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Deciduous riparian ecosystems bordering
streams, rivers, and mesic sites in the western
United States provide habitat for a higher den-
sity of breeding birds than reported for any
other avian habitat type and provide habitat
for more breeding bird species than adjacent
uplands (reviewed by Knopf et al. 1988, Ohmart
1994, Saab et al. 1995). Riparian ecosystems of
the eastern Sierra Nevada are no exception and
support diverse breeding-bird communities, in-
cluding species of conservation concern (Heath
and Ballard 2003, McCreedy and Heath 2004,
Heath 2008). In the Sierra Nevada of California,
60% of the land is publicly owned (Duane 1999).
However, the eastern and western slopes vary
in degree of land development. The western
slope has experienced greater pressures from
land development, with 10%–20% of foothills

converted to agriculture or human structures
(George and Dobkin 2002). The eastern slope
is physically isolated and has a comparatively
sparse human population (Duane 1999), with
0%–10% of land converted to agriculture or
human structures (George and Dobkin 2002).

Although the proportion of land develop-
ment is minimal in the eastern Sierra Nevada,
its public lands are not pristine. The Inyo Na -
tional Forest (Inyo NF) manages most eastern
Sierra Nevada lands above 1200 m in Mono and
Inyo counties, and Inyo NF is one of the most
visited recreational areas in the United States
(1983 visits exceeded 7 million; Kondolf et al.
1987). Riparian ecosystems make up only 0.4%
of Inyo NF lands yet experience heavily con-
centrated recreational use (Kondolf et al. 1987).
Stream diversions, stream impoundments, and
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ABSTRACT.—Deciduous riparian ecosystems in the western United States provide habitat for a higher density of
breeding birds than reported for any other avian habitat type and provide habitat for more breeding bird species than
adjacent uplands. On the east slope of the Sierra Nevada, riparian ecosystems make up <1% of United States Forest
Service lands yet experience a disproportionate amount of recreational use and development. Two of these develop-
ments, pack-station corrals and campgrounds, provide foraging opportunities for the Brown-headed Cowbird (Molothrus
ater)—an obligate brood parasite that forages on bare ground and feedlots but typically commutes to distinct shrubland
or woodland habitats for breeding. We examined nest survival, brood parasitism, breeding phenology, and causes of nest
failure for birds at North Lake and Rock Creek: 2 high-elevation (>2500 m) riparian breeding habitats adjacent to recrea-
tional development and within cowbird commuting distance to additional potential foraging sites. Nest survival tended
to be higher for host species at Rock Creek than for those at North Lake, but parasitism rates were not significantly dif-
ferent between plots. Of 21 open-cup nesting species, 12 were parasitized. We found the highest rate of parasitism
(92%) for Warbling Vireos (Vireo gilvus) at North Lake, and parasitism contributed to lower total nest survival there
(14%). For nearly all species, parasitized nests were less successful and produced fewer young than nonparasitized nests.
However, predation was the leading cause of complete nest failure across all species and contributed to the lowest total
nest survival estimates for Western Wood-Pewees (Contopus sordidulus, 11%) and Dusky Flycatchers (Empidonax ober-
holseri, 15%) at North Lake and for Dark-eyed Juncos ( Junco hyemalis, 15%) at Rock Creek. Nest survival was relatively
high for Western Wood-Pewees (41%) at Rock Creek and for Yellow Warblers (Dendroica petechia, 47%) at North Lake.
We noted whether the arrival of pack animals at pack-station corrals contributed to variation in cowbird numbers at cor-
rals or in parasitism rates at the 2 sites. Cowbirds occupied corrals before and after pack-stock arrival, and most host
clutches were completed prior to pack-stock arrival at nearby corrals, suggesting that the presence of pack animals did
not directly affect cowbird host species.
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livestock grazing have also heavily impacted
riparian-ecosystem vegetation and hydrology
(Smith et al. 1991, Stromberg and Patton 1992,
Kauffman et al. 2000, Fitzhugh and Richter
2004). Paved roads accessing high-elevation
areas (up to 3100 m) tend to follow streams of
the larger glacial drainages, and recreational de-
velopments, such as campgrounds and small re-
sorts, are often situated in or adjacent to riparian
ecosystems. Mountain pack stations are common
among these riparian-situated recreational de -
velopments. Horses and mules are maintained
in corrals at the pack stations and are taken for
trail rides and remote backcountry excursions
during summer and fall.

The presence of recreational and rural
developments located among bird-rich riparian
breeding habitats (Heath and Ballard 2003)
likely contributed to the proliferation of the
Brown-headed Cowbird (Molothrus ater) in the
high eastern Sierra Nevada since the 1930s
(Rothstein et al. 1980). Brown-headed Cowbirds
are obligate brood parasites that lay their eggs
in the nests of host species, thereby obliging
hosts to raise foreign young to independence
(Ortega 1998). Because cowbirds do not build
nests or rear offspring, they are able to spatially
and temporally separate their breeding and for-
aging activities (Rothstein et al. 1984, Thompson
1994). In the eastern Sierra Nevada, Rothstein et
al. (1984) documented Brown-headed Cowbirds
commuting up to 7 km between morning breed-
ing habitats, which were predominantly streamside
or meadow-forest edge habitats, and afternoon
foraging sites, mostly in livestock corrals at
mountain pack stations but also in campgrounds
and at bird feeders. They observed 6 host spe -
cies that were parasitized on the east slope:
Warbling Vireos (Vireo gilvus), Yellow Warblers
(Dendroica petechia), Dark-eyed Juncos ( Junco
hyemalis), Song Sparrows (Melospiza melodia),
Green-tailed Towhees (Pipilo chlorurus), and an
unidentified Empidonax sp. (Rothstein et al.
1980; x– = 3.2 nests per host species).

