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ABSTRACT.—Red-winged Blackbirds (Agelaius phoeniceus) are a frequently parasitized host species of obligate brood

parasitic Brown-headed Cowbirds (Molothrus ater). Yet, this common host does not reject parasite eggs or young. A

hypothesis to explain the lack of cowbird egg and nestling rejection is that redwings frontload their responses by investing

into antiparasitic nest defense behaviors toward female cowbirds, relative to non-laying male cowbirds and non-threatening

other species. A review of prior studies using cowbird-mount presentations with or without acoustic playbacks supported

some but not all predictions of this hypothesis. We conducted a new study at two geographically separate sites, in New

York City, NY and in Ithaca, NY, USA, where Red-winged Blackbirds were presented with taxidermic models on a tripod

and species- and sex-specific vocalization playbacks of female or male Brown-headed Cowbirds, female Northern

Cardinals (Cardinalis cardinalis), or a tripod and silence (control). Reactions of both sexes to mount and playback

presentations near known, active nests, conducted repeatedly throughout the breeding cycle, were supplemented with mount

and playback presentations to males without known nests. Red-winged Blackbirds responded more aggressively toward

presentations of both sexes of the parasite than to the cardinal and the tripod treatments. In addition, they responded more

aggressively at known nests to mounts presented closer rather than farther, and at nests with nestlings rather than eggs.

Furthermore, aggressive reactions were more frequent in Ithaca, NY than in New York City, NY. Finally, the reactions of

female and male redwings near known active nests and of males without known nests showed statistically similar patterns,

implying that data from these two types of experimental contexts could be combined in our analyses, and perhaps in future

studies, to more efficiently characterize this host’s responses to parasite presentations. Received 16 November 2013.

Accepted 1 March 2014.
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Avian obligate brood parasites lay their eggs

into other species’ nests, and depend on the hosts

to provision and protect their offspring (Davies

2000). Parasitism, by definition, negatively affects

the fitness of the host species through the initial

exchange of host eggs for parasitic eggs, de-

creased hatching success of host eggs, and the

competition for resources between unrelated

chicks (Rothstein 1990, Hauber 2003a).

Hosts employ many strategies to prevent brood

parasitism. Building nests in cavities with small

entrances (Hoover and Robinson 2007), in

enclosed spaces (Hauber 2001) or in dense cover

reduces the risk of being located by the parasites

(Clotfelter 1998, Hauber and Russo 2000).

Abandoning parasitized nests (Hosoi and Roth-

stein 2000), burying parasitic eggs (Valera et al.

1997), and ejecting parasitic eggs from the nest

(Lahti 2006) are also potential means of foregoing

continued care for the unrelated parasitic eggs and

young. Nest desertion releases the hosts from
extended provisioning for the parasites (Langmore
et al. 2003, Grim 2007, Hauber et al. 2013), while it
also avoids the cognitive costs and errors of
discriminating own and foreign eggs (Lotem 1993,
Moskat and Hauber 2007, Moskat et al. 2014).

The parasitism frequency of Red-winged Black-
birds Agelaius phoeniceus (hereafter: redwing) by
Brown-headed Cowbirds Molothrus ater (hereaf-
ter: cowbird) is exceedingly variable among
different geographic locations and within popula-
tions across North America, and even between
different years (Ortega and Cruz 1988, Freeman et
al. 1990, Clotfelter and Yasukawa 1999). Parasit-
ism of redwings by cowbirds also varies at the
microhabitat scale with vegetation characteristics,
including decreasing parasitism rates with more
distance from potential cowbird perch sites (Clot-
felter 1998), and lower parasitism rates of marsh-
nesting, densely colonial versus upland-nesting,
more loosely colonial redwings (Peer et al. 2005);
the latter pattern is thought to be because of more
successful mobbing and nest defense by redwings
against cowbirds within the more densely populat-
ed colonies (Strausberger 2001).

