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Abstract Many bird species adjust their nest defense behavior according to the type and magnitude of perceived threats.
Hosts of brood parasites — species that rely on another species effort to raise its offspring — are particularly suitable for study-
ing such discrimination because they must defend their nests against both parasites and predators. Previous studies have
typically compared host responses to brood parasites, which pose no direct threat to host adults, with responses to preda-
tors threaten, which threaten both eggs and adults. We tested whether yellow warblers (Setophaga petechia) discriminate
between two heterospecific intruders that provide a similar functional cue — namely, the removal of an egg from the nest — by
comparing their responses to the brood parasitic brown-headed cowbird (Molothrus ater) and predatory gray catbird (Dume-
tella carolinensis), which targets only nest contents and does not threaten adult birds. We predicted that cowbird and catbird
both would elicit similar responses, and tested it through comparisons between the main behavioral responses in warbler
defense repertoire. Our results confirmed a parasite-specific response to cowbirds, including seet calls and nest-protection
behavior that differed from those elicited by catbirds. Given that cowbirds and catbirds provide similar informational cues at
the nest (i.e., egg removal), it remains unclear how hosts differentially associate these two types of threats. We suggest that
including nest predators that are innocuous to host adults as comparative species may help reveal the associative mechanisms
underlying such refined discriminatory abilities.

Significance statement Birds must defend their nests against multiple threats, but the optimal defense strategy depends on
the type of intruder. Brood parasites, such as the brown-headed cowbird, harm host fitness primarily indirectly: they remove
a host egg and, during subsequent visits, lay their own, with the resulting chick eventually monopolizing parental care and
substantially reducing host offspring survival. Yellow warblers, an important cowbird host species, may prevent these costs
by adopting a nest-defense strategy that may position them close to the parasites without exposing themselves to risk, as cow-
birds pose no direct threat to adults. Nest predators, by contrast, may also prey on adults, making close mobbing potentially
risky. However, predators that target only eggs or nestlings pose no danger to adults, and in principle, close mobbing may
be similarly advantageous. Remarkably, yellow warblers respond differently to cowbirds and to nest-only predators, despite
the similar functional cue of egg removal. How hosts form the cognitive association underlying such refined, threat-specific
defense remains unknown, revealing a critical gap in our understanding of avian-decision making and threat discrimination.
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Introduction

Many bird species adjust their responses according to the
type of threat and the level of perceived danger (Walters
1990; Kleindorfer et al. 2005; Campobello and Sealy 2010;
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Edelaar and Wright 2006; Mathot et al. 2009; Strnad et al.
2012; Schneider and Griesser 2013). Moreover, nest defense
should be considered in light of the trade-off between cur-
rent and future reproduction (Campobello and Sealy 2010),
as individuals maximize fitness by balancing investment in
offspring survival against their own risk of predation (Mont-
gomerie and Weatherhead 1988; Dale et al. 1996; Teunissen
et al. 2020).

Hosts of brood parasites provide an ideal system for
studying discriminatory abilities, as they must defend their
nests against multiple threats, including nest predators and
avian brood parasites (Krolikowska et al. 2016; Dure Ruiz
et al. 2018; Lawson et al. 2021a; Sovrano et al. 2024), and
respond to each according to the threat they pose. Hosts
may encounter both brood parasites and nest predators at
the nest while these intruders remove an egg. Although the
functional cue associated with these events may appear sim-
ilar — namely, a heterospecific removing an egg -, some host
species, such as the yellow warbler, discriminate between
these threats and adjust their defensive behavior accord-
ingly (Hobson and Sealy 1989; Neudorf and Sealy 1992;
Gill and Sealy 1996, 2003, 2004; Gill and Bierema 2013;
Lawson et al. 2021a).

