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ABSTRACT.—Red-winged Blackbirds (Agelaius phoeniceus) may be more likely to desert nests
parasitized by Brown-headed Cowbirds (Molothrus ater) when they interact with the parasite, because
desertion frequencies are higher at naturally parasitized nests than at artificially parasitized nests in
some brood-parasitic hosts. We experimentally parasitized blackbird nests in southern Manitoba
with cowbird model eggs and presented taxidermic mounts of adult female cowbirds near their
nests. We observed no desertion, which is possibly attributable to constraints of a shorter breeding
season at this latitude. We also compared rejection frequencies for blackbirds when a mounted
female cowbird was placed near the nest to rejection frequencies recorded when (1) no model egg
was added, (2) a model egg was added but no mounted cowbird was presented, and (3) a model
egg was added plus presentation of a mount of a non-parasitic and non-threatening species, the Fox
Sparrow (Passerella iliaca). Blackbirds struck the cowbird mount more often than the sparrow
mount, but responses to the cowbird mount did not influence acceptance or rejection of the model
egg. Blackbirds apparently engage in the least costly form of anti-parasite defense (aggression) and
accept the costs of acceptance instead of those of renesting during a short breeding season.

INTRODUCTION

Brood parasitism by Brown-headed Cowbirds (Molothrus ater; hereafter cowbirds)
generally reduces the reproductive output of most hosts (Lorenzana and Sealy, 1999), as
cowbirds typically remove an egg around the time of parasitism and young cowbirds often
outcompete host nestlings and fledglings (Sealy, 1992; Clotfelter and Yasukawa, 1999a;
Rasmussen and Sealy, 2006). Natural selection therefore should favor the development of
an anti-parasite strategy in hosts, which may include aggression towards adult cowbirds, egg
ejection, or nest abandonment (Ortega et al., 1993). Red-winged Blackbirds (Agelaius
phoeniceus, hereafter blackbirds) respond to cowbirds as a brood parasite rather than as a
nest predator (Neudorf and Sealy, 1992; Gill et al., 2008) with aggression that may
temporarily deprive cowbirds of access to the nest (Strausberger, 2001).

The ability of blackbirds to rear their young and cowbird young, compared to smaller
hosts (Ortega and Cruz, 1988; Weatherhead, 1989), may explain why blackbirds generally
accept parasitism, despite being able to grasp-eject objects even larger than cowbird eggs
(Ortega et al., 1993). Ejection may be an ineffective anti-parasite defense in blackbirds as the
main cost of parasitism before the fledging period appears to be the loss of an egg at the
time of parasitism (Freeman et al., 1990), a cost that is not recouped through ejection (Ward
et al., 1996). Parasitism may become costly during the fledging stage through reduced
survival of blackbird fledglings, apparently outcompeted for parental care by cowbird
fledglings (see Rasmussen and Sealy, 2006).

Nest desertion followed by re-nesting avoids the costs of parasitism before and after
fledging (Rasmussen and Sealy, 2006). However, desertion may be costly due to reduced re-
nesting opportunities or lower fledging success (Guigueno and Sealy, 2010). Thus, the
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propensity to desert parasitized nests may be expected to decrease with increasing latitude
because the length of the breeding season declines with increasing latitude.

Cues that elicit nest desertion and its role as an anti-parasite strategy remain enigmatic
(Sealy, 1995; Hosoi and Rothstein, 2000; Guigueno and Sealy, 2011). The greater frequency
of desertion at naturally parasitized nests compared with experimentally parasitized nests
may be elicited by the combination of blackbirds observing the live female cowbird near the
nest plus laying a foreign egg in the nest (Hosoi and Rothstein, 2000; Yasukawa and Werner,
2007; Guigueno and Sealy, 2011).

We examined whether nest desertion in blackbirds is triggered by the coupling of the
presence of a female cowbird at the nest plus the laying of its egg in the nest. Seeing and
possibly interacting with the female cowbird at or near the nest appears to be critical before
blackbirds abandon nests (Yasukawa and Werner, 2007), but this may be combined with
observing a cowbird egg in the nest. Blackbird responses to the combination of cowbird eggs
added to nests in association with the presentation of a cowbird mount at the nest have not
been quantified. We predicted that more nests would be deserted after a female cowbird
mount was observed at the nest, followed by addition of a model cowbird egg.

