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Abstract

Female mate choice is remarkably complex and has wide-ranging implications for the strength and direction of male trait
evolution. Yet mating decisions can be fickle and inconsistent. Here, we explored predation risk as a source of variation in
the effort a female is willing to invest in acquiring a preferred mate type (“choosiness”). We did so by comparing phonotaxis
behaviors of female eastern gray treefrogs (Hyla versicolor) across trials with and without simulated predators. We tested
the behavioral adjustment hypothesis (mate choice is unchanged under predation threat, but mate searching behaviors are
modified to reduce conspicuousness) against the mate choice flexibility hypothesis (mate choice becomes indiscriminate
under predation threat). Additionally, effectiveness of evasive behaviors may depend on predator attack strategy, so we incor-
porated two simulated predator cues (bird model vs predatory ranid call). We found support for the behavioral adjustment
hypothesis: choosiness was maintained in the presence of predators, but females reduced conspicuousness of mate searching
locomotion. Females approached the conspecific male stimuli slower and more cautiously in both predator treatments. In the
ranid frog call treatment (stationary cue), females adjusted movements away from predator location. Females also attempted
escape more frequently when predator cues were present. We suggest that focusing exclusively on the final mate decision
may overlook nuances in mating decisions and hamper our understanding of the remarkable complexity of mate choice.

Significance statement

The presence of predators is an inherent threat to survival. This leads to the general expectation that higher predation risk
results in more indiscriminate mate choice decisions and, hence, a weakening of sexual selection. Yet, discriminating mate
choice may be maintained if prudent prey change their approach behavior when detecting the presence of a predator. We
conducted playback trials with female treefrogs to test whether their willingness to invest in obtaining a more attractive mate
(quantified by “choosiness”) differed depending on the presence and type of predation risk. We found that females adjusted
their approach behavior in a way that should make them less conspicuous to predators, but that they did not compromise
their mate choice decisions. Our results show that strong sexual selection by females’ choice can be maintained in high
predation environments.

Keywords Sexual selection - Choosiness - Anuran amphibian - Mating decision variation - Behavioral adjustment

Introduction

Communicated by K. Summers

Mate choice decisions are remarkably complex and have
powerful implications for sexual and natural selection (Dar-
win 1871; West-Eberhard 1983; Rosenthal 2017). Patterns of
female mating decisions are expected to affect the strength
and direction of male trait evolution with the potential to
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female mate choice decisions are not necessarily fixed. Her-
itable variation, as well as behavioral flexibility, is prevalent
both within individuals and amongst populations (Tobler
et al. 2008; Baugh and Ryan 2009) and has the potential to
disrupt expected trends by weakening or strengthening selec-
tion on male traits (Pomiankowski 1987; Chaine and Lyon
2008; Neelon and Hobel 2017). Exploring sources of varia-
tion in mate choice behavior may shed light on the potential
adaptive benefits of mate choice plasticity (Bailey and Zuk
2008) and strengthen our understanding of their evolutionary
consequences (Jennions and Petrie 1997).

Numerous factors have been identified as possible
sources of variation in mate choice (reviewed in Ah-King
and Gowaty 2016). Resource availability, social experience,
sex ratio, and predator threat can challenge females while
making mating decisions, and flexible mate choice may per-
mit the necessary adjustments to maximize fitness (Janetos
1980; Bateson 1983; Partridge and Halliday 1984). Com-
promising mate choice may be worthwhile when dangers
become too serious, as there should be a balance between
the fitness benefit of mating with an attractive mate and the
risks involved in more extensive mate assessment (Sakaluk
and Belwood 1984; Lima and Dill 1990; Gowaty and Hub-
bell 2009).

The presence of predators is an inherent threat to sur-
vival, leading to the general expectation that higher preda-
tion risk results in more indiscriminate mate choice deci-
sions (Real 1990; Crowley et al. 1991; Sih 1994; Rosenthal
2017). Indeed, when under predation threat, female guppies
(Poecilia reticulata) and lesser wax moths (Achroia grisella)
reverse mate preference and now preferentially approach the
less attractive yet less conspicuous male (Godin and Briggs
1996; Gong and Gibson 1996; Edomwande and Barbosa
2020), and female Gryllus integer crickets forgo more
attractive mates when less attractive ones can be approached
under aerial coverage (Hedrick and Dill 1993). In tingara
frogs (Physalaemus pustulosus), increased perceived pre-
dation risk reduces the time spent assessing mates and the
overall movement during mate choice (Baugh and Ryan
2010). Alternatively, discriminating mate choice decisions
may be maintained in the presence of predators if prudent
prey adjusts their behavior in a way that reduces their own
conspicuousness. For example, Ostrinia nubilalis moths
adjust the conspicuousness of their mate-seeking behav-
ior to the degree of predation risk; pheromone release is
strongly reduced under high predation risk but only slightly
so under low-risk conditions (Acharya and McNeil 1998).
Mate choice decisions may similarly be customizable to the
degree of predation risk.

Since different predators use distinct hunting tactics (sit-
and-wait vs pursuant, spatial planes, directions of attack, threat
intensity), prey have the opportunity to assess and uniquely
adjust their behavior to reduce detectability or increase escape
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effectiveness (Lind et al. 2002; Ferrari and Chivers 2009;
Weissburg et al. 2014). For example, seeking overhead cov-
erage would be best suited for avoiding an aerial threat but
unsuccessful for avoiding a terrestrial threat. To adjust appro-
priately, prey must exhibit distinct predator recognition strate-
gies and execute custom evasive maneuvers (Howland 1974;
Weihs and Webb 1984), which may also vary according to
the sensory information provided by the predator (Godin and
Briggs 1996) or magnitude of threat (Helfman 1989). There is
also evidence of response adaptability of a single prey species
to multiple predators (Bulbert et al. 2015) and attack styles
(Cooper et al. 2009). Despite the strong evolutionary conse-
quences of adjusting anti-predator strategies to different preda-
tors, we know relatively little about whether these avoidance
tactics are engaged during mate choice.

Here, we tested if the presence of a predator modifies
mate choice behaviors and whether different types of pred-
ators elicit different responses. We did so by conducting
acoustic playback experiments with female eastern gray
treefrogs (Hyla versicolor). Females of this species pre-
fer longer duration calls but will approach a shorter call if
the perceived distance difference between the alternatives
becomes too large. This allows for an assay of the effort
each female is willing to invest in obtaining the preferred
mate type (i.e., choosiness; Neelon and Hobel 2017; Bastien
et al. 2018; Baugh et al. 2021). We tested two hypotheses
addressing mate choice behavior under predation threat:
(i) the mate choice flexibility hypothesis posits that female
mate choice decisions become indiscriminate in the presence
of a predator. It predicts that females are less choosy dur-
ing the predator-present treatments. We tested this against
(i) the behavioral adjustment hypothesis which posits that
female mate choice behaviors are modified but that the mate
choice decision itself remains unaffected. This hypothesis
predicts that locomotor approaches are modified in a way
that reduces conspicuousness during the predator-present
treatments. Additionally, we considered predator type by
testing the above hypotheses using either a pursuant/aerial
predator (flying bird model) or a stationary/terrestrial preda-
tor (call of a predatory ranid frog). Since evasive maneuvers
may be more effective in response to pursuant/aerial preda-
tors, while avoidance behaviors may be more appropriate
for stationary/terrestrial predators, we predict that females
would show different behavioral adjustments in response to
different predator types.

