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FRAGMENTION BY AGRICULTURE INFLUENCES REPRODUCTIVE

SUCCESS OF BIRDS IN A SHRUBSTEPPE LANDSCAPE

W. MATTHEW VANDER HAEGEN'

Washington Department of Fish and Wildlife, 600 Capitol Way North, Olympia, Washington 98501 USA

Abstract. Shrubsteppe communities are among the most imperiled ecosystems in North
America as a result of conversion to agriculture and other anthropogenic changes. In the
Intermountain West of the United States, these communities support a unique avifauna,
including several species that are declining and numerous others that are of conservation
concern. Extensive research in the eastern and central United States and in Scandinavia
suggests that fragmentation of formerly continuous forests and grasslands adversely affects
reproductive success of birds, yet little is known of the potential effects on avian communities
in Western shrublands. I used multi-model inference to evaluate the potential effects of local
and landscape variables on nest predation and brood parasitism, and behavioral observations
of color-banded birds to evaluate the potential effects of habitat fragmentation on seasonal
reproductive success of passerines in the shrubsteppe of eastern Washington State, USA.
Reproductive success of shrubsteppe-obligate passerines was lower in landscapes fragmented
by agriculture than in continuous shrubsteppe landscapes. Daily survival rates for nests of
Brewer’s Sparrows (Spizella breweri; n = 496) and Sage Thrashers (Oreoscoptes montanus; n =
128) were lower in fragmented landscapes, and seasonal reproductive success (percentage of
pairs fledging young) of Sage Sparrows (Amphispiza belli; n=146) and Brewer’s Sparrows (n =
59) was lower in fragmented landscapes. Rates of parasitism by Brown-headed Cowbirds
(Molothrus ater) overall were low (4%) but were significantly greater in fragmented landscapes
for Brewer’s Sparrows, and parasitism resulted in fewer young fledged from successful nests.
Simple models of population growth using landscape-specific fecundity and estimates of adult
survival derived from return rates of banded male Sage Sparrows and Brewer’s Sparrows
suggest that fragmented shrubsteppe in Washington may be acting as a population sink for
some species. Immediate conservation needs include halting further fragmentation of
shrubsteppe, restoring low-productivity agricultural lands and annual grasslands to
shrubsteppe where possible, and convincing the public of the intrinsic value of these imperiled
ecosystems.

Key words: agriculture; Amphispiza belli; brood parasitism; fragmentation; landscape effects; nest
survival; Oreoscoptes montanus; seasonal productivity; shrubsteppe; Spizella breweri; Washington State,
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INTRODUCTION

An extensive literature has developed on the effects of
habitat fragmentation on the reproductive success of
passerine birds in forest environments (Thompson et al.
2002, Lampila et al. 2005). In general, increasing
fragmentation has been linked to lower pairing success
(Gibbs and Faaborg 1990, Villard et al. 1993, Hagan et
al. 1996), greater rates of nest predation, and greater
rates of parasitism by Brown-headed Cowbirds, Mo-
lothrus ater (Donovan et al. 1995, Robinson et al. 1995).
These phenomena may be contributing to declining
populations of some species (Temple and Cary 1988,
Robinson et al. 1995, Donovan and Flather 2002). The
ultimate cause of increased nest predation typically is
attributed to agricultural or urban/suburban lands that
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fragment forested landscapes and support increased
numbers of generalist predators (Andrén 1992). Simi-
larly, changes to the landscape that increase its
suitability for cowbirds, such as introduction of
livestock, pastures, and lawns, are blamed for the
increased parasitism (Robinson 1999). These findings
largely derive from eastern and central parts of the
United States and from Scandinavia; research in the
western United States, although sparse, suggests that
these patterns may not hold where forests are naturally
fragmented, predator populations vary, and cowbirds
are a relatively recent addition (Tewksbury et al. 1998,
Cavitt and Martin 2002).

More recently, studies in grasslands of the eastern and
central United States have examined some of the same
issues and reached similar conclusions. Nesting success
of grassland birds can be affected negatively by
decreasing patch size (Johnson and Temple 1990, Winter
and Faaborg 1999, Herkert et al. 2003), proximity to
edge (Johnson and Temple 1990, Winter et al. 2000), and
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regional abundance of cowbirds (Herkert et al. 2003).
Few studies have examined landscape effects on the
reproductive success of grassland and shrubland birds in
western North America; similar to forests, the few
studies that have examined these issues suggest that
patterns may differ from those in the East and Midwest
(Bolger 2002, Morrison and Bolger 2002, Skagan et al.
2005). Grassland and shrubland birds are among the
most threatened in North America, largely a result of
habitat loss and degradation (Knopf 1994, Vickery et al.
1999). High rates of nest mortality demonstrated by
birds that breed in these habitats may make their
populations particularly vulnerable to habitat degrada-
tion (Martin 1993).

Shrubsteppe communities of the Intermountain West
have a unique avifauna that includes several species that
are declining (Saab and Rich 1997, Dobkin and Sauder
2004) and numerous others that are of conservation
concern (Paige and Ritter 1999). Sagebrush habitats are
among the most imperiled ecosystems in North America
as a result of conversion to agricultural fields, removal
of sagebrush and planting of introduced grasses to
improve livestock forage, widespread energy develop-
ment, and increasing fire frequency that converts
shrubsteppe to annual grasslands (Knick et al. 2003;
see Plate 1). Changes in shrubsteppe communities have

been particularly severe in Washington State, where half
of the area historically in shrubsteppe has been
converted to agriculture, resulting in high fragmentation
of extant habitat and a disproportionate loss of deep-soil
communities (Jacobson and Snyder 2000, Vander
Haegen et al. 2000). Although there has been some
research on how landscape affects the distribution of
shrubsteppe birds (Knick and Rotenberry 1995, Vander
Haegen et al. 2000), we know little about how
fragmentation of the landscape influences reproductive
success of birds in this system (Knick et al. 2003).
From 1996 to 1998, I studied the relationship between
fragmentation of habitat by agriculture and nest
survival, parasitism rates, and seasonal reproductive
success of passerines in the shrubsteppe of eastern
Washington. I focused primarily on three sagebrush
obligates, Brewer’s Sparrow (Spizella Breweri), Sage
Sparrow (Amphispiza belli), and Sage Thrasher (Oreo-
scoptes montanus), species of conservation concern that
largely define the avifauna of Intermountain sagebrush
ecosystems (Braun et al. 1976, Knick et al. 2003).