METHODS

We located blackbird nests during May and Jun. 2009 in and along a portion of the
southern edge of Delta Marsh (Shay, 1999; 50u119N, 98u199W), south-central Manitoba,
where blackbirds are regularly parasitized by cowbirds: 30%–35% of nests parasitized in 1983
and 1984 (Weatherhead, 1989), an average of 19.7% in 1986–1992 (Neudorf and Sealy,
1994), 3%–20% in 1995 and 1996 (Grant and Sealy, 2002), and 13.5% in 1994–1998
(Woolfenden et al., 2004); 3 of 153 (2%) nests examined in the present study were
parasitized. We located blackbird nests by observing individuals during nest building and by
walking through cattail (Typhus latifolia) habitat in which male blackbirds were establishing
territories. Nests were distributed over a ,47 km2 region, with most nests several meters
apart. Field observations suggest most blackbirds formed monogamous pairs, as only two
males (n 5 153) were observed defending more than one nest.

We sought to identify the cue(s) that elicits nest desertion in blackbirds, using four
experimental treatments assigned to nests randomly. The investigator (1) touched the
blackbird’s eggs on the first visit to the nest (control nests), (2) placed one model cowbird
egg into the nest with the blackbird’s eggs, (3) added a model cowbird egg to the nest as
well as a mounted Fox Sparrow (Passerella iliaca, hereafter sparrow), which served as a
control when placed ,0.5 m from the nest, and (4) added a model cowbird egg and placed
a mounted female cowbird ,0.5 m from the nest. We used mounts of the sexually
monomorphic Fox Sparrow as a control because this species occurs in the Delta Marsh area
only during migration thus neither parasitizing nor depredating blackbird nests. Sparrows
are roughly the same size and shape as a female cowbird (32 g vs. 39 g, respectively),
although their plumage is different (Neudorf and Sealy, 1992; Bazin and Sealy, 1993; Gill et
al., 2008), which eliminates confounding influence of differences in prior experience with
this species (Bazin and Sealy, 1993). Results of our previous work have shown that blackbirds
react more aggressively to cowbird models than to sparrow models (Neudorf and Sealy,
1992; also see Sealy et al., 1998).

Four sparrow and three cowbird mounts were taxidermically prepared in upright
positions with wings folded on the back, using specimens salvaged at Delta Marsh. Mounts
were attached to natural vegetation and positioned ,0.5 m from nests, level with and facing
the nest rim, when adult blackbirds were absent; the observer then hid in natural vegetation,
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following previously used protocols to test blackbird responses at this site (Robertson and
Norman, 1976; Neudorf and Sealy, 1992; Gill et al., 2008). Each mount remained in place
for ,5 min to allow blackbirds time to observe it. During presentation of the mounts,
frequency of six responses by blackbirds to the sparrow and cowbird were recorded: check
calls, tail flicks, flying/hovering over nest, perching on mount, pecking mount, and striking
mount from the air. For treatments involving model eggs and model eggs plus mounts, eggs
were added on the morning the second egg was laid (modal clutch size was four), as most
blackbirds abandon their nests earlier in the laying period, if they are going to abandon
(Yasukawa and Werner, 2007). We deployed treatments from 0700 to 1400 h (Central
Daylight Time), so as not to interfere with blackbird laying times, which average about
13 min after sunrise (McMaster et al., 2004). We switched one blackbird egg for each model
cowbird egg in treatments 2 to 4 because cowbirds usually remove a host egg from each
blackbird nest parasitized (Freeman et al., 1990).