Methods
Study species and site

Eastern gray treefrogs (Hyla versicolor) are a common,
nocturnal anuran in the eastern USA. Males gather in and
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around woodland ponds to advertise for mates. In nature,
females approach stationary males guided by their calls
(phonotaxis), and in acoustic playback trials will repeat-
edly approach speakers broadcasting synthetic stimuli
(Gerhardt 1992; Ryan 2001). Male calls consist of a
series of short pulses, and females prefer longer duration
calls (Sullivan and Hinshaw 1992; Gerhardt et al. 2000;
Reichert and Hobel 2015).

During May/June 2020, we collected 44 females at a
pond adjacent to the University of Wisconsin Milwaukee’s
(UWM) Field Station in Saukville, WI. All individuals
were captured while in amplexus to ensure female recep-
tivity to male stimuli. Frogs were transported to the nearby
Field Station, where they were kept in a cooler with melt-
ing ice to postpone oviposition. Behavioral experiments
took place within 3 days of capture. Once started, experi-
ments with the same female were completed within 2 h,
and all frogs were released at the site of capture thereafter.
Since phonotaxis trials require exact knowledge of the pre-
sented call alternatives, it was not possible to record data
blindly.

Playback trials
General playback setup

Experiments took place in a dimly lit, temperature-
controlled (19-20 °C), semi-anechoic room containing
an experimental arena at the UWM Field Station.
Dimly lit conditions (0.4 Ix; Extech EasyView EA31
Digital Light Meter) are necessary for visual stimuli
(Rand et al. 1997), so light within the typical range of
nocturnal light was present (Underhill and Hobel 2017).
The arena was a 2-m diameter enclosure constructed
with wire fencing covered in black fabric. In every trial,
there was a small release container in the center of the
arena to contain each female before the beginning of her
trial and two speakers (JBL Control 1Xtreme) placed
outside the arena wall (180° angular separation). In
front of each speaker, there was a 10 cm “choice zone”
within the arena wall that the female had to enter in
order to qualify as a choice.

Females were randomly assigned to one predator
treatment condition (ranid frog or predatory bird). Each
female received two sets of choosiness trials, one under
predator-absent treatment (conspecific call playbacks only)
and one under predator-present treatment (one of the two
simulated predator threats). Half the females started with
the predator-absent treatment, and half started with the
predator-present treatment. During the trials, we made
detailed sketches of the frogs’ movement pathways. In
addition, we video-recorded the predator-present trials to

later verify that we had not missed subtle behavior changes
during live sketches.

Stimulus generation

To create the synthetic H. versicolor advertisement calls
used to assess choosiness, we used the seewave package
(Sueur et al. 2008) in R (Version 3.1.0; R Development
Core Team 2014). We created one long, attractive call (18
pulse duration) and one short, unattractive call (6 pulse
duration), both of which exist naturally in the study pop-
ulation. These values represent the low end (6 pulse) and
the average (18 pulse) call duration in our study popula-
tion (Reichert and Hobel 2015; OSF pers. obs.). All other
call characteristics were maintained at the population aver-
age; length of pulse =25 ms, pulse period =25 ms, call
period =7750 ms, high frequency peak=1071 Hz, and low
frequency peak =2142 Hz (which is 10 dB louder in low
frequency) (Reichert and Hobel 2015).

Testing choosiness

To test for choosiness, we used a two-speaker design. One
speaker broadcast the unattractive (6 pulse) stimulus main-
tained at 85 dB SPL throughout the experiment. The other
speaker broadcast the attractive (18 pulse) stimulus with the
amplitude attenuated relative to the unattractive one. The
amplitude differences used in these trials ranged from O to
24 dB in steps of 3 dB. By modifying amplitude, we manipu-
lated the female’s perceived distance to the caller by taking
advantage of the inverse square law of sound attenuation: a
6 dB decrease in amplitude is equivalent to a doubling of
distance from a sound source. In terms of perceived dis-
tance to the sound source, amplitude difference set to 0 dB is
equivalent to a perceived 1 m distance from the female in the
center of the arena to both male call alternatives, compared
to a 24 dB amplitude difference where the attractive call
appears 16 m away while the unattractive one still 1 m away.
The larger the amplitude difference between the two call
alternatives, the more willing the female is to walk further
to obtain her preferred mate, and hence, the choosier she is.
The amplitude of the stimuli was adjusted using an Extech
407,764 Sound Level Meter (Extech Instruments, RS232/
Data logger; C-weighting, fast RMS).

We first tested all frogs at a 12 dB amplitude difference
(i.e., the 18 pulse call was 73 dB, and the 6 pulse call was
85 dB), equivalent to intermediate choosiness. The ampli-
tude difference of subsequent trials depended on each
female’s previous decision; if she chose the 6 pulse call (less
attractive but louder or “closer”), we decreased the ampli-
tude difference on her next trial making the task of approach-
ing the more attractive male easier. If the female chose the
18 pulse call (more attractive but softer or “further away”),
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we increased the amplitude difference in her next trial mak-
ing the task of approaching the more attractive male more
arduous. We repeated this procedure until we had established
the highest amplitude difference at which the female still
chose the attractive call; this was that female’s measure of
choosiness. This “adjustable” trial sequence design allowed
us to measure choosiness in 3—4 trials per female, ensur-
ing that females remained responsive throughout both the
predator-present and predator-absent treatments.

Each trial lasted a maximum of 5.5 min. Between consec-
utive trials, females received a rest period of approximately
2-5 min; during this time, she was placed in a quiet, dark
place inside a small plastic container with pond water. If a
female escaped or made no decision in a trial, she was given
arepeated trial. If a female escaped or made no decision on
multiple trials of the same amplitude, the amplitude differ-
ence was decreased to make the decision easier. If a female
did not respond in more than three sequential trials, she was
removed from the study and not included in the reported
sample size.

Assessing locomotor approaches

In addition to quantifying each female’s choosiness score,
we took four measurements of her locomotor approaches. (i)
Latency was measured by timing the moment each frog was
released from the center container until she hopped into the
choice zone. (ii) Escape was measured as the total number of
trials where the female climbed the arena walls in an attempt
to leave the arena entirely. The other two measures, covered
approach and angle post-predator, were extracted by review-
ing video recordings and notebook sketches that documented
the females’ movement path during each trial. We overlaid
a transparent image that divided the arena into 12 pie slice-
shaped arena sections. (iii) Covered approach was quantified
by the number of arena sections which the frog traversed
while moving close to (<30 cm) the arena wall (illustrated
in Fig. 2), excluding regions in front of each speaker since
those movements were more indicative of speaker choice.
(iv) Movement angle post-predator was measured by using
the 12 arena sections to determine the angle of initial jump
relative to the location of the predator, which was assigned
as 0° (hence, a jump angle of 180° would indicate fleeing
directly away from the predator).