The yellow warbler (Setophaga petechia) has long been
known to respond differently to brood parasites and nest
predators. In the presence of the brood parasitic brown-
headed cowbird (Molothrus ater), yellow warblers utter a
specific alarm vocalization, the seet call, and adopt nest-
protection behavior by sitting tightly on the nest (Hobson
and Sealy 1989; Gill and Sealy 1996, 2003, 2004). By
contrast, when confronted with nest predators, such as the
common grackle (Quiscalus quiscula), they emit more gen-
eral alarm calls and engage in a more generalized defense,
including distraction displays (Gill and Sealy 1996, 2003;
Sealy et al. 1998). These different responses, however, may
reflect differences in the level of risk posed by the intrud-
ers. While cowbirds do not represent a direct threat to adult
hosts, common grackles and the other predators used in pre-
vious studies (e.g., blue jay, Cyanocitta cristata, Lawson et
al. 2021b; loggerhead shrike, Lanius ludovicianus, Kuehn et
al. 2016), may also prey upon adults (Johnson and Johnson
1976; Dubowy 1985; Davidson 1994; Barnard 1996; Peer
and Bollinger 2020; Clark 2024). Consequently, close mob-
bing of such predators, similar to that performed towards
cowbirds, may increase the risk to the host’s survival and
ultimately compromise future reproductive success.

An additional question concerns how hosts recog-
nize cowbirds as brood parasites. Unlike cuckoos, which
typically remove a host egg and lay their own during the
same visit to the nest (Davies and Brooke 1988), cowbirds
remove a host egg and return to the nest to lay their own one
or more days later (Sealy 1992). As a result, cowbird hosts,
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unlike cuckoo hosts, are prevented from learning to associ-
ate the egg-removing parasite with the presence of a foreign
egg in their clutch. Associative learning, however, is the
mechanism that allows yellow warblers to refine their nest
defense (Campobello and Sealy 2011b). Contrary to other
cuckoo hosts that rely on social learning (Campobello and
Sealy 2011a), yellow warblers learn from personal expe-
rience (Campobello et al. 2017), which requires cognitive
abilities able to create an association between one species
and the danger it poses (Menzel 2013). Specifically, asso-
ciative learning enables individuals to form connections
between stimuli and outcomes, thereby improving the effi-
ciency of defense responses (Shettleworth 1998). Because
hosts often rely on incomplete information when assess-
ing nest threats, similar cues may elicit similar defensive
responses. Thus, the presence of a heterospecific intruder
at the nest associated with egg removal may provide hosts
with a shared, yet incomplete, functional cue on which such
associations are built.

In this study, we tested whether hosts discriminate
between two species that provide a similar functional cue—
the removal of an egg from a heterospecific that does not
endanger adults. We elicited yellow warbler responses
toward a cowbird and a gray catbird (Dumetella carolin-
ensis, hereafter catbird), a nest predator that primarily
removes passerine eggs and only rarely preys on nestlings
(Sealy 1994; River and Sandercock 2004), with no evi-
dence of predation on adult warblers. Specifically, we asked
whether these two intruders, cowbirds and catbirds, elicit
similar defensive responses or whether hosts recognize
them as distinct threats and respond with species-specific
defensive behaviors consistent with antiparasite and anti-
predator defenses, respectively. We hypothesize that if war-
blers perceive cowbirds as predators of nest contents only,
their reactions should resemble those elicited by catbirds.
Accordingly, we predict similar frequencies of seet calls and
nest-protection responses toward both species. Conversely,
if these behaviors represent antiparasite defenses, we
expected them to be expressed more frequently in response
to cowbirds than to catbirds.

Methods
Study site and species

We conducted this study during spring/summer 2003 at
Delta Marsh (Portage la Prairie, Manitoba, Canada). Yel-
low warblers return to the site in mid-to-late May, where
they nest in wet, deciduous thickets and building their
cup-shaped nest low in the canopy (MacKenzie 1982) into
which they lay clutches 4-5 eggs. They are a common host
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of the cowbird, with roughly 18% of nests being parasitized
(Goossen and Sealy 1982; Sealy 1995; Campobello et al.
2017). All warbler nests were unparasitized (i.e., we follow
them since the building stage) and checked every 1-3 days
through clutch completion.