Brown-headed Cowbirds reduce the number
of host-young fledglings, cause host-nest fail-
ure or abandonment, and prey on host eggs and
nestlings (Ortega 1998, Lorenzana and Sealy
1999). These costs on individual hosts can have
detrimental consequences to some populations
of host species (e.g., Kus 1999, Whitfield and
Sogge 1999), while other populations maintain
stability despite parasitism pressure (e.g., Sedg-
wick and Iko 1999). The threshold above which

parasitism becomes a limiting factor can depend
on species, localized rate of parasitism, or popu-
lation demographics in absence of parasitism
(May and Robinson 1985, Smith 1999). For ex -
ample, nest predation is the major cause of nest
failure for most passerines and can impose great
costs on individual nesters not affected by para-
sitism (Martin 1992). Moreover, habitats that
support both high nest-predator and Brown-
headed Cowbird densities can create a combi-
nation of predation and parasitism that greatly
reduces host productivity (Tewksbury et al.
1998). Thus, it is necessary to determine both
nest parasitism rates and nest predation rates in
order to identify limiting factors to hosts.

Rothstein et al. (1980) suggested that the
relatively recent expansion of Brown-headed
Cowbirds into the Sierra Nevada could pose a
threat to naïve host species, especially since
cowbirds were scarce in the region prior to
about 1940. Verner and Ritter (1983) also strongly
recommended continued monitoring of cow-
birds and their hosts in various localities in the
Sierra Nevada. Herein we describe nest sur-
vival, nest parasitism, and breeding chronology
for 12 Brown-headed Cowbird hosts in high-
elevation riparian breeding habitats of the east-
ern Sierra Nevada. Our objective was to assess
the potential impacts of parasitism and preda-
tion on host reproduction in a high-elevation
riparian habitat embedded in a landscape with
multiple cowbird foraging sites. We also note the
relation between parasitism rates and Brown-
headed Cowbird numbers and the arrival of
pack animals to the nearest pack-station corral.

METHODS

Study Area

We studied 2 high-elevation riparian areas,
32 km apart and located on Inyo NF land in the
eastern Sierra Nevada, California, during 2001–
2004. The sites were chosen because they pro-
vided nesting habitat for breeding bird species
of Inyo NF management concern (e.g., Warbling
Vireos and Yellow Warblers) and because they
were near pack stations and campgrounds. The
sites also were embedded in a landscape that
provided multiple foraging opportunities for
Brown-headed Cowbirds (Rothstein et al. 1980,
1984). The sites were representative of many
of the eastward-draining, glacially carved can -
yons in the region, with respect to recreational
development (Kondolf et al. 1987) and bird
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community composition (Heath and Ballard
2003).

The North Lake site (2840 m, Inyo County,
37°13�48�N, 118°37�1�W) was a 21-ha plot (n
= 1) that contained 2 trailhead parking lots
and the North Lake Pack Station. The pack-
station corral kept approximately 50 mules and
horses during each summer of our study. Within
10 km upstream from the plot were one devel-
oped campground and the John Muir Wilder-
ness boundary; within 10 km downstream from
the plot were a small housing development (ap-
proximately 140 homes), 8 developed camp-
grounds, and a side fork of the same drainage,
which contained another pack station (9 km
away) and 2 developed campgrounds. Within a
10-km radius of North Lake, there were 2 ac -
tive grazing allotments. Cattle grazed one allot-
ment starting on 15 June in 2001, 2003, and
2004, and 1 July in 2002. Cattle did not graze
the other allotment in 2001 but started grazing
on 25 June in 2002 and 2004, and the start date
is unknown for 2003 (L. Murphy, Inyo NF, per-
sonal communication).

The Rock Creek site (2600 m, Mono
County, 37°30�29�N, 118°42�52�W) was on an
18-ha plot (n = 1) that contained a developed
campground and a 2-lane paved road. Within
10 km upstream from the plot were 7 developed
campgrounds, a resort development, the Rock
Creek Pack Station’s lower corral (4.5 km away),
and its main pack-station corral (7 km away). The
lower corral retained animals en route to the
main pack-station corral during heavy snow
years and also retained overflow and injured
animals (we observed 3–50 mules and horses
there); a maximum of 110 animals were permit-
ted for the Rock Creek Pack Station during the
years of our study (M.B. Hennessy, Inyo NF,
personal communication). Within 10 km down-
stream from the Rock Creek plot were 5
developed campgrounds, a small housing de -
velopment (population approximately 115), and
a restaurant. Within a 10-km radius of the plot,
there was one active sheep and goat allot-
ment on Inyo NF lands as well as livestock
leases on City of Los Angeles lands in the val-
ley below; sheep and goat permits ran from 15
June to 1 October 2001 and from 20 July to 30
September during 2002–2004 (L. Murphy, Inyo
NF, personal communication). Livestock typi-
cally grazed from mid- to end of May through
October (D. House, Los Angeles Department
of Water and Power, personal communication).

Vegetation at North Lake and Rock Creek
were both characterized as aspen and subal -
pine/montane wetland shrub habitat series
(Sawyer and Keeler-Wolf 1995). Predominant
vegetation included quaking aspen (Populus tre -
muloides), willow shrub (Salix spp.), and sedge
(Carex spp.) meadow. Absolute cover of vegeta-
tion layers was similar at Rock Creek and North
Lake study plots (15% tree, 35–40% shrub, and
60–70% herbaceous) (PRBO unpublished data).
Both study sites were bordered by lodgepole
pine forest (Pinus contorta), shrub fields (pri-
marily Arte misia tridentata, Purshia tridentata,
and Cercocarpus ledifolius), and granite talus.
On-site water sources included creeks, springs,
and North Lake.

