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ABSTRACT. From 1994–1996 we investigated effects of Brown-headed Cowbird (Molothrus ater) parasitism
on Black-throated Sparrow (Amphispiza bilineata) nesting success in the Verde Valley of central Arizona. Of 56
Black-throated Sparrow nests, 52% were parasitized. Black-throated Sparrows appear to respond to natural parasitism
by accepting the cowbird egg, deserting the nest, or burying the cowbird egg. Removal and damage of host eggs
by female cowbirds effectively reduced clutch size from an average of 3.4 to 1.9 eggs. Because of this reduced clutch
size, Black-throated Sparrow reproductive success was significantly lower in parasitized nests (0.2 young fledged/
nest) as compared to nonparasitized nests (1.6 young fledged/nest). When comparing cowbird parasitism between
two habitat types, we found significantly higher parasitism frequencies in crucifixion-thorn (Canotia holacantha)
versus creosote-bush (Larrea divaricata) habitat. We argue that this difference in parasitism is due to the greater
number of tall perches (e.g., shrubs .4 m) available in crucifixion-thorn habitat, providing vantage points for
female cowbirds to better find Black-throated Sparrow nests.

SINOPSIS. Parasitismo en Amphispiza bilineata por parte de Molothrus ater
De 1994–1996 investigamos el efecto en el éxito de anidamiento del parasitismo en el gorrión Amphispiza

bilineata por parte del tordo (Molothrus ater). El estudio se llevó a cabo en el Verde Valley, Arizona. De 56 nidos
estudiados del gorrión el 52% de estos resultaron estar parasitados. Los gorriones parecen responder al parasitismo
por parte del tordo, ya sea aceptando el huevo, abandonando el nido o enterrando dentro del mismo nido el huevo
del tordo. La remoción o daño a los huevos del hospedero por parte de hembras de tordo redujo la camada del
gorrión de 3.4 a 1.9 huevos. Debido a esta reducción en la camada, el éxito reproductivo del gorrión resultó
significativamente menor en nidos parasitados (0.2 volantones/nido) que en nidos no parasitados (1.6 volantones/
nido). Cuando comparamos el parasitismo del tordo entre dos tipos de habitats, encontramos una frecuencia
significativamente mayor en el matorral espinoso de Canotia holacantha que en el arbustivo de Larrea divaricata.
Argumentamos que las diferencias en parasitismo se deben al mayor número de perchas altas (ej. arbustos mayores
de 4 m) en el matorral espinoso, las cuales proveen de mejores puntos de observación a las hembras de tordo para
localizar los nidos de gorrión.

Key words: Arizona, Black-throated Sparrow, Brown-headed Cowbird, cowbird nest searching, nest parasitism,
reproductive success

Throughout the arid southwestern United
States, parasitism by Brown-headed Cowbirds
(Molothrus ater) is common in riparian zones
(Phillips et al. 1964; Brown 1994; Goguen and
Mathews 1996). High levels of nest parasitism
in riparian habitat is due in part to the close
proximity of cowbird foraging sites (agriculture
and urban developments) and the availability of
potential hosts (Robinson et al. 1995; Tewks-
bury et al. 1998). Cowbird parasitism in up-
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land habitats in the southwest is less frequent,
mainly due to fewer cowbirds and a lower den-
sity of potential hosts (Friedmann et al. 1977;
Robinson et al. 1995; Curson 1996). The
Verde Valley of Arizona is comprised of upland
and riparian habitat and has experienced in-
creased agriculture and urban development.
Consequently, Brown-headed Cowbirds have
recently increased in abundance (Taylor and
Jackson 1916; Collins 1951; Philips et al.
1964).

The Black-throated Sparrow (Amphispiza bi-
lineata) is locally common and widely distrib-
uted in upland habitats throughout the desert
southwestern United States (Bent 1968; Naran-
jo and Raitt 1993; Johnson et al. 2002). Be-
cause Black-throated Sparrows breed in desert
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uplands, they usually escape cowbird parasitism
and have rarely been recorded as a cowbird host
(Friedmann 1963; Delesantro 1978; Zimmer
1993; A. Pidgeon, unpubl. data; S. Coe, pers.
comm.). Yet, due to the favorable cowbird hab-
itat changes in the Verde Valley, and the fact
that Black-throated Sparrow peak breeding pe-
riod overlaps with cowbird breeding (May–
June), this sparrow could be a potential cowbird
host (Johnson 1997).