Model presentations

We exposed 41 warbler nests to simulated visits from taxi-
dermic mounts of three different species: cowbird (CB) as
a brood parasite, gray catbird (GC) as a nest predator, and
fox sparrow (FS) (Passerella iliaca, hereafter sparrow),
as a nonthreatening species. The gray catbird is an abun-
dant species at the study site. Underwood and Sealy (2006)
reported 107 nests in 2000 (approximately 12 nests/ha),
making this population one of the densest nesting catbird
populations compared with other suitable sites (Smith et
al. 2020). Unlike other nest predators, catbirds reportedly
remove only partial nest contents, including cases in which
a single egg is taken (Hauber 1998; Rivers and Sandercock
2004). Unparasitized nests found during the laying and
incubation stages were tested because these are the periods
when warblers manifest specific nest defense against cow-
birds (Hobson and Sealy 1989; Gill and Sealy 1996). The
responses recorded during presentations of cowbirds and
sparrows were also used as a control group in a broader
investigation, where we tested whether warblers learn indi-
vidually or socially (Campobello and Sealy 2011a). On the
same day, each nest was exposed to the three models with
the order of presentation chosen randomly, with at least a
20-min break between presentations. To minimize habitu-
ation due to repeated exposures of the stimuli (Knight and
Temple 19864, b), we restricted each trial to 2 min. Mounts
were taxidermic specimens of cowbird females clipped to
vegetation in a perched position within 0.5 m of the nest. We
used two taxidermic mounts per species, each chosen ran-
domly for each presentation. We compared female warblers’
motor and vocal responses across treatments. Specifically,
we recorded six behavioral variables (Hobson and Sealy
1989; Gill and Sealy 1996, 2003, 2004) as the number of
events for chip (CHIP) and seet (SEET) calls, perch changes
(CHANGE, change of position on surrounding vegetation)
and strikes (STRIKE, sudden attacks on the dummy), and
as the number of 10-s intervals in which individuals per-
formed distraction displays (DISTR, distraction behavior
in front of the dummy) and nest-protection (NP, host sit-
ting on the nest) behaviors. Chip and seet calls represent
the generic and functionally referential alarm calls, respec-
tively, the first being elicited by a variety of intruders at the
nest, whereas the second is widely recognized as cowbird-
specific (Hobson and Sealy 1989; Neudorf and Sealy 1992;
Gill and Sealy 1996, 2003, 2004; Gill and Bierema 2013;

Lawson et al. 2021a). Observed warbler behaviors were
spoken into an audio recorder from a blind 2—5 m from the
nest. It was not possible to record data blind because our
study involved focal animals in the field. Trials were con-
ducted between 0500 and 1930 h Central Standard Time.

Statistical analysis

We analyzed host responses with six separate Generalized
Linear Mixed Models (GLMMs), one for each behavior,
where the six behaviors were treated as response variables —
the model species (SPECIES with three levels, CB, GC, FS)
as a fixed factor, and the nest ID as a random effect. Because
trials were conducted within a restricted portion of the
breeding season and at comparable nesting stages, variation
in laying date and nest age among nests was limited; there-
fore, these variables were not included in the analyses. All
six variables showed high variance-to-mean ratios, which
indicates overdispersion; hence, we treated them with Neg-
ative Binomial I (CHIP), Negative Binomial II (STRIKE,
DISTR) and Tweedie (SEET, CHANGE, NP) regressions,
which showed the best fits. Models were evaluated using
Akaike Information Criterion (AIC) and simulated resid-
ual diagnostics implemented in the R package DHARMa,
where we tested deviations from expected residual distribu-
tions, dispersion and zero-inflation. We also ran post hoc
tests to assess all between-group comparisons as well as
within-group and within-trial comparisons, using a Tukey
p-value adjustment for family-wise error rate (FWER). All
analyses were conducted in the statistical program R 4.1.1
(R Core Team 2021), using the glmmTMB (Brooks et al.
2017), DHARMa (Hartig 2020) and emmeans (Lenth 2021)
packages.

