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Abstract.
Deciduous vegetation along streams and rivers provides breeding habitat to more bird
species than any other plant community in the West, yet many riparian areas are heavily grazed by
cattle and surrounded by increasingly developed landscapes. The combination of cattle grazing and
landscape alteration (habitat loss and fragmentation) are thought to be critical factors affecting the
richness and composition of breeding bird communities. Here, we examine the influence of land use
and cattle grazing on deciduous riparian bird communities across seven riparian systems in five western
states: Montana, Idaho, Nevada, Oregon and California. These riparian systems are embedded in
landscapes ranging from nearly pristine to almost completely agricultural. We conducted landscape
analysis at two spatial scales: local landscapes (all land within 500 m of each survey location) and
regional landscapes (all land within 5 km of each survey location). Despite the large differences among
riparian systems, we found a number of consistent effects of landscape change and grazing. Of the
87 species with at least 15 detections on two or more rivers, 44 species were less common in grazed
sites, in heavily settled or agricultural landscapes, or in areas with little deciduous riparian habitat.
The Veery (Catharus fuscescens), Song Sparrow (Melospiza melodia), Red-naped Sapsucker (Sphyrapicus nuchalis), Fox Sparrow (Passerella iliaca), and American Redstart (Setophaga ruticilla) were
all less common under at least three of these conditions. In contrast, 33 species were significantly
more common in one or more of these conditions. Sites surrounded by greater deciduous habitat had
higher overall avian abundance and 22 species had significantly higher individual abundances in areas
with more deciduous habitat. Yet, areas with more agriculture at the regional scale also had higher
total avian abundance, due in large part to greater abundance of European Starling (Sturnus vulgaris),
American Robin (Turdus migrutorius), Brown-headed Cowbird (Molothrus ater), and Black-billed
Magpie (Pica pica), all species that use both agricultural and riparian areas. Grazing effects varied
considerably among riparian systems, but avian abundance and richness were significantly lower at
grazed survey locations. Fifteen species were significantly less abundant in grazed sites while only
five species were more abundant therein. Management should focus on (1) preserving and enlarging
deciduous habitats, (2) reducing cattle grazing in deciduous habitats, and (3) protecting the few relatively pristine landscapes surrounding large deciduous riparian areas in the West.
Key Words: agriculture; avian abundance and richness; cattle grazing; landscape fragmentation; multi-scale; riparian habitat.

Deciduous riparian areas bordering rivers and
streams in the western United States support a
higher density of breeding birds than any other
habitat type (Carothers and Johnson 1975, Rice
et al. 1983, Ohmart and Anderson 1986), and
studies explicitly comparing deciduous riparian
areas with surrounding upland communities repeatedly have found diversity and density of
breeding birds to be greater in riparian communities (Carothers et al. 1974, Johnson et al.
1977, Stamp 1978, Conine et al. 1979, Hehnke
and Stone 1979, Knopf 1985; Anderson et al.
1985a,b; Strong and Bock 1990, Cubbedge
1994). The importance of these habitats to the
maintenance of avian communities cannot be
overemphasized.
Deciduous riparian habitat
makes up less than 1% of the western land area
(Knopf et al. 1988), yet over 50% of western
bird species breed primarily or exclusively in
deciduous riparian communities (Johnson et al.
1977, Mosconi and Hutto 1982, Johnson 1989,
Saab and Groves 1992, Dobkin 1994). Due to

the proliferation of dams, intensive water management practices, and the effects of domestic
livestock, riparian areas are considered the most
heavily degraded ecosystems in the West (Rosenberg et al. 199 1, Dobkin 1994, Ohmart 1994,
Saab et al. 1995); some western states have already lost as much as 95% of their historic riparian habitat (Rosenberg et al. 1991, Ohmart
1994). The importance of remaining riparian areas for avian and other wildlife populations is
thus greatly magnified.
Two of the primary threats to the quality of
remaining deciduous riparian habitats are the
conversion of land near riparian areas into agricultural and urban land (Tewksbury et al. 1998,
Saab 1999), and cattle grazing within riparian
areas (Carothers 1977, Crumpacker 1984, Chaney et al. 1990, Saab et al. 1995, Saab 1998).
The effects of these activities on individual rivers have often been studied using different metrics, focusing on different groups of birds, and
there have been few attempts to combine data
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across riparian systems to look for common patterns (Hochachka et al. 1999).
Although it is widely recognized that the richness and composition of breeding bird assemblages are at least partially dependent on the
landscape within which they are embedded
(Robinson et al. 1995a; Donovan et al. 1995b,
1997; Freemark et al. 1995, Faaborg et al. 1995,
Saab 1999), it is not clear what scale or scales
are appropriate to use when considering the effects of landscapes on bird populations (Freemark et al. 1995, Donovan et al. 2000). Indeed,
given the many factors that can affect the structure of bird communities (nest predation, brood
parasitism, competition for food and nesting
sites, habitat area limitations), landscapes likely
affect bird communities at multiple scales
(Wiens 1989, 1995; Urban et al. 1987, Turner
1989, Kareiva 1990, Kotliar and Wiens 1990,
Barrett 1992, And&
1995, Freemark et al.
1995, Hansson et al. 1995). To date, however,
few empirical studies have considered the relative importance of multiple landscape scales (but
see Tewksbury et al. 1998, Hochochka et al.
1999, Saab 1999, Donovan et al. 2000), and
there has been no attempt to examine the relative
effects of multiple land-uses across scales when
studying the composition of riparian bird communities.
A focal concern in the western United States
is cattle grazing. Domestic cattle graze 70% of
the land area in the 11 western states (Crumpacker 1984) causing extensive modifications to
vegetation (Holechek et al. 1989). These effects
are particularly apparent in deciduous riparian
areas (Carothers 1977, Crumpacker 1984, Platts
and Nelson 1985, Fleischner 1994, Saab et al.
1995). However, it is not clear which grazing
effects are dependent on local factors and levels
of grazing intensity, and to what extent grazing
effects can be generalized across a broad array
of riparian systems and grazing regimes.
Here we examine the influence of regional
(within 5 km of each study site) and local (within 500 m of each study site) landscapes and the
influence of cattle grazing on the richness and
relative abundance of bird communities in seven
riparian systems dominated by deciduous trees
and shrubs. This work is the result of collaboration by five independent research teams working in five western states over the past decade.
By combining efforts, we provide the first metaanalysis of human-induced landscape change
and cattle grazing on the avian communities
breeding in these critical western habitats in the
hope of detecting consistent patterns across the
West.
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METHODS
RIPARIAN SYSTEMS,SURVEY LOCATIONS, AND
LANDSCAPECHARACTERIZATION
The seven riparian systems included in this work
vary considerably in size, physical character, local and
regional vegetation patterns, and land use (Fig. 1; Appendix I), but all possess streamside vegetation dominated by woody deciduous species (see Appendix 1
for detailed descriptions of each riparian system).
We analyzed bird species-abundance data from a total of 437 survey locations (Fig. 1; Table 1). Survey
locations were separated by at least 150 m and located
in vegetation dominated by cottonwood (Pop&s
spp.), aspen (Populus tremuloides), or a mixture of
species including willow (Saliw spp.), valley oak
(Quercus lobata), dogwood (Cornus spp.), hawthorn
(Cratuegus spp.), cherry (Prunus spp.), alder (Alms
spp.), and birch (Bet& spp.). At each survey location,
relative abundance was calculated as the total number
of each species detected per visit. Surveys were either
fixed-radius point counts (five of the seven systems)
or 150-m fixed-width line transects (Table 1). We defined a survey as a single visit to a point or transect
location. All studies conducted three surveys per year.
The radius of point counts was either 40 m or 50 m,
and point duration was either five or 10 min (Table 1).
We defined two spatial scales at each study location:
regional landscapes (all land within 5 km of each survey location = 7,854 ha) and local landscapes (all land
~500 m of each survey location = 78 ha). Regional
landscape character was quantified using state GAP
databases (Scott et al. 1993) derived from satellite images (Table 1). Local landscape data were gathered
from low elevation aerial photography, ortho-photo
quadrangle maps, and high resolution digital data, depending on the riparian system. Using a different data
set for local analyses allowed us to include smaller
features in analyses, such as linear riparian components and individual buildings that could not be detected at the regional scale. Metrics such as average
patch size and edge-to-interior ratios depend on mapping resolution, and our data resolution varied considerably among sources (Table 1). Thus we confined our
analyses to the percent cover of four landscape components: forest cover, agriculture, human habitation,
and deciduous riparian cover. The first three have been
used previously to index landscape fragmentation and
habitat conversion (Donovan et al. 1995b, 1997; Robinson et al. 1995a, Young and Hutto 1999). Deciduous
riparian cover also has been used in landscape studies.
Percent cover blends aspects of patch size and isolation, both of which have been found to affect riparian
bird communities (Brown and Dinsmore 1986, Gibbs
et al. 1991, Craig and Beal 1992, Saab 1999).
Our decision to compare high-resolution local data
with low-resolution regional data also reflects the
choice available to land managers, where detailed
land-use data are available only at local scales. This
approach, however, confounds differences in resolution
with differences in scale. Therefore, on three riparian
systems (Sacramento, San Joaquin, and Bitterroot rivers), we compared GAP data (used for the regional
scale) with aerial photography data (used at the local
scale) on the same 500 m local landscapes to examine
correlations between estimates derived from different
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FIGURE 1. River system locations and general landscape character of each river system. Pie charts are mean
percent cover for each landscape component averaged across all survey locations, at both local and regional
scales. Hum. Hab. = all human habitations, including houses, farms, commercial developments, and industrial
areas. Ag. = all agriculture, including row crops and land used for pasture and row crop, but excluding vineyards
and orchards. Orchard = all orchards, primarily fruit and nut trees, and vineyards. Grass = all grasslands. Shrub
= all shrublands and juniper woodlands, as bird communities were similar. Decid. = all deciduous habitats.
Conifer = Conifer forests. Water = all large bodies of water, including river channels. Lacust. = Lacustrine,
partially submerged and wet meadow habitat. Barren = permanent snow, ice, rock, or talus.

