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Brood parasitism by the Brown-headed Cow-
bird (Molothrus ater) has been identified as a
cause of nest failure for many avian species
and has been implicated in the decline of sev-
eral endangered species (Robinson et al. 1995,

Ortega 1998). Because cowbird management
can be costly in time, money, and effort, deter-
mining the parasitism frequency for a species
of concern and identifying the factors that can
predict parasitism frequency in an area of
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BROWN-HEADED COWBIRD PARASITISM ON ENDANGERED SPECIES:
RELATIONSHIPS WITH NEIGHBORING AVIAN SPECIES

Shannon L. Farrell1,3, Michael L. Morrison1, R. Neal Wilkins2, R. Douglas Slack1,
and Andrew J. Campomizzi1

ABSTRACT.—Loss of reproductive productivity in hosts of the Brown-headed Cowbird (Molothrus ater), a nest para-
site, may limit the success of conservation and recovery efforts that focus on restoring avian habitat. We investigated the
relationships between parasitism frequency of 2 vireos—the endangered Black-capped Vireo (Vireo atricapillus) and the
White-eyed Vireo (Vireo griseus)—and characteristics of the neighboring avian assemblage. Our objective was to iden-
tify assemblage characteristics that are useful for predicting parasitism frequency. We hypothesized that parasitism fre-
quency of the vireos would decrease with increasing alternate host abundance and increase with increasing abundance
of cowbirds. All Black-capped Vireo nests (n = 20) and 81% of White-eyed Vireo nests (n = 27) were parasitized. Para-
sitism frequency of White-eyed Vireos was positively correlated with the number of cowbirds detected (r = 0.84, df =
4, P = 0.018). Parasitism frequency of White-eyed Vireos was negatively correlated with abundance of the Black-and-
white Warbler (Mniotilta varia; r = 0.891, df = 4, P = 0.009) but was not correlated with abundance of other cowbird
hosts. The relationship between Black-and-white Warbler abundance and parasitism frequency may be due to chance,
given the small sample size and narrow range of parasitism frequencies, but the relationship may also reflect an interac-
tion (requiring further investigation) between parasitism and the vegetation characteristics associated with Black-and-
white Warblers. Our results imply that reducing cowbird abundance will reduce parasitism frequency of Black-capped
Vireos. When the number of cowbirds in an area predicts parasitism, land managers would benefit from identifying a
target cowbird abundance based on the levels of parasitism the host population can tolerate while still meeting produc-
tivity and population objectives for the species.

Key words: brood parasitism, Brown-headed Cowbird, Molothrus ater, Black-capped Vireo, Vireo atricapillus, White-
eyed Vireo, endangered species, cowbird management.

RESUMEN.—La disminución de productividad debido al parasitismo por el tordo negro (Molothrus ater) podría
limitar el éxito de los esfuerzos de conservación y recuperación de las aves que se centran en la restauración del hábitat.
Investigamos la relación entre la frecuencia de parasitismo en el vireo gorrinegro (Vireo atricapilla), que está en peligro
de extinción, y en otra especie de vireo, el vireo ojiblanco (Vireo griseus), así como su relación con las características de
la población circunvecina de aves para identificar las características que sirven para predecir la frecuencia del
parasitismo. Planteamos la hipótesis de que la frecuencia de parasitismo en los vireos disminuiría con el aumento de la
abundancia de huéspedes alternativos y aumentaría al incrementarse la abundancia de tordos. Todos los nidos del vireo
gorrinegro (n = 20) y el 81% de los nidos del vireo ojiblanco (n = 27) fueron parasitados. La frecuencia de parasitismo
en los vireos ojiblancos estaba correlacionada positivamente con el número de tordos detectados (r = 0.84, gdl = 4, P =
0.018). Estaba correlacionada negativamente con la abundancia (r = 0.891, gdl = 4, P = 0.009) del chipe trepador
(Mniotilta varia), pero no estaba correlacionada con la abundancia de otros huéspedes de los tordos. La relación entre la
abundancia de chipe trepador y la frecuencia da parasitismo podría ser aleatoria, dado lo pequeño de la muestra y la
poca variación en las frecuencias de parasitismo, pero también podría reflejar una interacción entre el parasitismo y las
características de la vegetación asociada con el chipe trepador que requiere más investigación. Nuestros resultados
indican que la disminución de la abundancia de tordos reduce la frecuencia de parasitismo en el vireo gorrinegro.
Cuando el número de tordos en una área predice el parasitismo, los administradores de recursos naturales podrían
beneficiarse de la identificación de una abundancia meta del tordo, basada en los niveles de parasitismo que la
población huésped pueda sostener y todavía alcanzar los objetivos de productividad y población de la especie.