Model cowbird eggs were constructed using molds of real cowbird eggs sampled from the
Delta Marsh area and simulated cowbird eggs in color, shape, and mass, although real
cowbird eggs vary in the degree of maculation (Fig. 1). Models were made of plaster-of-Paris
and were painted to match the appearance of real cowbird eggs following Rothstein’s
(1975a) protocol. The models were spattered with brown paint using a toothbrush to
produce spots against a white background (Lowther, 1993; see Guigueno and Sealy [2011]
for additional details of preparation and commercial descriptions of colors used to paint the
model eggs). We shaped floral foam into an egg shape and placed the foam core in a

FIG. 1.—Red-winged Blackbird nest (May 2009) at Delta Marsh, Manitoba containing blackbird egg
(blue egg), natural cowbird egg (top of nest cup), and artificial cowbird egg (front right)
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cowbird egg mold, where we covered it with a thin layer of plaster-of-Paris. The thin layer of
plaster meant that blackbirds could potentially peck holes through the plaster, as if pecking
through a real egg shell (similar to those employed by Lee et al., 2005). Model eggs (n 5

125) weighed 3.19 6 SD 0.38 g and averaged 22.92 6 SD 0.39 mm long and 18.16 6 SD

0.19 mm wide; all dimensions were similar to real cowbird eggs (Rothstein, 1975a, b; Sealy,
1992). Blackbird eggs (n 5 27) measured at Delta Marsh (Sealy, unpubl. data) averaged
25.22 6 SD 1.38 mm long and 17.81 6 SD 0.51 mm wide.

Following treatment deployment, we inspected each nest daily for 6 d until a model egg
was ejected or the nest was abandoned (Sealy, 1995; Guigueno and Sealy, 2009). We
recorded acceptance when blackbirds completed their typical four-egg clutches or if the
model egg remained in the nest for 6 d and incubation continued (Guigueno and Sealy,
2009). The 6 d time period was used because rejection typically occurs within 5 d (Rothstein,
1982). Ejection was recorded if the egg model was gone, but the putative parents still tended
their remaining clutch (see Guigueno and Sealy, 2009). We used two criteria for the
designation of nest desertion: parents not observed near the nest for three successive days
and the eggs were cold to the touch, or if the blackbird laid following the addition of the
model egg but never incubated (Sealy, 1995). We visited nests at least three days following
an ejection or desertion response to confirm findings (Guigueno and Sealy, 2009).
Experimental nests naturally parasitized were omitted from the results because it was not
possible to know whether the final response was due to the experimental parasitism or the
natural parasitism event. Model eggs were retrieved from experimental nests and examined
for peck marks that would reveal attempted puncture-ejection (Rothstein, 1977). Each nest
was only parasitized once.

STATISTICAL ANALYSES

We used Fisher’s exact test to determine whether there were pairwise differences in
desertion or ejection frequencies between treatments: 1 to 2, 1 to 3, and 1 to 4 (handling
blackbird eggs versus addition of a model cowbird egg and/or mount); 2 to 3 and 2 to 4
(addition of a cowbird egg versus presentation of a mount); and 3 to 4 (presentation of a
control mount versus cowbird mount). Fisher’s exact tests were appropriate because there
were fewer than five expected results in some cells (McDonald, 2009). All tests were one-
tailed because our hypothesis was unidirectional: rejection by desertion would be expected
to be highest in treatment 4, whereas acceptance would be high in all other treatments. We
identified which results still remained significant after a Bonferroni correction when data
were not from independent observations (Rice, 1989). Standard Bonferroni corrections
have been criticized for being too conservative (Nakagawa, 2004; Narum, 2006); therefore,
we used sequential Bonferroni corrections (Rice, 1989), which are less conservative. In
addition, P-values from our multiple comparison tests that were nonsignificant after a
sequential Bonferonni correction were all quite large (.0.02 for tests involving six
comparisons; the smallest P-value would need to be ,0.003 to be significant); therefore, we
had a low probability of committing a Type II error (not rejecting the null hypothesis when
it is indeed false). P-values that remained significant after a sequential Bonferroni
correction (Rice, 1989) were identified. Behavioral responses were analysed using Fisher’s
exact tests to determine whether blackbirds responded differently towards the sparrow
mount versus cowbird mount. Fisher’s exact tests were also performed on treatment 4 to
determine whether there was a difference in response towards the cowbird mount and
whether blackbirds ultimately accepted or rejected the model cowbird egg. The level of
significance for all statistical tests was P , 0.05.
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RESULTS