data types. For the Bitterroot River, the resolution of
GAP data is quite high (Table 1), so we expected some
concordance between the two techniques. For the Sacramento and San Joaquin Rivers, the GAP resolution
is low, and this shift in resolution could affect results
considerably. Because the regional scale contains 100
times the area of the local scale, however, lower resolution at the regional landscape scale should have less
effect than lower resolution at the local scale.

LIVESTOCK GRAZING
In five of the seven riparian systems studied, grazing
occurred on some but not all of the study sites. Within
these five systems, the intensity and timing of grazing
differed considerably, from the Missouri River with
long term high-intensity grazing on grazed sites and
no cattle on rested (“ungrazed”)
sites for the past 30
years, to the Snake River where grazing intensity dif-
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fered considerably among sites and was often moderate or light (Appendix 1). The methods of comparison
differ as well; in the Hart Mountain and Sheldon systems, the same sites were surveyed in 1991 and 1993,
the first and third growing seasons following cessation
of long term livestock grazing. We considered the
1991 surveys “grazed” and the 1993 surveys rested.
In all other riparian systems, bird abundance was compared in the same years among different locations,
rather than in the same locations among different
years. Given all these differences, we expected to find
great variation among riparian systems in the effects
of grazing, and any consistent effects should represent
general effects applicable to a wide variety of riparian
ecosystems in the West.
ANALYSIS

Relative abundance data were available for each
point count or transect survey except on the Snake
River, where data were averaged to the study site level.
To accommodate this, we performed analyses at the
site level for all riparian systems, and at the survey
location level for all areas except the Snake. Both
methods gave similar results. However, combining
data to the site level resulted in a considerable loss of
statistical power, so we present analysis of the survey
location data for all rivers except the Snake, which is
analyzed at the study site level. Our analysis of species
richness includes all areas except the Snake because
average richness per survey location could not be calculated from the data available.
All variables were initially screened for deviations
from normality using one-sample Kolmogorov-Smirnov tests (Sokal and Rohlf 1995), and transformed
where necessary. We used square-root transformations
for count data (bird variables), and arcsine square-root
transformations for percent data (landscape components). We examined four landscape components-human habitation, agriculture, deciduous forest, and coniferous forest+ach
at local and regional landscape
scales.
Within each riparian system, we examined the effects of landscape differences on the relative abundance of all individual species detected an average of
15 or more times per year on that riparian system.
Because we were primarily interested in effects that
can be generalized throughout western riparian areas,
we limited our analysis to species meeting this criterion on at least two riparian systems (102 species in
total). In addition, we examined community level effects by grouping species into different guilds: primary
hosts of Brown-headed Cowbirds (see Appendix 2 for
scientific names of all species) vs. non-hosts; and longdistance migrants vs. short-distance migrants vs. permanent residents. In examining the effects of grazing,
we also divided species into open nesting species vs.
primary and secondary cavity nesting species, and low
vs. high nesting species. Relative abundance of each
species is defined as the average number of individuals
detected per survey calculated by averaging values for
separate visits within a year and then averaging across
years. We also examined overall richness, calculated
as the cumulative number of species detected at each
location over the three surveys within a single year,
averaged across years.
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Migratory status followed Sauer et al. (2000). Primary hosts included all species listed as common or
frequent cowbird hosts in The Birder’s Handbook
(Ehrlich et al. 1988); species listed as uncommon or
rare cowbird hosts were termed secondary hosts (not
analyzed in this manuscript). For nest height, we used
the mean nest height from nesting studies on the riparian systems in this study, and examined the effect
of grazing on the abundance of birds nesting below
2.5 m and above 5 m (Appendix 2).
To control for the large differences in methods
among riparian systems, we first tested the effects of
each landscape component within each riparian system
to maintain consistency in sampling. To assess landscape effects on the avian community, we regressed
total relative abundance, richness, and the relative
abundance of each avian guild against each of the
landscape components at both local and regional
scales, using all survey locations within each riparian
system for each river-specific analysis. To test for grazing effects we used t-tests within each riparian system,
comparing community metrics and individual species
between grazed and ungrazed sites. We assumed equal
variance among population means unless P < 0.1 in
Levene tests for equality of variance. Because these
analyses are based on overall relative abundance of all
species in a guild, the results are heavily influenced by
the most common species. To examine landscape and
grazing effects on community metrics with all species
receiving equal weight, as well as to determine the
response of individual species to differences in landscapes, we designated each survey location as low
(lower 25%), middle (25 to 75%) or high (upper 25%)
with respect to each landscape component within each
riparian system. For tests of landscape effects on overall abundance, and the effects of landscapes and grazing on each guild, we coded each species as either
more or less abundant in the low sites when compared
to the high sites, then used binomial tests to determine
if a significant majority of species within each guild
were significantly more abundant in the high or low
sites. For analysis of individual species, we used
Mann-Whitney U-tests to compare the abundance of
species in low and high sites for each landscape component within each riparian system and to compare
abundance in grazed vs. ungrazed sites. We tested all
species on a given riparian system with an average of
15 or greater detections per year. As our purpose was
to evaluate the consistency of landscapes and grazing
effects across rivers, we limit our results to species
tested in at least two riparian systems. This analysis
controls for landscape differences among different riparian systems because it compares abundances of
birds across the landscape extremes within each riparian system.
To examine landscape and grazing effects across riparian systems, we used Fisher’s combined probabilities test (Fisher 1954, Sokal and Rohlf 1995). This test
evaluates the P-values from each riparian system
against the null hypothesis that there is no general
trend of significance across tests (in this case, riparian
systems). The value -2 times the sum of the natural
logs of all the P values from a group of independent
tests of a single hypothesis falls along a cumulative
Chi-square distribution with 2k degrees of freedom,
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TABLE 2. CORRELATTONS AND MEAN DIFFERENCE (1 SE) BETWEEN LANDSCAPE COMPONENTS IDENTIFIED USING
HIGH RESOLUTIONLOCAL LANDSCAPEDATA AND LOWER RESOLUTION GAP DATA (USED FOR THE REGIONAL SCALE
ANALYSIS) BOTH AT THE LOCAL SCALE
Human habltatian

Bitterroot
Sacramento
San Joaquin

AgIlCUltUE

Deciduousnparian

I

Diff (%)h

r

Diff (%)b

r

Diff (%)h

0.20*
-a
-a

-5.4 (0.7)
- 1.2 (0.2)
-2.9 (0.3)