interest for a species of interest can assist
managers in determining whether and where
cowbird management should be implemented.
Focusing cowbird management on sites where
it is most likely to be successful in increasing
nest success of a focal species may help in -
crease the efficiency and efficacy of cowbird
management.

Characteristics of the neighboring avian
assemblage may affect the dynamics of cow-
bird parasitism in a habitat patch and can act
as predictors of expected parasitism frequency.
The density and proportion of cowbird egg
hosts, acceptors, and rejecters in an area may
influence cowbird breeding territory selection,
distribution of cowbird eggs among nests, and
parasitism frequency of a species of interest
(Mason 1986a, 1986b, Burhans 1997). Some re-
searchers have theorized that abundant hosts
may act as an attractant that draws cowbirds to
establish territories in an area, and some have
found that cowbird abundance increases with
increasing host density (Tewksbury at al. 1999).
Other researchers have theorized that the pres -
ence of alternate hosts may dilute the effects of
parasitism on a focal species (Smith et al. 2000).
Previous research on the relationships between
host abundance and cowbird abundance infers
that these relationships translate to the same
or a similar relationship between host abun-
dance and actual parasitism frequency of a
focal species. However, this relationship has
not been studied directly in most cases; to our
knowledge, Barber and Martin (1997) are the
only researchers that have investigated this re -
lationship directly and have found parasitism
frequency of Black-capped Vireo (Vireo atricapil-
lus) to be correlated with density of Northern
Cardinals (Cardinalis cardinalis). Differences in
potential host behavior, nesting phenology, nest
site characteristics, and profitability to cow-
birds suggest that additional factors can affect
the relationship between host abundance and
parasitism frequency.

The Black-capped Vireo is a federally en -
dangered songbird, and primary threats are
thought to be habitat loss and Brown-headed
Cowbird parasitism (USFWS 1991). Human
development, ranching, ag riculture, and fire
sup pression have contri buted to loss of breed-
ing habitat, while cowbird parasitism has re -
sulted in nest failure for the vireos (Graber 1961,
Grzybowski 1995, Wilkins et al. 2006). In
Texas, recovery efforts have focused on habitat

restoration integrated into brush management
regimes that use fire and selective cutting of
juniper ( Juniperus ashei; Wilkins et al. 2006). In-
tensive cowbird man agement is used across a
small fraction of the Black-capped Vireo’s range,
but more wide spread management may be
nec essary to re cover this endangered species
(Wilkins et al. 2006).

Recent estimates of Black-capped Vireo re -
productive success have come mainly from areas
with ongoing cowbird management (Kostecke
et al. 2003, Noa et al. 2007) and are not applic-
able to most of central Texas where cowbird
management is not implemented consistently.
Previous researchers have reported cowbird
parasitism on Black-capped Vireos as high as
90% (Grzybowski et al. 1986, Weinberg et al.
1998, Kostecke et al. 2005; Weinberg et al.
personal communication) prior to cowbird man-
agement (i.e., trapping). High parasitism can
lower reproductive success and thereby limit
the success of vegetation-focused habitat res -
toration efforts for Black-capped Vireos (Wilkins
et al. 2006). Parasitism frequency of Black-
capped Vireos on private lands in the study
region, where management varies from that
on public land, has not been investigated pre-
viously. Thus, there is little information avail-
able to inform management of Black-capped
Vireos on private land, including whether the
parasitism frequency on these private lands war-
rants cowbird management and to what extent
management may be needed.