STUDY AREA

The study took place in eastern Washington, USA,
within the geographic region known as the Columbia
Basin (Fig. 1). The region is characterized by hot, dry
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summers and cold winters. Precipitation falls mainly
during winter, with annual totals ranging from 15 to 55
cm, decreasing from north to south across the study area
(Daubenmire 1970). Within the study area, topography
is generally flat to rolling and slopes from ~750 m
elevation in the north to <250 m in some areas in the
south (Daubenmire 1970).

Historically, most of the land in the study area
supported shrubsteppe vegetation communities (Dau-
benmire 1970; see Plate 1). Large-scale clearing of land
for agriculture began in the late 1800s and expanded
when irrigation became widespread after damming of
the Columbia River in the 1930s (National Research
Council 1995). Using historical and current land cover
maps from the Interior Columbia Basin Ecosystem
Management Project (Quigley and Arbelbide 1997),
McDonald and Reese (1998) estimated that the mean
patch size of sagebrush in Washington decreased from
13420 to 3418 ha and the number of patches increased
from 267 to 370. A considerable portion of the study
area currently is farmed, with dryland wheat being the
main crop in higher rainfall zones, whereas irrigated
orchards, vineyards, and row crops prevail at lower
elevations. Grazing by livestock began in the region in
the late 1800s and has continued to varying degrees.

I selected study sites in two contrasting landscapes:
fragmented landscapes where past conversion to agri-
culture left shrubsteppe existing only as islands or as
interconnected fragments in an agricultural matrix, and
continuous landscapes where shrubsteppe communities
were primarily unaffected by agriculture (Fig. 1).
Agricultural land enrolled in the Conservation Reserve
Program (CRP) was considered part of the agricultural
matrix. In each continuous site (= 11), I established a
20-ha study plot consisting of five 100-m diameter point-
count circles spaced 200 m apart along a transect. Study
plots in continuous landscapes had a minimum buffer of
1.5 km to a developed edge. In fragmented landscapes (n
= 11), study plots of 8-12 ha were established in 1-3
shrubsteppe patches, each containing 2—4 point-count
circles. The 22 shrubsteppe patches sampled in frag-
mented landscapes ranged from 10 to 1261 ha (495 = 19
ha, mean * SE). Fragment sites were selected to be as
similar as possible in vegetation cover to continuous
study sites.

METHODS
Site-level vegetation and landscape measurements

I quantified the vegetation on all study sites between
May and July 1996. Each point-count circle was
sampled along a 100-m transect running due east or
due west from the center point, the direction alternating
on successive circles. I used the line-intercept method
(Canfield 1941) to quantify shrub cover by species and 1
measured the height of each shrub along the 100-m
transect on alternate circles. I used a 0.1-m? sampling
frame (Daubenmire 1959) placed at 5-m increments
along each transect (20 samples/circle) to estimate
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percent cover of herbaceous vegetation, litter, rock,
and bare ground. I quantified the landscape surrounding
each study site by generating a circle of 5 km radius
centered on the study site in a geographic information
system, ArcGIS 9.1 (ESRI 2004), and calculating the
percent cover in native shrubsteppe vs. altered land use
types (cropland, CRP, and suburban/urban develop-
ment). I used a land cover database created from
Landsat thematic mapper data collected in 1993 and
1994 (Jacobson and Snyder 2000).

Nest success

Trained field crews located nests by following
behavioral cues of banded and unbanded birds and by
random searches. A single flag was placed >8m from
nests to mark their location and nests were revisited
every 2—4 days until they fledged or failed. The number
of eggs and nestlings and presence of cowbird eggs and
chicks was noted at visits. I considered nests as
depredated when eggs or young nestlings disappeared
from the nest or when empty nests appeared damaged or
torn, as if by a predator. I considered a nest to have
fledged when (1) the nest was empty and I saw fledglings
near the nest or adults were seen nearby carrying food
and/or scolding, or (2) the nest was empty and the
median date between the last nest check during which
the nest was active and the final nest check when the nest
was empty was within two days of the predicted fledging
date (BBIRD protocol, available online)> 1 defined
successful nests as those that fledged >1 host young
and I used the last count of nestlings before fledging as
an estimate of the number of fledglings produced.

I used the logistic-exposure method of Shaffer (2004)
to examine temporal, spatial, and vegetation effects on
the fates of individual nests. Logistic regression has the
benefit of including both categorical and continuous
variables in modeling a dichotomous outcome variable,
in this case, nest fate (Hosmer and Lemeshow 2000).
Logistic exposure accounts for the differing exposure
periods among nests by using nest observation intervals
as sample units and incorporating interval length in a
modified link function (Shaffer 2004). I used this method
to examine factors influencing both nest success
(fledging, not fledging) and brood parasitism (parasit-
ized, not parasitized). The data set used for analysis of
nest success included all nests in which eggs were laid
and that could be tracked sufficiently to their conclusion
(98.6% of all nests found). I excluded nests that were
abandoned immediately following extreme weather
events (e.g., severe rain or hail) and those that were
abandoned immediately following parasitism by Brown-
headed Cowbirds (both total <1%). The data set used to
examine brood parasitism included all nests that were
found before the hatching of young and that reached the

2 (http://pica.wru.umt.edu/BBIRD/protocol/monitor.
htm)
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Reproductive conclusions for focal male Brewer’s Sparrows and Sage Sparrows derived from behavioral observations of

Conclusion Evidence required
Lone male Male was on territory >4 weeks but showed no indication of pairing.
Paired only Male seen consorting with a female, but no evidence of nesting.

Attempted nesting
Successful reproduction
Attempted renesting

Successful renesting
to have successfully fledged.

Female seen carrying nesting material, or nest found, or male or his mate found feeding nestlings.

Male or his mate seen feeding fledglings or nest of focal pair known to have successfully fledged.

Female seen carrying nesting material, or nest found, or male or mate found feeding nestlings
after successfully fledging a nest.

Male or his mate seen feeding fledglings from a second brood or second nest of focal pair known

laying stage, and excluded all interval observations after
the first egg hatched.