Host species have been found to respond to
cowbird parasitism by either accepting or re-
jecting the cowbird egg (Rothstein 1975b; Go-
guen and Mathews 1996; Hosoi and Rothstein
2000). Rejection of parasitism by a host is
adaptive, but in many hosts it has not yet be-
come common, possibly because hosts may not
have had time to evolve counter defenses to
parasitism (Davies and Brooke 1988; Lotem
and Rothstein 1995; Rothstein and Robinson
1998). Thus, species that have only recently
been exposed to parasitism are in many cases
acceptors of parasitic eggs (May and Robinson
1985; Rothstein and Robinson 1998). How-
ever, even some hosts with long histories of ex-
posure to parasitism still accept eggs (Rothstein
1975a; Davies and Brooke 1988), even though
accepting the cowbird egg can potentially have
a negative effect on host reproductive success
(Rothstein 1975a; Biermann et al. 1987; Rob-
inson et al. 1995). The response of Black-
throated Sparrows to parasitism, in areas re-
cently exposed to Brown-headed Cowbirds, and
the effects of parasitism on sparrow reproduc-
tive success has not been extensively studied.

Frequency of parasitism and the subsequent
impacts of parasitism on reproductive success
can also vary according microhabitat features
such as nest cover or factors such as proximity
and availability of perches (Hauber and Russo
2000). Some studies support the relationship of
vegetative cover and the risk of parasitism (La-
rison et al. 1998; Moskat and Honza 2000),
while others have found either no relationship
or that the relationship between cover and par-
asitism varied by study site (Anderson and Sto-
rer 1976; Freeman et al. 1990; Clotfelter 1998;
Hauber and Russo 2000; Howe and Knopf
2000). It has also been suggested that the abil-
ity of cowbirds to locate nests is enhanced when
perches are available from which a cowbird can
survey for and find nests (Anderson and Storer
1976; Biermann et al. 1987; Freeman et al.

1990; Clotfelter 1998; Hauber and Russo
2000). Throughout the southwestern United
States, shrub species in desert upland habitats
vary according to geographic location and land-
scape (i.e., plains vs. hills, slope, aspect, soil
type, temperature, precipitation, and elevation;
Pase and Brown 1994). Structural height of de-
sert shrub habitats can be dominated by tall
stature shrubs, i.e., crucifixion thorn (Canotia
holacantha) or low-stature shrubs, i.e., creosote
bush (Larrea divaricata). The tall-stature habitat
type in desert uplands may offer vantage points
that cowbirds can utilize to find potential host
nests, thus resulting in higher parasitism fre-
quencies.

The purpose of this study was to examine
effects of Brown-headed Cowbird parasitism on
a Black-throated Sparrow population. Specific
questions that we addressed were (1) how do
Black-throated Sparrows respond to natural
Brown-headed Cowbird parasitism; (2) does
Brown-headed Cowbird parasitism affect Black-
throated Sparrow reproductive success (i.e.,
clutch size, hatching success, fledging success
and nest success); (3) does Brown-headed Cow-
bird parasitism occur less frequently in nests
with increased plant concealment; and (4) do
Brown-headed Cowbird parasitism frequencies
differ between low- and tall-stature habitat
types.

METHODS

Our study was conducted between April
1994 and August 1996 in north central Ari-
zona, approximately 7 km northwest of Camp
Verde, at Montezuma Castle National Monu-
ment and on adjoining U.S. Forest Service
lands. The study area is less than 1 km from
Wet Beaver Creek, with an extensive riparian
zone, and an upland topography of mixed
knolls, slopes and draws (TOPO: GPS UTM
NAD 83 422596mE, 3830761mN, elevation
1032 m). The study area was divided into two
individual sites based on habitat differences.
Study site #1 (total area 42.9 ha), was domi-
nated by low-stature creosote bush, while the
adjacent study site #2 (total area 42.2 ha) con-
sisted mainly of the taller crucifixion thorn.

