females, eggs, and ducklings
(Sargeant and Raveling 1992). Predation is the
dominant cause of nest loss for ducks and is
thereforetheprimary determinant of nesting success
inthePPR (Klettetal. 1988, Greenwoodetal. 1995).
Studies have indicated that population growth rates
(A) for upland-nesting duck speciesin the PPR are
highly sensitive to variation in nesting success
(Johnson et a. 1992, Hoekman et al. 2002).
Moreover, there is evidence that nesting successin
the Canadian PPR has declined over the past 70
years (Beauchamp et a. 1996, Drever et al. 2007).

Reduced nesting successislikely related to declines
in the quantity and quality of nesting habitat and
changes in the abundance and distribution of
predator communities, al of which arerelated tothe
intensification of agricultural land use. Most of the
PPR is dominated by agricultural land use, which
has led to the loss and degradation of wetland and
upland habitats throughout theregion. At least 80%

of the Aspen Parkland has been converted to
agricultural land use (Rowe 1987), and 40-63% of
wetland basins have been drained or removed since
settlement (Turner et a. 1987). Currently, the
dominant agricultural land use in the Aspen
Parkland is the production of annual crops. Cattle
grazing is the second most common land usein the
Aspen Parkland, and approximately 9.3 million ha
of pasture land were present in a 2001 agricultural
survey (Statistics Canada 2003).

Consumption and trampling of vegetation in
pastures can negatively affect the attractivenessand
quality of nesting habitat for ducks (Kirsch et al.
1978). Gilbert et a. (1996) found that, during the
first nesting season following moderate grazing,
nest densitiesand nesting successwere 58 and 85%,
respectively, of those for ungrazed areas in the
Monte Vista National Wildlife Refuge, Colorado.
These results support the hypothesisthat increasing
vegetation height and density increases nesting
success, possibly by impeding predator movements
and their ability to detect nests (Duebbert 1969, but
see Clark and Nudds 1991). However, severa
studies have reported greater nesting success in
pastures than in other habitats in the PPR (Barker
et a. 1990, Greenwood et a. 1995), and no
information is available regarding how duck
production, the product of nest density and nesting
success, changes across the range of grazing
intensity in the Aspen Parkland. This lack of
information precludes the eff ective management of
upland habitats for nesting waterfowl with cattle
grazing. Therefore, we undertook this study to
evaluate relationships between intensity of cattle
grazing and field-specific measures of nest density
and nesting success.
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Hypotheses and predictions

Reductions in vegetation density and structural
heterogeneity caused by cattle were hypothesized
to: (1) reduce the number of available nest sitesand
thereby reduce nest density within afield (Kirsch et
al. 1978, Klett et a. 1988) and (2) increase the
probability that a nest would be depredated
(Duebbert 1969, Sedivec 1989). We alternatively
hypothesized that the relationship between grazing
and nesting success would not be linear, but instead
would peak at moderate levels of grazing. High
levelsof grazing can leave very littleresidual cover
for nest concealment, which is particularly
important in an area like the Aspen Parkland that
has a diverse and abundant community of predators
who prey on avian nests. Therefore, we predicted a
negative linear relationship between the amount of
residual cover in afield and both duck nest density
and nesting success. However, Barker et al. (1990)
found higher nesting success in grazed relative to
ungrazed areasinthe PPR. Grazed areasmay attract
fewer predators because of low densities of some
types of prey, e.g., smal mammals (Grant et al.
1982, Runge 2005), less cover for concealment, or
both. We predicted that this would result in a
negative quadratic relationship between field
residual cover and duck nesting success such that
nesting success peaked at moderate levels of
residual cover.