I developed a set of eight a priori models and
evaluated their relative value in describing observed
nest fate within an information-theoretic framework
(Burnham and Anderson 2002). A landscape model
included a single variable that differentiated nests in sites
located in a continuous shrubsteppe landscape from
those in landscapes fragmented by agriculture. A
temporal model included variables for year and day of
the year (days after 1 January), the latter equaling the
last day in each exposure period. A vegetation model
included variables for percent shrub cover and percent
cover by perennial grasses, two variables that describe
potentially important elements of nesting cover for
shrub- and ground-nesting birds that probably showed
the least among-years variation of all the parameters
measured (vegetation was sampled in only one of the
three years). The complete model set included all
combinations of these variable sets, a global model with
all variables, and a null model.

For each species, 1 tested the global model for
goodness of fit using the Hosmer and Lemeshow
(2000) goodness-of-fit test. I then used diagnostics
within the GENMOD procedure (SAS Institute, Cary,
North Carolina, USA) to examine standardized devi-
ance residuals for the global model, where large values
(>3) would suggest outliers. I used the REG procedure
(SAS Institute, Cary, North Carolina, USA) to examine
multi-collinearity of continuous variables in the global
model (Allison 1999). No models showed indications of
significant outliers or multi-collinearity. I used code
developed by Shaffer (2004) for the GENMOD proce-
dure to fit models for each species and to calculate
Akaike’s Information Criterion (adjusted for small
sample sizes; AIC.) and Akaike weights (w) for the full
model set. I used AIC, to rank models from most to
least supported (Burnham and Anderson 2002) and
calculated AAIC, as the difference between the current
model and the model with greatest support. Akaike
weights provided a measure of support for each model,
summing to 1 over all models. Models with AAIC,
values <2 generally are considered as competing with
the best-fit model and those <4 have some support
(Burnham and Anderson 2002). To account for model

selection uncertainty, I calculated model-averaged coef-
ficients for each variable, using a value of 0 for
coefficients of variables that did not occur in a model
(Burnham and Anderson 2002). I then calculated odds
ratios from the model-averaged coefficients and confi-
dence intervals (CI) based on unconditional standard
errors (Burnham and Anderson 2002). I present
interpretation for those variables where Cls for odds
ratios do not include the value 1. I calculated daily nest
survival rates using estimate statements in GENMOD
(SAS Institute, Cary, North Carolina, USA) and the
best-fitting model for each species.

Focal males

I collected behavioral information on individual males
of two focal species to gain insight to seasonal
reproductive performance. Male Sage Sparrows and
Brewer’s Sparrows were captured with mist nets using
song playback and were banded with U.S. Fish and
Wildlife Service numbered bands and unique color band
combinations. Where present, one male of each species
with a territory nearest each point-count center was
banded during the first few weeks of each field season. If
that male was not resighted on two subsequent visits,
another male was banded. Focal males were visited at
one-week intervals during the breeding season. During
each visit, the observer spent a minimum of 60 minutes
on the birds’ territory and estimated the reproductive
state of the male by noting behaviors such as associating
with a female (indicating paired status), feeding fledg-
lings (indicating successful reproduction), or feeding
fledglings from a second successful nest (indicating
successful renesting) (after Vickery et al. 1992). While
conducting focal watches, observers also noted other
clues to the male’s reproductive status, such as presence
of an active nest or presence of a female feeding young
on his territory. At the end of each field season, each
male was assigned a reproductive rank (Table 1) based
on weekly observations and the fates of nests determined
to belong to the focal pair.

Because some males disappeared from study plots and
others were banded several weeks into the nesting
season, the number of visits per male varied. I examined
the percentage of males changing status with each
subsequent visit to establish a minimum number of visits
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TasLE 2. Comparison of vegetation and landscape variables  fledging one nest, f> equaled the proportion of pairs

measured on shrubsteppe study sites in continuous and
fragmented landscapes in eastern Washington State, USA.

Continuous Fragmented

(n = 11 sites) (n = 22 sites)

Variable Mean SE Mean SE

All shrubs (% cover) 25.5 1.22 24.4 1.56
Sagebrush (% cover) 23.1 1.46 22.2 1.73
Shrub height (cm) 82.1 4.49 78.0 3.85
Perennial grasses (% cover)  32.7 4.84 324 3.79
Annual grasses (% cover) 12.8 4.22 14.7 4.01
Bare ground (% cover) 19.4 2.92 15.3 3.14
Percentage shrubsteppe 92.4 2.99 31.8 3.94

(5 km circle)f

+ Percentage of the land cover in native shrubsteppe (vs.
altered land use types such as cropland) within a 5 km radius of
the study site center.

for males to be included in analyses. I used likelihood
ratio chi-square tests to examine differences in the
percentage of males achieving specific reproductive
ranks between landscapes.

Population models

I developed simple population growth models to
examine whether observed differences in fecundity
between landscapes might be of biological significance
to local populations. I estimated population growth rate
(M) using a difference equation based on a simple stage
projection model (Noon and Sauer 1992, Donovan and
Thompson 2001):

L =p+pom

where p equaled adult annual survival, py was survival of
juveniles to the next breeding season, and m was annual
fecundity (females fledged/female in the adult popula-
tion). Individuals of both species breed as yearlings and
I assigned adults to a single age class because data on
age-specific fecundity and survival are lacking for these
species. I used return rates of color-banded adult males
as an estimate of p. Male Sage Sparrows are known to
exhibit high fidelity to breeding territories (Martin and
Carlson 1998), whereas fidelity of Brewer’s Sparrows
probably is somewhat lower (Rotenberry et al. 1999). In
at least one case during my study, a male Brewer’s
Sparrow established a territory on a site several
kilometers distant from where he had bred the previous
year (M. Vander Haegen, unpublished data). Survival of
juvenile passerines to the next breeding season has rarely
been measured but has been estimated to be approxi-
mately half that of adults (Greenberg 1980, Donovan et
al 1995); T used p X 0.5 as an estimate of juvenile
survival. Data from focal males provided measures of
annual reproductive success that incorporated multiple
nesting attempts as well as double brooding. I used these
values to estimate landscape-specific annual fecundity:

m=fy+fy

where f equaled the proportion of pairs successfully

successfully fledging a second nest, and y was one-half of
the mean number of fledglings from successful nests. 1
allowed m to vary by 50% above and below the empirical
estimate to evaluate the sensitivity of A to fecundity.
Because p was estimated from return rates and probably
underestimated actual survival, I also estimated A over a
range of values of p beginning with the return-rate-
derived estimate. I looked for significant differences in
mean clutch size and mean number of young fledged
among years and between landscapes by inspecting 95%
confidence intervals for lack of overlap.