Field Methods

We began territory mapping and nest search-
ing in early May for all bird species breeding
within plot boundaries. We visited each plot
every 2–4 days until breeding activity declined
in early August, from 2001 to 2004. We deter-
mined territory numbers for all species by map-
ping cumulative observations of simultaneously
singing males, counter-singing males, territorial
interactions, and nests and by comparing nest-
cycle timing with neighboring pairs (Robbins
1970). We located nests using methods suggested
by Martin and Geupel (1993). At North Lake
and Rock Creek, respectively, we found active
nests for 67% and 71% of Western Wood-Pe -
wee (Contopus sordidulus) territories, 65% and
29% of Dusky Flycatcher (Empidonax oberhol -
seri) territories, 63% and 50% of Warbling Vireo
territories, 65% and 58% of Yellow Warbler ter-
ritories, 42% and 25% of Yellow-rumped War-
bler (Dendroica coronata) territories, 5% and
16% of Fox Sparrow (Passerella iliaca) territories,
55% and 73% of Song Sparrow territories, 55%
and 53% of Dark-eyed Junco territories, and
50% and 38% of Cassin’s Finch (Carpodacus
cassinii) territories. We found nests for 44% of
White-crowned Sparrow (Zonotrichia leuco -
phrys) territories at North Lake and 50% of
Black-headed Grosbeak (Pheucticus melano -
cephalus) territories at Rock Creek. Brewer’s
Blackbirds (Eu phagus cyanocephalus) defended
territories or bred in tightly clustered colonies
at both sites; we were not able to determine
the percentage of pairs for which we found
nests.

We followed nest-monitoring guidelines out-
lined by Martin and Geupel (1993). We checked
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nest contents every 1–4 and occasionally 5
days (x– = 3.1) until final failure or fledging.
During each check, we observed nest contents
and recorded number of host and cowbird eggs
or young. To view contents of high nests, we
used extension poles fitted with Mini CCD
Color Pinhole Cameras (Swann Communica-
tions USA Inc., Santa Fe Springs, CA) or we
climbed trees. In cases where nests were too
high for either method, we determined nest
stage by noting adult or nestling behavior (e.g.,
adult incubating, turning eggs, or feeding young;
or young visible over nest edge) (Martin and
Geupel 1993). We were not able to determine
parasitism status for these nests unless cowbird
young were visible from below. After nest-
cycle completion, we made follow-up visits to
confirm presence or absence of fledglings and
considered a nest successful if ≥1 host young
fledged.

We conducted cowbird counts on average
every 7.5 +– 1.6 (mean +– SD) days at the North
Lake corral and Rock Creek overflow corral
from mid-May through July or the first week of
August, from 2001 to 2004. We did not conduct
counts at the Rock Creek Pack Station itself
since snowpack made it inaccessible for most
of the bird breeding season in some years. De-
spite previous reports that cowbird breeding and
foraging activity are split temporally and spa-
tially between morning breeding habitats and
afternoon foraging habitats (Rothstein et al.
1984), we conducted cowbird counts twice each
day (the first between 06:00 and 09:00 and the
other typically between 12:00 and 16:00). Counts
were at least one hour apart and spanned 5 min -
utes; we recorded number of cowbirds, distance
to each individual (≤50 m or >50 m), sex, and
age (adult or juvenile). Counts were done from
the same central location of each corral, within
a 50-m-radius circle which encompassed the
entire corral. Each year, we performed, on av -
erage, 5.50 +– 1.73 near-weekly counts prior to
pack-stock arrival and 5.25 +– 0.96 after pack-
stock arrival at North Lake and 4.75 +– 1.26
before and 5.75 +– 0.50 after at Rock Creek.

Data Summary and Analysis

For all species parasitized by Brown-headed
Cowbirds at North Lake and Rock Creek, we
calculated the proportion of nests parasitized
for (1) all species combined by plot and year
and for (2) each species by plot with all years
combined. We derived these summaries using

all nests observed with ≥1 host or cowbird egg
or young, for which we observed the entire
nest contents. In addition, we calculated the
proportions of nonparasitized and parasitized
nests that were successful. We derived these
summaries using nests observed with ≥1 host
or cowbird egg or young, for which we observed
the entire nest contents and determined the
outcome. We defined a successful nest as one
in which at least one host young fledged. We
calculated the mean numbers of host young
fledged from nonparasitized and parasitized
nests that we observed with ≥1 host egg or
young and for which we observed all nestlings
within 4 days of fledge date.

For each species, we also estimated daily nest
survival (DNS; Mayfield 1975, Johnson 1979)
and total nest survival (the probability of a nest
surviving the entire length of the nest period
= DNSnest period length) by plot, all years com-
bined. We derived these estimates from all nests
observed with ≥1 host egg or young. Hensler
and Nichols (1981) and Nur et al. (1999) advise
against comparing estimates of DNS for stud-
ies with ≤20 nests per species or treatment.
We did not meet this criterion for all species
at both locations. We nonetheless deemed our
results for all parasitized species instructive and
worth reporting, but our estimates derived from
low samples must be interpreted with caution.