A total of 153 nests was tested; 118 nests survived for 6 d. Thirty-five nests were depredated
(n 5 25), lost during storms (n 5 4), naturally parasitized (n 5 3), and nestling hatched (n
5 3). Acceptance was the most common response (92.0%) among the 88 nests that received
a model cowbird egg. No nests were deserted, but model eggs were ejected from 8.0% of
them (Table 1); three (11.1%) in treatment 2 (cowbird model egg added) and four (12.9%)
in treatment 4 (cowbird model egg plus female cowbird mount) (Table 1). Of the seven
ejected model eggs (8%), none of the three that were recovered were visibly damaged. No
blackbird eggs disappeared post-ejection and no eggs were damaged in any of the clutches.
Frequency of acceptance and rejection did not differ in any of the pairwise comparisons
(Table 1), but differed significantly when all frequencies were compared simultaneously (4
3 2 Fisher’s exact test, two-tailed, p 5 0.03).

Aggressive acts, such as perching near the mount and pecking and striking the mount,
were directed more frequently towards the cowbird than sparrow mount, although only the
number of strikes differed between them after application of a sequential Bonferroni
correction (Table 2). There was no significant difference between the response to the
cowbird mount regardless of whether blackbirds eventually accepted or ejected the model
egg (Table 2).

DISCUSSION

Most blackbirds accepted parasitism (Table 1), which reveals another population of this
species that is known to be accepters (Ward et al., 1996). What was unique was that we did
not record desertion in response to the different treatments in which cowbird parasitism was
simulated (Table 1). Kren (1996) recorded desertion in blackbirds of different ages and
social status only at experimentally parasitized nests that suffered egg damage, despite
parasitizing more than 1000 nests with model cowbird eggs in Nebraska. By contrast,
Yasukawa and Werner (2007) recorded a frequency of desertion of nearly 44% during the
laying period at parasitized blackbird nests in Wisconsin. The disparity in results between
Manitoba and Wisconsin may be attributable to the 8-degree difference in the latitude of the
respective study sites: Wisconsin (42u329N) versus Delta Marsh, Manitoba (50u119N). This
experiment, however, should be repeated on this and other populations over several years,

TABLE 1.—Red-winged Blackbird responses to treatments 1 to 4 at Delta Marsh, Manitoba, 2009. Also
shown are P-values generated by one-tailed Fisher’s exact tests comparing acceptance and rejection
responses between treatments. Each of the four treatments was compared to all the other treatments
(for example treatment 1 vs. treatment 2, treatment 1 vs. treatment 3, treatment 1 vs. treatment 4, and
so on); therefore, we generated six P-values. None of the P-values were significant after a sequential
Bonferroni correction (Rice, 1989)

Treatment

Rejection

Acceptance Total nests
Vs.

treatment 2
Vs.

treatment 3
Vs.

treatment 4Desertion Ejection

11 0 0 30 30 0.10 1.00 0.06
22 0 3 24 27 1.00 0.58
33 0 0 30 30 0.06
44 0 4 27 31

1 Handling blackbird eggs
2 Addition of a cowbird egg
3 Addition of a cowbird egg plus placement of a fox sparrow mount
4 Addition of a cowbird egg plus placement of a female cowbird mount
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as the difference in latitude between the two sites is small. Another frequently parasitized
host at Delta Marsh, the Yellow Warbler (Setophaga petechia), regularly deserts parasitized
nests, despite a breeding season that is about the same length as the blackbirds’
(Woolfenden et al., 2004). The span between first and last clutch initiation in blackbirds
averages 45 d at Delta Marsh (Neudorf, 1991) compared with 71 d in Wisconsin (Clotfelter
and Yasukawa, 1999a, b). Hosoi and Rothstein (2000) found no correlation between length
of the nesting season and desertion frequency in 35 cowbird host species, however,
blackbirds were not included in their analysis. Were blackbirds to desert at Delta Marsh, a
shorter breeding season would curtail the possibility of renesting and reduce time available
for offspring to obtain reserves needed to survive their first winter (Hoover et al., 2006;
Guigueno and Sealy, 2010). For example, blackbird nests initiated later in the breeding
season have smaller clutches (Caccamise, 1978), fledge fewer offspring (Clotfelter and
Yasukawa, 1999b), and experience higher rates of depredation, as nesting synchrony is
associated with a reduction in predation (Caccamise, 1978; Westneat, 1992; but see
Weatherhead and Sommerer, 2001).