RESULTS
Site characteristics

Vegetation of study sites was similar between land-
scapes when examined in general categories (Table 2).
All sites were characterized by a dominant overstory of
big sagebrush (Artemisia tridentata) and an understory
of bunchgrasses and forbs. Bunchgrasses included blue-
bunch wheatgrass (Pseudreogneria spicata), Sandberg’s
bluegrass (Poa secunda), 1daho fescue (Festuca idaho-
ensis), and needle and thread grass (Hesperostipa
comata). Common forbs on the sites included balsam
root (Balsamorhiza spp.), lupine (Lupinus spp.), and
phlox (Phlox spp.). Cheatgrass (Bromus tectorum), an
introduced annual grass, was ubiquitous on the study
area and was present at low densities in even the least
disturbed sites. Fragment sites were embedded in a
landscape dominated by agricultural fields, whereas
continuous sites were primarily surrounded by native
shrubsteppe (Table 2).

Nest survival

In total, 1450 nests of 25 species were located and
monitored over the course of the study. I developed
models of nest survival for four species with the greatest
number of nests: Brewer’s Sparrow (n =496 nests), Sage
Sparrow (n = 367), Sage Thrasher (n = 128), and Vesper
Sparrow (Pooecetes gamineus; n = 113). Predation was
the dominant cause of nest loss (40% of nests were
depredated), followed by abandonment for unknown
cause (3%) and weather-related abandonment (<1%).
Nests of species sensitive to parasitism (Brewer’s
Sparrow, Sage Sparrow, Vesper Sparrow) experienced
4% parasitism rate (43 of 970 nests). Of parasitized nests,
30% (20 of 43) were depredated, 16% were abandoned (7
of 43), 30% fledged at least one host young (13 of 43),
and 7% fledged only cowbird young (3 of 43).

Brewer’s Sparrow.—1 monitored Brewer’s Sparrow
nests through 1745 intervals (350 in 1996, 583 in 1997,
and 817 in 1998). The global model fit the observed
values (y>=5.7, P=0.68) and also was the best-selected
model with a weight of 0.797 (Table 3). The landscape
and vegetation effects model also had support with a
weight of 0.183. Model-averaged odds ratios for
explanatory variables revealed a strong effect of
landscape class (Table 4, Fig. 2), with odds of a nest
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Models used to examine factors influencing nest success of birds in shrubsteppe habitats in eastern Washington.

Sage Thrasher

Brewer’s Sparrow Sage Sparrow Vesper Sparrow

(n = 533) (n = 1745) (n=1211) (n = 364)
Model K AAIC, w; AAIC, w; AAIC, w; AAIC, w;
Landscape effects 2 2.15 0.170 15.70 0.000 3.85 0.073 0.79 0.315
Vegetation effects 3 7.35 0.013 13.40 0.001 0.00 0.499 3.53 0.080
Temporal effects 4 5.29 0.035 17.25 0.000 7.28 0.013 4.43 0.051
Landscape and temporal effects 5 0.00 0.498 10.83 0.004 8.29 0.008 5.33 0.033
Vegetation and temporal effects 6 4.19 0.061 7.94 0.015 4.33 0.057 7.89 0.009
Landscape and vegetation effects 4 4.71 0.047 2.94 0.183 1.96 0.188 4.76 0.043
Global model 7 2.17 0.168 0.00 0.797 6.24 0.022 9.35 0.004
Null model 1 8.31 0.008 23.76 0.000 2.55 0.140 0.00 0.466

Notes: Model terms are n, the number of nest intervals used to derive the model (Shaffer 2004); K, the number of estimable
parameters in the model; AAIC,, the difference between the Akaike information criterion for the strongest model and for the model
under consideration; and w;, the Akaike weight for the model. Lowest AAIC. values (best-supported models) are shown in

boldface.

surviving in continuous landscapes 68% greater than
that of a nest in fragmented landscapes. Percent shrub
cover also influenced nest success, with odds of nest
survival increasing 30% with an increase of 5% in shrub
cover (Table 4). Shrub cover for sites included in the
model ranged from 17% to 38%. Of the temporal
variables, only year had a strong effect, with odds of a
nest surviving in 1996 being 131% greater than that of a
nest surviving in 1998. Daily nest survival rate derived
from the global model was 0.968 (0.963-0.972, 95% CI).
Projected nest survival over the 24-day nest period was
46%. Cowbirds parasitized 5.7% of Brewer’s Sparrow
nests that were found when active and tracked before
hatching (n = 363 nests). Models of brood parasitism
had nests available through 849 intervals (150 in 1996,
265 in 1997, and 434 in 1998). The global model fit the
observed values (x> = 4.7, P = 0.79). The model
containing landscape and vegetation variables was the
best-selected model, with a weight of 0.860 (Table 5).
The global model also had support, with a weight of
0.129. Model-averaged odds ratios for explanatory
variables revealed a strong effect of landscape class
(Table 6), with odds of a nest avoiding parasitism in
continuous landscapes being 550% greater than those of
a nest in fragmented landscapes. Perennial grass cover
also influenced nest success, with odds of a nest avoiding
parasitism decreasing 35% with an increase of 5% in
perennial grass cover (Table 6). Perennial grass cover for
sites included in the model ranged from 28% to 60%.

The mean number of Brewer’s Sparrows fledged from
parasitized nests (1.75 * 0.41 fledglings/nest, mean *
SE; n = 8 nests) was lower than that for nonparasitized
nests (3.12 = 0.05, n=295) (t=4.6, P =0.001).

Sage Thrasher.—1 monitored Sage Thrasher nests
through 533 intervals (221 in 1996, 167 in 1997, and 145
in 1998). The global model fit the observed values (3 =
5.7, P=0.68). The landscape and temporal effects model
was the best-selected model, with a weight of 0.498
(Table 3). The landscape model and the global model
also had support, with weights of 0.170 and 0.168.
Model-averaged odds ratios for explanatory variables
revealed a strong effect of landscape class (Table 4, Fig.
2), with odds of a nest surviving in continuous
landscapes being 151% greater than those of a nest in
fragmented landscapes. Daily nest survival rate derived
from the landscape and temporal effects model was
0.969 (0.959-0.977, 95% CI). Projected nest survival
over the 29-day nest period was 40%.

