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Abstract

An individuals’ experience with conspecific signaling during
development can lead to variation in their mating signals and
behavior later in life. It is unclear whether experience with
sexual signals also alters receivers’ fitness through changes
in investment in offspring. Male field crickets attract mates
using a long-distance calling song. To determine how devel-
opmental experience with calling song quality and quantity
alters mating responsiveness and fitness, we raised juvenile
female Teleogryllus oceanicus in five acoustic environments.
These environments mimicked two mate quantities (high and
low) crossed with two mate qualities (high and low), and a
silent control. At adulthood, we measured females’ respon-
siveness in phonotaxis trials. Following phonotaxis, females
were offered opportunities to mate and lay eggs. We measured
egg number and proportion hatching as components of fitness
and reproductive investment. Corroborating previous research
in this system, female crickets raised in silence approached a
broadcast calling song nearly 45% faster than their counter-
parts reared hearing a high-quantity/high-quality combination
of calling song. Additionally, females adjusted other aspects
of phonotaxis behavior in response to the quantity, but not
quality of song. We found no evidence that females adjusted
mating rates or investment in offspring. Regardless of acoustic
experience, females laid equivalent numbers of eggs that had
equivalent hatching success. Our results show that female
mating behavior responds to juvenile experience mimicking
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a lack of mating opportunities, but is less responsive to vari-
ation in mate quality. Furthermore, reproductive investment
may be less plastic than mating behavior.

Significance statement

Social experience can inform organisms about current envi-
ronmental conditions and lead to changes in behavior.
Existing work suggests that field crickets in the genus
Teleogryllus change their mating behavior in response to
acoustic environments that mimic varied mate availabilities
and qualities. However, we do not know if females alter their
investment in offspring under similar circumstances. Variable
investment could speed evolutionary change when combined
with behavioral plasticity. We found that although female mat-
ing behavior is sensitive to variation in acoustic experience,
reproductive investment is not. The number of eggs laid and
the percent hatching did not depend on acoustic experience.
We discuss evolutionary explanations for these patterns, in-
cluding the possibility that investment is less plastic than mat-
ing behavior.

Keywords Plasticity - Responsiveness - Reproductive
investment - Field cricket - Teleogryllus oceanicus

Introduction

An organism’s experience can inform it about current environ-
mental conditions and can have a considerable impact on its
behavior. Evidence for behavioral plasticity in response to
social experience comes from a variety of taxa. Examples
include insect mating behavior responding to variation in mate
availability and quality (e.g., Bailey and Zuk 2008; Fowler-
Finn and Rodriguez 2012), male geckos adjusting territorial
behavior depending on previous experience with females
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(e.g., Sakata et al. 2002), and mammals altering boldness in
response to variation in conspecific behavior and maternal
care (e.g., Griffin and Evans 2003; Champagne and Meaney
2007). Recently, there has been considerable interest in behav-
ioral plasticity because it can dramatically change evolution-
ary trajectories (Snell-Rood 2012). For instance, if reproduc-
tive behavior is altered in response to social experience, indi-
viduals may choose mates with different traits in one social
environment than they would in another social environment.
That choice could then lead to future generations with differ-
ent genetic compositions.

Plastic changes in reproductive behavior have been found
in a variety of organisms, with social experience leading to
variation in signaling, male competition, mate location behav-
ior, and mating decisions. For example, stickleback fish
experiencing alternative adult sex ratios adopt different repro-
ductive behaviors late in life that depend on the competitive
environment they experienced previously (Tinghitella et al.
2013). Acoustic cues experienced by juvenile crickets during
development influence the expression of adult male sexual
signals and the responses of females to those traits (Wagner
et al. 2000; Bailey and Zuk 2008; Kasumovic et al. 2011,
Kasumovic et al. 2012; Atwell and Wagner 2014), as well as
sperm competition phenotypes (Gray and Simmons 2013).
And, while the strength of male competition increased with
rising densities when sex ratios were male-biased in Bicyclus
anynana, females rejected fewer male mating attempts under
the same conditions (Holveck et al. 2015). Such plasticity in
reproductive behavior could influence the strength and/or di-
rection of selection on extravagant male traits, leading to di-
vergence if environments differ among populations. Plastic
mating behavior may also rescue populations from mate
choice Allee effects if females are more relaxed in their mating
requirements when available mates are rare or less preferred
(Tinghitella et al. 2013; Fowler-Finn and Rodriguez 2012).
While variation in the strength of selection on sexual signals
is unlikely to result in divergence in male traits that leads to
reproductive isolation, the strength of selection is important
for the speed of divergence (slower when weaker; Rodriguez
et al. 2013). Reductions in the strength of selection on sexual
signals may be key for population persistence when environ-
mental and evolutionary change are rapid (Fowler-Finn and
Rodriguez 2012).