Our goal was to determine the frequency of
parasitism and investigate the relationship be -
tween parasitism frequency and characteristics
of the neighboring avian assemblage. We fo -
cused on the Black-capped Vireo and the
White-eyed Vireo (Vireo griseus) with the goal
of providing data to inform management. We
included the White-eyed Vireo because it is
similar to the Black-capped Vireo in breeding
behaviors and other natural history character-
istics (Hopp et al. 1995), occupation of over-
lapping breeding territories, and parasitism
frequencies (Ward and Smith 2000).

Previous surveys have found that cowbirds
are common and widely distributed across the
study region (Weinberg et al. 1998, Kostecke et
al 2005; Weinberg et al. personal communica-
tion), so we did not expect to find a relationship
between cowbird abundance and cumulative
host abundance in an area as observed by
Tewksbury et al. (1999). However, we expected
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that cumulative host abundance could dilute
the effects of this widespread cowbird popula-
tion on the vireos. Thus, we hypothesized that
parasitism frequency of vireos would (1) de -
crease with increasing cumulative alternate
cowbird host abundance, (2) decrease with in -
creasing abundance of the most common al -
ternate host, (3) increase with increasing
abundance of Brown-headed Cowbirds or in -
crease to a threshold level at which increasing
cowbird abundance would not correlate with
parasitism because all or most nests were para-
sitized, and (4) increase with increasing cumu-
lative number of Brown-headed Cowbird
detections. We used the cumulative number
of cowbird detections across all survey visits
during the breeding season as a measure of
cumulative cowbird pressure on each study
site and as a measure easily established by
land managers without technical bird-sampling
expertise.

METHODS

Study Area

Our study area was the Leon River water-
shed, encompassing approximately 140,000 ha
near the junction of the Lampasas Cut Plain
and the northern Blackland Prairie ecoregions
along the eastern portion of the Black-capped
Vireo range (Griffith et al. 2004) in Coryell
County, Texas. The majority of land in our study
region is privately owned, excluding the Fort
Hood Army Garrison. About 88% of the private
land in Coryell County is used for agriculture,
including livestock ranching (U.S. Census Bu -
reau 2005).

Study Site Selection

We identified 22 potential study sites based
on prior Black-capped Vireo detections during
point-count surveys conducted for the Leon
River Restoration Project from 2003 to 2005
(Leon River Restoration Project, Texas A&M
University, unpublished data), and we identified
presence of suitable habitat by examining digi-
tal imagery of the study region (Graber 1961,
Barlow 1967, Benson and Benson 1990, Grzy-
bowski et al. 1994, Grzybowski 1995) with
ArcGIS™ technology (ESRI 2005). We gained
access to 12 of the 22 potential sites and con-
ducted area searches for Black-capped Vireos
from 15 March until 3 weeks after detection of
the first male Black-capped Vireo, following the

search methods of Ralph et al. (1991) and Dieni
and Jones (2002). We played Black-capped Vireo
song recordings during area searches to improve
our chances of detecting the species. We de -
tected Black-capped Vireos at 6 of the 12
potential sites; we used all 6 sites with Black-
capped Vireo detections as study sites. We
detected White-eyed Vireos at the 6 sites in
areas overlapping those occupied by Black-
capped Vireos. Study sites ranged from 20 to
50 ha.

Nest Location and Monitoring

We located and monitored nests from 20
March to 20 July 2006. We mapped territories
(Ralph et al. 1991) for the first 3–4 weeks after
vireo arrival. We monitored each territory 2
times per week, between 15 minutes before
and approximately 6 hours after local sunrise.
We used behavioral observations and systematic
search techniques (Martin and Geupel 1993) to
locate nests. We checked nests every 1–4 days
and recorded the contents, including host and
cowbird eggs and young. We recorded the out-
come of all nests at completion and recorded
confirmaatory descriptive observations, such
as signs of predation, broken eggshells, or
adult birds carrying food.