An 8 3 16 m modified Braun-Blanquet re-
leve’ (Mueller-Dombois and Ellenberg 1974)
was used to characterize shrub vegetation at 18
randomly selected locations within each study
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site. In each releve’ we estimated percent total
shrub vegetation coverage using the following
cover classes (1, 10–20%; 2, 21–40%; 3, 41–
60%; 4, 61–80%; 5, 81–100%). The estimated
percent cover of each shrub species, along with
elevation, slope, aspect, and slope pitch angle,
were also recorded.

To provide an index of cowbird perch avail-
ability, we estimated shrub height in each re-
leve’ by using the following shrub height cate-
gories 1, 0–0.5 m; 2, 0.6–1.0 m; 3, 1.1–2.0 m;
4, 2.1–5.0 m; and 5, .5.0 m. The shrub height
in our study areas varied between 0.25 to over
6 m. Based on our observations of cowbird
perch use in the two study areas, we determined
that relative to the vegetation height within
each habitat type, a shrub height of $4 m was
needed for Brown-headed Cowbirds to gain a
vantage point to find Black-throated Sparrow
nests.

To assess predictors of parasitism risk as re-
lated to nest concealment (i.e., nest microhab-
itat features that may either increase or decrease
the probability being parasitized), we measured
the following Black-throated Sparrow nest mi-
crohabitat features: shrub species the nest was
built in, shrub height, height of nest above
ground, distance from nest rim to top of the
shrub, distance from nest rim to the nearest
outer shrub edge, and nest azimuth (compass
direction of nest placement relative to the main
shrub axis). These variables were selected ac-
cording to previous studies related to nest-site
selection (van Riper 1976; Nias 1983; van Rip-
er 1995). However, no studies have been con-
ducted on nest-site selection of Black-throated
Sparrows in this habitat type, and therefore var-
iables were also selected according to the vege-
tative structure that nests were constructed in.

A Black-throated Sparrow nest was defined
as active when at least one sparrow egg was laid.
Natural parasitism frequency was calculated as
the proportion of all nest attempts in an entire
breeding season that were parasitized. Because
female cowbirds may remove host eggs (Sealy
1992), when a cowbird egg was present, miss-
ing Black-throated Sparrow eggs were assumed
to have been removed by cowbirds and were
counted as losses to parasitism. Damaged eggs
observed in parasitized nests could be inter-
preted as a loss to parasitism, yet these losses
could be due to several causes (Blankespoor et
al. 1982; Weatherhead 1991), and therefore

damaged sparrow eggs were not counted as loss-
es. Black-throated Sparrow reproductive success
was calculated as the number of eggs laid that
fledged $1 young (Van Tyne and Berger 1971).
Nesting success was calculated using the May-
field (1975) method to reduce the error intro-
duced when nests are observed for different
lengths of time.

Incidental cowbird observations were con-
ducted while we searched for sparrow nests be-
tween 5:00–11:00 and 17:00–19:00 from 15
April–15 August in each year. Nest searching of
both study sites was alternated every other day
to ensure survey coverage was equal between
the two study sites.

Statistical analysis. We used standard
parametric statistical tests for all data that were
normally distributed. Nonparametric tests were
used where sample sizes were small, categorical,
or when data were not normally distributed.
We used Yates correction for all chi-square tests
with one degree of freedom (Yates 1934). Since
nest-site data were not normally distributed, all
nest-site data were log-transformed.

Rayleigh’s test for directionality was used to
analyze nest orientation differences between
parasitized and nonparasitized nests (Batschelet
1981). Statistical significance was set at P #
0.05. Mean values 61 SE of all statistical mea-
sures are reported unless otherwise noted. All
statistical tests were two-tailed.