0.78***
-0.23
0.17

-9.0 (1.3)
5.9 (5.4)
0.8 (3.9)

0.76***
0.11
-0.07

-6.3 (1.2)
0.2 (5.7)
7.6 (3.6)

Coniferous forest
r

0.97***
-

D,ff (%)”

11.6 (1.0)
-

***

Note: * P < 0.05, ** P < 0.01,
P < 0.005.
a Lower resolution data-source picked up no human habmtion.
b % difference = % component at regional scales (low resolution) -

% component at local scale? (high resolutmn).

where k = the number of separate tests (riparian areas)
being compared. The combined probabilities test evaluates where the summed value lies along the cumulative Chi-square distribution. Because we are comparing the significance of tests for a general trend in
one direction, but trends may be either positive or negative, we had to account for the sign associated with
each P value. To do this, we used -In P for all results
whose significance referred to a test opposite in sign
from that being evaluated. We evaluated trends in both
directions. This procedure produced a more conservative test for an overall pattern across riparian systems, as it is more difficult to reject the null hypothesis
of no general effect. Using Fisher’s combined probabilities tests also circumvents the problems of combining data with inherent differences in detection probabilities resulting from differences in survey techniques
and observers. To determine the most abundant species
across river systems, we ranked the abundance of all
species within each river system in descending order,
and computed mean abundance ranks for all species
across rivers (a mean abundance rank of one would
mean a species had the highest detection frequency in
all rivers it occurred in).
To correct for inflation of significance due to multiple testing, we used sequential Bonferroni adjustment
of significance (Rice 1989) for all correlation, regression, and t-tests. Thus for tests of landscape effects,
we corrected for a total of 64 tests within each riparian
system (four landscape components, two scales, and
eight bird community components). We also corrected
for 64 tests when examining the significance of the
combined probabilities tests across riparian systems.
For grazing effects, we corrected for 12 tests (one for
each aspect of the bird community examined).

RESULTS
For all studies combined, 180 species were
detected across 437 survey locations. Eleven
species were detected on all seven river systems.
These species, in order of mean abundance rank
(lower ranks being more abundant) were the
Brown-headed Cowbird, with a mean abundance
rank of 7.2; American Robin, 13.7; House Wren,
14.6; Yellow Warbler, 16.1; European Starling,
17.9; Black-headed Grosbeak, 18.9; Bullock’s
Oriole, 21.3; Mourning Dove, 22.1; Warbling
Vireo, 24.1; Brewer’s Blackbird, 29.4; and Lazuli Bunting, 30.1. Of the 87 species tested in-

dividually for effects of landscape components
and grazing, 44 species were significantly less
common either in grazed areas, areas with high
human habitation or extensive agriculture, or areas with less deciduous riparian habitat; 33 species were more common under these conditions.
CORRELATIONS AMONG LANDSCAPE COMPONENTS
AND BETWEEN DATA RESOLUTIONS

components
Correlations
among
landscape
varied considerably among riparian systems, depending on the landscape context within which
each stream or river was embedded (Fig. 1). Not
surprisingly, both within and between scales, the
strongest correlations were found where the four
components we examined-human
habitation,
agriculture, deciduous area, and coniferous forest-dominated the landscape (e.g., Snake and
Bitterroot rivers), as opposed to landscapes
dominated by shrub or grass (Appendix 3).
Landscape components varied considerably in
their correlations across scales. Relatively homogeneous and broad land uses, such as agriculture, were always correlated positively across
scales, whereas clumped and small land-uses,
such as human habitation, were correlated weakly across scales in most riparian systems (Appendix 3). Differences in data resolution also affected correlations across scales. When we controlled for scale and compared both local (high
resolution) and regional (low resolution) data at
the local scale, we found strong positive correlations on the Bitterroot River (Table 2), where
regional analysis was relatively fine grained (Table 1). Even with this higher resolution regional
data (minimum mapping unit = 2 ha), however,
smaller landscape components were underemphasized compared with dominant landscape
components (Table 2). Where regional data were
coarse-grained, as on the Sacramento and San
Luis rivers, correlations were not significant, and
differences had high variance because components identified with the high-resolution local
data were either missed entirely, or overemphasized by the low resolution landscape data.
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HUMAN HABITATION
At local scales, the majority of all species
(62% ? 5% SE, five rivers) had lower relative
abundances in areas with high human habitation
compared to areas with low human habitation.
This trend was particularly apparent in long-distance migrants (66% + 6% less abundant in areas with high human habitation, five rivers).
These relationships were significant for both
groups in binomial tests, but because the Brownheaded Cowbird, Yellow Warbler, and the
Black-headed Grosbeak (all very common species) were more abundant in areas with high human habitation, there was no relationship between the total number of detections of all species, or detections of long-distance migrants, vs.
local human habitation (Table 3). Human habitation was strongly and positively correlated
with the number of Brown-headed Cowbirds detected at both scales (Table 3), and the number
of non-host species detections was higher in areas with higher regional human habitation, due
primarily to the greater abundance of European
Starlings, House Wrens, and American Robins
in more densely settled areas (Table 4). The five
species showing the greatest reduction in frequency in regional landscapes with high proportions of human settlement were Yellow-rumped
Warbler, MacGillivray’s Warbler, Warbling Vireo, Swainson’s Thrush, and Dusky Flycatcher
(Table 4). Populations of each of these species
are highly vulnerable to cowbird parasitism
(Tewksbury et al. 1998).
AGRICULTURE
High abundances of abundant species such as
American Robins, Yellow Warblers, and Brownheaded Cowbirds in areas with agriculture (Table 4) led to highly significant positive relationships between total and guild detection frequency and the amount of agriculture at both scales.
However, binomial tests for direction of change
of all species in each guild were not significant
(Table 3; 53% -C 6% of species had higher abundance in areas with more agriculture), and the
only river system to show a significant majority
of species increasing with regional agriculture
was the Bitterroot (Appendix 4). In addition, regional agriculture was significantly, positively
correlated with the abundance of Brown-headed
Cowbirds, which were twice as abundant in areas with high proportions of agriculture compared with areas with low proportions of agriculture. Primary hosts, although not related to
agriculture at the local scale, showed a strong
positive relationship with the amount of agriculture regionally. This positive trend was driven almost entirely by Yellow Warblers, the most
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abundant host. Yellow Warblers were detected
far more often in areas with greater amounts of
agriculture and human habitation. In contrast,
many less abundant cowbird host species, such
as Swainson’s Thrush, Warbling Vireo, MacGillivray’s Warbler, and Yellow-rumped Warbler, were rarely detected at survey locations
with high regional agriculture (Table 4). Overall,
there was no indication that the majority of hosts
were more or less abundant in landscapes dominated by agriculture (Table 3; Appendix 4).
Non-hosts showed a strong positive relationship with agriculture at both scales (Table 3),
primarily due to higher abundances of American
Robins, House Wrens, European Starlings, Tree
Swallows, and Bullock’s Orioles in areas with
greater proportions of agriculture (Table 4). The
effects of human habitation and agriculture appear similar; in total, 24 species were significantly more abundant in areas with high local or
regional agriculture, and 17 of these species
were also significantly more abundant in areas
with high human habitation.
DECIDUOUSRIPARIAN
Across riparian systems, areas with more deciduous riparian habitat tended to have greater
avian abundance and diversity. Fifteen species
were significantly more abundant in areas with
a high proportion of deciduous habitat at the local scale; six of these species were present in at
least four riparian systems: Yellow Warbler,
Black-headed Grosbeak, Song Sparrow, Western
Wood Pewee, Cedar Waxwing, and Orangecrowned Warbler. Only two species were significantly less abundant in areas with greater local
deciduous riparian habitat, MacGillivray’s Warbler and Townsend’s Warbler. Effects at the regional scale were similar (Tables 3 and 4),
though almost half of the individual species increasing were different from those increasing at
the local scale.
The amount of local deciduous riparian habitat was positively correlated with virtually all
avian guilds at both scales. Binomial tests were
less convincing of a significant overall effect,
where the only significant relationship was between all species and regional deciduous riparian habitat (Table 3; 57% of species + 4.3%,
five rivers). The lack of significant effects in binomial tests at the local scale was caused primarily by effects on the Sacramento River,
where greater local deciduous riparian habitat
was associated with lower detection frequencies
in 67% of all species (Appendix 4).
CONIFEROUSFOREST
At the local scale, the proportion of coniferous forest was not significantly related to total
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relative abundance, richness, or any guild examined, after correcting for multiple tests. However, at the regional scale, conifer cover had a
strong negative effect on cowbird abundance
(combined P < 0.001). Cowbirds were detected
only half as often at survey locations with high
conifer forest when compared to locations with
low conifer forest (Table 4). Coniferous cover
was also related negatively to the abundance of
non-hosts, driven primarily by the low abundance of European Starlings, American Robins,
and House Wrens in sites with high coniferous
cover. In addition, long-distance migrant abundance was associated positively with percent conifer forest (Table 3), due primarily to many
more detections of Warbling Vireo, MacGillivray’s Warbler, Townsend’s Warbler, Violetgreen Swallow, and Fox Sparrow in areas with
more conifers (Table 4). Binomial tests agreed
in direction with regressions on total guild abundance, but were non-significant across rivers,
showing considerable variation in results among
individual rivers (Appendix 4).
GRAZING
The majority of all species (63% ? 5%) were
less abundant in grazed locations (Fig. 2A; combined probabilities test x2 = 42.8, P < 0.001).
After correcting for multiple tests, six species
were significantly less abundant at grazed survey locations when all riparian systems were
considered, while no species were significantly
more abundant at grazed locations (Table 5). In
addition, total relative abundance was significantly lower in grazed areas (Fig. 2B; combined
probabilities test x2 = 48.9, P < 0.001) and species richness showed a non-significant trend to
be lower in grazed areas (Fig. 2C; combined
probabilities test x2 = 19.8, P = 0.01, not significant after correction for multiple tests). The
intensity of grazing effects varied greatly among
the seven riparian systems. On the Missouri,
Sacramento, and Hart systems, 68-73% of species were less abundant in grazed areas (Fig. 2A;
binomial tests, P’s < 0.007). The Missouri
showed the most dramatic effects, with 13 species significantly less abundant in grazed areas
and only one more abundant (Appendix 5), and
the average detections per count shifted from 36
on ungrazed survey locations to 21 on grazed
survey locations. In contrast, on the Snake and
Sheldon riparian systems, species were no more
likely to be less or more abundant in these areas
(Fig. 2A). On the Sheldon, only two species differed significantly between recently grazed and
ungrazed sites, with one species more abundant
in each condition (Appendix 5).
Cowbird abundances were not significantly
different between grazed and ungrazed locations
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for any of the five large riparian systems (Fig.
3A). Total primary cowbird hosts, however,
were less abundant in grazed areas (Fig. 3B;
combined x * = 25.3, P = O.OOS), with strong
effects on the Missouri River (t = 3.3, P =
0.003) and the Snake River (t = 3.2, P = 0.002;
Appendix 5). While the majority of host species
were less abundant on grazed sites in all river
systems except the Sheldon, the low number of
species in the guild precluded significant effects
(Fig. 3C). On the Missouri River, the effects of
grazing on hosts was driven primarily by lower
abundance of Red-eyed Vireo, American Redstart, Lazuli Bunting, Least Flycatcher, and Yellow Warbler in grazed areas (Appendix 5). Lazuli Buntings and Yellow Warblers were also significantly less abundant in grazed sites along the
Snake River, as were Veerys and Song Sparrows
(Appendix 5). Total non-host abundance showed
no consistent response to grazing pressure (Fig.
3D; combined probabilities test x2 = 11.3, P =
0.33), but the proportion of species that were
more abundant in ungrazed systems was typically higher than expected by chance (Fig. 3E;
combined probabilities test x2 = 20.0, P =
0.023).
Of the migratory guilds, long-distance migrants were the only group significantly less
abundant in grazed areas (Total abundance Fig.
4A: combined probabilities test x2 = 47.7, P <
0.001; binomial mean response Fig. 4B: combined probabilities test x2 = 26.4, P = 0.003).
Across all riparian systems, five of the ten species with significantly lower relative abundances
in grazed areas were long-distance migrants (Table 5). The lower relative abundance of longdistance migrants in grazed areas was particularly apparent on the Missouri River, where the
average number of long-distance migrants was
21 individuals per survey in ungrazed areas and
only 12 per survey in grazed areas (Fig. 4A),
and 84% of the species were less abundant in
grazed sites (Fig. 4B). In addition to large effects on the Missouri, long-distance migrants
were significantly less abundant in grazed sites
on the Sacramento (t = 2.1, P = 0.037), and
exhibited similar non-significant trends in both
Hart Mountain and Snake River systems (P =
0.07 and 0.18, respectively). Residents showed
no significant differences between grazed and
ungrazed sites for any of the riparian systems
(Fig. 4C and 4D). The total abundance of shortdistance migrants tended to be lower in grazed
areas (Fig. 4E; combined probabilities test x2 =
19.3, P = 0.03, not significant after correction
for multiple tests) with large differences in detection frequency only on the Missouri River (t
= 3.2, P = 0.003). Individual species in this
guild were no more likely to be less or more