For nests with known fates, DNS exposure
period was terminated midway between the last
day of observed host activity and the first day of
observed host inactivity. For nests with unknown
fates (<2.5%), we terminated exposure period
on the last day of observed host activity
(Manolis et al. 2000). Exposure periods were
terminated on the predicted hatch day for para-
sitized and nonparasitized nests with unhatched
host eggs. To calculate total nest survival we
used the following nest period lengths (laying
+ incubation + nestling, in days): Yellow War-
bler = 23.1 and Song Sparrow = 25 (Mono
County PRBO unpublished data); Western
Wood-Pewee = 32.8, Dusky Flycatcher = 34.7,
Warbling Vireo = 29, Yellow-rumped Warbler
= 28, Black-headed Grosbeak = 27, White-
crowned Sparrow = 25, Fox Sparrow = 25.25,
Dark-eyed Junco = 27.5, Brewer’s Blackbird
= 29, and Cassin’s Finch = 31.5 (Sedgwick
1993, Chilton et al. 1995, Hill 1995, Hahn
1996, Hunt and Flaspohler 1998, Bemis and
Rising 1999, Gardali and Ballard 2000, Martin
2002, Nolan et al. 2002, Weckstein et al. 2002).
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We determined the proportions of nest fail-
ure due to predation (previously active nests
that were empty prior to expected fledge date
or for which a direct predation event was
observed), parasitism (only cowbird young
fledged), desertion (dead nestlings, unhatched
eggs after expected hatch date, or absence of
parents), and weather (desertion following mul-
tiple days of extreme weather). Since identifica-
tion of nest predators or determination of precise
cause of nest failure can be unreliable without
the use of recording devices (Lariviére 1999,
Liebezeit and George 2003, Thompson and
Burhans 2003), we did not attempt to assign
specific predators to predation events. Thus,
nest failures that we attributed to predation
likely included predation by cowbirds and
could also have included nests that were pre-
dated following desertion.

Female Brown-headed Cowbirds lay most
eggs in host nests before host-clutch comple-
tion and onset of incubation (Lowther 1993);

therefore, we calculated the proportion of total
nests with clutch-completion dates before and
after pack-stock arrival for each plot and year.
For both corrals during each year, we used
adult cowbird counts within 50 m of count sta-
tions to compare morning and afternoon counts
of both female and male cowbirds. We used
the maximum number of female and male cow-
birds from either the morning or afternoon
counts per count day to compare the following
for each corral and year: (1) percentage of visits
in which we observed cowbirds at corrals before
and after pack-stock arrival, and (2) numbers
of female and male cowbirds before and after
pack-stock arrival.

We tested for differences in nest proportions
using Fisher’s exact test and tested for differ-
ences in cowbird counts using Wilcoxon’s
signed-rank tests in program R version 2.9.1
(R Development Core Team 2008). We tested
for differences in daily nest survival using
CONTRAST (Hines and Sauer 1989, Nur et
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TABLE 1. Percentage of nests parasitized by Brown-headed Cowbirds (% parasitized) for all nestsa (n), proportion of
successful nests (% successful = fledged at least one host young) for nonparasitized and parasitized nestsb (n), and mean
number of host young fledged per nestc for nonparasitized and parasitized nests at North Lake and Rock Creek, eastern
Sierra Nevada, California, 2001–2004.

% Successful (n) Number fledged per nest______________________ ______________________
% Parasitized Non- Non-

Species Location (n) parasitized Parasitized parasitized Parasitized

Western Wood-Pewee North Lake 8 (13) 9 (11) 0 (1) 0.3 0
Rock Creek 14 (21) 63 (19) 0 (3) 1.1 0.3

Dusky Flycatcher North Lake 37 (41) *42 (24) 7 (15) 1.3 0.5
Rock Creek 50 (8) 100 (4) 0 (2) 2.8 0

Warbling Vireo North Lake **92 (13) 100 (1) 0 (10) 0.8 0
Rock Creek 43 (28) 60 (15) 30 (10) 1.1 0.3

Yellow Warbler North Lake 23 (39) 63 (30) 38 (8) 1.8 0.7
Rock Creek 29 (7) 80 (5) 0 (2) 2.8 0

Yellow-rumped Warbler North Lake 50 (2) 0 (1) 100 (1) 0 1.0
Rock Creek 50 (2) 0 (1) 0 (1) 0 0

Black-headed Grosbeak Rock Creek 100 (1) (0) 0 (1) 0 0
White-crowned Sparrow North Lake 50 (4) 50 (2) 50 (2) 2.0 1.0
Fox Sparrow North Lake 100 (1) (0) 0 (1) 0 0

Rock Creek 50 (4) 50 (2) 0 (2) 1.0 0
Song Sparrow North Lake 53 (17) 71 (7) 43 (7) 2.4 0.7

Rock Creek 55 (11) 100 (5) 50 (6) 3.4 0.8
Dark-eyed Junco North Lake 50 (4) 0 (1) 0 (2) 0 0

Rock Creek 13 (16) 50 (14) 0 (2) 1.4 0
Brewer’s Blackbird North Lake 17 (36) 38 (29) 17 (6) 1.2 0.5

Rock Creek 10 (20) 61 (18) 0 (2) 2.1 0
Cassin’s Finch North Lake 13 (8) 57 (7) (0) 1.4 0

Rock Creek 25 (4) 50 (2) 0 (1) 1.5 0
aNests observed with at least one host or cowbird egg or young, excluding nests for which the contents were not directly observed.
bSame nest sample as in footnote a, though excluding nests with unknown outcomes (<2.5%).
cAll nest attempts observed with at least 1 host egg or young and for which entire brood was observed within 4 days of fledge date. 
*P < 0.05, between parasitism status, for a given species and location.
**P < 0.001, between plots, for a given species.



al. 1999). Significance was assumed at α = 0.05.
Data are presented as means with standard de -
viations, unless otherwise noted.

RESULTS

Twenty-five and 31 bird species held territo-
ries or bred at North Lake and Rock Creek plots,
respectively (Appendix). We found 351 nests
for 23 species at North Lake and 268 nests for
26 species at Rock Creek. Besides Black-headed
Grosbeaks, which bred only at Rock Creek,
and White-crowned Sparrows, which bred only
at North Lake, 10 species were parasitized by
Brown-headed Cowbirds at both sites: West-
ern Wood-Pewee, Dusky Flycatcher, Warbling
Vireo, Yellow Warbler, Yellow-rumped Warbler,
Fox Sparrow, Song Sparrow, Dark-eyed Junco,
Brewer’s Blackbird, and Cassin’s Finch (Table 1).