Predator ecology

North American hylid frogs (such as H. versicolor) are
preyed upon by a variety of predators, and we chose two
typical, yet dissimilar, predator types: ranid frogs and birds.
Ranid frogs, such as bullfrogs (Lithobates catesbeianus)
and green frogs (Lithobates clamitans) are large predatory
anurans (Werner et al. 1995; Jancowski and Orchard 2013)
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that have been observed attacking H. versicolor in several
study sites, including our own (Schwartz et al. 2000) (GH
pers. obs.). Ranid frogs are opportunistic sit-and-wait preda-
tors. During their breeding season, which overlaps with the
breeding season of H. versicolor, they emit advertisement
calls from inside their territories that may act as predator
cues for mate searching females (Schwartz et al. 2000). We
classify this ranid predator type as ferrestrial, stationary,
and acoustic. Wading birds such as herons also feed on frogs
and have been observed preying on H. versicolor (J. Schu-
macher; http://vireo.ansp.org/bird_academy/amphibian-eat-
ing%20birds.php). These birds typically attack swiftly from
an aerial position. This attack behavior likely only creates
transient and unpredictable visual cues for prey to respond
to at the moment of attack. We therefore classify this bird
predator type as aerial, pursuant, and visual.

Predator stimuli

Predatory ranid We created the predatory ranid stimulus
by combining a bullfrog (Lithobates catesbeianus) call
published on the Sounds of North American Frogs CD
(Folkways 6166) with 4 s of silence to create a bullfrog
playback containing four bullfrog calls (4 s) with 4 s of
silence (repeated every 8 s). The call was broadcast from a
third speaker placed equidistant from the other two speak-
ers (90° angular separation from each treefrog speaker) at
ground level. We adjusted the call amplitude to 85 dB, the
same amplitude as the loudest treefrog call, so the bullfrog
and nearest potential mate were perceived as equidistant.
Eight bullfrog calls (two bouts of four) were played before a
female was released to establish predator presence and loca-
tion. Twenty-four treefrog females were presented with the
same ranid predator cue; this was done to standardize signal
presentation, but may represent a type of pseudoreplication
(Milinski 1997).

Predatory bird To create the bird model, we constructed
a cardboard and paper-maché model of a flying bird with
extended wings (43 cm wingspan; 38 cm body length).
The model was painted a monochromatic dark gray color
with acrylic paint. We used a 1-m string to attach the bird
model to the ceiling above the playback arena. Before being
deployed, the model was placed on a shelf outside the arena
(90° angular separation from each treefrog speaker). Once
deployed, the bird model swung (across the entire arena) for
approximately 30 s, before gradually slowing down to move-
ments over the center of the arena. Bird movement continued
during the maximum time limit of each trial (over 5.5 min).
In the trials with a bird predator, we first started the treefrog
call playbacks and deployed the bird model the moment the
female left the release container. Twenty treefrog females
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were presented with the same avian predator model; this was
done to standardize signal presentation but may represent a
type of pseudoreplication (Milinski 1997).

Statistical analysis

We used GLMM models in JMP 15.2.1 (SAS Institute
Inc., Cary, NC) to test whether choosiness or locomotor
approaches were affected by simulated predator threat. We
entered choosiness or one of the locomotor approaches
(latency, number of escapes, covered approach, respec-
tively) as response variables and predator treatment (absent/
present), predator type (ranid/bird), sequence (if predator-
present occurred first or second), and all their two- and
three-way interactions as predictor variables. We started the
analysis with the full models (Supplementary Tables S1-S4)
and then successively removed non-random terms (starting
with the three-way and then the two-way interactions) to
increase power. Since every female had contributed two

Table 1 Results of reduced GLMM models examining the effect of
predator presence and predator type on choosiness (the effort a female
is willing to expend to get a preferred mate) and movement behaviors

measures to the analysis (from predator-absent and predator-
present treatments), we also included female ID as a random
term in the models.

For the test of our hypotheses, the treatment (predator-
absent/predator-present) and the predator type (ranid frog or
bird) are the predictor variables of interest since they provide
information about whether and how behavior is affected by
the presence and type of a simulated predator. The female
ID term (included as random term in the models) provides
information on how repeatable and individual-specific the
behavior is. We estimate repeatability R from the percent-
age variance component for female ID (Nakagawa and Schi-
elzeth 2010), provided by JMP 15.2.1 (Table 1).

To compare the magnitude of the effect of predator pres-
ence and predator type on mate choice behaviors, we calcu-
lated effect sizes. We calculated the correlation coefficient
r from F-ratios of the GLMM model terms, according to
Rosenthal (1991). Values of r range from 0O to 1 and have

similar interpretations as 7% in a simple linear regression.

during mate approach (response latency, covered approach, number
of escapes)

Factor DF p Effect size (r)°
Choosiness*

Treatment 1,42 0.8 0.37 0.14
Predator type 1,42 2.5 0.12 0.25
Treatment X predator type 1,42 0.3 0.58 0.08
Repeatability estimate from female ID term 95% C1=2.4-20.5 Wald p=0.01 41.1
Response latency*

Treatment 1,39.2 5.8 0.02 0.36
Predator type 1,39.3 1.4 0.24 0.19
Treatment X predator type 1,39.2 0.5 0.49 0.11
Repeatability estimate from female ID term 95% Cl= —1264-1298 Wald p=0.98 0.46
Covered approach*

Treatment 1,54.7 18.3 <0.0001 0.50
Predator type 1,59.3 0.6 0.45 0.10
Treatment X predator type 1,54.7 0.2 0.64 0.06
Repeatability estimate from female ID term 95% CI=0.15-1.12 Wald p=0.01 30.4
Number of escapes™**

Treatment 1,50.6 16.6 0.0002 0.50
Predator type 1,75.8 0.0008 0.98 0.003
Treatment X predator type 1,50.6 0.6 0.49 0.11
Sequence 1,54.8 5.1 0.03 0.29
Predator type X sequence 1,54.8 7.9 0.007 0.35
Repeatability estimate from female ID term 95% CI=0.25-1.53 Wald p=0.007 57.8

“GLMM model calculated as [Behavior ~ Treatment + Predator Type + Treatment*Predator Type + (Female ID)]

“GLMM model calculated as
Type*Sequence + (Female ID)]

[Escape

frequency ~ Treatment + Predator

Type + Treatment*Predator ~ Type + Sequence + Predator

$Correlation coefficient (r) parameters: 0-0.3 small effect, 0.3-0.5 intermediate effect, > 0.5 large effect

Significant p-values indicated with bold font
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Correlation values that range from 0 to 0.3 indicate small
effect sizes, 0.3-0.5 indicate intermediate effect sizes, and
values greater than 0.5 indicate large effect sizes.