174

STUDIES

.I
8
$
z

0.8

.g

0.4

g
g
a

0.2

IN AVIAN

0.6

# of species = 68

#ofsites=

72

46
‘

20’26

# of sitkk = 9 46
,F

8

12’ 17

12 17
$
g@

8 8

20’21

9’10

20.21

9 .I0
OQ

$

Q

3
e

5@

LZ2

More abundant in grazed areas
More abundant in ungrazed areas
Grazed
Ungrazed

FIGURE 2. Total response of all species to grazing
in each riparian system. Proportion of all species more
abundant in grazed or ungrazed plots (A), average
number of birds detected per survey (B), and the av-

erage number of speciesdetected over the courseof a
single year at a given location (C) for grazed and ungrazed plots in each river system. * P < 0.05, ** P <
0.01, *** P < 0.005. (*) = P-value not significant after
correction for multiple tests.

abundant in grazed sites (Fig. 4F; combined
probabilities test x2 = 7.5, P = 0.679).
Total abundance of open cup nesters was significantly higher in ungrazed survey locations
(Fig. 5A; combined probabilities test x2 = 46.4,
P < 0.0005) and an average of 65% (2 8%) of
open-cup nesting species were less abundant in
grazed areas (Fig. 5B; combined probabilities
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test x2 = 35.3 P < 0.001). Primary cavity nesting species trended in the same direction (Fig.
5C; combined probabilities test x2 = 20.4, P =
0.026, not significant after correction for multiple tests), and secondary cavity nesters showed
conflicting patterns on different riparian systems
with no overall effect (Fig. 5E; combined probabilities test x2 = 4.4, P = 0.92). Binomial tests
suggested no overall trend for cavity nesters
(Fig. 5D and 5F), though the number of species
in each guild was too small for rigorous analysis. On the Missouri, total abundances of open
cup and primary cavity nesters were significantly greater on ungrazed sites (t’s > 4.2, P’s <
0.001) and 22 of 25 open-cup nesting species
were more abundant in ungrazed sites. Open-cup
nesting abundance was also lower on the Hart
Mountain (total abundance; t = 2.6, P = 0.013)
and Sacramento River (t = 2.1, P = 0.04) systems, with 30 of 40 species less abundant in
grazed areas on Hart Mountain (binomial test P
= 0.003) and 27 of 40 species less abundant in
grazed locations on the Sacramento (binomial
test P = 0.04).
The overall abundance of all species nesting
below 2.5 m was significantly lower in grazed
sites compared to ungrazed sites (Fig. 6A; combined probabilities test x2 = 26.4, P = 0.003)
and 67% of species in this category (2 5%)
were less abundant in grazed sites (combined
probabilities test x2 = 17, P = 0.07), with all
rivers showing the same trend (Fig. 6B). In contrast, the combined abundance of all species
with average nesting heights higher than 5 m
showed only a non-significant trend to be lower
in grazed areas (Fig. 6C; combined probabilities
test x 2 = 18.6, P = 0.045, not significant after
correction for multiple tests), and only 58% (_’
9%) of species in this guild were less abundant
in grazed sites, with the Snake and Sheldon systems showing either opposite trends or no effect
(Fig. 6D; combined probabilities test x2 = 5.8,
P = 0.23).
DISCUSSION
This synthesis includes seven different westem riparian systems, each embedded in a different landscape. In each system, data were
gathered by different investigators using similar
but not identical methodologies. Despite these
differences, our results demonstrate that both
landscape character and livestock grazing have
some consistent, potentially West-wide effects
on bird communities. Although some of these
effects are similar to those found in the Midwest
(landscape effects on Brown-headed Cowbirds,
for example), others will require further study to
determine the mechanisms responsible for the
patterns (the effects of grazing and agriculture
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SPECIESSHOWING OVERALL TREND IN RESPONSETO GRAZING