METHODS
Study area

This study was conducted on private pasturelands,
provincial grazing reserves, and Ducks Unlimited
Canada properties in the western Aspen Parkland
of Alberta (Fig. 1). The region is dominated by
agricultural land use with cereal grains, oil seeds,
and cattle as the maor products. Season-long
grazing istypical, with cattle pastured May through
October. Thetopography isundulatingto hilly, with
black chernozemic soils as the dominant soil type.
Mid-continent weather extremes characterize the
Parkland, with average temperatures of —13.4° C
for January and 16.5° C for July (Environment
Canada 2006). Average annual precipitation is
approximately 48 cm, 50% of whichfallsduringthe
summer months of June to August (Environment
Canada 2006). However, wetlands in the Aspen
Parkland are largely dependent upon spring runoff
for annual recharge.
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Field methods

We selected eight clusters of fields each year. Each
of the six treatments described below was
represented in each cluster by at least one field.
Fields ranged in size from 32 to 130 ha and were
selected so that proximity to other fieldswas> 1.6
km, whereas each cluster’s radius was minimized
(£17.2 km) to help ensure that within-cluster fields
experienced a similar suite of ecological regimes,
e.g., predator communities, precipitation. New
clusters and fields were selected each year.

Fields were selected based on two classes of grass
type and three classes of grazing intensity. Grass
types were (1) tame and (2) native/naturalized.
Grazing intensity was categorized based on ocular
estimation of percent utilization of vegetation by
cattle during the previous year and was
characterized as either heavy (> 65% utilization),
moderate (33-65% utilization), or low/idle (< 33%
utilization). Categorization was approximate and
done prior to data collection to select potential sites
before access was obtained. To quantify within-
field residual cover, weaveraged Robel pole (Robel
et al. 1970) visual obstruction measurements taken
at 30 randomly selected points during the first nest
search (see nest monitoring methods below). These
measurements were repeated during the third nest
search to quantify the field trend in vegetation
density over the breeding season, i.e., the first-
search measurements subtracted from the third-
search measurements for each field. Within each
field, we measured range/pasture health on 10 plots
using a standard assessment method (Adams et al.
2000). The assessment determines the ability of
rangeland to sustain functions such as net primary
production, soil stability, nutrient cycling, and plant
speciesfunctional diversity onascalefrom0to 100
(Adams et al. 2000). Pastures scoring 75-100 are
considered “healthy”; 50-74, “hedthy with
problems’; and < 50 “unhealthy.” Plot scores were
averaged for each field for an overall scorethat was
used in analysis.

The area of woodland and wetland habitats in each
field was digitized using aeria photographs at
1:30,000 scale. The proportion of woodland and
wetland habitats within each field was then
calculated. Each field was aso categorized based
on the percent of searched area containing shrub
cover (class 0, < 5% of the searched area contained
shrubs; class|, 6-20%; classll, 21-50%; classl 1, >
50%). Field wetland basins were visited in July to
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Fig. 1. Location of study sites in the western Aspen Parkland of Alberta, Canada, 2001-2002. A cluster
consisted of a grouping of each of the six treatment types based on grazing intensity (heavy, moderate,
and low/idle) and grass type (native/naturalized and tame).
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classify water permanency based on vegetation
communities (Stewart and Kantrud 1971). The
proportion of flooded class 111-V wetland basins
(Stewart and Kantrud 1971) was estimated for each
field as an index of wetland conditions.

Grassland, shrubland, and dry wetland areas were
systematically searched for duck nests by two-
person crews using cable-chain drags towed by all-
terrain vehicles (Klett et a. 1986). Each field was
searched three times per summer, with
approximately three weeks separating each search.
Upland area searched for each field was calculated
by digitizing the total area searched and subtracting
flooded wetland area (see above).

For each nest, the Universal Transverse Mercator
position, habitat type (grassland, shrubland,
wetland), and nest initiation date as estimated by
field-candling eggs (Weller 1956) were recorded.
Nests were revisited every 6-10 d until fate was
determined, i.e., at |east one egg hatched or the nest
was destroyed or abandoned. The vegetation
physiognomy of each nest was quantified using a
Robel pole and by recording nest-site vegetation
height to the nearest 5 cm, up to amaximum of 1.5
m. Thesemeasurementsweretakenwhennestswere
found during the first field season and at each
subsequent visit to a nest during the second season.
Robel visual obstruction measurements were taken
at each of the four cardinal directions with the pole
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immediately north of the nest, and the
measurements were averaged for an estimate of
nest-site vegetation density.

