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Yellow warblers (Setophaga petechia) use referential ‘seet’ calls to warn mates
of brood parasitic brown-headed cowbirds (Molothrus ater). In response to
seet calls during the day, female warblers swiftly move to sit tightly on
their nests, which may prevent parasitism by physically blocking female
cowbirds from inspecting and laying in the nest. However, cowbirds lay
their eggs just prior to sunrise, not during daytime. We experimentally
tested whether female warblers, warned by seet calls on one day, extend
their anti-parasitic responses into the future by engaging in vigilance at sun-
rise on the next day, when parasitism may occur. As predicted, daytime seet
call playbacks caused female warblers to leave their nests less often on the
following morning, relative to playbacks of both their generic anti-predator
calls and silent controls. Thus, referential calls do not only convey the iden-
tity or the type of threat at present but also elicit vigilance in the future to
provide protection from threats during periods of heightened vulnerability.
1. Introduction
Diverse lineages of mammals and birds exhibit referential communication: signals
refer to specific objects in the environment, and others receiving such signals
respond accordingly, revealing that these listeners understand what is being sig-
nalled [1,2]. For example, referential alarm calls in most species studied alert
conspecifics of specific predatory threats, such as aerial-hunting versus ground-
approaching predators, and the signal alone is sufficient to elicit escape responses
by conspecifics appropriate for the type of predator [3]. More rarely, referential
alarm calls specifically denote the presence of a very different threat: obligate
brood parasitic birds that lay their eggs in the nests of other species [1]. When
hosts detect anti-parasitic referential calls, they immediately respondwithmobbing
[4] or by physically protecting the nest from the parasite [5]. Whereas direct inter-
actionswith brood parasites have been shown to increase host nest vigilance on the
following day [6], it remains unknown whether referential alarm calls also convey
the ongoing risk of parasitism, thereby modifying the future behaviours of hosts
until or at the time of day when parasitism is most likely to occur.

Yellow warblers (Setophaga petechia, hereafter ‘warblers’) express a suite of
anti-parasitic behaviours, including referential signals [5,7]. These ‘seet’ calls
refer specifically to brood parasitic brown-headed cowbirds (Molothrus ater, here-
after ‘cowbirds’), whereas ‘chip’ calls generically alert mates to diverse predators
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Figure 1. Female yellow warbler on the nest ( photo credit with permission: M. Dunn of RoadsEndNaturalist); insets: spectrograms of chip (left) versus seet (right)
calls with frequency ( y-axis) and time (x-axis) indicated.
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and intruding conspecifics [5,8]. In response to experimental
exposure to either parasitic stimuli (e.g. live or model female
cowbirds, playbacks of cowbird calls) or referential seet calls,
female warblers return to sit tightly on the nest (figure 1; [5]).
That is, conspecific seet calls alone elicit the same immediate
defensive response that live cowbirds do. To date, published
experiments have been performed during daylight hours,
when the actions of warblers may prevent cowbirds from
examining nest contents and removing host eggs (reviewed
in [9]). Yet, such a response does not prevent parasitism per
se because cowbirds typically lay their eggs at dawn, just
before sunrise [10]. Could the detection of seet calls during
the day also signal future parasitism risk, leading female
warblers to engage in vigilance at dawn on the following day?

The ability to use personal experiences from the past to alter
current or immediate future behaviour occurs across diverse
animal lineages (e.g. [11]). In yellow warblers, differences in the
meaning of referential seet calls versus generic anti-predator
chip calls provide us with the opportunity to test longer term
impacts of current communication signals in twodivergent repro-
ductive contexts: brood parasitism risk (seets) versus generic
territorial and nest-predation threats (chips). We hypothesize
that the perception of referential seet calls involves themental rep-
resentation of the parasitism-specific threat [1] and here we test
whether the detection of seet calls alters future vigilance of
females specifically at the time when increased nest attendance
wouldbemost adaptive. By contrast, no specific pattern of altered
futurebehaviour is expected in response to the generic chip alarm
calls; as a general threat signal, chip calls should not predictably
alter vigilance at a specific (future) time of day.
2. Material and methods
During May and June in 2020 and 2021, we conducted sequential
daily playback experiments and early morning observations at
nests (N = 27) of unmarked yellow warbler pairs, located at
three study sites (greater than or equal to 5 km apart) in east-
central Illinois, USA. Here, cowbird parasitism rates on warbler
nests vary between 30 and 40% [8]. For three consecutive days
during the first half of the incubation period, we exposed nesting
pairs between 8.00 and 10.00 h to a single 10min daily treatment.
We collected partial data from three nests owing to depredation
between visits. All but two nests received a silent control (no play-
back) on Day 1 (the other two received them on Day 3) and we
then randomly assigned seet or chip call playbacks on Days 2
and 3. For call treatments, we broadcast a randomly selected
exemplar at a sound level of approximately 70 dB (from 1 m)
from a FOXPRO NX4 game caller (Lewistown, PA, USA), placed
approximately 10 m from the nest on the ground. We used five
unique, 10min exemplar files of each call type, which were each
composed of calls from 2 or 3 different individuals interspersed
with 2–6 s of silence; all were sourced from our previous study
[7] and filtered out below 0.5 kHz, which is much lower in
range than either of our stimulus types (figure 1).