To examine whether there was a directional component
to the females’ locomotor approaches, we computed circular
statistics (Batschelet 1981) in the program Oriana (Kovach
Computing Services, Anglesey, Wales). Specifically, we tested
whether the first movement of the female was directed away
from the location of the simulated predator (speaker broad-
casting the bullfrog call or the direction the bird model first
appeared over the arena). To do this, we computed Rayleigh
tests followed by V-tests and Watson-William’s F tests. We
tested the null hypothesis that orientation angles were dis-
tributed uniformly using Rayleigh tests (hence, a significant
Rayleigh test indicates that frog movements show some direc-
tionality). If frogs attend to the presented stimuli, orientation
angles should not be uniformly distributed but instead should
be directed towards or away from a stimulus. In cases where
Rayleigh tests indicated nonuniform distribution (i.e., some
type of directionality), we used V-tests to test for distribution
in a specified mean direction. Since the reference angle in
our trials was the location of the predator (set to 0°), we set
the expected mean for the V-tests at either 90° (towards the
speaker broadcasting the attractive conspecific call) or 180°
(away from the predator stimulus). A significant V-test indi-
cates that frog movements are not different from the mean
direction that was specified in the V-test. Finally, we used
Watson-William’s F tests to test whether the mean angle of
movement differed between predator-absent and predator-
present treatments.

We provide the angle of the mean vector (u) and the
length of the mean vector () for each test. The length of
the mean vector is a measure of angular dispersion (simi-
lar to standard deviation); its value can range from O to 1,
where r=0 indicates uniform dispersion and »=1 indicates
complete concentration in one direction. In terms of our
study, a high r-value and significant V-test would indicate
that all females directionally moved away from the location
or release site of the predator, while a low r-value indicates
that female movement was not impacted by the location of
the predator.

Results
Predation threat did not change female choosiness

Females did not become less choosy when confronted with
a simulated predator (Table 1). Neither the main effect
of predator treatment, the predator type, nor the preda-
tor X treatment interaction (Fig. 1a) was significant. How-
ever, there was substantial individual variation in choosiness
(Fig. 1b), and the significant individual ID term suggests that
choosiness is a repeatable female trait (Table 1).

@ Springer

Predation threat changed female approach
behavior

The presence of a predator changed all locomotor
approaches and the effect was of intermediate to large mag-
nitude (Table 1). Females in the predator-present trials took
longer to reach the speaker broadcasting a conspecific male
call (Fig. 2a; left panel), they attempted to escape the arena
more frequently (Fig. 2b; left panel), and they remained
close to the arena wall (which they likely perceived as a
cover object) when traveling to the speaker broadcasting a
male call (Fig. 2c; left panel).

In general, predator type and trial sequence did not
change female locomotor approach; effects were
non-significant and of small magnitude (Table 1;
Fig. 2 center and right panels). The noteworthy
exception was the number of escapes during the bird
predator experiment: we found significant sequence
and sequence X predator type interaction effects of
intermediate magnitude (Table 1). Inspection of the
average escape attempts across the different trials
showed this was due to frequent escapes during
predator-absent trials in the bird predator experiment
when females had received the predator exposure
trials first (Supplementary Fig. S1). We tentatively
interpret this as females remembering the presence
of a pursuant predator (approximately > 30 min)
and remaining wary in subsequent trials even in the
absence of direct predator cues.

Predation threat sometimes changed
the directionality of female locomotion

Irrespective of treatment or predator type, the angles of the
first jumps of mate searching females were significantly
clustered towards the direction of the speaker broadcasting
the attractive conspecific call (Table 2; Fig. 3).

In the ranid predator experiment, playback of the
bullfrog call during the predator-present treatment
provided mate searching females with a cue that indicated
the constant presence as well as location of a simulated
predator. Here, the mean angles of first jumps were
marginally significantly different between predator-absent
and predator-present treatments (Watson Williams F- test:
F=3.72, p=0.06), with jumps in the predator treatment
being directed more strongly away from the location of
the predator (Fig. 3a, b). In the bird experiment, there
was no directional cue after the initial deployment
of the bird model (because the model swung back and
forth). Accordingly, we assessed the jumps just before
and just after the bird entered the arena. Presentation of
a simulated bird predator did not shift jump direction
(Watson Williams F- test: F=0.004, p=0.95; Fig. 3c, d).
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Fig. 1 Predation threat does not
affect choosiness. (a) Choosi- a
ness was not influenced by
treatment, by predator type, or
by a treatment X predator type
interaction. Symbols denote
means =+ standard error. Data
from predator-absent (— P) trials
are shown in open symbols and
those from predator-present
(+P) trials are shown in filled
symbols. Data from the ranid
predator trials are shown in
gray and labeled RF, and data
from the bird predator trials are
shown in black and labeled B.
Circles denote treatment aver-
ages, and squares denote preda-
tor type averages. (b) Choosi-
ness is highly variable across
females but consistent within
females: 77% of females varied
their two choosiness scores
within 6 dB and 59% within

3 dB. Shown is the average (cir-
cle) and range (bar) of choosi-
ness scores in each of the two b
trials a given female completed.
Choosiness is measured as the
highest amplitude difference

(in dB) at which the female still
chose the attractive call, hence
indicating how much further
she would be willing to walk to
obtain the preferred mate
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Discussion

We tested whether the mate choice behavior of female east-
ern gray treefrogs was affected by simulated predation risk.
We found that choosiness for the longer-duration call did
not change when predator cues were present, failing to sup-
port the mate choice flexibility hypothesis. Rather, the high
degree of repeatability of a female’s choosiness indicated
that it is an individual female trait, which may explain its
stability in the face of predation risk. Instead of compro-
mising mate choice when faced with a predator, females
adjusted their approach behavior in a way that was consist-
ent with minimizing their conspicuousness. Females took
longer to approach a speaker (a possible indicator of frequent

Individual Females

immobility between bouts of movement), focused their
approach movements to areas of increased cover, and tried
more frequently to leave the testing arena altogether. Adjust-
ments of locomotor approaches with no change in choosi-
ness provide strong support for the behavioral adjustment
hypothesis, demonstrating that females are able to accom-
modate predation risk while maintaining mating decisions.