Data analysis

To determine the amount of support for each of our
predictions and hypotheses of interest for each of
the two components of duck production studied, we
assessed suites of a priori models that expressed
competing ideas regarding patterns of variation in
each response variable (Burnham and Anderson
1998). Weeval uated the strength of support for each
model by ranking model swith Akaike'sInformation
Criterion corrected for small sample sizes (AIC,)
and by calculating the normalized relative model
likelihoods (w) for each model (Burnham and
Anderson 1998).

Nest density

The total number of duck nests found in upland
grassland and shrubland habitats within afield was
modeled using various combinations of habitat co-
variates measured at the nest site or study site.
Models were evaluated in Proc GENMOD of SAS
(SAS Institute 2001) using a negative binomial
distribution of errorsthat isuseful for clumped data,
asmight be expected for counts of nests (White and
Bennetts 1996), and a log-link function. Model
goodness-of-fit was tested with the estimated
deviance assuming a x? distribution with n—k
degrees of freedom, where n isthe sample size and
k is the number of estimated parameters (Neter et
al. 1996). To control for differences in wetland
conditions among fields that may have affected
settling patterns of breeding ducks, and therefore
nest density (Johnson and Grier 1988), the
proportion of flooded basins was also included in
each model.

Nesting success

We evaluated competing models of daily survival
rates (DSR) for nests using Proc NLMIXED (SAS
Institute 2001), abinomial error distribution, alogit
link, and methods specific to nest survival datathat
allow greater flexibility in modeling potential co-
variate effects (Rotella et al. 2004, 2007).
Goodness-of-fit was evaluated for both the most
parameterized model and the best supported model
in our model set (Sturdivant et a. 2007).
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Nests abandoned, damaged, or destroyed because
of investigator activity were not included in the
analysis. During 2001, nest vegetation measurements
weretaken only whenanest wasfound (seeMethods
above). Therefore, the initial nest vegetation
measurement was used as a constant co-variate for
each nest found during 2001, whereas interval-
specific nest vegetation data were used for nests
found in 2002. Once estimates for DSR were
obtained, nesting success was calculated as (DSR)',
wheretistheaveragenumber of daysfrominitiation
to hatch for upland-nesting ducks (t = 35 for the
species used in this analysis).

Univariate models of nest survival containing nest
ageor Juliandatewereanalyzedtolook for evidence
that would warrant the inclusion of one or both of
these co-variates in nesting success models. If 95%
confidence intervals for the coefficient in question
did not include O, then the variable was considered
in all subsequent models. Additionally, to evaluate
possible heterogeneity in DSR that went
unexplained by the co-variates measured during the
study, we considered site and cluster as potential
random effects. By comparing AIC, values for
model swithout arandom effect vs. thosewith either
site or cluster as a random effect, we were able to
assess the importance of these factorsin explaining
heterogeneity in DSR.

We calculated duck production as the product of
nest density and nesting success using the most
parsimonious model from each component. Duck
production as used here is, therefore, a prediction
of the number of hatched nests on asite.

RESULTS

A total of 3290 ha of upland habitat was searched
across 97 different fields. Four fields were used in
both years because of difficulties in obtaining
suitable replacements. Nest searches |ocated atotal
of 302 duck nests spread among 62 fields; 35 fields
contained no nests. We found 234 nests in upland
habitats and 68 in wetland habitats. Blue-winged
Teal (Anas discors) nests accounted for 49% of the
sample; Gadwall (A. strepera), 16%; Northern
Shoveler (A. clypeata), 15%; Malard (A.
platyrhynchos), 11%; L esser Scaup (Aythya affinis),
5%; Green-winged Tea (Anas crecca), 3%;
Cinnamon Teal (A. cyanoptera), < 1%; and Redhead
(Aythya americana), < 1%.
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Vegetation and habitat conditions of fields