Sage Sparrow.—1 monitored Sage Sparrow nests
through 1211 intervals (294 in 1996, 515 in 1997, and
402 in 1998). The global model fit the observed values
(x*=12.5, P=0.128). The vegetation effects model was
the best-selected model, with a weight of 0.499 (Table 3).
The landscape and vegetation effects model also had
support, with a weight of 0.188. The null model also was
a competing model, with a weight of 0.140. Model-
averaged odds ratios for explanatory variables all were
very close to 1, with confidence intervals that included 1,

TaBLE 4. Odds ratios and 95% confidence intervals (CI) for explanatory variables in main models of nest success, based on model-
averaged coefficients from seven models of species in shrubsteppe habitats in eastern Washington.

Sage Thrasher

Brewer’s Sparrow Sage Sparrow

Variable Odds ratio CI Odds ratio CI Odds ratio CI
Landscape class 1.85 3.08-1.12 1.68 2.32-1.22 0.97 1.11-0.85
Perennial grass cover 1.00 1.01-1.00 1.01 1.03-1.00 1.01 1.02-1.00
Shrub cover 1.00 1.02-0.99 1.05 1.08-1.02 0.99 1.03-0.96
Year (1996 vs. 1998) 1.51 2.69-0.85 1.59 2.31-1.09 1.02 1.07-0.98
Year (1997 vs. 1998) 0.85 1.53-0.47 1.17 1.54-0.89 1.00 1.04-0.97
Day of the year 0.99 1.00-0.98 1.00 1.01-1.00 1.00 1.00-1.00

Note: Variables with the strongest effect (CI does not include 1.00) are shown in boldface.
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suggesting only weak relationships with nest success
(Table 4). Daily nest survival rate derived from the
vegetation effects model was 0.961 (0.954-0.966, 95%
CI). Projected nest survival over the 26-day nest period
was 36%.

Cowbirds parasitized 8.5% of Sage Sparrow nests that
were found when active and tracked prior to hatching (n
= 247). Models of brood parasitism had nests available
through 575 intervals (132 in 1996, 230 in 1997, and 213
in 1998). The global model fit the observed values (x> =
7.01, P = 0.54). The model containing landscape and
temporal variables was the best-selected model with a
weight of 0.561 (Table 5). The temporal model also had
support, with a weight of 0.297. Model-averaged odds
ratios for explanatory variables revealed a strong effect
of year (Table 6), with odds of a nest avoiding
parasitism being greater in 1996 than in 1998. Day of
the year also influenced nest success, with odds of a nest
avoiding parasitism decreasing as the season progressed
(Table 6). The mean number of Sage Sparrows fledged
from successful parasitized nests (2.8 = 0.49 fled-
glings/nest, mean = SE, n =5 nests) was similar to that

TABLE 5.
habitats in eastern Washington.
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for successful nonparasitized nests (2.94 = 0.06 fled-
glings/nest, n = 195) (1 =0.36, P =0.72).

Vesper Sparrow.—I1 monitored Vesper Sparrow nests
through 364 intervals (101 in 1996, 126 in 1997, and 137
in 1998). The global model fit the observed values (3> =
11.7, P = 0.166). The null model was the best-selected
model, with a weight of 0.466 (Table 3). The landscape
effects model also had support, with a weight of 0.32. All
competing models, including the landscape model, had
deviance values similar to those of the null model,
suggesting little improvement. Daily nest survival rate
derived from the null model was 0.949 (0.935-0.960,
95% CI). Projected nest survival over the 26-day nest
period was 26%. Cowbirds parasitized 3.6% of Vesper
Sparrow nests that were found when active and tracked
prior to hatching (n = 84). Only one of three parasitized
nests fledged Vesper Sparrow young.

Model summary.—Of the three species with models of
daily nest survival that were improvements over the null
model, landscape occurred in all relevant models for
Brewer’s Sparrow and Sage Thrasher and also, for these
two species, was a significant variable after model-
averaging. Sums of the Akaike weights across all models
that included landscape were 0.83 for Sage Thrasher and
0.97 for Brewer’s Sparrow, but only 0.20 for Sage
Sparrow.

Seasonal reproductive success

I color-banded 177 male Sage Sparrows and 71 male
Brewer’s Sparrows over three years of study. The
percentage of males that increased in status declined
from visits 6-12 (Fig. 3), with <10% of males changing
status after nine visits. Because the sample size of males
diminished with increasing number of visits, I selected
nine visits as the cut point to include individual males in
analyses. Trends between landscapes in percentage of
males achieving different reproductive levels were
similar among years, so I combined data across years
to increase sample size.

Brewer’s Sparrow.—Reproductive success for Brew-
er’s Sparrows was derived from 31 males at four

Models used to examine factors influencing parasitism rates of broods in shrubsteppe

Brewer’s Sparrow Sage Sparrow

(n = 856) (n = 575)
Model K AAIC, w; AAIC, w;
Landscape effects 2 14.81 0.000 26.42 0.000
Vegetation effects 3 11.58 0.002 29.37 0.000
Temporal effects 4 19.28 0.000 1.27 0.297
Landscape and temporal effects S 16.16 0.000 0.00 0.561
Vegetation and temporal effects 6 12.26 0.002 4.66 0.054
Landscape and vegetation effects 4 0.00 0.776 28.91 0.000
Global model 7 2.53 0.219 3.73 0.087
Null model 1 19.24 0.000 26.01 0.000

Notes: Model terms are n, the number of nest intervals used to derive the model (Shaffer 2004);
K, the number of estimable parameters in the model; AAIC,, the difference between the Akaike
information criterion for the strongest model and for the model under consideration; and w;, the
Akaike weight for the model. Lowest AAIC, values (best-supported models) are shown in boldface.
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TaBLE 6. Odds ratios and 95% confidence intervals (CI) for
explanatory variables in main models of brood parasitism,
based on model-averaged coefficients from seven models of
birds in shrubsteppe habitats in eastern Washington.