Results

Yellow warblers responded to each model presented at every
nest tested. Warblers uttered significantly more seet calls in
response to cowbirds (mean+SE, 28.9+7.31) than to both cat-
birds (7.67+2.43) and sparrows (6.80+4.96, Fig. 1; Tables 1
and 2). A similar pattern was observed for nest protection
behavior: this was performed significantly more often toward
cowbirds (5.95+1.16) than toward sparrow (1.60+0.83), but
did not differ significantly between cowbirds and catbirds or
between catbirds and sparrows (2.10+0.90) (Fig. 1; Tables 1
and 2). Chip calls were elicited at similar rates by all three
model species (Tables 1 and 2). Warblers performed more
perch changes in response to the catbird model (8.57+1.60),
although this difference was significant only when compared
with cowbirds (3.90+0.96, Fig. 2; Tables 1 and 2). Strikes were
significantly higher in response to both cowbirds (1.50+0.66)
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Fig. 1 Antiparasite responses * k%

(mean+SE) of yellow warblers
during the presentation of brown-
headed cowbird (n=20), gray
catbird (n=21) and fox sparrow
(n=20) models. Post hoc statisti-
cal differences are indicated by

* P<0.05, *** P<0.001, n.s. 30
P>0.05

Number of behaviours

Seet call

Table 1 GLMMs statistics showing the effect of different model spe-
cies on the defense response of yellow warblers

z Estimate CI P
Chip calls
Intercept (Ref: CB  1.07 0.64 [-0.52; 1.80] 0.283
baseline)
GC (vs. Ref) 1.36 0.45 [-0.77; 1.67] 0.471
FS (vs. Ref) 0.72 0.67 [-0.30; 1.65] 0.175
Seet calls
Intercept 9.11 3.02 [2.37; 3.66] <0.001
GC -2.60  -1.25 [-2.19; -0.31] 0.009
FS -3.66  -1.59 [-2.44;-0.74] <0.001
Perch change
Intercept 5.02 1.28 [0.78; 1.78] <0.001
GC 2.61 0.79 [0.20; 1.38] 0.009
FS 2.14 0.60 [0.05; 1.15] 0.032
Strike
Intercept 0.59 0.41 [-0.94; 1.75] 0.554
GC 0.89 0.84 [-1.02; 2.70] 0.375
FS -1.87  -2.01 [--4.12; 0.09] 0.060
Distraction display
Intercept 0.20 0.10 [-0.84; 1.03] 0.841
GC 0.45 0.29 [-0.99; 1.58] 0.653
FS -2.61 -3.09 [-5.41;-0.77] 0.009
Nest protection
Intercept 4.30 1.71 [0.93; 2.49] <0.001
GC -2.13 -1.08 [-2.06; -0.09] 0.033
FS -2.55 -1.37 [-2.42;-0.32] 0.011

A total of 41 yellow warbler nests was presented with cowbird (CB),
catbird (GC) and sparrow (FS) models. Statistically significant p-val-
ues are highlighted in bold
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and catbirds (3.48+1.84) than to sparrows (0.20+0.14, Fig. 2;
Tables 1 and 2). Distraction displays were performed signifi-
cantly less frequently in response to sparrows (0.0540.05)
than to cowbirds (1.10+0.48) and catbirds (1.48+0.56), with
no significant difference between the latter two species (Fig. 2;
Tables 1 and 2). Pairwise comparisons not reported above were
not statistically significant.