Despite this variation in the local likelihood of
cowbird parasitism, redwings are so numerous
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throughout North America that they are consid-
ered the host species responsible for producing the
most cowbird fledglings (Lowther 1993). Surpris-
ingly, however, redwings do not prevent the many
costs of cowbird parasitism through the rejection
of cowbird eggs or nestlings (Rothstein 1975,
Roskaft et al. 1990, Clotfelter and Yasukawa
1999). This is unexpected because redwings are
indeed able to remove egg-sized objects experi-
mentally placed in their nests, but the birds
evidently do not respond to real or experimental
cowbird eggs by ejecting them (Ortega et al.
1993). Moreover, cowbirds do not appear to use
egg mimicry or crypsis to avoid the detection of
the parasitic egg (Ortega et al. 1993). It is possible
that redwings have not yet evolved the necessary
adaptations to eject eggs because of evolutionary
lag (Ward et al. 1996) or it may be too costly for
redwings to evolve an ejection behavior because
of the potential cost of damaging one or more of
their own eggs while attempting to reject the
relatively thicker-shelled cowbird egg (Rowher et
al. 1989). Redwings do sometimes desert parasit-
ized nests (Clotfelter and Yasukawa 1999), but it
can be costly in terms of time lost building a new
nest (Clotfelter and Yasukawa 1999), and there is
also a greater chance of predation later in the
season (Capper et al. 2012).

The redwings’ primary cost of parasitism is the
decrease in clutch size as the cowbird removes a
redwing egg and lays its own into the nest
(Hoover et al. 2006); in turn redwings suffer
minimal additional costs to raise a cowbird chick
in the nest alongside their own young (Lorenzana
and Sealy 1999, Hauber 2003a). A hypothesized
strategy to reduce the initial and non-recoverable
cost of cowbird parasitism is for the redwings to
frontload their defenses (Welbergen and Davies
2009, Kilner and Langmore 2011, Feeney et al.
2012) to prevent the cowbird from approaching
the nest, removing a redwing egg, and laying its
own egg in the nest. For example, in a different
host-parasite system, Welbergen and Davies
(2009) found that Eurasian Reed Warblers’
(Acrocephalus scirpaceus) aggression toward
parasitic Common Cuckoos (Cuculus canorus)
reduced rates of parasitism.

Observations at nests and experiments with
mount-presentations (reviewed in Supplementary
Materials: S Table 1) have revealed that redwings
vigorously defend their nests from nearby cow-
birds, by alarm calling, mobbing, and physically
attacking the parasitic intruders, relative to

harmless heterospecific birds (Robertson and
Norman 1976, Ortega and Cruz 1991, Prather et
al. 1999). Critically, the responses of redwings to
predatory birds vs. cowbirds are also quantita-
tively different (Neudorf and Sealy 1992; S Table
1), implying that even though cowbirds do
occasionally prey on host eggs and nestlings,
parasitic cowbirds are considered a different class
of threat compared to other avian nest predators
(Yasukawa et al. 1992; S Table 1). The specific
hypothesis, therefore, for the evolution of the
specific patterns and timing of antiparasitic
defenses (and the lack thereof) by redwings
against cowbirds is that this host species front-
loads its defenses by predominately reducing the
cost of parasitism through the prevention of
parasitic egg laying in the first place rather than
by recognizing and rejecting parasitic eggs or
young (Røskaft et al. 1990, Grim 2011, Feeney
et al. 2012).

Our study used experimental mount-presenta-
tions to examine aggressive nest-defense behav-
iors employed by redwings toward cowbirds. The
specific aim of the study was to determine
whether patterns of host behaviors represent
specific antiparasitic behaviors that may function
so as to prevent female cowbirds from approach-
ing and parasitizing redwing nests. Our three sets
of comparisons are described in the following
paragraphs.