Identifying Avian Assemblage

We used 100-m-radius circular-plot point
counts (Rosenstock et al. 2002) to determine
bird species composition and abundance. The
4–7 point-count stations within each study site
were systematically spaced 200–300 m apart
to provide adequate coverage. We alternated
among several observers to minimize observer
bias and varied the order in which points on a
study site were surveyed to avoid detection
bias due to time of day. To account for imper-
fect detection, we conducted 3 surveys at each
point-count station and then averaged the num -
ber of dectections at each station before analysis.
We conducted surveys between 15 minutes be-
fore and 3 hours after local sunrise from 1 April
to 1 June 2006. Surveys consisted of 6 minutes
of passive listening, during which we recorded
all birds detected within the 100-m radius,
detection type (song, call, or visual), gen der
(male, female, juvenile, or unknown), and dis-
tance (0–50 m or 50–100 m) for each individual.
In the data set for analysis, we included only
species for which there have been confirmed
nesting records in Coryell County or adjacent
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counties (Texas A&M University System 2001).
To account for imperfect detection in our point-
count surveys, we used PRESENCE (USGS
2006) to calculate detection probabilities for all
species included in our analysis (MacKenzie
2005, Mackenzie et al. 2005). We found that de-
tection probabilities for 3 visits were adequate
to provide a probability of detection approach-
ing 1 over all survey visits (Farrell 2007).

Calculating Parasitism Frequency

For analysis, we used nests that had reached
at least laying stage and whose contents we
observed at each nest check. We counted nests
as parasitized if they had received a cowbird
egg during laying or within the first 5 days of
incubation. We calculated frequency of para-
sitism as the proportion of parasitized nests
among total nests monitored at each study
site. We calculated parasitism frequency for
the Black-capped Vireo and the White-eyed
Vireo; we then combined parasitism fre-
quency for both species. We used chi-square
analysis to test for differences in parasitism
frequency among study sites (Daniel 1990:
181–198).

Avian Assemblage and Parasitism Frequency

Because we detected only a few individuals
for most species, we were not able to use
distance-based detection probabilities (Elling-
son and Lukacs 2003), as these models are not
useful for rare or even moderately abundant
species (Queheillalt et al. 2002, Purcell et al.
2005). We assumed that the probability of
detecting each species was consistent across
the 6 study sites; high detection probabilities
(MacKenzie 2005, Mackenzie et al. 2005)
and homogeneity in vegetation characteristics
among sites suggested this assumption was
reasonable. We cal culated an index of cumu -
lative bird abundance, cowbird host abundance,
and individual species abundance using data
within the 100-m point-count radius. We used
data within the 100-m radius for all analyses
because the low number of birds detected
within the 50-m radius provided limited infor-
mation for analysis and the relationship
between abundance at the 50-m and 100-m
radii was consistent among study sites. We cal-
culated abundance as the mean number of
birds detected per count station averaged
across the 3 survey visits. We omitted from
analysis any species for which we had fewer

than 2 detections over the course of all 3 sur-
vey visits across all 30 point-count stations
(i.e., 90 survey occasions).