RESULTS

In study site #1, vegetation cover was dom-
inated by creosote-bush (75%), followed by
crucifixion-thorn (15%), broom snakeweed
(Gutierrezia sarothrae; 5%), catclaw acacia (Aca-
cia greggii), mahonia (Berberis haematocarpa)
and one-seeded juniper (Juniperus monosperma;
all ,1%). Vegetation cover in study site #2 was
dominated by crucifixion-thorn (55%), fol-
lowed in decreasing abundance by creosote-
bush (35%), catclaw acacia (3%), mahonia,
broom snakeweed and one-seeded juniper
(,1%).

Over our 3-year study Brown-headed Cow-
birds parasitized 52% (29 of 56) of Black-
throated Sparrow nests. Parasitism frequencies
were higher in 1994 (16/27, 59%) than in
1995 (11/27, 41%), but these differences were
not significant (x2

1 5 2.0, P . 0.05). In 1996,
a severe drought occurred throughout Arizona,
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Table 1. Mayfield’s nesting success calculated for
parasitized and nonparasitized Black-throated Spar-
row nests during 1994 and 1995 in the Verde Valley,
Arizona.

Probability of survivala

Egg
stage

Nestling
stage Overall

Parasitized
Nonparasitized
Combined

0.37
0.42
0.38

0.67
0.98
0.76

0.22
0.34
0.27

a Probabilities based on survival of $1 offspring.

Table 2. Nest substrate characteristics measured for nonparasitized (N 5 24) and parasitized (N 5 22)
Black-throated Sparrow nests during 1994 and 1995 in the Verde Valley, Arizona.

Variable
Nonparasitized

Mean 6 SE
Parasitized

Mean 6 SE z P a

Shrub height (cm)
Nearest edge (cm)
Nest to top (cm)
Nest height (cm)

187.6 6 8.8
54.3 6 4.0

153.1 6 7.5
34.5 6 5.0

192.1 6 9.9
46.9 6 4.8

155.6 6 8.1
35.9 6 7.8

20.15
21.31
20.18
20.12

0.88
0.19
0.86
0.26

a Mann-Whitney U-test on log-transformed data.

and only two Black-throated Sparrow pairs
nested in our study area; cowbirds parasitized
both of those nests. Therefore, data were only
analyzed from the non-drought period (i.e.,
1994 and 1995).

Black-throated Sparrows appear to respond
to natural parasitism by either accepting the
Brown-headed Cowbird egg (81%, N 5 22),
deserting the nest (15%, N 5 4), or burying
the parasitic egg (4%, N 5 1). Average sparrow
clutch size of parasitized nests at the time of
desertion was 0.9 6 0.18 (N 5 4). Average
sparrow clutch size of nests prior to parasitism
was 3.3 6 0.33, (N 5 3).

Data on reproductive success came from
non-depredated nests in 1994 and 1995. We
observed 1.5 fewer Black-throated Sparrow eggs
remaining in the nest at the time of hatching
in parasitized nests (1.9 6 0.2, N 5 16) than
in nonparasitized nests (3.4 6 0.1, N 5 14; t28

5 5.5, P 5 0.06). This contributed to a sig-
nificantly lower number of host chicks hatching
in parasitized nests (0.4 6 0.2, N 5 16), com-
pared to nonparasitized nests (1.6 6 0.4, N 5
14, t28 5 2.8, P 5 0.01). The high occurrence
of Black-throated Sparrow hatching failure was
due principally to egg damage. In 26% of par-
asitized nests (N 5 16), small puncture marks

or cracks were detected in host eggs compared
to 0% in nonparasitized nests (N 5 14).
Among non-depredated nests, the number of
young that successfully fledged from parasitized
nests (0.3 6 0.1, N 5 16) was significantly less
than for nonparasitized nests (0.6 6 0.3, N 5
14; t28 5 1.2, P 5 0.01).

Overall nest success using Mayfield (1975)
estimates was not significantly different be-
tween 1994 and 1995; therefore, these data
were combined (x2

1 5 1.60, P . 0.05). The
probability of a Black-throated Sparrow surviv-
ing 21 d to fledge at least one young was 0.27,
with nestling success greater than egg success
among parasitized and nonparasitized nests (Ta-
ble 1). Furthermore, parasitized nests had lower
probability of success than nonparasitized nests.