Discussion

Our results did not support the hypothesis that yellow war-
blers perceive the cowbird as a predator of nest contents
only, as suggested for the gray catbird. Instead, warblers
defended their nest against cowbirds with species-specific
responses. In particular, seet calls were produced more fre-
quently in response to cowbirds than to catbirds, support-
ing previous studies that have described this response as a
specific antiparasite behavior (Burgham and Picman 1989;
Hobson and Sealy 1989; Gill and Sealy 1996, 2003, 2004).

Nest protection behavior was also elicited more frequently
by cowbirds than by catbirds, although this difference only
approached statistical significance. Catbirds share the same
breeding habitat at Delta Marsh (MacKenzie 1982; MacKen-
zie et al. 1982) and have been reported to prey on eggs and
nestlings of several passerine species (Sealy 1994; Rivers and
Sandercock 2004). Although annual parasitism of warblers at
this site occurs in approximately 18% of nests (Campobello et
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Table 2 Results of post hoc tests showing for each behavior pairwise comparisons between responses of warblers when confronted with cowbird

(CB), catbird (GC) and sparrow (FS) models

S

Response Cowbird®? CatbirdS® Sparrow" CB vs. GC CB vs. FS GCvs. FS
Mean+SE Mean=+SE Mean+SE z P z P z P
Chip call 3.35+£1.88 5.10+2.18 7.55+3.55 -0.72 0.750 -1.36 0.365 0.39 0.922
Seet call 28.9+7.31 7.67+£2.43 6.80+£4.96 2.60 0.026 3.66 <0.001 -0.58 0.829
Perch change 3.90+0.96 8.57+1.60 7.10+=1.39 -2.61 0.025 -2.14 0.081 -0.68 0.776
Strike 1.50+0.66 3.48+1.84 0.20+0.14 -0.89 0.649 1.87 0.146 -2.70 0.019
Distraction display 1.10£0.48 1.48+0.56 0.05+0.05 -0.45 0.895 2.61 0.025 -3.39 0.011
Nest protection 5.95+1.16 2.10+£0.90 1.60+0.83 2.13 0.084 2.55 0.029 -0.49 0.877
Statistically significant comparisons are highlighted in bold
Fig. 2 Generic threat and anti- n.s. n.s
predator responses (mean+ SE) nis
of warblers during presentation of — *
cowbird (n=20), catbird (n=21) n.s
and sparrow (n=20) models.
Post hoc statistical differences 10.0 . 10.0
are indicated by * P<0.05, n.s. ’ COW[:)II'd ’
P>0.05 Catbird
Sparrow
0
@ n.s g
= 7.6 7.5
Qo 2
o =
<
[0) Q@
0 o
“6 b o
[T
© 50 50 ‘5
() —
£ * 2
o= n.s. &
>
Z " =z
2.5 2.5
0.0 5 . 0.0
Chip call Strike

Perch change

al. 2017), the exact predation pressure exerted by catbirds on
yellow warblers at Delta Marsh remains unknown. Neverthe-
less, catbird abundance at the study site has been estimated at
12 nests/ha in 2000 (Underwood and Sealy 2006) and reported
as generally high in studies (MacKenzie et al. 1982; Lorenzana
and Sealy 2001), suggesting a high likelihood of frequent
encounters between catbirds and warblers.

Warblers responded to the catbird model not only differ-
ently from cowbirds but also from nonthreatening sparrows.
Although the number of chip calls and perch changes did not
differ significantly among treatments, warblers performed
more strikes and distraction displays when confronted with
the catbird. This pattern is consistent with previous studies,

Distraction display

showing that c/ip calls and perch changes are commonly elic-
ited by both predators and nonthreatening intruders, whereas
strikes and distraction displays, represent more direct attempts
to deter nest predators (Hobson et al. 1988; Hobson and Sealy
1989; Gill and Sealy 1996, 2003; Sealy et al. 1998).