The hypothesis that blackbirds are more likely to desert nests when a cowbird mount was
encountered near the nest and a cowbird egg was placed in the nest was not supported in this
study. Ejection frequencies differed significantly across all groups, however, and blackbirds
were more aggressive towards cowbird mounts than sparrow mounts, as previously recorded at
Delta Marsh (Neudorf and Sealy, 1992; see also Robertson and Norman, 1976). Ejections
occurred in groups where only parasitism cues were presented (i.e., model egg or model
cowbird egg plus cowbird mount), suggesting that the blackbirds associated these cues
specifically with parasitism and were able to discriminate between their own eggs and the
model cowbird egg. Perching, pecks, and strikes were directed more frequently towards the
cowbird than sparrow mount. Host aggression is probably the first opportunity to defend
against parasitism (Robertson and Norman, 1976; Sealy et al., 1998; Strausberger, 2001) and,
as accepters, blackbirds would be expected to be more vigilant and defensive than rejecter
species (Neudorf and Sealy, 1992; Sealy et al., 1998). For example, blackbirds nesting in dense
aggregations with conspecifics were parasitized less frequently than isolated pairs, due to
group defence (Freeman et al., 1990; Strausberger, 2001). Furthermore, blackbirds recognize
the threat cowbirds pose, especially during the laying period (Neudorf and Sealy, 1992; Gill
et al., 2008). Therefore, the absence of desertion in our study was not likely due to a lack of
recognition of cowbirds and the threat that they pose. Blackbirds may have forgone desertion
because of its high cost in time and energy (Guigueno and Sealy, 2010).

TABLE 2.—Frequency of Red-winged Blackbirds responding to Fox Sparrow and Brown-headed
Cowbird mounts presented at nests for 5 min (treatments 3 and 4, respectively) at Delta Marsh,
Manitoba, 2009. Individuals that pecked, struck, or perched on the mount were not more likely to eject
the parasitic egg (one-tailed Fisher’s exact test, P 5 0.728)

Observed behavior
Fox sparrow mount (%)

n 5 31
Cowbird mount (%)

n 5 29
P – value

(one-tailed Fisher’s exact test)

Check call 54.8 37.9 0.97
Tail flick 12.9 17.2 0.46
Flying/Hovering over nest 22.6 13.8 0.89
Perching on mount 3.2 20.7 0.04
Pecking mount 3.2 24.1 0.02
Striking mount 6.5 37.9 0.0031

1 Significant difference after a sequential Bonferroni correction
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We found no significant difference between the behavioral responses towards the cowbird
mount and whether the blackbirds ultimately accepted or ejected the model egg. This
suggests there is no direct association between recognition of the unique threat posed by
cowbirds via aggressive responses and rejection behavior toward cowbird eggs. Cowbirds
take about 94 s to lay in blackbird nests, whereas blackbirds averaged 11.3 min before
noticing cowbird models on their nest (Sealy et al., 1995). Rapid laying by cowbirds may
neutralize the negative consequence of host aggression by decreasing the likelihood of
being injured, avoiding attracting the attention of predators and other parasites to the nest,
decreasing the chances that the host may prevent parasitism, and increase acceptance if the
combination of interaction with the parasite and the presence of parasitic eggs in the nest
increases rejection (Sealy et al., 1995).

Ortega and Cruz (1988) suggested that if blackbird aggression deters parasitic attempts,
the need for ejection or desertion may be diminished. At Delta Marsh, blackbirds have
consistently been aggressive to cowbird mounts across several studies; however, blackbirds
are among the three most common cowbird hosts at this site, although parasitism frequency
is variable (Woolfenden et al., 2004). At our study site, blackbirds apparently engage in the
least costly form of anti-parasite defense (aggression) and, rather than deserting parasitized
nests, accept the costs involved in acceptance.
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