Mate choice decisions are the outcome of several com-
ponents, including preference functions (the ranking of
attractiveness of potential mates) and choosiness (the effort
invested in obtaining the preferred mate type) (Jennions
and Petrie 1997). Recent evidence indicates these are inde-
pendent traits (Neelon et al. 2019; OSF and GH unpubl.
data). This suggests that predation risk may influence each
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Fig.2 Predation threat strongly
affected locomotor approaches.
The first column represents
stylized cartoons of the assessed
locomotion behaviors. When
predator cues were present
(+P), females were on average
(a) slower to reach male stimuli,
(b) escaped more frequently,
and (¢) moved nearer to the
arena wall. Measures derived
from averages per female across
trials: (a) latency (s) to choose
a male speaker, (b) escape
attempts across trials, and (c)
number of arena sections tra-
versed < 30 cm of wall. Symbols
denote means =+ standard error.
Data from predator-absent (—P)
trials are shown in open sym-
bols, and those from predator-
present (4 P) trials are shown

in filled symbols. Data from the
ranid predator trials are shown
in gray and labeled RF, and data
from the bird predator trials are
shown in black and labeled B.
Circles denote treatment aver-
ages, squares denote predator
type averages

Table 2 Circular statistics
testing the effect of predator
type and predator presence
on directionality of initial
movement

@ Springer
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Treatment Predator type
Predator type
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b +P P =0.0002 P=0.98 P=0.49
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P <0.0001 P =0.45 P=0.64
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Treatment Predator Type Treatment
Ranid frog absent Ranid frog present
Mean vector* u=106 u=146
Mean vector length* r=0.59 r=0.43
Rayleigh test® Z=84 p<0.001 Z=4235 pr=0.01
V-test 90° (towards attractive male)*  ©=3.95 p<0.001 u=1.66 p=0.049
V-test 180° (away from predator) # u=1.12 p=0.13 u=244 p=0.007
Pre-bird exposure Post-bird exposure
Mean vector* u=112 u=113
Mean vector length* r=0.54 r=0.8
Rayleigh test® Z=5.79 p=0.002 Z=128 p <0.0001
V-test 90° (towards attractive male) ¥ u=3.15 p<0.001 u=4.65 p<0.0001
V-test 180° (away from predator) # u=129 p=0.10 u=2.00 p=0.022

* . . . . . . . . . . .
Mean vector indicates movement direction and vector length indicates data concentration in this direction

$Significant Rayleigh test indicates that movement angles are not random (i.e., directional)

#Significant V-tests indicate that movement angles were grouped into an expected direction

Significant p-values indicated with bold font
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Fig.3 Polar diagrams showing the direction of initial locomotor
approaches. Across all trials, females moved towards the general
direction of the speaker broadcasting the attractive call (A). (a, b)
Females did adjust direction away from the location of the speaker
broadcasting the predatory ranid call. (¢, d) Females did not change
directionality after the bird model was deployed. Degrees standard-
ized across trials: 0° =predator, 90° = attractive call (A), 180° =oppo-
site of predator, and 270°=unattractive call (U). Vector (arrow)
directions show mean angle of movement, and vector length indicates
strength of directionality

component differently and that a lack of effect on choosi-
ness does not indicate that preferences are unaffected as well
(and vice versa). Likewise, support for one hypothesis (say,
behavioral adjustment) when examining one mate choice
component (say, choosiness) does not indicate that the other
hypothesis could not be supported for the second compo-
nent. With these considerations in mind, it is interesting to
note that most of the published research that supports the
mate choice flexibility hypothesis examined the effect of
predation risk on preferences. As predation risk increases,
mate preferences are often lost or shifted to less attractive
but less conspicuous options. “Less conspicuous” can refer
to a variety of scenarios, such as shorter male songs (Edom-
wande and Barbosa 2020), less elaborate visual displays
(Johnson and Basolo 2003), duller ornaments (Godin and
Briggs 1996; Gong and Gibson 1996), increased cover-
age (Hedrick and Dill 1993; Karino et al. 2000; Kim et al.
2009), and avoidance of multimodal signals (Cronin et al.

2019). Interestingly, the few studies that examined choosi-
ness and found evidence in favor of the mate choice flex-
ibility hypothesis also report that females seemed to factor
in conspicuousness when adjusting their mating decisions.
For instance, when predation risk was heightened, female
tail-spot wrasse (Halichoeres melanurus), a species with
male-territory-visiting polygamy, changed mates less fre-
quently and mated more often with the closest male (Karino
et al. 2000). Female fiddler crabs (Uca mjoebergi) decreased
travel distance and sampled primarily the closest males
(Booksmythe et al. 2008).

The behavioral adjustment hypothesis has received less
attention, and, to our knowledge, this study is the first to sup-
port it. Published literature, however, contains hints at more
widespread occurrence of behavioral adjustments. Schwartz
et al. (2000) tested whether female eastern gray treefrogs
avoid approaching a conspecific call if it was presented near
a bullfrog call. The study concluded that predators did not
influence mate discrimination, because female phonotaxis
towards conspecific calls did not change. Yet, the authors
also describe a high number of uncooperative females that
wandered, remained motionless, or attempted to escape
(Schwartz et al. 2000). We speculate that, similar to our
study, the presence of a predator cue generated the “uncoop-
erative” behavior of these females and that treatment effects
may have been uncovered had these behaviors been scored
explicitly. Data from pure predator—prey studies highlight
how capable prey are in customizing evasive maneuvers in
subtle ways such as freeze/flee timing (Eilam 2005; Ilany
and Eilam 2008; Nishiumi and Mori 2020), flight distance
(Martin et al. 2005; Nishiumi and Mori 2015), escape tra-
jectory (Shifferman and Eilam 2004; reviewed in Domenici
et al. 2011), and mirroring the risk magnitude (Helfman
1989; Acharya and McNeil 1998). We consider the same
behavioral flexibility expressed when dealing with predators,
while foraging may also apply to the process of mate choice.

Additional support for the mate choice flexibility hypoth-
esis comes from the differences in behavioral adjustments as
a function of predator type. We observed directional avoid-
ance when faced only with a stationary predator (ranid frog)
but not with a pursuant one (bird). The sequence effect in the
bird predator experiment, where females that were exposed
to the bird predator in their first trials maintained a similarly
high escape frequency in the subsequent predator-absent tri-
als, also suggests that females attend to differences in preda-
tor type. Although not significant across all assessed behav-
ioral measures, we suggest that females make more extreme
escape attempts when faced with an unpredictable pursuant
predator (bird), while directional avoidance behaviors are
sufficient to deal with more predictable stationary threats
(ranid frog). Again, pure predator—prey studies document
similar behavioral differences: a study assessing escape
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strategies in tingara frogs (Physalaemus pustulosus) also
found a difference in directional avoidance between a ter-
restrial and aerial predator (Bulbert et al. 2015).

Conclusion

Mate choice is a complex behavior, combining components
of cognitive decision-making with active locomotion. Our
understanding of the causes of variation in mate choice
decisions will benefit from expansion into several avenues
of research. First, mate choice decisions are the outcome
of several, independent components (Jennions and Petrie
1997; Neelon et al. 2019). Understanding whether, and
how, they are affected by the same intrinsic or extrinsic vari-
able will inform how the form and speed of sexual selec-
tion is affected. Second, we recommend that mate choice
studies include more detailed behavioral observations. Had
we exclusively focused on the final mating decision (i.e.,
choosiness score), we would have overlooked enlightening
behavioral responses. Third, we encourage the integration of
information obtained from correlated avenues of research.
For example, behavioral responses in a pure predator avoid-
ance context may point to aspects of prey behavior that
should be examined when looking at the effects of preda-
tion on mate choice.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00265-021-03124-y.