We counted the number of species de -
tected at each site and used Sorensen’s simi-
larity index to examine similarity among sites
(Amezaga et al. 2004). We estimated the pro-
portion of birds of a given species among all
birds detected for each study site to represent
one aspect of the species composition. We used
a Kruskal–Wallis test to identify differences in
assemblage characteristics among study sites
(Zar 1984:176–179; Daniel 1990:226–231) for
cumulative bird abundance, cowbird host abun-
dance, and abundance of each species detected.
Cumulative number of Brown-headed Cowbird
detections was summed for all survey visits and
was intended to function as a measure of the
cumulative cowbird pressure on each study site
over the breeding season and as a measure that
can be easily established by managers without
requiring additional calculations or statistical
procedures. We used scatter plots to prelimi-
narily explore data relationships. We conducted
one-tailed Pearson correlation tests (Zar 1984:
318–320) to test our hypotheses that parasitism
frequency decreased with (1) cumulative alter-
nate host abundance and (2) abundance of each
of the most common alternate hosts, and that
parasitism frequency increased with (3) abun-
dance of Brown-headed Cowbirds and (4) cumu-
lative number of Brown-headed Cowbird de -
tections on each study site. We also investigated
relationships between mean number of cowbird
eggs per nest and the independent variables
listed in 1–4 above.

RESULTS

Parasitism Frequency

We monitored 20 Black-capped Vireo nests
from 15 pairs, and 27 White-eyed Vireo nests
from 38 pairs. All Black-capped Vireo nests and
81% of White-eyed Vireo nests were parasitized.
We observed 17 of the 42 parasitized vireo nests
that contained 2 cowbird eggs or young and
3 nests that contained 3–4 cowbird eggs or
young. Parasitism frequency did not differ
significantly among study sites (χ2 = 4.30, df =
5, P = 0.51). Combined parasitism frequency
of the 2 vireo species ranged from 0.71 to 1 (x–

= 0.89, SE = 0.04) across the 6 study sites.
Parasitism frequency was similar among study
sites for both species with the exception of
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one site. We found 3 White-eyed Vireo nests
on site 4, with only 1 parasitized. With the
exception of site 4, ob served parasitism fre-
quency of White-eyed Vireo nests was lower
than that of Black-capped Vireo nests by
0%–25% (x– = 11%, SE = 5%). The earliest
clutch-initiation date we ob served was 6 April
for White-eyed Vireos and 14 April for Black-
capped Vireos. The last active Black-capped
Vireo nest failed on 14 June. No Black-
capped Vireo nests were initiated after 5 June,
but 5 White-eyed Vireo nests were initiated
after 5 June, while the last observed White-
eyed Vireo nest was initiated on 2 July. Of
the 5 White-eyed Vireo nests initiated after
5 June, only one was parasitized. We used
White-eyed Vireo parasitism frequency for
further analyses comparing parasitism fre-
quency to as semblage characteristics, because
Black-capped Vireo parasitism frequency was
100%.

Avian Assemblage

We detected 33 species of birds known to
breed in the study region (Table 1). The num-
ber of species detected per site ranged from
17 to 25 (x– = 21, SE = 3). Sorensen’s similar-
ity index ranged from 0.76 to 0.95 (x– = 0.82,
SE = 0.01), suggesting a high level of similar-
ity in species present among the sampling units.
Similarity index values did not differ signifi-
cantly among sites (x– = 8.05, df = 5, P = 0.15).

Cumulative bird abundance ranged from 7.9 to
11.3 birds per point (x– = 9.9, SE = 0.5). We did
not find significant differences in cumulative
bird abundance among study sites (H = 4.39,
df = 5, P = 0.49) or in any pairwise compari-
son between study sites.

We detected 9.0 (SE = 0.4) cowbird hosts
per 100-m-radius point count. We did not find
significant differences in abundance of known
cowbird hosts among study sites (H = 4.37,
df = 5, P = 0.50) or for any pairwise compari-
son between sites. Northern Cardinals were
the most abundant species on all sites with
1.9–2.7 birds per point (x– = 2.2, SE = 0.1).
White-eyed Vireos were the second most
abundant species with 0.3–2.5 birds per point
(x– = 1.19, SE = 0.3), followed by Brown-
headed Cowbirds with 0.5–1.3 birds per point
(x– = 0.91, SE = 0.1).