American Robin
Western Wood-pewee
Black-headed Grosbeak
song sparrow
Hairy Woodpecker
Mallard
Red-shafted Flicker
MacGillivray’s
Warbler
Cedar Waxwing
Cordilleran Flycatcher
Red-eyed Vireo
Fox Sparrow
Green-tailed Towhee
Black-capped Chickadee
Gray Catbird
Ovenbird
Turkey Vulture

0.005*
0.031
0.080
0.020
0.031*
0.055
0.115
0.129
0.073
0.003*
o.oos*
0.014*
0.015”
0.017
0.032
0.177
0.197

Dusky Flycatcher
Western Meadowlark
Brewer’s Sparrow

Note: Speaea are ranked by the number of riparian qyrtems included in the analysis (mmimum
after Bonferroni correction for multiple tests.

Warblers, for example). Below, we
summarize effects of different landscape components and provide a brief synthesis of our
findings.
on Yellow

SCALE AND RESOLUTION
Until recently, there has been a significant gap
between theoretical work stressing the scale-dependent nature of landscape effects (Wiens
1989, 1995; Dunning et al. 1992) and empirical
studies that confine analysis to a single landscape scale (Donovan et al. 1995b, Robinson et
al. 1995a, Thompson et al. 2000, Hejl and
Young 1999; but see Tewksbury et al. 1998,
Young and Hutto 1999, Donovan et al. 2000).
The abundance and composition of bird communities are affected by multiple processes
across different landscape scales (Dunning et al.
1992, Freemark et al. 1995); even a single process, such as nest predation, acts across multiple
scales dependent on the range size and habitat
affinities of the primary predators (And&
1995,
Tewksbury et al. 1998). This variation in the
scaling of processes suggests that conservation
planning will be best served by examination of
multiple scales. Multiple-scale landscape analyses allows the discovery of relationships that are
relatively scale-insensitive, and thus more easily
applied in management contexts, and it allows
determination of appropriate scales when processes such as brood parasitism or nest predation
are considered.
Our results show that different landscape
components influence bird abundance and diversity at different scales. Overall, 40% of spe-

4
3
2

0.040
0.056
0.110

of two) and significance (P < 0.2). * Denotes Ggmficanl

cies significantly affected by landscape factors
at one scale were not affected by these factors
at the other scale (Table 4), suggesting that examination of landscapes at only a single spatial
scale may result in loss of considerable information. Importantly, our examination of two
landscape scales does not allow us to determine
the point when considering more land area decreases rather than increases the explanatory
power of a certain landscape variable, as we can
only say that a larger landscape is better than a
smaller one, or the other way around. Analyses
comparing the effect sizes of landscape components at multiple scales would allow estimation of the relative importance of landscape features at different distances from an area of interest.
The appropriate scale is also a function of
mapping resolution. Linear landscape components and components that typically have small
patch sizes are usually underestimated when
mapping resolution is coarse. It is not particularly surprising that we found no significant correlations between data gathered using the low
resolution California GAP data and the detailed
CWIS data (Table 2), as the resolution of the
California GAP data (100 ha minimum patch
size) is greater than the entire area of our local
landscapes (78 ha). This coarse resolution is inappropriate for local scale habitat mapping, but
it may still be appropriate for larger landscape
scales as long as the biases are recognized. At
our regional scale, where we used these data, we
mapped 8000 ha around each survey location,
which allowed for a mosaic of patches even
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FIGURE 3. Grazing effects on cowbirds, prime hosts, and non-hosts. Total detections per survey on grazed
and ungrazed sites (A, B, and D), and proportion of species in each guild more abundant in grazed or ungrazed
sites (C and E), for cowbirds (A), prime hosts (B and C), and non-hosts (D and E) in each river system. * P <
0.05, ** P < 0.01, *** P < 0.005. (*) = P-value not significant after correction for multiple tests.

when these patches were 100 ha and larger. At
this level, large differences in the regional landscape are fully apparent, but features such as
dispersed housing or small riparian areas are not
detected. Thus the effect of changing regional
agriculture or coniferous forest cover is well
represented in the coarse-grained data, while
changes in linear deciduous riparian areas may
go undetected. As landscape data of higher resolution become more broadly available, comparisons across regions should be possible using
the same data sources for all landscape sizes,
eliminating the confounding issues of shifting
mapping resolution and allowing explicit comparison of scale.

HUMAN

HABITATION

AND AGRICULTURE

Our finding that overall avian abundance was
positively related to regional agricultural abundance runs counter to findings from the East
(Croonquist and Brooks 1991, 1993), but is not
without precedent in the western United States
(Carothers et al. 1974). These results may be
better understood by examining the individual
species with large differences in abundance,
rather than by focusing on guilds (Mannan and
Meslow 1984). The high congruence in the species increasing due to agriculture and human
habitation is partly a function of the positive correlation that typically exists between agriculture
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(C and D), and short-distance migrants (E and F) in each river system. * P < 0.05, ** P < 0.01, *** P < 0.005.
(*) = P-value not significant after correction for multiple tests.

and houses (Appendix 3). It is likely, however,
that many species with higher relative abundance in areas with more agriculture also show
similar numerical responses to high human habitation. Brown-headed Cowbirds use both agricultural and farm areas for foraging (Thompson
1994), and European Starlings often forage in
suburban and agricultural areas (Fischl and Caccamise 1985). Indeed, most of the species that
are more abundant in areas with high agriculture
or human habitation often utilize multiple habitats; American Robins, Black-billed Magpies,
starlings, and cowbirds are all examples. Increases in starlings may have consequences for
other secondary cavity nesters, as starlings can

exclude less aggressive species from cavities
(Ingold 1989, 1994, 1998; Nilsson 1984, Kerpez
and Smith 1990, Rich et al. 1994, Dobkin et al.
1995). Indeed, densities of Violet-green Swallows were significantly lower in sites with high
agriculture at either scale-the
same sites in
which starlings were significantly more abundant (Table 4).
Higher Brown-headed Cowbird detection frequency in areas with more agriculture has been
found previously across both local and regional
scales (Conine et al. 1979, Donovan 1997,
Tewksbury et al. 1999, Hejl and Young 1999,
Hochachka et al. 1999, Young and Hutto 1999).
Our finding that the detection frequency of pri-
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FIGURE 5. Grazing effects on open nesting species, primary cavity nesters, and secondary cavity nesting
species. Total detections per survey on grazed and ungrazed sites (A, C, and E), and proportion of species in
each guild more abundant in grazed or ungrazed sites (B, D, and F), for open-cup nesting species (A and B),
primary cavity nesting species (C and D), and secondary cavity nesting species (E and F) in each river system.
* P < 0.05, ** P < 0.01, *** P < 0.005. (*) = P-value not significant after correction for multiple tests.

mary hosts was not lower in areas where cowbirds were common is consistent with other
comparisons of cowbird density and host density
(Donovan et al. 1997, Tewksbury et al. 1999,
Young and Hutto 1999) and does not indicate
that cowbirds have no effect on host communities (De Groot et al. 1999). The demographic
effect of brood parasitism varies greatly among
different host species (Lorenzana and Sealy
1999), and we first expect lower abundances of
species that are particularly susceptible to parasitism. Indeed, the Dusky Flycatcher, Swainson’s
Thrush, Veery,
Warbling
Vireo,
Orangecrowned Warbler, MacGillivray’s
Warbler, and
American Redstart all suffer complete or nearly
complete brood loss when parasitized (J. J.