The following morning (n = 74 nest-mornings total), we
recorded female nest attendance data for 80 min (20 min before
to 60 min after local sunrise). We note that we did not collect be-
havioural data for this study immediately following or during
the course of the day of each playback. We quantified pauses
in the female’s incubation behaviour by tallying the number of
times she left and by the total duration that she was off the
nest per observation period. Observations were conducted
directly by personnel situated at a distance of greater than or
equal to 5 m (n = 51 nest-mornings) and/or by a set of Thermo-
chron iButton (Whitewater, WI, USA) temperature loggers
placed inside the nest cup (n = 46 nest-mornings) (following
[12]). Females were scored as off-nest when observed flying
away or when iButton temperatures decreased by more than
1°C relative to the temperature fluctuations recorded by a
second iButton positioned approximately 1 m below the nest.
Females were scored as back on the nest when they were seen
returning or iButton temperatures increased by more than 1°C.
We based these iButton criteria on the positive relationship
between our two metrics of nest attendance (times off the nest:
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Figure 2. Female yellow warblers showed reduced nest departure behaviours
(PC1) on the morning following playbacks of referential seet calls than fol-
lowing either chip calls or silent controls; lower values of PC1 reflect more
time spent on and fewer departures from the nest. Each grey line connects
data points sourced from the same nest; the playback treatment’s order
(order) of presentation is indicated by the different colours of the jittered
data points. The empty black triangles indicate the mean for each treatment.
Full and partial datasets per nest are all included in this figure.
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Spearman’s ρ = 0.71, p = 0.0002; duration off the nest: ρ= 0.56, p =
0.007) from mornings when both data collection methods were
employed simultaneously (n = 23 nest-mornings at N = by more
than 10 nests). When both collection methods were used at nests,
we analysed data collected by the method employed during each
of three mornings and the observation data when both methods
were available for the full experimental extent. During visual obser-
vations, we also recorded whether males attended to females by
visiting and, typically, feeding them on the nest.

We combined our two direct response metrics (i.e. the number
of departures from and cumulative time off the nest) through a
principal component analysis, extracting the first PC score (PC1:
both eigenvectors = 0.71, eigenvalue = 1.2, variance explained =
61%) to represent the females’morningnest departure behavioural
responses to playbacks. To assess the effect of treatment (silence,
chip or seet) on nest attendance during the following morning,
we used a general linear mixed model (GLMM) with playback
type and experimental order as predictors, PC1 as the response
variable andnest ID as a randomeffect.We assessed post hocdiffer-
ences between playbacks using corrected Student’s t-test p-values.
Finally, we examined whether male nest visitation itself was
related to female nest departure behaviours (PC1), playback treat-
ment and the order of experimentation, with nest ID as a random
effect. Parametric statistical tests were conducted in JMP 12.0 (SAS
Inc., Cary, USA) while non-parametric tests were calculated using
an online calculator (https://www.socscistatistics.com/tests/
spearman/). We set α = 0.05 for all analyses.
3. Results
Female warblers’ nest departure behaviours (PC1) on the
mornings following playbacks on the previous day varied by
playback treatments (F2,46 = 7.8, p = 0.0012) but not
with experimental order (F1,46 = 1.2, p = 0.28).Post hoc compari-
sons revealed fewer nest departures following seet calls
(mean ± s.d.: −0.57 ± 0.75) versus both chip calls (0.27 ± 1.26;
t46 =−3.9, p = 0.0003) and silence (0.24 ± 1.06; t46=−2.1,
p = 0.043), and no difference between chip calls and silence
(t46 = 0.87, p = 0.39) (figure 2).