Comparison 1.—There has been little published
research to date reporting on the rate and variance
of cowbird parasitism and the potential antipara-
sitic responses of redwings in these species’ north-
eastern range of sympatry, including New York
State, USA (S Table 1). Previous research in
Ithaca, NY (Armstrong 2002) found cowbird
parasitism of redwings to be ,1%, and during
5 years of research with 20+ redwing nests
monitored per year within 50 km of Ithaca, NY,
Hauber (2003b) found no cowbird eggs in
redwing nests in either marsh or upland sites.
Examining the specificity of redwings’ nest
defenses against parasitic cowbirds in such
populations may be informative for future com-
parisons and meta-analyses as to the cognitive
basis and ecological efficiency of antiparasitic
strategies in local populations. The present study
therefore explored the parasite/host relationship
between redwings and cowbirds in New York
State by examining nest defense behaviors in
response to presentations of taxidermic models
accompanied by playbacks of the respective
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vocalizations of female and male cowbirds, and
female Northern Cardinals (Cardinalis cardina-
lis), as a non-parasitic, non-predatory sympatric
stimulus species. We hypothesized that the
redwings would engage in significantly more
aggressive behaviors toward the female cowbird
mount than the other bird models, implying that
parasitically-laying female cowbirds are consid-
ered a unique class of threat to the nesting attempt
of redwings.

Comparison 2.—We compared the redwings’
reactions to the mounts between New York City,
NY and Ithaca, NY. This was done initially in
order to increase the sample size of redwings for
our study but it also allowed us to compare the
consistency and variation of host behaviors
between these two relatively distant sites of
,270 km apart (Rand McNally 2004), with a
different ecological context (urban vs. rural
setting), within the general region of northeastern
North America. Our study is the first that we are
aware of regarding the context of obligate brood
parasitism of redwings within the urban draw of
New York City (hereafter NYC).

Comparison 3.—Finally, we aimed to deter-
mine whether it was possible to study redwings’
antiparasitic behavior from the behaviors of
individuals without having to locate active nests
in the vicinity of the parasitic mount’s presenta-
tion. Locating redwing, and other cowbird-host,
nests is potentially time consuming and can be
logistically difficult or detrimental for the out-
come of the nesting attempt, especially in the
urban setting of highly controlled public parks of
New York City with many potential nearby
observers. If urban researchers were able to
feasibly combine the data from redwing territories
without known nests with data taken from
responses at known active nests, it would produce
a larger data set and a potentially more econom-
ical and/or robust account of local antiparasitic
behaviors.

To complement the already large literature on
using mount-presentations in the study of avian
host-parasite interactions (reviewed in Grim 2005)
and in cowbird-redwing interactions (as cited
above, Strausberger and Horning 1998; S Table
1), our study was designed to provide novel
experimental data in that we studied parasitism in
urban areas within NYC, we conducted playbacks
of sex- and species-specific vocalizations associ-
ated with each mount of parasite sex and control
species, and we compared antiparasitic behaviors

from redwings defending nests to those without
known nests. Moreover, our study is one of the
few to use principal components to describe
patterns of antiparasitic behaviors in an avian
host species.

METHODS

Study Site and Species.—We located adult
redwings at various parks in New York City and
Ithaca, NY, USA, during the spring and summer
of 2010. The search was focused on the typical
redwing breeding habitats of fresh and saltwater
marshes, as well as upland meadows (Searcy and
Yasukawa 1995). Both redwings and cowbirds lay
eggs from April to July (Lowther 1993, Searcy
and Yasukawa 1995). The female Northern
Cardinal (hereafter: cardinal) was used as a
control bird species because cardinals are sym-
patric with redwings and they are approximately
the same size as cowbirds, but they are neither
parasitic nor do they prey upon redwing nests
(Halkin and Linville 1999).

Redwings were not banded or otherwise
individually identifiable as part of this study. To
reduce pseudoreplication, we walked at least 50 m
between presumed redwing territories (Searcy and
Yasukawa 1995). In addition, each mount/control
(see section below on Presentation of Mounts)
was presented only once at each territory with a
known active nest and whereas only 1 of the 4
mount/control treatments were presented at sites
with no known nests. We defined a nest as active
if there was at least one egg in the nest and if we
observed both a male and female redwing within
5 m of the nest. At sites with no known nests, the
mounts were presented only when at least one
redwing male was observed perched in submerged
vegetation at a likely nesting territory.