Data were collected across a broad gradient of
grazingintensity and habitat conditionsfound inthe
Aspen Parkland. Field-specific residual cover (RC)
ranged from < 0.01 to 1.55 dm in 2001 and from O
t0 0.75 dmin 2002. Mean RC for native fields was
0.37dmin 2001 (95% Cl = 0.21-0.52) and 0.16 dm
in 2002 (95% Cl = 0.09-0.23). Tamefield mean RC
was0.39dmin 2001 (95% Cl =0.24-0.55) and 0.29
dm in 2002 (95% ClI = 0.18-0.40). The mean
proportion of wetland areaby field was 21.3% (95%
Cl = 18.8-23.7%) in 2001 and 22.5% (95% CI =
19.2-25.8%) in 2002 and did not differ among
grazing intensity categories (F, o, = 1.23, P =
0.298). The drought conditions experienced during
the study were evident in the proportion of wetland
basins containing water during July. During 2001,
561 of 2271 (24.7%) wetlands contained water,
whereas only 155 of 1665 (9.3%) wetlands
contained water in 2002. Of these basins, 4.8% and
< 1% contained flooded emergent vegetation in
2001 and 2002, respectively.

Nest density

When data from nests in upland habitats were
analyzed, the most general nest density model
provided a suitablefit to the data (x? = 105.20, df =
92, P = 0.16). In keeping with our prediction that
thenumber of availablenest sitesfor upland-nesting
ducks is reduced by cattle grazing, we found that
nest density was higher in pastures with more
residual cover and higher scores for pasture health
(Fig. 2). The two most parsimonious models, DEN
(proportion of flooded basins + residual cover +
pasture score + year) and DEN(proportion of
flooded basins + residual cover + pasture score),
received the majority of support (Xw; = 0.778) and
had AlC, valuesthat were within 0.78 units of each
other (Table 1). Each model suggested that duck
nest density was positively affected by the
proportion of flooded wetland basins, residual
cover, and pasture score. The best model also
indicated a weak relationship between duck nest
density and year. Coefficient estimates for RC and
PS were positive in both models [DEN(proportion
of flooded basins + residual cover + pasture score
+year): Bre = 1.723, 95% Cl = 0.967-2.479, Bps =
0.020, 95% CI = 0.006-0.035; DEN(proportion of
flooded basins + residua cover + pasture score):
Bre = 1.514, 95% CI = 0.842-2.186, g = 0.023,
95% CI =0.010-0.037]. Thesetwo co-variateswere
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aso correlated (Pearson’s product-moment correlation,
r = 0.46, P < 0.01), such that fields with more
residual cover had higher pasture health scores.
However, the correlation was not significant at PS
values > 57 (r = 0.19, P = 0.191). The estimated
coefficient for year inthemost parsimoniousmodel,
DEN(proportion of flooded basins + residual cover
+ pasture score + year), provided weak support for
higher nest densities during the second field season
(0.430, 95% CI = —0.137 to 0.996). Our results
indicated that nest densities were much higher in
healthy pastures with high levels of residual cover
than they were in poorly managed, overgrazed
pastures. For example, a lightly grazed (90%
quantileresidual cover) 100-hafield with a pasture
score of 85 (90% quantile) was predicted to have
16.1 nests (95% CI = 11.7—22.1) during the study,
whereas a heavily grazed (10% quantile residual
cover) 100-ha field with a pasture score of 58 was
predicted to have 3.3 nests (2.2-4.5). Because data
were limited for fields with high levels of cover,
further data would be needed to explore possible
nonlinear effects between residual cover and nest
density.