For the subset of nest-mornings (n = 50) for which visual
observations were made, male nest visitation was not statisti-
cally related to playback treatment (F2,37 = 1.2, p = 0.32) or
experimental order (F1,40 = 2.4, p = 0.13), but was negatively
related to female nest departures (with the regression equation
as: PC1 = 0.54−0.16x male nest visits; F1,38 = 10.7, p = 0.0023).
4. Discussion
Yellow warblers are one of a handful of host species known
to have referential calls denoting the presence of brood para-
sites around the nest [5,6]. When female warblers detect
seet calls, they respond immediately with cowbird-specific
nest-protection behaviours [5] (figure 1). Here, we discovered
that females also perceived these calls to provide information
about future risk at dawn when female cowbirds lay their
eggs. We detected more intensive nest attendance (fewer and
shorter nest departures; PC1) on the morning after playbacks
of referential seet calls relative to generic chip calls or silent
controls (figure 2). Specifically, female warblers left less often
and spent less total time off their nest following the previous
day’s experimental exposure to seet calls. Thus, these anti-
parasitic calls conveyed additional meaning about parasitism
risk, causingwarblers to bemore vigilant at the nest during the
following morning at the time when parasitism may occur. In
turn, higher female nest attendance was statistically linked to
more male at-nest (feeding) visits, but the males’ behaviour
was not caused by the experimental treatments. Finally, we
did not assess in this study whether fewer nest departures
would in fact effectively reduce parasitism by blocking
female cowbirds’ assessments of nest content [13] or their
access to lay into the nest [14] in the early mornings.

We propose that female yellow warblers possess the
capacity to respond to referential alarm calls adaptively by
altering their behaviours to face future threats of brood para-
sitism. The time elapsed between our alarm call playbacks
on one day and the response patterns detected on the next
morning at the nest suggests that female warblers have
either continued to engage in or specifically recalled events
that occurred in the past (the day before) when making
decisions to stay in or leave their nests the following dawn.
These patterns of behaviour could result from lower level cog-
nitive mechanisms (e.g. semantic memory, instinct) and
ongoing (afternoon and overnight) heightened motivation to
sit longer on the nest following seet call playbacks. Alterna-
tively, yellow warblers may specifically engage in mental
time travel, recalling the past event of detecting seet calls to
influence nest vigilance on the next day [10,15]. Mental time
travel requires complex cognitive capabilities, including episo-
dic-like memory [15] as well as the ability to act outside of
current motivational state [15]. Some argue [16] against the
latter ability in animals, suggesting that animals cannot antici-
pate or plan for future events. Although the present study does
not address the specific cognitive mechanisms involved, our
experimental design minimized possible differences in repro-
ductive stage-relevant breeding motivation by testing warbler
nests solely during early incubation, a timewhen female hosts
are mostly on their nests to incubate their eggs. Additionally,
we played the two types of alarm calls in random order to
the same hosts on successive days to avoid treatment bias in
daily motivational differences as incubation progressed.
Nevertheless, further experimentation should specifically
aim at understanding whether the decision to protect the
nest at dawn in response to seet calls the day before involves

https://www.socscistatistics.com/tests/spearman/
https://www.socscistatistics.com/tests/spearman/
https://www.socscistatistics.com/tests/spearman/
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the recollection of distant past events and the capacity to
flexibly plan for the future. Specifically, do cues from
parasitic cowbird calls on one day alter ongoing nest vigilance
until the next morning or do they cause a specifically timed
future vigilance by female warblers at the next dawn?
Could responses to seet call or cowbird stimuli persist even
further into the future? Is heightened nest attendance on the
morning after a cowbird or seet call encounter adaptive
to effectively preventing parasitism? Answers to these
questions would help to establish the cognitive mechanisms
and selective pressures underlying the decisions of female
yellow warblers to engage in nest vigilance.

Studies of episodic-like memory of mental time travel
have primarily focused on foraging contexts (e.g. [15]),
yet reproductive contexts also provide rich opportunities
that explore these concepts. For example, captive
brood parasitic brown-headed cowbirds engage in complex
cognition consistent with mental time travel within the
context of their own egg-laying decisions [17]. We, therefore,
propose both that our data [18] on female yellow warbler
responses to anti-parasitic seet calls be replicated and that
the birds’ responses be studied across multiple time points fol-
lowing playbacks to explore more fully the nature and time-
course of their referential alarm calls and anti-parasitic
responses.
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