In and around Ithaca, NY, a total of three
nesting pairs of redwings and 16 redwing males
without known nests were exposed to the mount
presentations. The presentations occurred in and
around the Cornell University’s Experimental
Aquatic Ponds Units 1 and 2, located in Lansing,
NY, USA (42u 509 330 N, 76u 469 580 W). The
Cornell Pond Units are described in detail by
Westneat (1992) and Hauber (2000). All of the
sites in Ithaca were situated in rural areas, and
sites behind fences, not open to the general public.

In NYC, we conducted experiments in Queens,
NY, where a total of nine active nests of redwings
and 18 presumed territories without known nests
were exposed to the mount presentations. The
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study localities in Queens included Flushing
Meadows Corona Park (40.73uN, 73.84uW),
Conselyea’s Pond at Brookfield Park (40.65uN,
73.74uW), Baisley Pond (40.67uN, 73.78uW) and
Kissena Park (40.74uN, 73.80uW). We also
conducted experiments in the Bronx, NY, and
the experiments included three redwing nests and
nine territories without known nests. The sites in
and around the Bronx, NY were Van Cortland
Park (40.88uN, 73.89uW), Scout Park in Bronx-
ville, NY (40.93uN, 73.83uW), Soundview Park
(40.76uN, 73.86uW) and Shore Road (40.86uN,
73.80u W). Finally, we studied redwings in
Brooklyn, NY, where the experiments included a
total of eight territories without known nests. The
sites in Brooklyn, NY were Prospect Park Lake
(40.65uN, 73.96uW) and Marine Park (40.60uN,
73.93uW). All of the presentations done in NYC
took place in public parks.

Presentation of Mounts.—We used taxidermic
avian models for the experiment (courtesy of B.
Strausberger Field Museum, Chicago, USA).
Logistical limitations meant that only one exem-
plar model was used per stimulus type. Studies that
have used replicate specimens for antiparasitic
mount presentation experiments have found no
difference between replicate dummy types (Davies
and Welbergen 2008, Grim 2011). A photographic
tripod served as a base upon which to mount and
present each model. The tripod (height 0.8 m) was
painted brown in order to provide some camou-
flage. The pan head was removed from the top of
the tripod and in its place was attached a square
piece of Styrofoam, also painted brown. Each
model bird was attached to a metal rod that would
fit into the Styrofoam, which allowed the models to
be positioned upright. The empty tripod itself was
also used as a treatment control to test whether the
redwings would show aggression to a foreign
object in or near their nest and territories.

Many birds recognize and respond differently
to heterospecific vocalizations (Hauber et al.
2002, Forsman and Martin 2009), and so species-
and sex-specific playbacks were used simulta-
neously with the different mounts’ presentations
to elicit responses from the redwings. Two
exemplars of species- and sex-specific vocaliza-
tions were used each for the male cowbird, the
female cowbird, and the cardinal mount, to reduce
pseudoreplication concerns (Hauber et al. 2001).
The vocalizations were obtained from The Digital
Resource Commons of Ohio University (drc.
ohiolink.edu) and www.findsounds.com. Raven

Pro 1.3 Sound Editing Software was used to
generate 5-min sound files for each of the
vocalizations. Each sound file consisted of 10 sec
of sound followed by 20 sec of silence. The 10 sec
of sound were comprised of 1 sec of vocalization
followed by 2 sec of silence, repeated for 10 sec.
To generate ‘‘silent’’ playbacks, the intensity of
the sound was decreased to 1026 of its original
intensity. Thus, the control included the tripod
presentation, accompanied by 5 min and one of
two exemplars of ‘‘silent’’ playback.

The combined 10 sec of vocalization followed
by 20 sec of silence was duplicated 10 times to
generate a 5-min sound file. One min of silence
(sound intensity 1025 of original sound) was
added to the beginning and end of each sound file,
allowing time for the experimenter to position the
mount at the nest at the beginning of the trial and
to retrieve the mount after the trial was over
without exposing the birds to a different vocali-
zation. A final band pass filter between 500–
10,000 Hz was applied for all sound files. All
playbacks were standardized to a uniform peak
amplitude and were played back at the maximal
volume setting. Playbacks were played from an
iPod Nano device connected to two portable
RadioshackTM Model #40-1434 Portable Folding
Speakers.