Brewer’s Sage
Sparrow Sparrow
Odds Odds
Variable ratio CI ratio CI
Landscape class 6.51 20.80-2.04 046 1.19-0.18
Perennial grass cover 093  0.98-0.89 1.00 1.01-0.99
Shrub cover 1.04 1.14-0.96  1.00  1.03-0.97
Year (1996 vs. 1998)  0.96 1.39-0.67 10.95 86.88-1.38
Year (1997 vs. 1998)  0.83 1.19-0.57 1.74  4.41-0.69
Day of the year 1.00 1.00-0.99 095 0.97-0.93

Note: Variables with the strongest effect (CI does not include
1.00) are shown in boldface.

continuous sites and 28 males from four fragment sites
(633 total visits; 10.7 = 0.15 visits/individual, mean *
SE). Almost all focal males paired (Fig. 4) and the
percentage of paired males fledging young was greater in
continuous landscapes (79%) than in fragmented land-
scapes (44%) (x> = 7.4, df = 1, P = 0.006). Four males
fledged second broods: three in continuous landscapes
and one in a fragmented landscape. Of paired males that
were found not to fledge young, most (five of six in
continuous landscapes and 13 of 15 in fragmented
landscapes) showed evidence of attempting to nest. Of
males that fledged a brood, few showed evidence of
attempting a second nest (two of 23 males in continuous
landscapes and three of 12 in fragmented landscapes). |
documented 1.7 £ 0.11 nesting attempts (mean *= SE,
range 1-3, n = 31) for pairs that fledged at least one
brood and 1.7 = 0.21 (range 1-3, n = 18) attempts for
pairs that showed evidence of nesting but did not fledge
young.

Sage Sparrow.—Reproductive success for Sage Spar-
rows was derived from 106 males from 10 continuous
sites and 40 males from five fragment sites (1640 total
visits; 11.2 = 0.13 visits/individual, mean *= SE). Of
male Sage Sparrows, 84% paired (Fig. 4); pairing success
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Fic. 3. Percentage of color-banded focal males that
increased their reproductive rank. This was less than 10% after
nine visits. Males were visited weekly over the breeding season
to determine their reproductive status.
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Fic. 4. Percentage of color-banded Brewer’s Sparrow and
Sage Sparrow males that paired, and percentage of pairs that
fledged young and fledged multiple broods on study sites in
continuous and in fragmented shrubsteppe landscapes in
eastern Washington. Sample sizes are given above bars.

*P < 0.01, likelihood ratio chi-square test.

did not differ between landscapes (x*>=1.78, df =1, P=
0.18). Of those males that paired, fewer fledged young in
fragmented landscapes (61%) than in continuous land-
scapes (87%; x> =8.2, df = 1, P =0.004). The percentage
of males fledging second broods was similar between
landscapes (25%; Fig. 4) (x> =0.0008, df = 1, P = 0.98).
Three males fledged three nests in one season: two in
continuous landscapes and one in a fragmented land-
scape. Of the paired males that were found not to fledge
young, most (11 of 12) in continuous landscapes showed
evidence of nesting attempts compared to only half (six
of 12) in fragmented landscapes. Of males that fledged a
brood, about half showed evidence of attempting a
second nest (37 of 80 in continuous landscapes and eight
of 19 in fragmented landscapes). I documented 1.8 =
0.07 nesting attempts (mean = SE, range 1-3, n=99) for
pairs that fledged at least one brood, compared with 1.5
* 0.20 (range 1-4, n = 16) attempts for pairs that
showed evidence of nesting but did not fledge young.

Clutch size and number of fledglings

The number of eggs laid in completed clutches did not
differ substantially among years for most species
examined, although the 95% confidence intervals suggest
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in eastern Washington, 1996-1998.

lower clutch size for Sage Thrashers in 1998 (Fig. 5). The
number of fledglings produced from successful nests
exhibited a similar trend, although the 95% confidence
intervals suggest more fledglings in 1996 than in
subsequent years for Brewer’s Sparrows. Neither pa-
rameter varied between landscape classes for any of the
four species examined (Table 7).

Population models

Adult survival —Six sites were searched thoroughly for
color-banded male Sage Sparrows in 1997 and 14 sites
were searched in 1998. Return rate was 52% in 1997
(15/29 birds) and 58% in 1998 (41/71birds). Eight sites
were searched for male Brewer’s Sparrows in 1998, with
a return rate of 38% (17/45 birds). On one site in 1998,
23 male Brewer’s Sparrows were color-banded as adults
and 48% returned in 1999 (B. Walker, personal
communication). Because fidelity to breeding sites for
these species has not been quantified and is probably
<100%, I used the larger of the two annual estimates as
an approximation of adult annual survival.

Lambda.—Population growth rates derived from
landscape-specific fecundity estimates were lower in

TABLE 7.
shrubsteppe landscapes in eastern Washington, 1996-1998.
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fragmented landscapes for both Brewer’s Sparrows
and Sage Sparrows (Fig. 6). Using p based on band-
return data and empirical values for m, Sage Sparrows
had a negative rate of growth in fragmented landscapes
and positive rate of growth in continuous landscapes.
This dichotomy was sensitive to p and disappeared with
an increase in this variable of 0.04 (Fig. 6¢). For Sage
Sparrows, A was sensitive to large changes in fecundity;
raising or lowering m by 50% moved A above or below 1,
respectively, regardless of the value of p. Lambda values
for Brewer’s Sparrow were extremely low at p derived
from band-return data, suggesting that this was not an
adequate estimate of adult annual survival (Fig. 6b, d).
It required an increase in p to 0.6 to achieve a positive
lambda value; however, even at this rate of p lambda in
fragmented landscapes was considerably below that in
continuous landscapes. Moreover, raising m by 50% also
failed to elevate A above 1 for Brewer’s Sparrows in
fragmented landscapes (Fig. 6d).

DiscussioN

Reproductive success of shrubsteppe-obligate passer-
ines was lower in landscapes fragmented by agriculture
than in continuous shrubsteppe landscapes in eastern
Washington State. The pattern of greater nest predation,
lower seasonal fecundity, and greater parasitism rates in
fragmented shrubsteppe was more similar to that from
anthropogenically fragmented forest and grassland
landscapes in the eastern and central United States than
to naturally fragmented Western riparian forests
(Tewksbury et al. 1998) and coastal sage scrub of
California, where fragmentation is caused primarily by
urban development (Bolger 2002, Morrison and Bolger
2002). Like forests and grasslands in the East and
Midwest, Intermountain shrubsteppe historically was
extensive on the landscape, and fragmentation by
agriculture may have significantly altered the distribu-
tion of nest predators and parasites.