All nest concealment variables from the two
study sites were pooled because there were no
significant differences between the study sites.
There were no significant differences between
parasitized and nonparasitized nests in the
shrub species that nests were built in (creosote-
bush vs. crucifixion-thorn; x2

1 5 0.09, P .
0.05). There also were no significant differences
between parasitism frequencies and the four
nest microhabitat features used as an index of
nest concealment (Table 2). For orientation of
the nest relative to the center of the shrub, we
found no significant differences between para-
sitized (mean angle 5 698) and nonparasitized
nests (mean angle 1548; x2

1 5 1.0, P . 0.05).
Nests nearer to the outside of the shrub were
not parasitized significantly more frequently
than nests near the center of the shrub (Table
2).

During 1994 and 1995 parasitism frequen-
cies were significantly greater in study site #2
(crucifixion-thorn habitat; 70%) than in study
site #1 (creosote-bush habitat; 30%; x2

1 5 8.8,
P , 0.05; Table 3). The average number of
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Table 3. Differences in cowbird parasitism rates of Black-throated Sparrow nests by habitat type, number
of perches available, and shrub height during 1994 and 1995 in the Verde Valley, Arizona.

Habitat

Creosote-bush
(study site #1)

Crucifixion-thorn
(study site #2) P a

Brood parasitism (%)
Perches available (mean 6 SE)
Shrub height (mean 6 SE)

30% (8/27)
3.5 6 1.3 (N 5 18)
3.6 6 0.3 (N 5 30)

70% (19/27)
12.2 6 3.0 (N 5 18)

7.4 6 0.53 (N 5 90)

,0.05
0.001
0.001

a Comparing habitat types; x 5 8.8 for brood parasitism, Z 5 23.2 and Z 5 23.3 for perch availability2
1

and shrub height (Mann-Whitney U-test), respectively.

shrubs $4 m in height (available cowbird
perches) was significantly greater in study site
#2 than in site #1 (Mann-Whitney U-test, z 5
23.2, P 5 0.001; Table 3). The average shrub
height was two times taller in study site #2 than
in site #1 (Mann-Whitney U-test, z 5 23.3, P
5 0.001).

DISCUSSION

The incidence of Brown-headed Cowbird
parasitism of the Black-throated Sparrow pop-
ulation in the Verde Valley was much higher
(52%) than had been reported in previous stud-
ies (Friedmann 1963; Delesantro 1978; Zim-
mer 1993; A. Pidgeon pers. comm.; S. Coe,
pers. comm.). This higher frequency of parasit-
ism could be due to the fact that cowbirds have
become more common in the Verde Valley as
agriculture and urban development has in-
creased (Taylor and Jackson 1916; Collins
1951; Robinson et al. 1995). The increasing
number of cowbirds has led to high parasitism
frequency in Black-throated Sparrows, a species
not usually parasitized in desert upland habitats
throughout the western United States (Fried-
mann 1963; Robinson et al. 1995).

The relatively recent increase in cowbird par-
asitism in Verde Valley upland habitats may ex-
plain the pattern of Black-throated Sparrow re-
sponse to parasitism. During our study, the
most common response of Black-throated Spar-
rows to natural parasitism was acceptance
(81%), followed by deserting the nest (15%) or
burying the cowbird egg in the nest (4%). Our
results were similar to a study in New Mexico
where Black-throated Sparrows responded to
parasitism by acceptance (74%), nest desertion
(22%) or egg burial (4%; Delesantro 1978).
However, studies may underestimate the fre-

quency of parasitism of rarely used hosts, if
these hosts are rejecters, because cowbird eggs
may be ejected before being observed. There-
fore, status of hosts such as Black-throated
Sparrows can only be classified correctly (as ac-
ceptors or rejecters) through experimentation.
Yet, we suggest that Black-throated Sparrows
appear to be acceptors to cowbird parasitism
because of the relatively high frequency of par-
asitism (52%) recorded in this study. Freid-
mann et al. (1977) has suggested that a species
can be assumed to be an acceptor if parasitism
is noted in more than 20% of its nests.