Of all the species with n ≥ 5 nests at North
Lake and Rock Creek, Dusky Flycatchers, War-
bling Vireos, and Song Sparrows had >35% of
their nests parasitized (Table 1). Warbling Vireos
at North Lake had the highest parasitism rate,
with 92% of 13 nests parasitized (plot differ-
ence, P = 0.005). Parasitism rates were not sig-
nificantly different between plots for any other
species (P ≥ 0.16); total parasitism rates for all
host species combined at North Lake and at
Rock Creek were 33% (n = 178) and 31% (n =
121), respectively. Total parasitism rates for all
species combined were not significantly dif-
ferent between years at North Lake (P = 0.75)
or at Rock Creek (P = 0.47; Table 2). In nearly
every species and plot combination, parasitized
nests were less successful and produced fewer
young than nonparasitized nests (Table 1). This
difference was significant only for Dusky Fly-
catchers at North Lake (P = 0.02, all others P
≥ 0.07). Dusky Flycatchers, Warbling Vireos,

Yellow Warblers, Yellow-rumped Warblers,
White-crowned Sparrows, Song Sparrows, and
Brewer’s Blackbirds all successfully fledged
both cowbird and natal young at least once,
whereas Western Wood-Pewees, Black-headed
Grosbeaks, Fox Sparrows, Dark-eyed Juncos,
and Cassin’s Finches did not fledge natal young
from parasitized nests.

Of the species with n ≥ 15 nests at North
Lake, 4 species had total nest survival below
20%. Of species with n ≥ 15 nests at Rock
Creek, 2 species had total nest survival ex -
ceeding 35% (Table 3). Differences in DNS
between plots were significant only for West-
ern Wood-Pewees (χ2 = 7.6, df = 1, P = 0.03)
and Dusky Flycatchers (χ2 = 4.5, df = 1, P =
0.006). Predation (including potential predation
by cowbirds) accounted for most nest failures
for every species except the White-crowned
Sparrow (Table 3). Cases where only cowbird
young fledged accounted for 46% of Warbling
Vireo nest failure at North Lake and 50% of
Dusky Flycatcher nest failure at Rock Creek.
Of the 8 deserted nests, 2 nests (1 Yellow War-
bler, 1 Brewer’s Blackbird) contained cowbird
eggs or young.

Brown-headed Cowbird timing and numbers
varied across years and plots, but female and
male cowbirds were present at corrals well be -
fore pack-stock arrived in all years except 2002,
when only males were observed at North Lake
(Fig. 1). Cowbird numbers during morning (AM)
versus afternoon (PM) counts were not signifi-
cantly different for males or females in any year
at North Lake (P ≥ 0.16) and were significantly
different at Rock Creek only for females in 2003
(AM count: 1.13 +– 1.61; PM count: 2.09 +– 1.81;
P = 0.013) and for males in 2002 (AM count:
0.46 +– 1.20; PM count: 0.15 +– 0.38; P = 0.046).
Mean maximum number of female cowbirds
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TABLE 2. Arrival date of pack stock at North Lake and Rock Creek corrals, percent of host nest clutches completed
prior to pack-stock arrival (nest cc), and total percent of nests parasitized by Brown-headed Cowbirds by year, eastern
Sierra Nevada, California, 2001–2004.

North Lake Rock Creek_________________________________________ _________________________________________
Pack stock Nest cca Nests parasitizedb Pack stock Nest cca Nests parasitizedb

2001 21 June 82% 31% 22 June 84% 30%
2002 1 July 86% 33% 18 June *50%0 34%
2003 4 July 81% 31% 19 June 69% 33%
2004 2 July 81% 42% 28 June 81% 17%
aTotal number of host nests for which host clutch completion date was determined (in chronological order): n = 34, 57, 69, 27 at North Lake; n = 19, 30, 59, 27
at Rock Creek.
bHost nests observed with at least 1 host or cowbird egg or young, excluding nests for which the contents were not directly observed (in chronological order): n =
36, 51, 65, 26 at North Lake; n = 20, 23, 54, 24 at Rock Creek.
*P < 0.05, difference among years.



per count day per year was 0.70 +– 1.05 at
North Lake (range 0–3) and 1.34 +– 1.31 at
Rock Creek (range 0–5). Mean maximum
number of male cowbirds was 1.37 +– 1.41 at
North Lake (range 0–6) and 1.57 +– 1.91 at
Rock Creek (range 0–8).

Pack-stock arrival dates varied across years
by up to 8 days at the North Lake corral and by
up to 10 days at the Rock Creek overflow corral
(Table 2). Across years, we observed Brown-
headed Cowbirds at corrals during 61% +– 39%
of counts before and 67% +– 3% of counts after
pack-stock arrival at North Lake, and during
83% +– 14% of counts before and 83% +– 24% of
counts after pack-stock arrival at Rock Creek
(Fig. 1). Mean maximum numbers of female or
male cowbirds before versus after pack-stock
arrival were not significantly different at North
Lake (females, P = 0.09; males, P = 0.09) or
Rock Creek (females, P = 0.47; males, P = 0.58).

The period of host species clutch-completion
dates ranged from 21 May +– 4.2 days to 23 July
+– 6.8 days at North Lake and from 23 May +–

4.5 days to 19 July +– 4.1 days at Rock Creek,
during 2001–2004. During all years at North
Lake and during 3 years at Rock Creek, most
host clutches were complete prior to pack-stock
arrival, regardless of stock arrival date, and para -
sitism rates were similar between years (P =
0.75; Table 2). The only significant exception was
at Rock Creek in 2002, when 50% of clutches
were completed after the earliest pack-stock
arrival date (difference among years, P = 0.03);
but parasitism was not exceedingly high in that
year (difference among years, P = 0.47).