The study sites were chosen by looking for
suitable redwing nesting microhabitats in parks
with bodies of water surrounded by vegetation
(Searcy and Yasukawa 1995). Once a suitable
locality was found, we searched for male
redwings since they are easier to locate than
females with their larger bodies and deep black
coloration, and they find and defend territories
(Searcy and Yasukawa 1995). After male red-
wings were seen or heard, we approached them
until we were no more than 2 m from the birds. At
this distance, males defending nests will begin to
produce alarm vocalizations or hover towards
humans who approach the nest (Searcy and
Yasukawa 1995). If the male redwings directed
aggressive behaviors toward us, we would look in
the immediate area for nests. Redwing females
generally build their nests ,1 m from the ground
in marsh vegetation (Beletsky 1996), and male
redwings will also intensify their aggressive
behavior as humans approach closer to the nest
(Searcy and Yasukawa 1995), which sometimes
aids in locating the nest. If a nest was not found,
only one of the mounts or the tripod, chosen in a
random balanced manner, was presented to each
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male redwing, regardless of whether the male was
solitary or there were females present. All 4
mounts/tripod were not presented to the males
without known nests, because it was not possible
to know whether the same birds would be present
at the site during subsequent presentation.

When a nest was found, the numbers of
redwing and cowbird eggs and/or nestlings were
recorded for the nest. We would then retreat to a
distance at least 10 m away from the nest and wait
for the redwings to stop alarm calling. During that
time, the mount apparatus would be set up in
preparation to present the taxidermic models.
Once the birds were silent, one of the mounts or
the tripod was presented to the birds. In order to
keep the bird model hidden until it was presented
to the birds a brown cloth was draped on top of the
model.

The mount apparatus was presented as close as
possible to the nest. The distance from the mount
apparatus to the nest varied between 1–4 m,
because the nests were usually built in dense
vegetation. The mount apparatus was placed at the
nearest edge of the vegetation. It was presented at
the same height, 0.8 m from the ground, at each
presentation. The taxidermic bird mount was
always displayed facing the nest. The brown cloth
covering the model was removed as soon as the
apparatus was in position. The iPod and speakers
were placed inside the brown cloth to camouflage
them. They were then positioned on the ground
just beside the mount apparatus.

At each presentation site, the apparatus was
positioned at the same location during all four
presentations. We started recording the behaviors
for each trial as soon as the vocalizations began to
play. Since the playback of the silent track did not
have audible components with which we could
synchronize recording, the behaviors for each
control trial were recorded as soon as we were
positioned 10 m away from the model. Each
recording was played at the maximum volume.
The birds’ behaviors were recorded for 5 min,
even if the birds flew away. One-zero sampling
scans were used and the behaviors were recorded
every 15 sec. This type of sampling was chosen in
order to record rapid behaviors, such as vocaliza-
tions and strikes, which are difficult to capture
with other sampling methods (Martin and Bateson
2009). Mount presentations were performed
between 30–45 min apart to allow the redwings
to return to their normal behavior (Honza et al.
2006). The order of presentation of the mounts

was determined in a random balanced manner.
Most of the trials were videotaped using a
handheld video camera. Some trials were re-
viewed during data analysis to determine which
sex of blackbird performed a certain behavior.

Data Collection and Analysis.—We used an
electronic behavioral data logger for this study by
utilizing a recently developed iPhone/iPad touch
application named ‘‘WhatISee.’’ (T. Heuser 2009;
hereafter: App or application; described in detail
by Henger et al. 2012). We generated an ethogram
template for redwings by using the vocalizations
and behaviors recorded in previous experiments
of redwing nest defense that were found in the
literature (Supplementary Materials: S Table 2).

A Principal Components Analysis was used in
order to reduce the high number of possibly
correlated behavioral responses into a smaller
number of independent variables (Kachigan 1991,
Grim 2005, see also Honza et al. 2006). The data
from the Nest and No Known Nest Sites were first
combined and then Principal Components (PC)
scores were generated separately from behavioral,
vocal, and spatial distribution data types. The
Principal Components were divided into these
three groups in order to characterize information
about the physical and vocal reactions to the
models as well as the proximity of the redwings to
the models and the number of redwings that
responded. Only Principal Components with Ei-
genvalues .1.0 were used in the statistical tests
(Kachigan 1991). The Eigenvectors are shown in
the Supplementary Material (S Tables 3–5).