During this study, nest desertion by Black-
throated Sparrows was also a response to para-
sitism, but this only occurred when one host
egg remained. This was the case in all four par-
asitized nests that were deserted. We found that
if the host clutch was not reduced below two
eggs, female sparrows completed incubation,
which seems to suggest that Black-throated
Sparrows may be sensitive to a clutch-size
threshold. This type of nest desertion among
other parasitized hosts has been considered a
response to partial clutch reduction rather than
to the act of parasitism (Rothstein 1986; Hill
and Sealy 1994).

A third response was burying the cowbird
egg with nest material, an effective adaptation
to cowbird parasitism used particularly by Yel-
low Warblers (Dendroica petechia; Burgham and
Picman 1989; Sealy 1995). This could be an
effective anti-parasite strategy for Black-throat-
ed Sparrows, but we detected it in only one of
29 parasitized nests. In this instance it is un-
known if this cowbird egg was laid before host
clutch initiation. It has been suggested that if
the cowbird mis-timed laying the egg (i.e., be-
fore nest building was complete), this may not
be a response to the cowbird egg, but just a
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continuation of nest building (Clark and Rob-
ertson 1981).

It appears that no single response to counter
parasitism has yet developed in the Verde Valley
Black-throated Sparrow population. The appar-
ent lack of adaptive responses (e.g., rejection)
to cowbird parasitism by Black-throated Spar-
rows appears to support the evolutionary lag
hypothesis (Rothstein 1990; Hosoi and Roths-
tein 2000). Black-throated Sparrows’ accep-
tance of the cowbird egg, and occasionally nest
desertion or egg burial, probably does not re-
flect a direct response to parasitism because the
birds may not recognize the cowbird egg as a
foreign egg (Ward et al. 1996). Rejection of
parasitism by a host is adaptive, but in many
hosts it has not yet become common because
it takes time for new genetic variants to appear
and increase as a result of selection (Davies and
Brooke 1988; Lotem and Rothstein 1995). It
has only been in the last 150 yrs that western
North American populations of songbirds have
been exposed to parasitism, and this may be
insufficient time for counter adaptations to
have evolved in many of these hosts (Terborgh
1992; Lotem and Rothstein 1995; Robinson et
al. 1995). This may be especially true among
Black-throated Sparrows since Brown-headed
Cowbirds have only become common in recent
years in Arizona (Phillips et al. 1964), and this
host has probably only been exposed to exten-
sive cowbird parasitism for less than 100 yrs
(Taylor and Jackson 1916; Collins 1951).

Because Black-throated Sparrows have not
developed effective strategies toward parasitism,
parasitism affects sparrow reproductive success.
Parasitized Black-throated Sparrow clutches av-
eraged 1.5 fewer eggs than nonparasitized
clutches, presumably because of egg removal.
These results coincide with those of Sealy
(1992), where female cowbirds removed at least
one host egg from 33%–90% of all parasitized
Yellow Warbler nests. Another negative influ-
ence on reproductive success was host egg dam-
age. There was a significantly greater number
of Black-throated Sparrow eggs cracked in par-
asitized (26%) than in nonparasitized (0%)
sparrow nests. Although damaged eggs in par-
asitized nests could be the result of several caus-
es (Blankespoor et al. 1982; Weatherhead
1991), the fact that we found none in nonpa-
rasitized nests suggests that these losses are like-
ly attributable to parasitism. Damage to host

eggs may occur while the cowbird is attempting
to remove host eggs from the nest, while laying
her egg, or during incubation when the para-
sitic egg knocks against the host eggs (Spaw and
Rohwer 1987; Røskaft et al. 1990; Weather-
head 1991).

We also found that nest success was lower in
1994, when the parasitism frequency was high-
er (57%) than in 1995 (41%). These differenc-
es in parasitism frequencies from year to year
may be explained by differences in the arrival
date of the parasite on the breeding grounds
(Trail 1992; Robinson et al. 1995). Cowbirds
arrived relatively late (mid May) in 1995; in
contrast, they arrived as early as mid April in
1994 (M. Johnson, unpubl. data). Because
cowbirds may time parasitism to coincide with
the period of maximum host nest availability,
early nesting species such as Black-throated
Sparrows and late nesting hosts may experience
lower rates of parasitism (Robinson et al.
1995).