DISCUSSION

Parasitism

Twelve of 21 open-cup nesting species at
North Lake and Rock Creek were parasitized by
Brown-headed Cowbirds (Appendix). We docu-
mented parasitism in 5 of 6 species reported
in the eastern Sierra Nevada by Rothstein et
al. (1980): Empidonax flycatcher (Dusky Fly-
catchers, in our case), Warbling Vireo, Yellow
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TABLE 3. Daily nest survival (DNS) with standard errors (SE), total nest survival, and proportional causes of nest failure
(predation, fledged only cowbirds, desertion of egg or young, weather) for species parasitized by Brown-headed
Cowbirds at North Lake and Rock Creek, eastern Sierra Nevada, California, 2001–2004. 

Cause of nest failure
(% of failed nests)____________________________

Species Location na DNS (SE) Total (%) Pred. Cow. Des. Wea.

Western Wood-Pewee* North Lake 18 0.935 (0.016) 11 93 0 0 7
Rock Creek 24 0.973 (0.008) 41 91 9 0 0

Dusky Flycatcher** North Lake 40 0.947 (0.010) 15 89 7 0 4
Rock Creek 7 0.986 (0.010) 62 50 50 0 0

Warbling Vireo North Lake 16 0.934 (0.018) 14 54 46 0 0
Rock Creek 34 0.966 (0.008) 36 89 11 0 0

Yellow Warbler North Lake 35 0.968 (0.008) 47 76 7 14 0
Rock Creek 8 0.970 (0.017) 50 67 33 0 0

Yellow-rumped Warbler North Lake 2 0.980 (0.020) 56 100 0 0 0
Rock Creek 3 0.902 (0.066) 6 100 0 0 0

Black-headed Grosbeak Rock Creek 2 0.889 (0.074) 3 100 0 0 0
White-crowned Sparrow North Lake 4 0.902 (0.066) 8 0 50 50 0
Fox Sparrow North Lake 1 0.818 (0.164) 1 100 0 0 0

Rock Creek 4 0.932 (0.038) 17 67 33 0 0
Song Sparrow North Lake 16 0.951 (0.017) 28 63 25 0 13

Rock Creek 10 0.984 (0.011) 66 100 0 0 0
Dark-eyed Junco North Lake 4 0.692 (0.128) 0 75 0 0 25

Rock Creek 16 0.933 (0.022) 15 100 0 0 0
Brewer’s Blackbird North Lake 35 0.944 (0.011) 19 75 8 13 4

Rock Creek 20 0.955 (0.014) 29 90 0 0 10
Cassin’s Finch North Lake 12 0.975 (0.011) 45 80 0 20 0

Rock Creek 5 0.968 (0.018) 36 100 0 0 0
aActive nests in which host eggs or young observed, unknown outcomes included.
*P < 0.05, DNS between plots.
**P < 0.01, DNS between plots.



Warbler, Dark-eyed Junco, and Song Sparrow.
The exception was the Green-tailed Towhee,
which did not breed on the North Lake or Rock
Creek study plots, though we have documented
parasitism for this species elsewhere in the
eastern Sierra Nevada (e.g., Heath et al. 2006).
Western Wood-Pewees, Brewer’s Blackbirds,
and Fox Sparrows were parasitized on our study
sites but not at other east-slope locations stud-
ied by Rothstein et al. (1980) in the late 1970s.
Indeed, Rothstein et al. (1980) found it “per-
plexing” that none of the Brewer’s Blackbird
nests they found were parasitized at their moun-
tain sites; nearly 30 years later, 17% and 10%
of this species’ nests were parasitized at ≥2600
m (Table 1). Species for which we documented

parasitism but for which Rothstein et al. (1980)
did not find nests in the eastern Sierra Nevada
were Yellow-rumped Warblers, Black-headed
Grosbeaks, White-crowned Sparrows, and Cas-
sin’s Finches (Table 1).

Brown-headed Cowbird parasitism incurred
costs on individual host reproduction at these
high-elevation riparian sites. For nearly every
species, lower proportions of nests were suc-
cessful and fewer young were produced in para-
sitized than in nonparasitized nests (Table 1).
However, only Warbling Vireos at North Lake
had an extremely high parasitism rate (92%)
coupled with a high proportion of failed nests
fledging only cowbirds (46%) and low total nest
survival (14%; Tables 1, 3). Such a low total

2010] HIGH-ELEVATION BROOD PARASITISM 371

Fig. 1. Maximum number of male and female cowbirds observed during each count day within census interval (first
date of interval is labeled) at the North Lake Pack Station corral and Rock Creek Pack Station overflow corral. Intervals
having no data bars were those in which counts were not performed. Arrows indicate the period in which pack animals
were first observed at the pack station each year in eastern Sierra Nevada, California, 2001–2004.



nest survival is of concern since it is likely lower
than necessary for a population to maintain
viability (approximately 35% for a generalized
neotropical migrant with 2 nesting attempts per
season and given 60% adult and 30% juvenile
survival; Donovan and Thompson 2001). Pur-
cell (2006) suggested that lower nest survival
estimates (30%–32%) in the western Sierra Ne -
vada indicated inability of Warbling Vireo popu-
lations to self-sustain given published survival
rates; low productivity has also been linked to
Warbling Vireo population declines elsewhere
in California (Gardali et al. 2000).