Predation typically is the greatest source of nest
mortality for passerines (Ricklefs 1969, Martin 1992).
Predator populations are likely to differ among vegeta-
tion communities and landscapes and these differences
may partially explain the observed differences in nest
survival (Chalfoun et al. 2002, Thompson et al. 2002).

Size of completed clutches and number of fledglings from successful nests for birds in continuous (C) and fragmented (F)

Clutch size No. fledglings
Species Landscape Mean SE n Mean SE n
Brewer’s Sparrow C 3.58 0.58 197 3.13 0.77 163
F 3.54 0.55 179 3.08 0.86 129
Sage Thrasher C 4.25 0.72 63 3.60 0.80 47
F 4.13 0.66 38 3.88 0.62 16
Sage Sparrow C 3.44 0.65 183 2.90 0.84 153
F 3.46 0.73 52 2.95 0.97 41
Vesper Sparrow C 3.44 0.86 34 3.06 0.97 17
F 3.52 0.66 44 3.24 0.83 25

Note: Means exclude nests parasitized by cowbirds.
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FiG. 6. Estimates of population growth rate A at varying rates of adult annual survival and fecundity (m) in fragmented and

continuous shrubsteppe landscapes in eastern Washington, where m was derived from landscape-specific empirical data and was
varied 50% above (m + 50%) and below (m — 50%) the empirical estimate to examine sensitivity. Left-most survival values were
derived from return rates of banded adult males and were set constant between landscapes. See Methods for model details.

Cameras placed at artificial nests in shrubsteppe
communities revealed corvids and small mammals as
numerically dominant predators, with corvids visiting
nests primarily in fragmented landscapes and small
mammals common in both fragmented and continuous
landscapes (Vander Haegen et al. 2002). As in other
systems (Andrén 1992, Marzluff et al. 1994), corvids in
shrubsteppe generally are associated with fragmentation
and agricultural development. Point-count surveys of
birds in the present study revealed significantly greater
abundance of Black-billed Magpies (Pica hudsonia; the
dominant corvid identified in the camera study) in
fragmented landscapes (M. Vander Haegen, unpublished
data). The deer mouse (Peromyscus meniculatus) and
least chipmunk (Tamias minimus) were the dominant
small mammals depredating nests in the camera study
(Vander Haegen et al. 2002). Recent surveys for small
mammals in eastern Washington revealed greater
numbers of deer mice in shrubsteppe habitat fragmented
by agriculture compared to continuous shrubsteppe,
possibly a result of greater food supply in the
surrounding agricultural matrix (R. Gitzen and S. West,
unpublished data). Indeed, the grain fields that formed
most of the agricultural matrix in these Washington
studies represent a considerable potential resource for
granivorous small mammals. Although several studies
related to avian nest predation have failed to document
increased numbers of small mammals with fragmenta-
tion, their focus was on edge effects in forests highly
fragmented by agriculture and did not include contin-
uous landscapes (Heske 1995, Marini et al. 1995,
Chalfoun et al. 2002).

Snakes can be important predators of passerine nests
in grasslands (Davison and Bollinger 2000) and shrub-
lands (Morrison and Bolliger 2002), particularly during
the nestling phase (James et al. 1983, Thompson et al.
1999). Snakes were observed depredating several nests in
the present study and also were considered by Roten-
berry and Wiens (1989) to be important nest predators
in shrubsteppe habitats in Washington and Nevada.
However, of the predator groups considered here,
snakes may be the least likely to be contributing to
lower nesting success in fragmented landscapes. Recent
surveys for reptiles in fragmented and continuous
shrubsteppe landscapes in eastern Washington indicate
a greater abundance of snakes in continuous sites,
perhaps related to availability of rocky sites for
hibernacula (S. Germaine, unpublished data). Snakes
also were found to be rare in fragments of coastal sage
scrub in California (Morrison and Bolger 2002).

Seasonal productivity is a key parameter when
considering reproductive success because it includes the
contribution of repeated attempts at renesting (Powell et
al. 1999, Murray 2000). Brewer’s Sparrows clearly had
lower nest survival in fragmented landscapes and this
was reflected in lower seasonal productivity, as pairs
were unable to make up for low nest survival through
renesting effort. The pattern was less clear for Sage
Sparrows, where seasonal reproductive success was
depressed in fragmented landscapes yet we observed
no difference in nest survival rates. This apparent
contradiction may have resulted from methodological
error on my part or from behavioral aspects of this area-
sensitive species. Fewer pairs of Sage Sparrows in
fragmented landscapes showed indications of nesting
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PLATE 1.

Artemisia tridentate—Pseudoroegneria spicata—Poa secunda community in south-central Washington State. Sagebrush

communities historically were extensive on the landscape but now are fragmented by conversion to agriculture and other

anthropogenic changes. Photo credit: M. Vander Haegen.

attempts, suggesting that either pairing status was
erroneously assigned (i.e., some males thought to be
paired actually were unpaired, a methodological error),
or that nests were not surviving long enough to be
located by searchers. In the latter case, pairs may have
made fewer nesting attempts or the pair bond may have
dissolved after early nest loss. In a study of Field
Sparrows (Spizella pusilla), Best (1977) found that
females frequently deserted males shortly after predation
of a nest. The potential for abandoned male Sage
Sparrows to attract a new mate may have been low in
fragmented landscapes where the pool of available
females was probably small. Sage Sparrows avoid
fragmented landscapes and are most often associated
with large expanses of unbroken shrubsteppe (Knick
and Rotenberry 1995, Vander Haegen et al. 2000); in the
present study they were found nesting in only the largest
fragments (>1000 ha). Whether from low pairing
success or low seasonal fecundity, males in fragmented
habitats were at a reproductive disadvantage.
Although the banded males were tracked on a weekly
basis, I could not be sure that all nests were found and
that all nesting attempts were documented. However,
my results for seasonal reproductive success were similar
to those from two more intensive studies where all pairs
on a smaller set of sites were followed through the
breeding season. Fitzner (2000) documented the breed-
ing effort of 52 Sage Sparrow pairs on the Hanford Site
in south-central Washington during 1996-1997. Her
research ran concurrent with the present study and
portions of three sites (and data from nine males) were
common to both studies. The percentage of pairs