Tewksbury, unpubl. data) and are all less abundant in areas with high human habitation or high
agriculture (Table 4), areas where cowbirds are
abundant. In contrast, Yellow Warblers are more
resistant to the demographic effect of brood parasitism (Clark and Robertson 198 1, Sealy 1993,
and they were more abundant in areas with high
human habitation and agriculture. Importantly,
human habitation and agriculture are often concentrated near productive riparian habitat with
large flood-plains, areas where many long-distance migrants susceptible to parasitism are
more abundant. Thus the trend for Yellow Warblers (more abundant in these areas) may characterize the natural response of other species, as
they respond to larger riparian areas, but the ef-
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feet of cowbirds may counter this trend. In addition, negative correlations between cowbird
and host detection frequencies suggest that rates
of brood parasitism are positively related to
cowbird detection frequencies. While this assumption is reasonable across most levels of
cowbird detection, where cowbird numbers are
high, further increases may not change parasitism rates. This may be the case along the Sacramento River, where high-levels of parasitism
at all sites may have already caused large regional declines in many species (Gaines 1974)
so that current variation in cowbird detection
frequency is uncorrelated with parasitism rates.
The largest limitations in understanding the
effects of changing landscapes on riparian bird
communities are the correlations among components of the landscape. In our study, we cannot separate unambiguously the effects of agriculture and human habitation because of the
high correlation between these components (Appendix 3). In some cases, however, correlations
between landscape components differ significantly among riparian systems, allowing insights
into which relationships are causative, and
which are simply due to covariation in landscape
components. For example, local deciduous habitat is correlated strongly with higher host abun-

dance (Table 3). In the Bitterroot Valley, agriculture is correlated positively with the amount
of local deciduous habitat (Appendix 3; r =
0.47, P < O.OOl), and, as a result, we see positive associations between host abundance and
regional agriculture. Conversely, along the
Snake River, local agriculture and deciduous
habitats are negatively correlated (Appendix 3;
r=
-0.55, P < O.OOl), and we see a strong
negative relationship between host abundance
and agriculture at the local scale (Appendix 4).
Thus, changes in host abundance are likely
caused by differences in the amount of deciduous habitat, not the amount of agriculture, but
the effects are difficult to separate where these
components are positively correlated.
DECIDUOUSRIPARIAN AREA
Deciduous riparian area at the local scale is a
function of the width of the riparian corridor;
thus the positive correlations between avian
abundance and deciduous habitat likely are consequences of greater habitat availability and heterogeneity associated with larger riparian corridors (Tyser 1983, Brown and Dinsmore 1986,
Dobkin and Wilcox 1986, Craig and Beal 1992,
Keller et al. 1993). All of the species that were
significantly more abundant at survey locations
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with high local deciduous habitat are species traditionally considered riparian associates. The
guild-level examination of the effects of increasing local deciduous area and increasing regional
agriculture suggested similar effects (Table 3)
but the individual species responding to these
landscape components were quite different (Table 4). Fifteen species had significantly higher
abundance in larger deciduous areas, and 17 species were higher in abundance in areas with
more regional agriculture. However, only three
species were more abundant under both these
conditions (Table 4). Thus the bird communities
in areas with high agricultural abundance share
little in common with the communities in areas
with large amounts of deciduous habitat, and
guild-based analysis may lead to erroneous conclusions unless the responses of individual species are examined.
Within riparian systems, the breeding bird
community found in smaller deciduous tracts
was most often a subset of the birds found in
larger tracts. Only three species were less abundant in sites with more local deciduous forest,
and one of these, the Townsend’s Warbler, is typically associated with coniferous habitats. Thus,
preserving and restoring large tracts of deciduous habitat likely will do more to preserve riparian-associated species than will any other action. In addition, large deciduous patches also
may reduce parasitism in parts of the patch as
distance from the nearest cowbird feeding area
increases.
CONIFEROUS FOREST