Parasitism Frequency and Avian 
Assemblage Relationships

We did not find a statistically significant re -
lationship between parasitism frequency and
cumulative host abundance (Pearson’s r = 0.39,
df = 4, P = 0.45). Cowbird host species with a
mean abundance of >0.10 birds per point were
included in further analyses (Table 1). We did
not find significant correlations between ob -
served parasitism frequency and abundance of
alternate host species for 7 of the 8 species we
tested, but we did find that parasitism frequency
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TABLE 1.—Mean abundance, calculated as birds per point, and standard error of the most common species detected
during point-count surveys in 2006 on private lands in Coryell and Hamilton counties, Texas. An asterisk indicates
species that are known to be common or frequent cowbird host species.

Mean Standard
Common name Scientific name abundance error

Northern Cardinal* Cardinalis cardinalis 2.20 0.12
White-eyed Vireo* Vireo griseus 1.19 0.30
Brown-headed Cowbird Molothrus ater 0.91 0.10
Blue-gray Gnatcatcher* Polioptila caerulea 0.84 0.13
Painted Bunting* Passerina ciris 0.78 0.16
Carolina Chickadee Poecile carolinensis 0.58 0.12
Bewick’s Wren Thryomanes bewickii 0.45 0.10
Black-crested Titmouse Baeolophus atricristatus 0.42 0.06
Mourning Dove Zenaida macroura 0.36 0.08
Carolina Wren Thryothorus ludovicianus 0.34 0.05
American Crow Corvus brachyrhynchos 0.25 0.04
Golden-cheeked Warbler* Dendroica chrysoparia 0.22 0.07
Black-and-white Warbler* Mniotilta varia 0.22 0.05
Black-capped Vireo* Vireo atricapilla 0.17 0.07
Yellow-billed Cuckoo Coccyzus americanus 0.14 0.03
Field Sparrow* Spizella pusilla 0.12 0.06
Rufous-crowned Sparrow* Aimophila ruficeps 0.11 0.04
Black-chinned Hummingbird Archilocus alexandri 0.11 0.06
Lark Sparrow* Chondestes grammacus 0.10 0.05



was lower on sites with higher abundance of
Black-and-white Warblers (r = 0.891, df = 4,
P = 0.009; Fig. 1). We found a positive rela-
tionship between parasitism frequency and
Brown-headed Cowbird abundance (r = 0.76,
df = 4, P = 0.04). Cumulative number of cow-
bird de tections on each site, not independent
from cowbird abundance but included here
for its practical applications, was positively
correlated with parasitism frequency (r =
0.84, df = 4, P = 0.018). We did not find sig-
nificant relationships between mean number
of cowbird eggs per nest and cumulative host
abundance or abundance of any of the cow-
bird host species we tested. Parasitism fre-
quency of the White-eyed Vireo ranged from
0.33 to 1; total number of cowbirds detected at
each site ranged from 6 to 19.

DISCUSSION

Parasitism frequencies of the Black-capped
and White-eyed Vireos were high enough to
substantially impact productivity (Porneluzi and
Faaborg 1999, Powell et al. 1999). We found a
relationship between number of cowbirds de -
tected and parasitism frequency; thus, number
of cowbird detections may be a useful predictor
of expected parasitism frequency. We did not
find that parasitism frequency was correlated
with host abundance; thus, our results do not
support our hypothesis that greater host abun-

dance may dilute parasitism of the vireo. Con-
trary to Barber and Martin (1997), we did not
find a correlation between parasitism frequency
and abundance of Northern Cardinals.