Acknowledgements We thank K. Stratman for his assistance with data
collection, N. Byers and M. Byers for access to their property, and staff
at the University of Wisconsin’s Field Station for building access and
logistical support. We also thank C. Diebold, K. Stratman, H. Warner,
and J. Cannizzaro for their insightful feedback on an earlier draft of the
manuscript and constructive reviewer comments.

Author contribution All authors conceptualized the study and exper-
imental design. Methods were executed by OSF. OSF prepared the
manuscript drafts, and GH critically reviewed and edited subsequent
versions. All authors have read and approved the final manuscript and
submission for publication.

Funding OSF was supported by the UWM Louise Neitge Mather
Scholarship.

Data availability The datasets generated and analyzed during the cur-
rent study are available as supplementary material.

Code availability Not applicable.
Declarations

Ethics approval All procedures were approved by the Animal Care and
Use Committee of the University of Wisconsin Milwaukee (Protocol
Number: 19-20#26).

@ Springer

Conflict of interest The authors declare no competing interests.

References

Acharya L, McNeil J (1998) Predation risk and mating behavior: the
responses of moths to bat-like ultrasound. Behav Ecol 9:552-558.
https://doi.org/10.1093/beheco/9.6.552

Ah-King M, Gowaty PA (2016) A conceptual review of mate choice:
stochastic demography, within-sex phenotypic plasticity, and
individual flexibility. Ecol Evol 6:4607-4642. https://doi.org/10.
1002/ece3.2197

Andersson M (1994) Sexual Selection. Princeton University Press,
Princeton, NJ

Bailey NW, Zuk M (2008) Acoustic experience shapes female mate
choice in field crickets. Proc R Soc Lond B 275:2645-2650.
https://doi.org/10.1098/rspb.2008.0859

Bastien B, Farley G, Ge F, Malin JS, Simon-Plumb CL, Pulley DM,
Yang C, Baugh AT (2018) The waiting and mating game: con-
dition dependent mate sampling in female gray treefrogs (Hyla
versicolor). Front Ecol Evol 6:140. https://doi.org/10.3389/fevo.
2018.00140

Bateson P (1983) Mate Choice. Cambridge University Press,
Cambridge

Batschelet E (1981) Circular Statistics in Biology. Academic Press,
London

Baugh AT, Ryan MJ (2009) Female tingara frogs vary in commit-
ment to mate choice. Behav Ecol 20:1153-1159. https://doi.org/
10.1093/beheco/arp120

Baugh AT, Ryan MJ (2010) Ambient light alters temporal-updating
behaviour during mate choice in a Neotropical frog. Can J Zool
88:448-453. https://doi.org/10.1139/210-018

Baugh AT, Gall MD, Silver SC, Bee MA (2021) Moderately
elevated glucocorticoids increase mate choosiness but do
not affect sexual proceptivity or preferences in female gray
treefrogs. Horm Behav 130:104950. https://doi.org/10.1016/j.
yhbeh.2021.104950

Booksmythe I, Detto T, Backwell PRY (2008) Female fiddler crabs set-
tle for less: the travel costs of mate choice. Anim Behav 76:1775-
1781. https://doi.org/10.1016/j.anbehav.2008.07.022

Bulbert MW, Page RA, Bernal XE (2015) Danger comes from all
fronts: predator-dependent escape tactics of tingara frogs.
PLoS ONE 10:e0120546. https://doi.org/10.1371/journal.pone.
0120546

Chaine AS, Lyon BE (2008) Adaptive plasticity in female mate choice
dampens sexual selection on male ornaments in the lark bunting.
Science 319:459-462. https://doi.org/10.1126/science.1149167

Cooper WE, Caldwell J, Vitt LJ (2009) Conspicuousness and vestigial
escape behaviour by two dendrobatid frogs, Dendrobates auratus
and Oophaga pumilio. Behaviour 146:325-349. https://doi.org/10.
1163/156853909X410946

Coyne JA, Orr HA (2004) Speciation. Sinauer Associates, Sunderland,
MA

Cronin AD, Ryan MJ, Page RA, Hunter KL, Taylor RC (2019) Envi-
ronmental heterogeneity alters mate choice behavior for multi-
modal signals. Behav Ecol Sociobiol 73:43. https://doi.org/10.
1007/500265-019-2654-3

Crowley PH, Travers SE, Linton MC, Cohn SL, Sih A, Sargent RC
(1991) Mate density, predation risk, and the seasonal sequence
of mate choices: a dynamic game. Am Nat 137:567-596. https://
doi.org/10.1086/285184

Darwin C (1871) The descent of man and selection in relation to sex.
John Murray Press, London, UK


https://doi.org/10.1007/s00265-021-03124-y
https://doi.org/10.1093/beheco/9.6.552
https://doi.org/10.1002/ece3.2197
https://doi.org/10.1002/ece3.2197
https://doi.org/10.1098/rspb.2008.0859
https://doi.org/10.3389/fevo.2018.00140
https://doi.org/10.3389/fevo.2018.00140
https://doi.org/10.1093/beheco/arp120
https://doi.org/10.1093/beheco/arp120
https://doi.org/10.1139/Z10-018
https://doi.org/10.1016/j.yhbeh.2021.104950
https://doi.org/10.1016/j.yhbeh.2021.104950
https://doi.org/10.1016/j.anbehav.2008.07.022
https://doi.org/10.1371/journal.pone.0120546
https://doi.org/10.1371/journal.pone.0120546
https://doi.org/10.1126/science.1149167
https://doi.org/10.1163/156853909X410946
https://doi.org/10.1163/156853909X410946
https://doi.org/10.1007/s00265-019-2654-3
https://doi.org/10.1007/s00265-019-2654-3
https://doi.org/10.1086/285184
https://doi.org/10.1086/285184

Behavioral Ecology and Sociobiology (2022) 76:17

Page110f12 17

Domenici P, Blagburn JM, Bacon JP (2011) Animal escapology II:
escape trajectory case studies. J Exp Biol 214:2474-2494. https://
doi.org/10.1242/jeb.053801

Edomwande C, Barbosa F (2020) The influence of predation risk
on mate signaling and mate choice in the lesser waxmoth
Achroia grisella. Sci Rep 10:524. https://doi.org/10.1038/
s41598-020-57481-1

Eilam D (2005) Die hard: A blend of freezing and fleeing as a dynamic
defense—implications for the control of defensive behavior. Neu-
rosci Biobehav Rev 29:1181-1191. https://doi.org/10.1016/j.neubi
orev.2005.03.027

Ferrari MCO, Chivers DP (2009) Temporal variability, threat
sensitivity and conflicting information about the nature of risk:
understanding the dynamics of tadpole antipredator behaviour.
Anim Behav 78:11-16. https://doi.org/10.1016/j.anbehav.2009.
03.016

Gerhardt HC (1992) Conducting playback experiments and interpret-
ing their results. In: McGregor PK (ed) Playback and studies of
animal communication. Plenum Press, New York, pp 59-77