Studies in the Midwest have found that areas
with higher conifer abundance, at scales similar
to our regional scale, have lower cowbird abundance and parasitism (Donovan et al. 1995b,
1997; Robinson et al. 1995a). Recent work in
the western United States, however, has suggested that the abundance of human habitation
(Tewksbury et al. 1998), agriculture (Hejl and
Young 1999, Young and Hutto 1999, Donovan
et al. 2000), and the abundance of suitable hosts
(Barber and Martin 1997; Tewksbury et al.
1998, 1999) are better predictors of parasitism
pressure than is conifer abundance. Our study
supports both bodies of work-cowbirds
were
not significantly less abundant in areas with
more local coniferous forest, but they were related positively to both human habitation and
agriculture, and they were also higher in larger
riparian areas, where host abundance is also
higher. At a regional scale, cowbirds did show a
strong negative correlation with the amount of
coniferous forest on the landscape, similar to results from the Midwest and East. This relationship at the regional scale is most likely due to
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the strong negative correlation between regional
coniferous forest cover and agriculture on the
Snake and the Bitterroot rivers (Appendix 3), the
two rivers where cowbirds and coniferous forest
are negatively related (Appendix 4). In the Bitterroot River system, rates of brood parasitism
have been directly related to the amount of human habitation on the landscape, not the amount
of coniferous forest (Tewksbury et al. 1998).
The effects of coniferous forest on individual
species were very similar across scales, with
over 70% of species affected showing significant
effects at both scales.
GRAZING
Variation in the intensity, duration, and timing
of grazing has been shown to influence bird
communities (Saab et al. 1995), and its effects
are particularly apparent in deciduous systems
(Fleischner 1994). Our study includes a diversity
of grazing regimes, and the effects on bird communities generally match the intensity and duration of the grazing. In the Missouri River,
grazed sites have had cattle on them for over 50
years, and ungrazed sites have been free of grazing for over 25 years. This is reflected in the
severe effects of grazing on the bird communities. In contrast, grazing-related differences were
few in the Sheldon system, where long-term
livestock grazing has left a highly degraded set
of riparian habitats. Ungrazed survey locations
were only in their third year of rest, and the
general lack of differences in avian community
composition reflected the very limited recovery
made by the riparian plant community (D. Dobkin et al., unpubl. data).
Our finding that grazing had no effect on detection frequencies of Brown-headed Cowbirds
in any riparian system runs counter to most previous studies (Page et al. 1978, Mosconi and
Hutto 1982, Knopf et al. 1988, Schulz and Leninger 1991; but see Taylor 1986). However, we
measured grazing pressure on individual study
sites, not on the landscape as a whole; thus cowbirds may be foraging in grazed sites but searching for nests in ungrazed sites, where hosts are
generally more abundant. Thus grazed and ungrazed sites may offer different resources for
cowbirds; previous research in the Bitterroot
River system has shown that cowbird abundance
is strongly related to host abundance, as well as
distance from agriculture (Tewksbury et al.
1999), supporting this possibility.
As cowbirds are not consistently more abundant in grazed areas, the much lower primary
host abundance in grazed areas may not be simply the result of higher parasitism pressure, but
instead may be due to interactions between vegetation differences and predation rates (Knopf
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1985), lack of appropriate settling cues in grazed
sites, or indirect interactions between food availability, foraging behavior, and nest predation
(Martin 1992). Many primary hosts are also
long-distance migrants, and we found that this
group was lower in abundance in grazed areas
as well. Saab et al. (1995) found the same result
after reviewing the literature, and suggested that
this could be due to the high proportion of opencup nesters among long-distance migrants and
greater sensitivity of open-cup nesters to grazing. Our data are consistent with this interpretation: open-cup nesters were more heavily affected by grazing than were primary or secondary cavity nesters. Open-cup nesters accounted
for 96% of species and 81% of detections for
long distance migrants, 82% of species and 28%
of detections for short-distance migrants, and
only 58% of species and 37% of all detections
for residents.
Along the Missouri River, differences in primary cavity nesters between grazed and ungrazed areas were as great as differences in opencup nesters, a finding that contrasts sharply with
previous work (Good and Dambush 1943, Mosconi and Hutto 1982, Medin and Clary 1991).
The strong community-wide effects seen on the
Missouri may be related to changes in vegetation that take place with continued grazing over
long time scales (Ohmart 1994). High-nesting
birds and primary cavity nesters may escape the
immediate effects of grazing, but as cottonwood
and aspen forests age, lack of recruitment of
new trees causes a reduction in small and eventually large tree classes, which will affect the
density of cavity nesters (Sedgwick and Knopf
1990, Dobkin et al. 1995) and the density of
high-nesting species in general. This process
may be well advanced in grazed locations along
the Missouri, but is unlikely where grazing has
been less continuous. Our results comparing
low-nesting species to high-nesting species further support this possibility. Low open-cup nesting species have been shown to be particularly
sensitive to grazing due to the large effects cattle
have on the lower strata of vegetation (Sedgwick
and Knopf 1987, Saab et al. 1995, Saab 1998).
We also found that while both low and high
nesting species had lower detection frequencies
in grazed areas, these differences were greater
for low nesting species. Along the Missouri,
however, equally strong differences were found
for both low- and high-nesting species, suggesting that long-term grazing may have affected
canopy structure, snag retention, and recruitment
of trees into the canopy (Ohmart 1994).
COWBIRDSAND LANDSCAPES
Cowbirds could pose regional threats to riparian avifaunas due to their ubiquitous nature,
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their tendency to reach high densities in riparian
areas (Tewksbury et al. 1999, Ward and Smith
2000), and the effects of parasitism both on individual hosts (Pease and Grzybowski 1995,
Woodworth 1999) and on community composition (De Groot et al. 1999). Because of this,
much work has examined landscape-scale effects on cowbird abundance and parasitism pressure locally (Gustafson and Crow 1994, Coker
and Capen 1995, Gates and Evans 1998, Hejl
and Young 1999; Tewksbury et al. 1998, 1999;
Young and Hutto 1999), regionally (Donovan et
al. 1995b, 1997, 2000; Robinson et al. 199_5a,
Thompson et al. 2000) and nationally (Hochachka et al. 1999). The majority of this work investigated only one or two factors that could
limit cowbird abundance, in contrast to our results, which suggest that multiple landscape
components may be important in the western
United States.
To date, the species that are most often affected by parasitism appear to be extremely habitat limited (Robinson et al. 199513) suggesting
that the primary cause of population decline is
not parasitism but habitat loss. With the steady
increase in human encroachment upon riparian
systems, and the highly mobile nature and generalist feeding strategy of the cowbird (Thompson 1994, Robinson et al. 1995b), we already
have lost most of our opportunity to set aside
large riparian areas in landscapes that are remote
enough to preclude cowbirds altogether. Thus most
communities will be affected by cowbirds, and attention should shift to strategies for minimizing the
effect of cowbirds at local and regional scales. We
suggest that preserving and enhancing the size of
deciduous areas that are surrounded by few human
habitations and little agriculture will have the
greatest benefit for host populations, as cowbirds
in these landscapes are likely limited by feeding
habitat. In largely agricultural landscapes, cowbirds are more likely limited by availability of host
nests, not feeding areas; thus moderate reductions
in feeding areas in these areas (feedlots, bird-feeders, corrals, livestock pastures) may have little effect on rates of brood parasitism.
MANAGEMENTIMPLICATIONSAND SPECIESOF
PARTICULARCONCERN
Our data suggest that the greatest threats to
western deciduous riparian systems are (1) continued deciduous habitat loss and reduction in
riparian area, (2) continued cattle grazing in remaining deciduous systems, and (3) increasing
concentration of homes and farms along major
riparian systems in the western United States.
All of these factors are likely to have negative
effects on bird communities in deciduous riparian areas, but rarely is it possible to extrapolate
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Warbler, Song Sparrow, Warbling Vireo, and
Red-eyed Vireo may be the most at risk, as all
but the Warbling Vireo nest lower in dense vegetation (Ehrlich et al. 1988; J. J. Tewksbury unpubl. data) and all frequently suffer brood parasitism (Friedmann et al. 1977; J. J. Tewksbury
unpubl. data). These species were all less abundant in landscapes with high human habitation
and agriculture or low amounts of riparian habitat, and three respond negatively to livestock
grazing. In addition, all of these, as well as the
Red-naped Sapsucker, are found almost exclusively in deciduous vegetation. We suggest that
these species should be monitored closely in
western riparian habitats, and research should be
initiated to examine mechanisms behind these
patterns.
CONCLUSIONS
Management that focuses on enhancing the
size of remaining deciduous riparian areas and
reducing cattle grazing on these areas is likely
to produce the greatest benefits for bird species
dependent on western deciduous riparian habitats. In addition, strict limitations on building in
floodplains will reduce the need for absolute
flood control on riparian systems, which results
in reduced riparian area. Protecting the few areas
where riparian systems run through landscapes
that are relatively free of human disturbance
should be a high conservation priority both to
protect the last unaltered pieces of one of the
most endangered and important breeding habitats for western birds, and to preserve these few
natural landscapes as benchmarks to use in examining the effects of land conversion. Without
natural landscapes, we may lose sight of the
conditions we are attempting to preserve.

et al.
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oak. See Gaines (1974) for a detailed description of
study sites.
Grazing: moderate to heavy cattle grazing for the past
15+ years on grazed sites. Ungrazed sites had been
without cattle for at least 3 years before data collection.

Location: all survey locations are in the northern portion of California’s San Joaquin Valley, on levee
roads adjacent to riparian stringers, grasslands, and
recently (last decade) re-flooded grasslands in the
San Luis National Wildlife Refuge.
Vegetation: similar to Sacramento River, dominated by
willows and cottonwood, sycamore, ash, and valley
oak. Willows and marsh vegetation are more common than valley oak.
Grazing: moderate to heavy cattle grazing for the past
1.5+ years on grazed sites. Ungrazed sites have been
without cattle for at least 3 years before data collection.
Snake
Location: Sites are in an 80.km stretch just downstream of the Idaho/Wyoming border in eastern Idaho. For a detailed description of sites see Saab
(1999).
Vegetation: Cottonwood (Populus angustifolia) forests, Understory species include dogwood (Cornus
stolonifera), thin-leafed alder (Alnus incana), water
birch (Ben& occidentalis), and willows.
Grazing: moderate to heavy grazing for the past 30f
years on grazed sites. Ungrazed sites have been
without cattle for at least three years before data
collection.
Bitterroot

The results summarized here were produced by five
independent field teams working over the past decade,
and our work would not have been possible without
the sharp eyes and strong ears of the many people who
conducted surveys in these riparian systems. We thank
R. Hutto, B. Kus, and L. George for their comments
on earlier drafts of this manuscript.

Location: survey locations were located along a 40-km
stretch of the Bitterroot River and smaller tributaries
throughout the Bitterroot Valley between Corvallis
to the north and continuing past Darby to the south.
See Tewksbury et al. (1998, 1999) for details of
study sites.
Vegetation: cottonwood and willow dominate sites
along the Bitterroot River, with dogwood, thinleafed alder, and water birch in smaller quantities.
Along tributaries, cottonwood, aspen, and willow
are dominant.
Grazing: all study sites were ungrazed or rested for at
least five years; thus the Bitterroot River is not included in our analysis of grazing effects.
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DESCRIITIONSOF INDIVIDUAL RIPARIAN SYSTEMS
Sacramento
Location: all study sites are between Red Bluff and
Colusa, California. Most sites are in remnant forest
patches in the Sacramento National Wildlife Refuge.
Vegetation: the floodplain is a complex of early- to
late-successional deciduous forests dominated successively by willows (5%~ “pp.) and cottonwood
(Populus spp.), sycamore (Platanus
spp.), ash
(Fraxinus “pp.), and valley oak (Quercus lob&z).
Adjacent upper terraces are dominated by valley

Location: ungrazed survey locations were located on
the Charles M. Russell National Wildlife Refuge,
and grazed survey locations were in a 40.km stretch
of river bordering the refuge to the west.
Vegetation: riparian stands consist of mid- to late-seral
riparian vegetation (Hansson et al. 1995) dominated
by Great Plains cottonwood (Populus deltoides),
green ash (Fruxinus pennsylvanica), and willow.
Floodplains are bounded by the steep, highly eroded
“Missouri Breaks,” which rise to 300m from the
floodplain and support upland vegetation dominated
by shrubs.
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Grazing: moderate to heavy grazing for the past 30120 years on grazed sites, ungrazed sites have had
no cattle for the past 30 years.
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al) as “grazed,” and data from 1993 (the third growing season following livestock removal) as “rested”
or “ungrazed.” We did not use data for 1992.