Nesting success

Of the 302 nests found, 32 were abandoned,
damaged, or destroyed because of research
activities. The remaining 270 were suitable for
analysis and yielded data for 633 nest revisit
intervals that were used for modeling DSR.
Goodness-of-fit statistics indicated that our most
complex model (P = 0.16) and our best-supported
model (P = 0.62) both fit the data. Evidence for a
relationship between DSR and either nest age or
Julian date was weak (0.001, 95% CI = -0.015 to
0.018; 0.005, 95% ClI = -0.004 to 0.014,
respectively), and these co-variates were not
included in well-supported models. Similarly,
including random site or cluster effects in models
did not improve DSR model rankings.

We found strong evidence that nesting success was
affected by vegetation characteristicsinfluenced by
cattle grazing. Our prediction of a positive linear
rel ationshi p between nesting successand vegetation
density was supported at the nest-site scale.
However, at the field scale, nesting success tended
to increase with decreasing vegetation density. The
most parssmonious model contained nest-site
vegetation density (0.322, 95% CI = 0.107-0.537)
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Fig. 2. Predicted nest density and 95% Cl s (dotted lines) in the Aspen Parkland of Alberta, Canada, in
relation to field residual cover (RC) and pasture health score, averaged over both study years and based
on the nest density model DEN (proportion of flooded basins + residual cover + pasture score; n = 100
fields). Mean proportion of flooded wetland basins within a study site (PBASIN = 0.2547) was used in
the model. The co-variates RC and pasture health score are correlated across all values (Pearson’s
product-moment correlation, r = 0.459, P < 0.01), but the correlation is nonsignificant at pasture health
score values > 57 (r = 0.190, P = 0.191).
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and field residual cover (0.766, 95% CI =-0.085 to
1.616), and an interaction between these two co-
variates(—0.373, 95% Cl =-0.732t0 —0.014; Table
2). Because of this interaction, the positive
relationship between nesting success and nest-site
vegetation density was dependent upon the level of
residual cover in the surrounding field (Fig. 3). For
example, increasing nest-site vegetation density
from the 10% (1.0 dm) to 90% (4.0 dm) quantilein
afield with high levels of residual cover (0.99 dm,
90% quantile) resulted in aslight declinein nesting
success. from 15.3% (95% Cl = 7.1-26.5%) to
11.6% (95% CI = 3.6-25.0%). In contrast, the same
increase in nest-site vegetation density in a field
with low levels of residual cover (0.02 dm; 10%
quantile) would result in nesting successincreasing
greatly: from 6.6% (95% Cl = 2.6-13.4%) to 33.9%
(95% CI = 17.0-51.8%). Our results indicated that
(1) females who selected densely vegetated nest
siteswithin heavily grazed fieldstended to have the
highest nesting success and (2) nest-site vegetation

density became increasingly important to nesting
success as grazing reduced the amount of residual
coverinafield. Becauseblue-wingedteal accounted
for nearly half of the nests found, we conducted all
nesting successanalysesseparately for blue-winged
teal nests. Results from these analyseswere similar
to those from analyses conducted using thefull data
Set.

Our prediction that DSR would be highest at
moderatelevelsof grazing, i.e., anegativequadratic
relationship, was not supported. Two models that
included RC?werewithin 0.5 Al C, unitsof themost
parsimonious model (Table 2). In each of these
models, the estimated coefficients relating RC? to
nest survival were positive, but imprecise [DSR
(nest-site vegetation*residual cover + residual
cover?2 + woodland area + wetland area): Br? =
0.788, 95% CI = -0.297 to 1.872; DSR(nest-site
vegetation*residual cover + residual cover?): g2
= 0.652, 95% CI = -0.403 to 1.707].
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Table 1. Rankings of duck nest density (DEN) modelsinvestigating effects of grasstype (GT) and grazing
co-variates, and year (YEAR). Grazing co-variatesinclude residual cover (RC), residual cover field trend
(FTREND), and pasture score (PS). All models contain a co-variate to control for field-specific water
conditions (proportion of flooded basinsor PBASIN). Modelsare generalized linear model swith anegative
binomial error distribution (n = 100 fields). Only models within the 95% confidence interval group of
models, i.e., Zw; = 0.95, are presented (Burnham and Anderson 1998).

Model" K AAIC? w!