Parasitism frequency was negatively corre-
lated with abundance of Black-and-White War-
blers. Though the result was not statistically
significant (Bonferroni correction for multiple
comparisons, α = 0.006), this result may be
biologically significant (r = 0.891, df = 4, P =
0.009) given our small sample size. Black-and-
white Warblers are known cowbird hosts (Hahn
and Hatfield 1995); however, we did not find
decreasing parasitism frequency with abun-
dance of other, more numerous cowbird hosts.
Thus, we do not think the relationship was due
to Black-and-white Warblers diluting parasitism
on the vireos. This apparent relationship may
be attributable to chance, given the small sample
size and narrow range of parasitism frequencies.
However, the relationship may be indirect
be cause of differences in the vegetation sur-
rounding Black-capped Vireo habitat across
study sites that may affect parasitism fre-
quency on vireos. Black-and-white Warblers
are associated with mature, closed-canopy
woodland (Kricher 1995). Many researchers
have investigated whether cowbird para-
sitism decreases, in creases, or remains un -
changed as habitat becomes more forested
(e.g., Lowther and Johnston 1977, Hahn and
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Fig. 1. Brown-headed Cowbird parasitism frequency on White-eyed Vireo nests plotted against Black-and-white War-
bler abundance on 6 study sites in Coryell County, Texas, in 2006.



Hatfield 1995, Bur hans 1997, Goguen and
Mathews 2000, Jensen and Cully 2005). Find-
ings, however, are not consistent, suggesting
that the relationship be tween vegetation and
parasitism frequency may vary regionally or
with cowbird density. Further investigation
across a wider range of parasitism frequencies,
host densities, and vegetation char acteristics is
necessary to investigate relationships among
these multiple factors, and to determine if
the mechanisms driving these re lationships
are related to host abundances, nesting behav-
ior, vegetation characteristics, or other fac-
tors. However, for purposes of in forming
cowbird management, knowledge of the mecha-
nism may not be necessary; it may be suffi-
cient to establish that parasitism of vireos is
lower at sites with greater abundance of
Black-and-white Warblers.

Similarity in parasitism frequency among
study sites may have been due to similar vege-
tation and avian assemblage characteristics. The
reason for the 20% difference in parasitism fre-
quency between White-eyed and Black-capped
Vireos is not clear. Response to parasitism does
not appear to vary between the 2 species. Nei-
ther species is known to frequently abandon
parasitized nests or to eject or bury cowbird
eggs, and we did not observe any rejecting be -
havior. Nest locations are often indistinguishable
between the 2 vireo species, and nestling diets
appear to be similar (Grzybowski 1995, Hopp
et al. 1995). Differences in adult host behavior
at or near the nest may be a possible explanation,
as previous observational studies have con-
cluded that female cowbirds may locate nests
to parasitize by watching adults build nests
(Hann 1937, 1941). Further studies that quantify
behavior at the parasitized and unparasitized
nests of these 2 species may help explain the
differences we observed.

If our sample was representative of Black-
capped Vireos breeding elsewhere in the region
on sites without cowbird management, our re -
sults indicate that the Black-capped Vireo popu-
lation in our study region experienced high
parasitism frequencies and consequently may
have produced few, if any, young in 2006. These
results further suggest that recovery efforts fo -
cused on vegetation restoration alone may have
limited success due to loss of Black-capped
Vireo productivity from cowbird parasitism.

The relationship between parasitism fre-
quency of the vireos and cowbird numbers

suggests that cowbird numbers can be a rea-
sonable predictor of expected parasitism fre-
quency, and this predictive power can inform
management decisions. Sampling to count cow-
birds requires minimal training, and the result-
ing information can be used to determine
expected parasitism frequencies in areas of
interest. Land managers can choose to imple-
ment cowbird management in select areas
depending on management objectives. Sites
with relatively low cowbird abundance might
show successful increases in productivity faster
under cowbird management. Sites with high
expected parasitism might re quire longer or
more intensive cowbird management before
results are apparent, as cowbird abundance is
reduced to a level that enables a significant
increase in host productivity. Land managers
can use information on expected para sitism fre-
quency to choose implementation strategies
that meet specific cowbird management objec-
tives. The high frequency of parasitism and
cowbird abundance observed on our study
sites suggests that active cowbird manage-
ment should be considered for the study
region and would likely to be an important tool
for increasing the nest success of Black-capped
Vireos and for implementing broader restora-
tion efforts.
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