All statistical tests were conducted in JMP 8.0
Software. A backward elimination protocol was
used in a General Linear Mixed Model (GLMM)
(O’Hara 2009), with all of the Principal Compo-
nents as dependent variables and Nest ID as the
random effect. The Principal Components are
Aggressive Response, Aggressive Male Vocaliza-
tions, Aggressive Female Vocalizations, Female
Strikes, Intimidation, Close Multiple Males and
Females, Close Male, Distant Female, Close
Male, Female Any Distance, and Other Birds.
The experimentally controlled predictor variables
were Location, Type of Mount, Mount Presenta-
tion Order, and Nest Present or Absent; correla-
tive predictors included Eggs or Nestlings, and
Distance from Model.

All of the predictors were added to the model
and non-significant predictors were removed one
at a time. We stopped removing predictors when
all of the remainders in the model showed a
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significant effect at a 5 0.05. The GLMM
approach provides a numerical approximation of
degrees of freedom through the Kenward-Roger
method, so the reported values are not necessarily
whole numbers (Kenward and Roger 1997). There
were no a priori predictions for interactions. Two
Principal Components (‘‘Close Multiple Males
and Females’’ and ‘‘Other Bird Species’’) did not
meet the assumptions of parametric tests and so
they were log10 (x + 10) transformed prior to
analyses.

RESULTS

Comparison 1.—For four of the PC scores,
there were significant differences between the
redwings’ reactions to the different types of
stimulus presentations. Considering the PC score
‘‘Aggressive Response,’’ redwings showed sig-
nificantly higher PC scores in reaction to both the
female cowbird and male cowbird than the
cardinal or the tripod (pooled data: r2 5 0.48,
F3,82.46 5 5.98, P 5 0.001, Fig. 2a). Significantly
higher values of the PC score ‘‘Aggressive Male
Vocalizations’’ were recorded when redwings
were reacting to the male and female cowbirds
compared to the cardinal or the tripod (No Known
Nest data only: r2 5 0.24, F3,15.39 5 4.98, P 5

0.004, Fig. 2b). Responses toward the female
parasite produced significantly higher PC scores
than responses to the male parasite and the tripod

for the PC score ‘‘Close Male, Female Any
Distance’’ (pooled data: r2 5 0.76, F3,53.8 5 3.22,
P 5 0.030, Fig. 2c). Responses toward the female
cowbird produced significantly lower values than
responses toward the three other models for the
PC score ‘‘Intimidation’’ (pooled data: r2 5 0.83,
F3,49.22 5 5.13, P 5 0.004, Fig. 2d).

There was no significant difference between
reactions to the stimulus presentations for the
following PCs when all data were combined:
‘‘Female Strike’’ (r2 5 0.11, F3,91.74 5 1.34, P 5

0.27), ‘‘Aggressive Female Vocalizations,’’ (r2 5

0.47, F3,75.74 5 1.10, P 5 0.35) ‘‘Close Multiple
Males & Females’’ (r2 5 0.43, F3,76.66 5 2.40,
P 5 0.076) ‘‘Close Male, Distant Females’’ (r2 5

20.36, F3,92.61 5 2.17, P 5 0.097), and ‘‘Other
Bird Species’’ (r2 5 0.14, F3,80.67 5 1.17, P 5

0.33).

Comparison 2.—The PC scores ‘‘Male Aggres-
sive Vocalizations’’ were higher in Ithaca than in
NYC (Known Nest data only: r2 5 0.70, F1,9.56 5

17.243, P 5 0.002, Fig. 3a).