Though parasitism was clearly responsible for
low Warbling Vireo nest survival at North Lake,
other factors also contributed to poor vireo nest
survival at other locations. Nest-survival esti-
mates for Warbling Vireos at lower eastern
Sierra Nevada elevations (1800 m) were also
depressed (10%, n = 20, Gardali and Ballard
2000), where 21% of the nests fledged only cow-
birds and 67% failed due to predation (n = 24,
PRBO unpublished data). Rock Creek nest-sur-
vival estimates were moderate by comparison
(36%), where 42% of the nests were parasitized
and 89% failed due to predation. At other Sierra
Nevada locations, nest survival was closer to our
Rock Creek estimate (northern Sierra Nevada
30%—Smith et al. 2005; west slope 30%–60%—
Purcell 2006), but parasitism rates were much
lower (7% in northern Sierra Nevada—Smith
et al. 2005; 7% on west slope—Purcell 2006).
Our Warbling Vireo nest survival rates were
lower than those reported for Great Basin aspen
and willow sites in eastern Oregon, where
major anthropogenic influences (agriculture,
grazing, human habitation) were reported absent
(55%—Heltzel and Earnst 2006); however, para -
sitism was similar (47%—Heltzel and Earnst
2006).

Predation

Predation (which could include cowbird pre-
dation) also had an impact on host reproduction.
Even for species with high parasitism rates
(Song Sparrows: 53% at North Lake and 55%
at Rock Creek; Dusky Flycatchers: 37% at North
Lake; Warbling Vireos: 43% at Rock Creek), pre-
dation accounted for the majority of nest fail-
ures (Song Sparrows: 63% at North Lake and
100% at Rock Creek; Dusky Flycatchers: 89%;
Warbling Vireos: 89%). Predation coincided with
comparatively low nest survival for Song Spar-
rows (28%) and very low nest survival for Dusky

Flycatchers (15%) at North Lake. Western
Wood-Pewees had low rates of parasitism at
North Lake (8%) but very low total nest survival
(11%), mostly due to predation (93%). Only 17%
(North Lake) and 10% (Rock Creek) of Brewer’s
blackbird nests were parasitized, but predation
accounted for 75% and 90% of nest failures,
respectively; and nest survival was low (19% and
29%, respectively). Finally, only 13% of Dark-
eyed Junco nests were parasitized at Rock
Creek, but nest survival was low (15%) and pre-
dation accounted for 100% of nest failures.

We directly observed only one predation
event (Steller’s Jay [Cyanocitta stelleri] removing
nestlings from a Western Wood-Pewee nest at
Rock Creek) and otherwise identified only po -
tential predators via anecdotal observations
and daily tallies. Thus, further study is needed to
attribute observed nest-predation patterns to
specific predator assemblages found on our
study plots. Of the potential nest-predator spe-
cies we observed at Rock Creek and North
Lake, 8 have been observed as nest predators
of this study’s host species in other eastern
and north central Sierra Nevada studies. At
3000-m subalpine meadow sites north of our
study area in Mono County, Morton et al. (1993)
attributed White-crowned Sparrow nest-preda-
tion rates (29.9%, n = 1132) primarily to Beld-
ing’s ground squirrels (Spermophilus beldingi);
they also observed nest predation by Clark’s
Nutcrackers (Nucifraga columbiana), Cassin’s
Finches, and Douglas’s squirrels (Tamiasciurus
douglasii). In the north central Sierra Nevada,
Cain et al. (2003) found that Yellow Warbler
nest survival was negatively associated with ac-
tivity indices of Douglas’s squirrels, Steller’s
Jays, and Brown-headed Cowbirds and that pre-
dation accounted for 93% of nest failures. Also
in Mono County, at lower-elevation (2000-m) ri-
parian tributaries of Mono Lake, video cameras
placed at Yellow Warbler and Song Sparrow
nests recorded predation events by 4 species we
observed at North Lake or Rock Creek: deer
mouse (Peromyscus spp.), Steller’s Jay, weasel
(Mustela spp.), and Brown-headed Cowbird (La-
tif 2009).

Highest Nest-Survival Estimates

The highest nest-survival estimates for spe -
cies with n ≥ 15 nests were 47% for Yellow
Warblers at North Lake and 41% for Western
Wood-Pewees at Rock Creek. Yellow Warblers
at North Lake successfully fledged their own
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young from 38% of parasitized nests. This was
also the case at lower elevations northeast of
our site at Mono Lake, Mono County, where
Yellow Warbler young fledged from 36% of
parasitized nests (n = 412; Heath 2008). Our
estimates of Yellow Warbler nest survival were
similar to what Cain et al. (2003) found in wil-
low meadows of their north central Sierra
Nevada study site (52%) and were higher than
at Mono Lake (34% +– 8%, n = 646; 2001–
2004 PRBO unpublished data) or in eastern
Oregon (33%; Heltzel and Earnst 2006). The
Yellow Warbler is a California bird species of
special concern whose population size and
range in California has declined primarily be -
cause of riparian habitat loss (Heath 2008).
Wet high-elevation willow meadows are valu-
able for Yellow Warbler re production in the
Sierra Nevada (Cain et al. 2003, this study),
and maintaining their quality as breeding habi-
tat will be important for the conservation of
this species.

Pack Stations

Our plots were embedded in a landscape
that provided multiple foraging sites within
cowbird commuting distance. We were unable
to differentiate between parasitism from cow-
birds utilizing pack stations and parasitism
from cowbirds using other foraging opportuni-
ties, yet we found no evidence that pack-stock
arrival increased parasitism rates at our site. We
detected no female cowbirds within 50 m of
North Lake corrals in 2002, yet the percentage
of parasitized nests was not lower at North
Lake in 2002 than in other years (Fig. 1, Table
2). With the exception of Warbling Vireos, which
had detrimental parasitism rates at North Lake
(92%), there was no uniform difference in para-
sitism rates between North Lake and Rock
Creek study plots, even though the nearest pack-
stock corral was within the study plot at North
Lake and 4.5 km from the Rock Creek study
plot. Most host clutches were completed before
pack-stock arrival, and accordingly most para-
sitism occurred before pack-stock arrival (79%
at North Lake; 75% at Rock Creek). In 2002,
when significantly fewer Rock Creek clutches
were completed prior to pack-animal arrival
than in other years, parasitism did not increase
significantly (Table 2).