Gerhardt HC, Tanner SD, Corrigan CM, Walton HC (2000) Female
preference functions based on call duration in the gray tree frog
(Hyla versicolor). Behav Ecol 11:663-669. https://doi.org/10.
1093/beheco/11.6.663

Godin J-GJ, Briggs SE (1996) Female mate choice under predation
risk in the guppy. Anim Behav 51:117-130. https://doi.org/10.
1006/anbe.1996.0010

Gong A, Gibson RM (1996) Reversal of a female preference after
visual exposure to a predator in the guppy, Poecilia reticulata.
Anim Behav 52:1007-1015. https://doi.org/10.1006/anbe.1996.
0248

Gowaty PA, Hubbell SP (2009) Reproductive decisions under ecologi-
cal constraints: it’s about time. P Natl Acad Sci USA 106:10017—
10024. https://doi.org/10.1073/pnas.0901130106

Hedrick AV, Dill LM (1993) Mate choice by female crickets is influ-
enced by predation risk. Anim Behav 46:193-196. https://doi.org/
10.1006/anbe.1993.1176

Helfman G (1989) Threat-sensitive predator avoidance in damselfish-
trumpetfish interactions. Behav Ecol Sociobiol 24:47-58. https://
doi.org/10.1007/BF00300117

Howland HC (1974) Optimal strategies for predator avoidance: the
relative importance of speed and maneuverability. ] Theor Biol
47:333-350. https://doi.org/10.1016/0022-5193(74)90202-1

Tlany A, Eilam D (2008) Wait before running for your life: defensive
tactics of spiny mice (Acomys cahirinus) in evading barn owl (Tyto
alba) attack. Behav Ecol Sociobiol 62:923-933. https://doi.org/
10.1007/s00265-007-0516-x

Jancowski K, Orchard S (2013) Stomach contents from invasive Ameri-
can bullfrogs Rana catesbeiana (= Lithobates catesbeianus) on
southern Vancouver Island, British Columbia, Canada. NeoBiota
16:17-37. https://doi.org/10.3897/neobiota.16.3806

Janetos AC (1980) Strategies of female mate choice: a theoretical
analysis. Behav Ecol Sociobiol 7:107-112. https://doi.org/10.
1007/BF00299515

Jennions MD, Petrie M (1997) Variation in mate choice and mating
preferences: a review of causes and consequences. Biol Rev
72:283-327. https://doi.org/10.1111/j.1469-185X.1997.tb00015.x

Johnson JB, Basolo AL (2003) Predator exposure alters female mate
choice in the green swordtail. Behav Ecol 14:619-625. https://doi.
org/10.1093/beheco/arg046

Karino K, Kuwamura T, Nakashima Y, Sakai Y (2000) Predation risk
and the opportunity for female mate choice in a coral reef fish.
J Ethol 18:109-114. https://doi.org/10.1007/s101640070009

Kim TW, Christy JH, Dennenmoser S, Choe JC (2009) The strength
of a female mate preference increases with predation risk. Proc
R Soc Lond B 276:775-780. https://doi.org/10.1098/rspb.2008.
1070

Lima SL, Dill LM (1990) Behavioral decisions made under the risk
of predation: a review and prospectus. Can J Zool 68:619-640.
https://doi.org/10.1139/290-092

Lind J, Kaby U, Jakobsson S (2002) Split-second escape decisions
in blue tits (Parus caeruleus). Naturwissenschaften 89:420-423.
https://doi.org/10.1007/s00114-002-0345-8

Martin J, Luque-Larena JJ, Lépez P (2005) Factors affecting escape
behavior of Iberian green frogs (Rana perezi). Can J Zool
83:1189-1194. https://doi.org/10.1139/z05-114

Milinski M (1997) How to avoid seven deadly sins in the study of
behavior. Adv Study Behav 26:159-180. https://doi.org/10.1016/
S0065-3454%2808%2960379-4

Nakagawa S, Schielzeth H (2010) Repeatability for Gaussian and non-
Gaussian data: a practical guide for biologists. Biol Rev 85:935—
956. https://doi.org/10.1111/j.1469-185X.2010.00141.x

Neelon DP, Hobel G (2017) Social plasticity in choosiness in green
tree frogs, Hyla cinerea. Behav Ecol 28:1540-1546. https://doi.
org/10.1093/beheco/arx103

Neelon DP, Rodriguez RL, Hobel G (2019) On the architecture of
mate choice decisions: preference functions and choosiness are
distinct traits. Proc R Soc B 286:20182830. https://doi.org/10.
1098/rspb.2018.2830

Nishiumi N, Mori A (2015) Distance-dependent switching of anti-
predator behavior of frogs from immobility to fleeing. J Ethol
33:117-124. https://doi.org/10.1007/s10164-014-0419-z

Nishiumi N, Mori A (2020) A game of patience between predator and
prey: waiting for opponent’s action determines successful cap-
ture or escape. Can J Zool 98:351-357. https://doi.org/10.1139/
¢jz-2019-0164

Partridge L, Halliday T (1984) Mating patterns and mate choice. In:
Krebs JR, Davies NB (eds) Behavioural Ecology, 2nd edn. Black-
well Science, Oxford, pp 222-250

Pomiankowski A (1987) The costs of choice in sexual selection. J
Theor Biol 128:195-218. https://doi.org/10.1016/s0022-5193(87)
80169-8

R Development Core Team (2014) R: a language and environment
for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria, http://www.R-project.org

Rand AS, Bridarolli ME, Dries L, Ryan MJ (1997) Light levels influ-
ence female choice in tingara frogs: predation risk assessment?
Copeia 1997:447-450. https://doi.org/10.2307/1447770

Real L (1990) Search theory and mate choice. I. Models of Single-Sex
Discrimination Am Nat 136:376-405. https://doi.org/10.1086/
285103

Reichert MS, Hobel G (2015) Modality interactions alter the shape of
acoustic mate preference functions in gray treefrogs: multimodal
preference functions. Evolution 69:2384-2398. https://doi.org/10.
1111/evo.12750

Rodriguez RL, Hallett AC, Kilmer JT, Fowler-Finn KD (2013) Curves
as traits: genetic and environmental variation in mate preference
functions. J Evol Biol 26:434-442. https://doi.org/10.1111/jeb.
12061

Rosenthal R (1991) Meta-analytic procedures for social research,
revised. Sage Publications, Newbury Park

Rosenthal G (2017) Mate Choice: The evolution of sexual decision
making from microbes to humans. Princeton University Press,
Princeton, NJ

Ryan MJ (2001) Anuran Communication. Smithsonian Institution
Press, Washington DC

Sakaluk SK, Belwood JJ (1984) Gecko phonotaxis to cricket calling
song: a case of satellite predation. Anim Behav 32:659-662.
https://doi.org/10.1016/S0003-3472(84)80141-4