The probability that a nest will be parasitized
may also be influenced by the degree of con-
cealment of the host nest (Hauber and Russo
2000). However, none of the structural features
(i.e., height of the shrub, distance of nest to the
nearest edge of the shrub, distance of nest to
the top of the shrub, nest height from the
ground, and nest orientation) that we measured
appear to be related to the probability of par-
asitism (Table 2). Creosote-bush and crucifix-
ion-thorn, the primary shrubs used for nesting
by Black-throated Sparrows, are relatively open
desert shrubs and lack the dense vegetative cov-
er to conceal a nest. Thus, perhaps nests in
these shrubs are relatively visible to Brown-
headed Cowbirds. Alternatively, our results may
only reflect the variables we chose as an index
of concealment, and perhaps other measures
more accurately reflect nest conspicuousness.
However, Saunders et al. (2003) used similar
variables and found that well concealed Song
Sparrow (Melospiza melodia) nests were parasit-
ized less often. Our findings may have also been
influenced by the vegetation cover at different
scales (Larison et al. 1998), such as the prox-
imity of perches surrounding the nest shrub
(Saunders et al. 2003). Our study does suggest
that the relationship between vegetative cover
and parasitism varies by site and structure (i.e.,
shrub species) that the nest is built in (Clotfel-
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ter 1998; Hauber and Russo 2000; Howe and
Knopf 2000).

While nest concealment strategies appear to
have little effect on the frequency of cowbird
parasitism of Black-throated Sparrow nests, the
proximity and availability of perches and host
behavioral cues may have an effect on parasit-
ism (Hauber and Russo 2000; Banks and Mar-
tin 2001; Robinson and Robinson 2001). We
found significantly higher parasitism frequen-
cies in the taller crucifixion-thorn habitat than
in creosote-bush habitat (Table 3). Therefore,
we suggest that at these two study sites the
higher parasitism rate in the former habitat may
be influenced by the availability of significantly
higher natural perches.

There are a few other studies that support
the relationship between perch height availabil-
ity and parasitism. In Alberta, sagebrush sites
with parasitized Brewer’s Sparrow (Spizella bre-
weri) nests had perches up to 4 m in height,
situated in a nearby riparian strip, whereas sites
without parasitism had no perches (Biermann
et al. 1987). Anderson and Storer (1976) ob-
served that in an open jack-pine (Pinus bank-
siana) habitat, parasitism of Kirtland’s Warblers
(Dendroica kirtlandii) was more likely when a
dead snag was near the nest than in areas with-
out dead snags. Cowbirds were also more effi-
cient at finding active Red-wing Blackbird (Age-
laius phoeniceus) nests where there were a higher
number of perches (i.e., trees) available in close
proximity to the nest (Freeman et al. 1990;
Clotfelter 1998). Finally, Strausberger and Bur-
hans (2001) suggested that trees provide van-
tage points from which cowbirds can observe
nests undetected and thereby avoid aggressive
host nest defense.

Because of its extensive geographic breeding
range, the Black-throated Sparrow may be less
vulnerable at the population level to the nega-
tive effects of cowbird parasitism than other
species that are more geographically restricted,
(e.g., the Black-capped Vireo (Vireo atricapi-
llus), and the Golden-cheeked Warbler (Den-
droica chrysoparia). The heavily parasitized
Black-throated Sparrows in the Verde Valley
may represent a metapopulation sink that can
be maintained and supplemented by immi-
grants produced in more xeric areas where par-
asitism levels are lower (Hassel and May 1974;
May and Robinson 1985). However, we suggest
that as anthropogenic activities continue to ex-

pand into arid regions of the southwestern
United States and Mexico, Brown-headed Cow-
bird populations will follow and may ultimately
have a dramatic negative impact on arid-land
passerine bird productivity.
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