DEN(PBASIN+RC+PS+YR) 5 0.00 0.465
DEN(PBASIN+RC+PS) 4 0.78 0.315
DEN(PBASIN+RC*FTREND) 5 3.77 0.071
DEN(PBASIN+RC+YR) 4 4.00 0.063
DEN(PBASIN+RC+FTREND+GT+YR) 6 4.63 0.046

M odels including interaction termsinclude all main effects.

*Number of estimated parameters.

8The difference in AIC, scores between the present model and the best model (A1C= 107.10).

INormalized relative model likelihoods.

Based on our combined results for nest density and
nesting success, upland nesting duck production is
predicted to be greatest in lightly grazed or idled
fields (Fig. 4). Females showed strong selection for
nesting in these fields, but females selecting nest
siteswith aboveaveragenest-sitevegetation density
infieldswithlow levelsof residual cover had higher
nesting success. Higher productioninlightly grazed
or idled fields was largely driven by the strong
response of nest density to residual cover,
overwhelming the observed increase in nesting
success for females selecting atypical nest sites.
Additionally, females nesting at sites with above-
average nest-site vegetation density tended to
exceed the level of nesting success believed
necessary to sustainamallard popul ation (Cowardin
et al. 1985, Klett et al. 1988). The only exception
was in fields with high levels of residual cover (>
90% quantile; 0.99 dm), in which nesting success
was < 15% for femal es selecting densely vegetated
nest sites.

DISCUSSION

Our resultsrevea ed complex relationships between
cattle grazing in the Aspen Parkland and duck nest
density and nesting success. Our hypothesis
regarding the effect of cattle grazing on duck nest
density was supported by the strong positive
relationship between duck nest density and field-
scale residual cover. These results are consistent
with earlier work in the grasslands of the PPR that
suggested a positive response of duck nest density
to vegetation density (Kirschet al. 1978, Klett et al.
1988). Our results indicated a more complex
relationship among nesting success, grazing
intensity, and nest-site vegetation. Nest-site
vegetation positively influenced nest survival
across most levels of field residual cover studied.
However, the slope of thisrel ationship depended on
the amount of vegetation in the surrounding field,
with the strongest relationship, i.e., steepest slope,
occurring in fieldswith low levels of residual cover
because of grazing. Additionally, nesting success
was highest at nest sites with high nest-site
vegetation densitiesand low level sof residual cover
in the surrounding field.
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Table 2. Rankingsof duck nest daily survival rate (DSR) model sinvestigating effects of habitat and grazing
co-variates. Habitat co-variatesinclude grasstype (GT), nest habitat (NHAB), woodland area (WOA), and
wetland area (WEA); grazing co-variates are nest-site vegetation density (NVEG), nest-site vegetation
height (NVH), and residual cover (RC) co-variates. Models are nonlinear mixed effects models with a
binomial error distribution (n = 633 nest-fate intervals). Only models within the 95% confidence interval
group of models, i.e., Xw; = 0.95, are presented (Burnham and Anderson 1998).

Model" K AAIC? w!

DSR(NVEG*RC) 4 0.00 0.143
DSR(NVEG) 2 0.24 0.126
DSR(NVEG* RC+RC*+WOA+WEA) 7 0.32 0.122
DSR(NVEG*RC+RC?) 5 0.45 0.114
DSR(NVEG* RC+WOA+WEA) 6 0.47 0.113
DSR(NVEG+GT) 3 1.05 0.084
DSR(NVEG*RC+GT) 5 1.25 0.077
DSR(NVEG* RC+RC*+GT) 6 2.03 0.052
DSR(NVEG+NVH) 3 2.24 0.047
DSR(NVEG+NHAB) 4 3.26 0.028
DSR(NHAB) 3 472 0.013
DSR(WOA) 2 4.84 0.013
DSR(Null)! 1 5.26 0.010
DSR(WEA) 2 5.34 0.010

"M odels including interaction and/or quadratic termsinclude all main effects.

*Number of estimated parameters.