Hurt Mount&

Sheldon

Location: all Hart Mountain sites were located in the
northwestern Great Basin on the 115,000 ha Hart
Mountain National Antelope Refuge (42”25’ N,
1 19”40’ W) in southeastern Oregon. Data were used
from surveys conducted along small streams in five
separate drainages.
Vegetation: riparian woodlands occurred as narrow ribbons of riparian habitat, primarily aspen and willows, surrounded by sagebrush (Artemisia spp.)
steppe, or as dense stands of smaller-stature trees on
sideslopes and snowpocket areas in the higher
reaches of riparian drainages. For additional details
see Dobkin et al. (1995, 1998).
Grazing: in the autumn of 1990, livestock were removed completely from the Hart Mountain refuge,
ending continuous livestock use dating back to the
1870s. For this study, we classified data from 199 1
(the first growing season following livestock remov-

Location: all Sheldon sites were on the Sheldon National Wildlife Refuge located in the northwestern
corner of Nevada, approximately 55 km southeast
of Hart Mountain. Riparian areas occur mostly as
narrow valleys and canyons bordered by the steep
rimrock of tablelands.
Vegetation: riparian habitat is severely limited at Sheldon, and nearly all riparian habitat in this study consisted of degraded willow-dominated areas.
Grazing: as at Hart Mountain, livestock were removed
from the Sheldon Refuge in the autumn of 1990
following continuous livestock use dating back to
the 1870s. For this study, we classified data from
1991 (the first growing season following livestock
removal) as “grazed,” and data from 1993 (the third
growing season following livestock removal) as
“rested” or “ungrazed.” We did not use data for
1992.
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SPECIES, BY RIVER

Detection/survey
River system

et al.

Mann-Whitney

U-test

Ungrazed

Grazed

U

W

P

0.5873
0.6412
0.0960
0.1555
0.0406
0.1550
0.0821
0.0761
0.1250
0.1061
0.5840

0.0597
0.2735
0.0094
0.0409
0.0472
0.0000
0.0189
0.0189
0.0094
0.3741

66.5
95.5
105.5
123.0
144.0
127.5
153.0
146.5
155.5
157.0
148.0

111.5
140.5
150.5
168.0
189.0
172.5
198.0
191.5
200.5
202.0
193.0

0.001
0.011
0.013
0.044
0.060
0.062
0.089
0.122
0.152
0.156
0.179

0.0457
0.0341
0.1370
0.6334
0.3520
0.1702

0.2169
0.0880
0.2578
0.8708
0.4999
0.3804

78.5
105.5
91.0
116.5
123.5
142.5

1159.5
1186.5
1172.0
1197.5
1204.5
1223.5

0.001
0.004
0.007
0.039
0.057
0.130

0.4791
0.8020
0.1606
0.3667
0.1176
2.7632
0.0474
0.2386
0.0293
0.1490
0.3268
0.032 1
0.2309
0.0118
0.0532
0.0302
0.0403

0.1161
0.3124
0.0131
0.2178
0.0678
2.2466
0.0118
0.1465
0.0091
0.0763
0.1940
0.0056
0.0971
0.0022
0.0149
0.0158
0.0068

118.0
117.0
134.5
150.5
154.0
152.0
174.5
162.5
189.0
172.5
172.0
203.5
179.0
213.0
196.0
198.0
211.0

328.0
327.0
344.5
360.5
364.0
362.0
384.5
372.5
399.0
382.5
382.0
413.5
389.0
423.0
406.0
408.0
421 .O

0.001
0.001
0.002
0.015
0.016
0.017
0.029
0.030
0.041
0.047
0.050
0.058
0.059
0.096
0.107
0.118
0.147

0.462 1
0.2488
0.0044
0.2475
0.3474
0.0201

1.1689
0.5509
0.0529
0.4988
1.2135
0.0326

107.0
149.5
180.5
160.0
163.5
208.0

458.0
500.5
531.5
511.0
514.5
559.0

0.001
0.014
0.019
0.026
0.032
0.167

2.2941
2.3824
0.7059
1.6765
2.1176
0.7059
1.8824
1.6765
0.4706
2.7647
0.7353
0.647 1

0.7917
1.0833
0.0417
0.4583
1.2083
0.1250
1.0833
0.9167
0.0000
2.0000
0.1667
0.2083

19.5
27.0
45.5
39.0
43.5
48.0
48.0
46.0
60.0
54.0
57.5
57.0

97.5
105.0
123.5
117.0
121.5
126.0
126.0
124.0
138.0
132.0
135.5
135.0

<O.OOl
0.001
0.004
0.004
0.008
0.009
0.011
0.011
0.013
0.028
0.029
0.03 1

Sacramento
Less Abundant

in Grazed Areas
Tree Swallow
Black-headed Grosbeak
Downy Woodpecker
American Robin
California Towhee
Mourning Dove
Bank Swallow
White-breasted Nuthatch
Turkey Vulture
European Starling
Western Wood-pewee
More Abundant in Grazed Areas
California Quail
Warbling Vireo
Wilson’s Warbler
Bewick’s Wren
Lazuli Bunting
Lesser Goldfinch
Snake
Less Abundant in Grazed Areas
Veery
Song Sparrow
Fox Sparrow
Black-capped Chickadee
Lazuli Bunting
Yellow Warbler
Mallard
Black-headed Grosbeak
Belted Kingfisher
Gray Catbird
Cedar Waxwing
Ruffed Grouse
Violet-green Swallow
Broad-tailed Hummingbird
MacGillivray’s
Warbler
Spotted Sandpiper
Swainson’s Thrush
More Abundant in Grazed Areas
House Wren
Mourning Dove
Pine Siskin
Black-billed Magpie
European Starling
Cassin’s Finch
Missouri
Less Abundant in Grazed Areas
Mourning Dove
American Robin
Red-eyed Vireo
Red-shafted Flicker
Least Flycatcher
Brown Thrasher
Western Wood-pewee
Lazuli Bunting
Ovenbird
House Wren
Black-headed Grosbeak
Bullock’s Oriole
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CONTINUED
Detectmnlnurvey

River system

Ungrazed

Grazed

American Redstart
Yellow Warbler
Yellow-breasted Chat
Hairy Woodpecker
Gray Catbird
Common Grackle
Black-capped Chickadee
American Goldfinch
More Abundant in Grazed Areas
Eastern Kingbird
Spotted Towhee
Hart
Less Abundant in Grazed Areas
Cordilleran Flycatcher
Hairy Woodpecker
Green-tailed Towhee
Rock Wren
Wilson’s Warbler
Red-tailed Hawk
More Abundant in Grazed Areas
Swainson’s Thrush
Black-headed Grosbeak
Sheldon
Less Abundant in Grazed Areas
Western Wood-pewee
More Abundant in Grazed Areas
Brewer’s Sparrow
Yellow Warbler

0.4706
3.7941
2.8529
0.4118
0.6176
0.6471
0.6471
2.3529

0.0833
2.5833
2.0417
0.0833
0.1250
0.3333
0.2083
1.5417

0.1176
0.9706

Mann-Wheney
U

U-test
W

P

63.0
58.0
59.0
65.0
70.5
76.5
74.5
72.0

141.0
136.0
137.0
143.0
148.5
154.5
152.5
150.0

0.034
0.047
0.051
0.052
0.108
0.132
0.161
0.177

0.3333
1.3750

67.0
67.5

220.0
220.5

0.048
0.115

0.3333
0.4286
0.5714
0.2619
0.2381
0.2857

0.0000
0.0500
0.1500
0.0000
0.0500
0.1000

140.0
130.5
121.5
170.0
170.5
171.0

350.0
340.5
331.5
380.0
380.5
381.0

0.005
0.005
0.006
0.043
0.092
0.138

0.1905
0.3333

0.4000
0.6500

160.0
154.0

391.0
385.0

0.091
0.094

0.6000

0.0000

22.5

67.5

0.017

0.2000
0.3000

0.7778
0.7778

23.0
27.0

78.0
82.0

0.039
0.096

Noter: Values are mean detections per survey, and results of Mann-Whitney
U-test for differences between grazed and ungrared. All species detected
at least 15 tunes on a given river system wth a P < 0.2 from a Mann-Whitney
U-test are included.