We observed cowbirds at the North Lake
and Rock Creek corrals whether or not pack
animals were present (Fig. 1). Brown-headed

Cowbirds are typically attracted to corrals
because of the feed, manure, and horseflies
(Tabanus spp.) associated with the livestock
(Rothstein et al. 1984, 1987); and pack stations
are typically cleaned of ma nure and feed at
the end of each season (G. Milano, Inyo NF,
personal communication). For these reasons, we
expected to observe more cowbirds at corrals
after pack-animal arrival (as demonstrated by
Rothstein et al. 1987), yet this was not the case.
Lack of nearby late-season hosts was probably
not an explanation; even in 2003 at North Lake,
when pack animals did not arrive until 4 July,
hosts continued to complete clutches until 20
July. It is likely that cowbirds were attracted
to the corrals themselves prior to animal arrival
and that cowbird counts remained similarly low
throughout the season.
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APPENDIX. Mean number of territories per year –+ SD and total number of nests found for species observed breeding
on North Lake and Rock Creek study plots, eastern Sierra Nevada, California, 2001–2004. Includes species for which
we could not map a distinct territory (n/a). Parasitized species are in bold.

North Lake (21 ha) Rock Creek (18 ha)______________________ ______________________
Territories per Territories per

Species year (x– –+ SD) Nests year (x– –+ SD) Nests

Green-winged Teal (Anas crecca) n/a 2 0 —
Sooty Grouse (Dendragapus fuliginosus) 0 — 0.6 –+ 0.8 1
Calliope Hummingbird (Stellula calliope) 1.2 –+ 0.4 2 0.4 –+ 0.8 0
Red-breasted Sapsucker (Sphyrapicus ruber) 1.9 –+ 1.5 3 4.3 –+ 2.1 11
Hairy Woodpecker (Picoides villosus) 0.3 –+ 0.5 0 0.6 –+ 0.8 1
Red-shafted Flicker (Colaptes auratus) 1.5 –+ 0.5 5 2.9 –+ 1.2 7
Western Wood-Pewee (Contopus sordidulus) 6.1 –+ 2.1 21 8.2 –+ 3.1 26
Dusky Flycatcher (Empidonax oberholseri) 15.6 –+ 5.4 48 5.5 –+ 1.7 11
Tree Swallow (Tachycineta bicolor) 0 — n/a 1
Violet-green Swallow (Tachycineta thalassina) n/a — n/a 16
Steller’s Jay (Cyanocitta stelleri) 0 — 1.9 –+ 0.9 3
Mountain Chickadee (Parus gambeli) 1.3 –+ 1.5 1 2.9 –+ 1.9 5
Bushtit (Psaltriparus minimus) 0 — 0.3 –+ 0.5 1
White-breasted Nuthatch (Sitta carolinensis) 0 — 0.3 –+ 0.5 1
Brown Creeper (Certhia americana) 0 — 1.4 –+ 0.5 4
House Wren (Troglodytes aedon) 7.6 –+ 1.3 16 6.4 –+ 0.8 15
American Dipper (Cinclus mexicanus) 0 — 0.9 –+ 0.6 0
Mountain Bluebird (Sialia currucoides) 1.7 –+ 1.0 5 0 —
American Robin (Turdus migratorius) n/a 77 n/a 38
Warbling Vireo (Vireo gilvus) 7.1 –+ 1.6 18 11.9 –+ 1.0 41
Orange-crowned Warbler (Vermivora celata) 0 — 2.8 –+ 0.5 0
Yellow Warbler (Dendroica petechia) 12.3 –+ 1.5 41 3.3 –+ 1.0 10
Yellow-rumped Warbler (Dendroica coronata) 3.2 –+ 1.5 5 4.8 –+ 1.5 5
MacGillivray’s Warbler (Oporornis tolmiei) 0.8 –+ 1.5 1 1.8 –+ 1.0 0
Western Tanager (Piranga ludoviciana) 0 — 0.8 –+ 0.5 2
Black-headed Grosbeak (Pheucticus melanocephalus) 0 — 1.0 –+ 1.2 4
Spotted Towhee (Pipilo maculatus) 0 — 0.4 –+ 0.8 0
White-crowned Sparrow (Zonotrichia leucophrys) 2.5 –+ 1.3 4 0 —
Fox Sparrow (Passerella iliaca) 5.2 –+ 1.6 1 7.2 –+ 2.9 4
Song Sparrow (Melospiza melodia) 5.4 –+ 1.1 17 3.0 –+ 0.0 11
Lincoln’s Sparrow (Melospiza lincolnii) 0.3 –+ 0.5 0 0.8 –+ 1.5 1
Dark-eyed Junco (Junco hyemalis) 2.5 –+ 1.3 5 7.6 –+ 3.1 16
Red-winged Blackbird (Agelaius phoeniceus) n/a 17 0 —
Brewer’s Blackbird (Euphagus cyanocephalus) n/a 46 n/a 25
Cassin’s Finch (Carpodacus cassinii) 4.9 –+ 1.9 12 3.3 –+ 1.7 8
Pine Siskin (Carduelis pinus) 0.3 –+ 0.5 1 0 —
TOTAL 81.4 –+ 6.4 351 84.9 –+ 9.1 268