8The difference in AIC, scores between the present model and the best model (AIC= 765.37).

INormalized relative model likelihoods.
TIntercept-only model.

Grazing had bothimmediateand|onger-term effects
on duck nest densities. The immediate effect was
evident in the positive relationship we found
between nest density and field-scale residual cover.
Although the effect of drought was evident in the
overall low nest densitiesduring thestudy, wefound
significantly lower nest densitiesin fieldswith low
levels of residual cover than in densely vegetated
fields. Kruse and Bowen (1996) indicated that

upland-nesting ducks preferred nest sites with
vegetation visua obstruction measurements = 0.5
dm. During this study, only 25 of the 97 fields had
mean residual cover estimates that exceeded this
value, but those 25 fields accounted for ~50% of the
nests found.

We also found that pasture health, which relates
historical grazing management and ecological


http://www.ace-eco.org/vol3/iss2/art6/

Avian Conservation and Ecology - Ecologie et conservation des oiseaux 3(2): 6
http://www.ace-eco.org/vol 3/iss2/art6/

Fig. 3. Predicted duck nesting success and 95% Cl s (dotted lines) in the Aspen Parkland of Alberta,
Canada, in relation to nest-site vegetation density and field residual cover (RC), based on the most
parsimonious nesting success model DSR (nest-site vegetation density* residual cover; n = 633 nest-fate
intervals). Nest-site vegetation density was quantified as the mean of four visual obstruction
measurements taken at each nest in each of the cardinal directions. Nest-site vegetation density and RC
were not correlated (Pearson’ s product-moment correlation, r < 0.01, P = 0.83). The horizontal dashed
line represents the hypothesized threshold level of nesting success (0.15) believed necessary to maintain
amallard population (Cowardin et al. 1985, Klett et al. 1988). The vertical line represents the average
nest-site vegetation density (2.2 dm) during the study.
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function, positively influenced nest density, Sedivec 1989). However, higher nesting successin

suggesting that grazing management can havelong-
term consequencesfor duck nest density. Fieldsthat
scored high for pasture health generally had more
duck nests than lower-scoring fields. The negative
effects of long-term overgrazing are many
(Holechek et a. 1999) and frequently lead to
conditions that result in reduced pasture health.
Although long-term overgrazing commonly leads
to increased shrub cover (Holechek et al. 2004),
which could benefit some upland nesting waterfowl
(Duebbert et al. 1986), mechanical and chemical
trestment of shrubs and forbs in heavily grazed
pastures is common (e.g., Bowes and Spurr 1996),
and thus possible benefits typically go unrealized.

The nesting success of upland-nesting ducksin the
PPR isgenerally believed to be positively related to
nest-site vegetation density (Duebbert 1969,

pasturelands than in other habitats in the PPR has
also been suggested (Barker et al. 1990, Greenwood
et al. 1995). Our results may help explain this
seeming contradiction among the results of earlier
studies; we found evidence for both the importance
of nest-site vegetation to nesting success and
increased successof femalesnestingingrazed areas.
Across most levels of residual cover, nesting
success improved as nest-site vegetation density
increased, supporting our hypothesis of a positive
rel ationshi p between nesting successand vegetation
density. Increasing vegetation density at thenest site
would provide duck nestsgreater conceal ment from
predators (e.g., Sugden and Beyersbergen 1987),
the primary cause of nest failuresin the PPR (Kl ett
et al. 1988, Greenwood et al. 1995). At the larger
field scale, however, we found that nesting success
generaly increased with grazing intensity, i.e.,
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Fig. 4. Predicted duck production (successful nests/100 ha) in the Aspen Parkland of Alberta, Canada, in
relation to nest-site vegetation density (NVEG), field residual cover, and pasture health score (PS),
based on the product of the most parsimonious nest density and nesting success models (n = 100 fields
and 633 nest-fate intervals, respectively). The covariates residual cover (RC) and PS are correlated
across al values (Pearson’ s product-moment correlation, r = 0.46, P < 0.01), but the correlation is
nonsignificant at PS> 57 (r = 0.19, P = 0.191). The PS values graphed therefore represent the point at
which RC and PS no longer demonstrate a correlation (58), and the 90% quantile (85). Vaues for
NVEG are 10% quantile (1.00 dm), mean (2.23 dm), and 90% quantile (4.00).
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lower levels of field-scale residual cover. Higher
nesting successin grazed fields may occur because
predators respond negatively to low prey density
(Clark and Nudds 1991, Lariviére and Messier
1998). In addition to reducing duck nest densities,
grazing generally reduces the abundance of small
mammal s such as voles (Microtus spp.; Grant et a.
1982, Runge 2005), which are an important prey
item for Parkland meso-predators. If predators