Our results suggest that cowbirds and catbirds are perceived
as threats, but they elicited different responses, indicating that
the reproductive costs associated with each threats type differ
(Montgomerie and Weatherhead 1988; Pease and Grzybowski
1995). Although nest abandonment is a common response
to both predation and parasitism (Sealy 1995; Guigueno and
Sealy 2010), this decision depends on the perceived value of
the remaining clutch. Nest predation typically results in partial
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or total clutch loss. In contrast, in cases of parasitism, warblers
cannot correctly assess clutch value solely on the number or vol-
ume of eggs remaining in the nest (Rothstein 1982, 1986; Sealy
1992), as this does not account for the presence of a foreign
egg, which they do not discriminate from their own (Lorenzana
and Sealy 1998). However, raising a parasitized clutch entails
substantial costs, combining reduced current reproductive suc-
cess (Clark and Robertson 1981) with decreased future repro-
ductive potential due to the time invested in parental care rather
than renesting (Perrins 1970; Verhulst et al. 1995; Mermoz and
Reboreda 1998). Therefore, the ability to recognize adult cow-
birds as a distinct threat and to deploy an appropriate frontline
defense early in the nesting cycle would likely reduce the risk
of incurring these costs (Lawson et al. 2021a).

As yellow warblers responded to cowbirds as a unique
threat to their nest, they must have learned to associate cow-
birds with a specific cue distinct from predation risk directed
atthemselves or their offspring. The specific suite of responses
directed toward cowbirds suggest that warblers associate
cowbird egg removal with a negative reproductive outcome.
This outcome occurs days after parasitism, when the cow-
bird chick hatches and host reproductive success is reduced
or fails entirely due to parental care being monopolized by
the parasitic chick (Lorenzana and Sealy 1999). Regardless
of the underlying mechanism, warblers appear to possess a
front-line defense, similar to that described in cuckoo hosts
(Feeney et al. 2012), enabling them to discriminate brood
parasites from nest predators (Clark and Robertson 1981;
Burgham and Picman 1989). The mechanisms underlying the
formation of such associations remain, however, unclear.

Studies of animal associative learning indicate that the prob-
ability of forming a link between a conditioned and an uncon-
ditioned stimulus declines as the temporal gap between them
increases (Kalat and Rozin 1973; Campobello and Hare 2007),
with most associations forming when events occur about within
a short time window, even within one minute apart (Boakes and
Costa 2014). In cuckoo systems, hosts may associate the spe-
cies removing their egg with the simultaneous appearance of a
foreign egg (Davies and Brooke 1989). In contrast, in cowbird
systems, egg removal and egg laying occur at different days
(Sealy 1992), making it less likely that hosts may associate
these two events. When cues are temporally separated, differ-
ent heterospecific intruders - such as nest predators that only
remove eggs or brood parasites — may provide a similar func-
tional information, potentially leading to similar responses.
Instead, our results show that yellow warblers respond differ-
ently to these intruders, consistent with previous studies involv-
ing predators that also threaten host adults. Thus, although the
initial association may be triggered by egg removal, selection
for a cowbird-specific defense strategy may have been rein-
forced by the ultimate fitness consequences of parasitism. This
may occur even if hosts cannot directly associate egg addition
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with reproductive failure, similar to cuckoo hosts that recog-
nize odd egg but do not discriminate odd chicks from their own
(Davies and Brooke 1989). This topic remains understudied
and future research on yellow warblers and other cowbird hosts
should clarify the extent to which associative learning play a
role in shaping their nest defense strategies.

In conclusion, we provide evidence that yellow warblers
discriminate between brood parasites and predators of nest
contents, responding specifically to cowbirds, particularly
through seet calls. Although this suggests that hosts form an
association between cowbirds and a unique threat, the mech-
anisms underlying this association remain unresolved, espe-
cially given the temporal separation between egg removal
and fitness costs of parasitism. Further studies are needed
to investigate how hosts distinguish among heterospecifics
intruders encountered at the nest during egg removal events.
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