fledging young on her sites (all were in continuous
habitat) was similar to that on my continuous sites (87%
in both studies); however, she reported a somewhat
higher percentage of pairs fledging additional nests (38%
vs. 25%). In a study in British Columbia, Canada
(Mahony et al. 2002), investigators followed Brewer’s
Sparrow pairs on four sites in largely unfragmented
habitat, documenting all nesting attempts of 176 color-
banded pairs. Again, my results from continuous sites in
Washington were similar to the British Columbia
findings for percentage of pairs fledging young (79%
vs. 70%), but somewhat lower for the percentage of pairs
going on to fledge additional nests (7% vs. 18%).
Regional variation in predator populations and effects
of winter rainfall can influence reproductive success
(Rotenberry and Wiens 1989) and rates of double
brooding within a species also can vary regionally
(Bourque and Villard 2001), possibly explaining some of
this difference. From these comparisons, I conclude that
the effort expended in tracking focal males in Wash-
ington was sufficient to document most nesting at-
tempts, but may have missed some instances of multiple
brooding.

Parasitism by Brown-headed Cowbirds typically is
greater in landscapes where agriculture and livestock are
common (Robinson 1999). For Brewer’s Sparrows in my
study, the strongest variables influencing parasitism
rates were landscape and perennial grass cover, variables
most strongly associated with the occurrence of cow-
birds in eastern Washington (Vander Haegen et al.
2000). Parasitism of Sage Sparrow nests was most
closely related to temporal variables: risk of parasitism
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increased with day of the year. This relationship, along
with the overall low parasitism rates in the present
study, were probably due, in part, to timing of cowbird
arrival on the study area. Cowbirds generally locate
nests by observing the nest-building activities of hosts
and parasitize nests during laying or early in incubation
(Hann 1941). Cowbirds arrived on my study area in late
April and early May, by which time the first nesting
attempts for some potential hosts were well underway.
Sage Sparrows, for example, initiated over 40% of their
nesting attempts before cowbirds were observed laying
on the study area (Vander Haegen and Walker 1999).
Other factors that may influence the low rates of
parasitism on the study area are the general lack of
elevated observation perches (e.g., trees) that would
facilitate cowbirds locating and tracking the progress of
potential host nests, and the long distances between
some of our sites and the nearest cowbird feeding areas.
Further fragmentation of Washington’s shrubsteppe,
particularly by livestock farming and suburban devel-
opment, could increase populations of cowbirds, leading
to increased rates of brood parasitism for shrubsteppe
obligates.

Conclusions and conservation implications

Fragmentation of the once-continuous shrubsteppe
communities in Washington may be contributing to the
decline of some shrubsteppe-obligate species by reducing
annual reproductive success. In Brewers’ Sparrows and
Sage Thrashers, this lower reproductive success was
manifested in lower rates of nest survival, largely a result
of increased predation rates on nests. Fewer young
fledging from parasitized nests further depressed repro-
ductive success for Brewer’s Sparrows in fragmented
landscapes. Sage Sparrows also were less productive in
fragmented landscapes, although the proximate cause
may have been only partly related to nest predation and
may have been linked to behavior associated with area
sensitivity.

Documenting a negative effect of landscape charac-
teristics on breeding birds is only a first step in assessing
its ultimate impact on regional populations. My study
was limited to three years and undoubtedly captured
only part of the variability typically expressed in critical
reproductive parameters, particularly in this “variable
environment” (Rotenberry and Wiens 1991). However,
simple models of population growth based on land-
scape-specific fecundity and estimates of adult and
juvenile survival suggest that landscapes fragmented by
agriculture may be functioning as sinks, at least in some
years. This is supported by long-term declines docu-
mented for populations of Brewer’s Sparrow (—3.19%
per year) and Sage Thrasher (—1.08% per year) in the
Columbia Plateau Province for the period 1968-2005
(Breeding Bird Survey; Sauer et al. 2005). If migratory
bird populations are structured as metapopulations
(sensu Pulliam 1988), as suggested by Donovan et al.
(1995) for forest birds in the Midwest, the shrubsteppe
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landscape in Washington may be providing a continuum
of source-to-sink habitats along a gradient of fragmen-
tation. Although sink habitats may have value in
regional population dynamics (Pulliam 1988, Howe et
al. 1991, Thompson et al. 2002), the continuing
fragmentation and degradation of shrubsteppe commu-
nities may increase the proportion of sink habitats on
the landscape and may magnify the observed declines in
some species.

Fragmentation of shrubsteppe in eastern Washington
largely is the result of exploitation of deep, fertile soils
for crop production, a pattern that also has reduced and
fragmented shrubsteppe communities throughout most
of the Columbia Plateau as well as parts of Idaho, Utah,
and Montana (Knick et al. 2003, Connelly et al. 2004).
Over much of the shrubsteppe landscape in the West, the
shrub component remains relatively intact and fragmen-
tation takes the form of linear and point features such as
roads, power lines, irrigation ditches, and well sites and
related infrastructure associated with oil and gas
extraction (Knick et al. 2003, Connelly et al. 2004).
Roads may reduce the abundance of some shrubsteppe
passerines (Ingelfinger and Anderson 2004) and the
disturbance associated with energy extraction may
adversely affect lek attendance, nesting, and survival of
Greater Sage-Grouse, Centrocercus urophasianus (Braun
et al. 2002, Holloran 2005). The corvid predators and
parasitic cowbirds responsible for lower reproductive
success in eastern Washington were largely associated
with fragmentation of the landscape by cropland; it
remains to be tested whether fragmentation by factors
other than agriculture will result in similar reductions in
productivity.

Continued research on avian ecology in shrubsteppe
communities should be a high priority. There is an
obvious need for accurate estimates of adult and juvenile
survival to improve our ability to model population
growth for these and other birds. There also is a clear
and pressing need for additional demographic data
collected over a range of landscapes and habitat
conditions if we are to understand the effects of
landscape change on regional populations of shrub-
steppe birds (Knick et al. 2003). Immediate conservation
needs include halting further fragmentation of shrub-
steppe by agriculture and restoring low-productivity
agricultural lands and annual grasslands to shrubsteppe
where possible. Reversing the current trend of increased
fragmentation and degradation of shrubsteppe commu-
nities will take the concerted effort of federal and state
agencies and local conservation organizations, as well as
an effective plan to convince the public of the intrinsic
value of these imperiled ecosystems (Knick et al. 2003).
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