Comparison 3.—The PC score ‘‘Aggressive
Male Vocalizations’’ was the only PCA metric
that was significantly different depending on
whether redwings were presented with the mount-
ed model(s) and playback(s) with or without a
known active nest; the values were higher near
known nests (r2 5 0.74, F1,42.45 5 5.80, P 5 0.02,
Fig. 1); all other PC scores were statistically

FIG. 1. Differences in the responses (least square mean 6 SE) of Red-winged Blackbirds across all treatments (PC

score: ‘‘Aggressive Male Vocalizations’’) depending on whether there was a known active nest in the vicinity of the mount-

playback presentation experiment. This difference was significant at P , 0.05.
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similar between Nest and No Known Nest sites
(P . 0.05).

Correlative Predictors.—The PC scores ‘‘Male

Aggressive Vocalizations’’ were higher when

redwings were defending known nests with

nestlings than with eggs (Known Nest Data Only:

r2 5 0.70, F1,9.41 5 10.035, P 5 0.011, Fig. 3b).

The following PCs had significantly higher

scores at sites where the tripod with the model,

and the playback speaker were placed closer to the

nest than sites with model presentation farther

away from the known nest (data not shown):

‘‘Aggressive Response’’ (r2 5 0.24, F1,14.41 5

7.07, P 5 0.018), ‘‘Aggressive Female Vocaliza-

tions’’ (r2 5 0.38, F1,13.38 5 4.79, P 5 0.047),

‘‘Close Multiple Males and Multiple Females’’ (r2

5 0.26, F1,14.08 5 8.41, P 5 0.012), and ‘‘Close

Single Male, Single Female Any Distance’’ (r2 5

0.24, F1,9.39 5 14.21, P 5 0.004).

DISCUSSION

Comparison 1.—Redwings displayed consis-
tently more aggression toward both the male and
female cowbird mounts than the female cardinal
mount and the tripod. This suggests that the
redwings respond to both male and female
cowbirds as a different class of threat, relative to
innocuous sympatric non-parasitic bird species
and inanimate objects. Several previous studies
(Robertson and Norman 1976, Strausberger and
Horning 1998, Gill et al. 2008; summarized in S
Table 1) found that behaviors of cowbird hosts
toward male and female parasitic mounts were not
significantly different, implying that either the

FIG. 2. a–d. Differences in the responses (least square mean 6 SE) of Red-winged Blackbirds (PC scores: ‘‘Aggressive

Response,’’ ‘‘Aggressive Male Vocalizations (sites with no known nests),’’ ‘‘Close Male, Female Any Distance,’’ and

‘‘Intimidation’’) to all treatments of the mount and playback presentations. Mounts with different letters are post hoc

significantly different from each other in the GLMM analysis. F: female, M: male.
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redwings cannot distinguish the two sexes or that

these hosts did not perceive the female cowbird as

a unique threat relative to males. This conclusion

is in line with the observation that even male

Brown-headed Cowbirds may participate in nest

searching behaviors attributed typically to females

of this obligate parasitic species (Strausberger

1998, Igl 2003).

However, there also were several cowbird sex-

specific differences in our host behavioral re-

sponse data, similar to as seen in a different set of

previous studies (Folkers 1982), in that redwing

males positioned themselves closer to the female

cowbird mount than toward the male cowbird

mount and the two controls. These consistent

mount-sex specific behavioral patterns imply that

hosts respond to the different sexes of the brood

parasite with different defensive strategies. Con-

versely, the PC ‘‘Intimidation’’ score was signif-

icantly less in response to the female cowbird

mount than to the other two mounts and the

tripod. This PC is positively correlated with the

behaviors Dive, Hover, and No Reaction (S Table

3). A potential factor for why these behaviors

were performed less often toward the female

cowbird mount is perhaps that redwings were in

fact more likely to physically strike the female

cowbird mount than to dive and hover near it

(Fig. 2d).