Schwartz JJ, Bee MA, Tanner SD (2000) A behavioral and neurobi-
ological study of the responses of Gray Treefrogs, Hyla versi-
color, to the calls of a predator, Rana catesbeiana. Herpetologica
56:27-37

@ Springer


https://doi.org/10.1242/jeb.053801
https://doi.org/10.1242/jeb.053801
https://doi.org/10.1038/s41598-020-57481-1
https://doi.org/10.1038/s41598-020-57481-1
https://doi.org/10.1016/j.neubiorev.2005.03.027
https://doi.org/10.1016/j.neubiorev.2005.03.027
https://doi.org/10.1016/j.anbehav.2009.03.016
https://doi.org/10.1016/j.anbehav.2009.03.016
https://doi.org/10.1093/beheco/11.6.663
https://doi.org/10.1093/beheco/11.6.663
https://doi.org/10.1006/anbe.1996.0010
https://doi.org/10.1006/anbe.1996.0010
https://doi.org/10.1006/anbe.1996.0248
https://doi.org/10.1006/anbe.1996.0248
https://doi.org/10.1073/pnas.0901130106
https://doi.org/10.1006/anbe.1993.1176
https://doi.org/10.1006/anbe.1993.1176
https://doi.org/10.1007/BF00300117
https://doi.org/10.1007/BF00300117
https://doi.org/10.1016/0022-5193(74)90202-1
https://doi.org/10.1007/s00265-007-0516-x
https://doi.org/10.1007/s00265-007-0516-x
https://doi.org/10.3897/neobiota.16.3806
https://doi.org/10.1007/BF00299515
https://doi.org/10.1007/BF00299515
https://doi.org/10.1111/j.1469-185X.1997.tb00015.x
https://doi.org/10.1093/beheco/arg046
https://doi.org/10.1093/beheco/arg046
https://doi.org/10.1007/s101640070009
https://doi.org/10.1098/rspb.2008.1070
https://doi.org/10.1098/rspb.2008.1070
https://doi.org/10.1139/z90-092
https://doi.org/10.1007/s00114-002-0345-8
https://doi.org/10.1139/z05-114
https://doi.org/10.1016/S0065-3454%2808%2960379-4
https://doi.org/10.1016/S0065-3454%2808%2960379-4
https://doi.org/10.1111/j.1469-185X.2010.00141.x
https://doi.org/10.1093/beheco/arx103
https://doi.org/10.1093/beheco/arx103
https://doi.org/10.1098/rspb.2018.2830
https://doi.org/10.1098/rspb.2018.2830
https://doi.org/10.1007/s10164-014-0419-z
https://doi.org/10.1139/cjz-2019-0164
https://doi.org/10.1139/cjz-2019-0164
https://doi.org/10.1016/s0022-5193(87)80169-8
https://doi.org/10.1016/s0022-5193(87)80169-8
http://www.R-project.org
https://doi.org/10.2307/1447770
https://doi.org/10.1086/285103
https://doi.org/10.1086/285103
https://doi.org/10.1111/evo.12750
https://doi.org/10.1111/evo.12750
https://doi.org/10.1111/jeb.12061
https://doi.org/10.1111/jeb.12061
https://doi.org/10.1016/S0003-3472(84)80141-4

17 Page 12 of 12

Behavioral Ecology and Sociobiology (2022) 76:17

Shifferman E, Eilam D (2004) Movement and direction of movement
of a simulated prey affect the success rate in barn owl Tyto alba
attack. J Avian Biol 35:111-116. https://doi.org/10.1111/.0908-
8857.2004.03257.x

Sih A (1994) Predation risk and the evolutionary ecology of reproduc-
tive behaviour. J Fish Biol 45:111-130. https://doi.org/10.1111/j.
1095-8649.1994.tb01087.x

Sueur J, Aubin T, Simonis C (2008) Seewave, a free modular tool for
sound analysis and synthesis. Bioacoustics 18:213-226. https://
doi.org/10.1080/09524622.2008.9753600

Sullivan BK, Hinshaw SH (1992) Female choice and selection on
male calling behaviour in the grey treefrog Hyla versicolor.
Anim Behav 44:733-744. https://doi.org/10.1016/S0003-3472(05)
80299-4

Tobler M, Schlupp I, Plath M (2008) Does divergence in female mate
choice affect male size distributions in two cave fish populations?
Biol Lett 4:452—454. https://doi.org/10.1098/rsbl.2008.0259

Underhill VA, Hobel G (2017) Variation in nocturnal light levels does
not alter mate choice behavior in female eastern gray treefrogs

@ Springer

(Hyla versicolor). Behav Ecol Sociobiol 71:151. https://doi.org/
10.1007/500265-017-2386-1

Weihs D, Webb PW (1984) Optimal avoidance and evasion tactics in
predator-prey interactions. J Theor Biol 106:189-206. https://doi.
0rg/10.1016/0022-5193(84)90019-5

Weissburg M, Smee DL, Ferner MC (2014) The sensory ecology of
nonconsumptive predator effects. Am Nat 184:141-157. https://
doi.org/10.1086/676644

Werner EE, Wellborn GA, McPeek MA (1995) Diet composition in
postmetamorphic bullfrogs and green frogs: implications for
interspecific predation and competition. J Herpetol 29:600-607.
https://doi.org/10.2307/1564744

West-Eberhard MJ (1983) Sexual selection, social competition, and
speciation. Q Rev Biol 58:155-183. https://doi.org/10.1086/
413215

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1111/j.0908-8857.2004.03257.x
https://doi.org/10.1111/j.0908-8857.2004.03257.x
https://doi.org/10.1111/j.1095-8649.1994.tb01087.x
https://doi.org/10.1111/j.1095-8649.1994.tb01087.x
https://doi.org/10.1080/09524622.2008.9753600
https://doi.org/10.1080/09524622.2008.9753600
https://doi.org/10.1016/S0003-3472(05)80299-4
https://doi.org/10.1016/S0003-3472(05)80299-4
https://doi.org/10.1098/rsbl.2008.0259
https://doi.org/10.1007/s00265-017-2386-1
https://doi.org/10.1007/s00265-017-2386-1
https://doi.org/10.1016/0022-5193(84)90019-5
https://doi.org/10.1016/0022-5193(84)90019-5
https://doi.org/10.1086/676644
https://doi.org/10.1086/676644
https://doi.org/10.2307/1564744
https://doi.org/10.1086/413215
https://doi.org/10.1086/413215

	Female gray treefrogs maintain mate choice decisions under predation threat, but adjust movements to reduce conspicuousness during mate approach
	Abstract 
	Significance statement
	Introduction
	Methods
	Study species and site
	Playback trials
	General playback setup
	Stimulus generation
	Testing choosiness
	Assessing locomotor approaches
	Predator ecology
	Predator stimuli

	Statistical analysis

	Results
	Predation threat did not change female choosiness
	Predation threat changed female approach behavior
	Predation threat sometimes changed the directionality of female locomotion

	Discussion
	Conclusion
	Acknowledgements 
	References