avoid habitats with low overall prey density, such
asmoreintensively grazed areas, the success of the
ducks nesting in these habitats may be greater than
in areas more attractive to predators. Clark et al.
(1999) found that Ring-necked Pheasants
(Phasianus colchicus) nesting in small isolated
habitat patches in a highly fragmented agricultural
landscape in lowa had higher nesting success than
pheasants nesting in some larger blocks of habitat.
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These small isolated habitats likely provided few
foraging opportunities for predators, resulting in
lower overall predator activity and higher nesting
successthaninlarger habitat blocks. Heavily grazed
pasturelands provide a limited number of small
isolated habitat patches suitable for nesting, likely
attracting few predatorsand resulting in higher duck
nesting success.

CONCLUSION

Our results indicate that nesting females are most
successful at nest siteswith above-average nest-site
vegetation density within fields with low levels of
residual cover. However, very few females choose,
or are ableto find, suitable nest siteswithin heavily
grazed pastures. This results in the greatest duck
production still being realized in lightly grazed or
idled fields, which areuncommon in typical pasture
lands. Fortunately, femaes selecting densely
vegetated nest sites within most levels of residua
cover occurring in pasturelands tended to exceed
the hypothesized threshold of nesting success
needed to maintain apopulation. Therefore, pasture
land management should am to optimize the
number of suitablenest sites(i.e., vegetation density
> 2.2 dm) withintheconstraintsof cattle production.

High grazing intensities are common in the Aspen
Parkland. Greater and more consistent precipitation
inthe Aspen Parkland, relative to the more arid and
drought-prone grasslands, generally leads producers
to graze a higher utilization rates with fewer
perceived negative consequences (Holecheck et al.
1999). Also, mixedfarming of annual cropsand beef
production is more common in the Aspen Parkland
than in the grasslands, with income from cattle
production typically second to that from annual
crops (Statistics Canada 2003). Thisresultsin less
impetus for investing time in rangeland
management relative to annual crop operations.
Thesefactorslead to an“industry standard” grazing
level that resultsin high utilization rates in pasture
lands. However, persistent heavy grazing leads to
lower forage production because of: (1) soil
compaction, (2) low litter levels, (3) reduced root
biomass, (4) less moisture infiltration into the soil,
and (5) increased soil temperatures (Holecheck et
al. 2004). In areview of the literature on grazing
systems and stocking rates in the Great Plains and
the western USA, VanPoollen and Lacey (1979)
found that plant production increases on average
35% when the stocking rate is reduced from heavy
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to moderate. Moderate stocking rates also result in
higher net financial returns, relative to heavy
stocking, on native pastures (Holecheck et al. 1999).

Working with cattle producers to increase their
awareness of the economic benefits of reduced
grazing intensity could result in improved nesting
habitat across significant areas of the Aspen
Parkland. Currently, there are 9.3 million ha of
pasture land in the Aspen Parkland (Statistics
Canada 2003). This study suggests that, although
lightly grazed or idled fields may produce more
ducks, reducing grazing intensity across Parkland
pasture landswill increasethe avail ability of highly
successful nest sites to upland nesting ducks.

Responses to this article can be read online at:
http: //mww.ace-eco.org/vol 3/iss2/art6/responses/
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