Comparison 2.—In Ithaca, throughout 5 years

of research between 1997–2010, no parasitized

redwing nests were found (n . 100 nests), even

though cowbird parasitism rates were consistently

.20% per annum in other sympatric hosts

(Hauber 2003b). In NYC, the first redwing nest

in our 12 total nest sample was parasitized (8.3%)

in 2010, but all other nests were not. Although we

found that redwings produced significantly more

aggressive vocalizations in Ithaca than in NYC

(Fig. 1) in response to cowbird mounts, it remains

unclear whether and how this may be related to

variation in the risk of parasitism or the success to

in fact reduce incidents of parasitism. Alterna-

tively, it is possible that the redwings with

territories inside public parks in NYC are

habituated to a certain amount of disturbance

and therefore do not react to all types of intruder

stimuli as strongly as do these same hosts with

territories in and around the private and rural

Cornell Pond Units. Future studies should exam-

ine habitat and site-specific variation with larger

sample sizes of redwing nests and their cowbird

parasitism status across several urban-rural gradi-

ents (following Scales et al. 2011).

Comparison 3.—The only PC that was signif-

icantly different depending on whether there was

a known active nest in the vicinity of the mount

presentation was the ‘‘Aggressive Male Vocali-

zation’’ PC. This PC was comprised of positive

contributions from the vocalizations ‘‘check,’’

‘‘whistle,’’ and ‘‘ring’’ (S Table 5); and redwings

performed these behaviors significantly more

often when defending known nests. Researchers

looking to combine behavioral nest defense data

FIG. 3. a–b. Differences in the responses (least square mean 6 SE) of Red-winged Blackbirds to all treatments of

mount and playback presentations (PC scores: ‘‘Aggressive Male Vocalizations’’) between Ithaca and New York City

(NYC), NY and between those defending nests and eggs. Only data from known nest sites was used in these analyses and

plots. These differences were significant at P , 0.05.
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from redwings with or without known active nest
sites would need to be aware of and account for
this variability. Overall, however, we found that
the behaviors from males without known nests
were statistically similar to behaviors from
redwings with known active nests. Our conclusion
is that it is possible to combine data from nesting
redwing pairs and redwing males without known
nests to study these hosts’ responses in cowbird
mount and sound presentation experiments.

Correlative Predictors of Redwing Responses.—
Although not as the outcome of an experimental
design, we found statistical patterns indicating
that redwings displayed more aggression toward
the mounts when defending nestlings than eggs.
Both female and male cowbirds are known to
destroy host eggs and nestlings (Granfors et al.
2001, Igl 2003), perhaps as part of a farming or
mafia strategy (Arcese et al. 1996, Hoover and
Robinson 2007, Hauber 2009) and so, to examine
whether redwings perceive male cowbirds as
specific threats to nesting success, future mount
presentation experiments should include larger
sample sizes of redwing nests occupied by
nestlings and compare reactions toward both
sexes of cowbirds across nesting stages.

In addition, we found that aggressive responses
were greater as the mounts and playbacks were
displayed closer to the nests. Clotfelter (1998) also
found that redwings were more aggressive towards
a female cowbird mount as the distance from the
mount to the nest decreased. Female cowbirds must
be physically at the nest in order to remove host
eggs and lay parasitic eggs, and so redwings would
benefit from increasing their aggressive behaviors
as female cowbirds approach so that the brood
parasites do not land, access the nest, remove host
eggs, and lay eggs of their own in the nest.

Conclusions.—Red-winged Blackbirds re-
sponded more aggressively toward mount and
playback presentations of both sexes of the
obligate brood parasite, the Brown-headed Cow-
bird, than to the female Northern Cardinal, and an
empty tripod (as controls). In addition, male
redwings approached the female cowbird presen-
tation more closely relative to the male cowbird.
These findings are in line with the theory that
redwings mount nest defenses to reduce the cost
of parasitism; indeed, Strausberger (2001) found
an inverse association between host aggression
toward a female cowbird mount and cowbird
parasitism rates. Our study also compared anti-
parasitic aggressive behaviors of redwings be-

tween two sites in New York State, and found
more aggression in redwings in rural Ithaca than
in urban New York City. Finally, we compared
the behaviors of the redwings with active nests to
redwings with no known nests and documented
that only one Principal Component, out of nine
total PCs, differed significantly depending on
whether there was a known active nest in the
vicinity. This suggests that in an initial survey, the
presence of an active host nest is not necessarily
required to provide a suitable experimental
analysis of redwings’ responses toward taxidermic
mounts and vocalization playbacks of brood
parasitic cowbirds.
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