Importantly, evolutionary change following from plastic
mating behavior would be amplified if females also invested
heavily in matings with chosen males (Weigel et al. 2015).
However, few studies have addressed the post-copulatory ef-
fects of social experience with conspecifics (but see Heubel
etal. 2008; Weigel et al. 2015). This is despite the idea that life
histories are shaped by trade-offs between the quantity and the
quality of current and future reproductive opportunities
(Stearns 1992) and that these trade-offs can select for plasticity
in female reproductive investment. Plasticity in mating
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behavior and reproductive investment may interact with one
another in ways that dramatically alter sexual selection
(Weigel et al. 2015). For instance, if females relax their mating
requirements, but either do not alter reproductive investment
or increase current investment because future mating oppor-
tunities are uncertain (Stearns 1992), sexual selection should
be weak. If, however, females relax mating decisions and
simultaneously reduce investment, sexual selection remains
relatively strong. Investing heavily in matings when mates
are rare could also increase the likelihood of population
persistence.

In this study, we varied female experience with the quantity
and quality of available mates during development and tested
the hypotheses that (1) social experience with mating signals
alters choosiness (the effort or energy that an individual
invests in mate assessment; Jennions and Petrie 1997; Gray
and Cade 1999; Brooks and Endler 2001) and investment in
offspring and that (2) those changes occur in parallel. We
focus on mate quantity and quality because sexual selection
is largely driven by mate availability (Andersson 1994; Emlen
and Oring 1977) and information about both can be gleaned
from the social environment. Little research examines these
two variables together (but see Kasumovic et al. 2011, 2012),
and varying both quantity and quality of mates allowed us to
assess their relative importance. Additionally, existing litera-
ture suggests that variation in mate quality and quantity affects
reproductive investment decisions in addition to preference
and choosiness.

We place our questions in a realistic context by addressing
them in a system with a recent history of colonization and
rapid evolutionary change in male signaling. The Pacific field
cricket, Teleogryllus oceanicus, is native to the continent of
Australia, and has island-hopped throughout the Pacific, per-
haps as Polynesian settlers moved among these islands
(Tinghitella et al. 2011). Natural variation in population den-
sity (mate availability) exists among island populations (un-
published results, R. Tinghitella and G. Kitchell).
Additionally, the recent sweep of a morphological mutation
(flatwing) that renders males silent in some Hawaiian popula-
tions leads to dramatic differences in perceived mate availabil-
ity across populations (Zuk et al. 2006). More than 90% of
males on Kauai are now obligately silent. Kauai females are
less stringent in their mating decisions than females from other
locations, likely due to a combination of plastic responses to
the changed acoustic environment (Bailey and Zuk 2008) and
evolved differences among islands (Tinghitella et al. 2009).

How might experience with sexual signals alter mating
behavior? Because 7. oceanicus is characterized by recent
colonization of novel habitats and variation in the abundance
and types of available mates, we hypothesized generally that
selection would favor plasticity that ensures that mating hap-
pens when preferred mates are rare or absent (Palokangas et al.
1992; Borg et al. 2006; Kokko and Rankin 2006; Fowler-Finn
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and Rodriguez 2012; Tinghitella 2014; Tinghitella et al.
2015). Ensuring mating when mates are rare or absent could
involve changes in choosiness like increased responsiveness
(the speed or likelihood that a female will respond to a mate;
Bailey 2008) or decreased discrimination (the degree to which
females respond differentially to mates with different signal
values; Bailey 2008). In addition to attracting mates, sexual
signals often indicate aspects of signaler quality including
health, dominance, size, and immune system function (e.g.,
Johnstone 1995; Tregenza et.al. 2006; Rendall et al. 2009). If
selection favors not mating with non-preferred, low-quality
mates when they are present, we predict females will be less
discriminating when experiencing non-preferred signals
(Fowler-Finn and Rodriguez 2012).

How might experience with sexual signals shape female
life history strategies? If few mates are available, females
may increase investment in current reproduction as future
mating opportunities are uncertain (Real 1990; Heubel et al.
2008). If future mating opportunities are likely, however, in-
vestment in the first mating may be relatively lower. The dif-
ferential allocation (Burley 1986, 1988; Johnson et al. 2005;
Harris and Uller 2009) and reproductive compensation
(Stearns 1992; Gowaty 2008) hypotheses attempt to explain
how we might expect organisms to alter their reproductive
investments depending on mate attractiveness (Sheldon
2000). The two are often (though not always) regarded as
making opposite directional predictions, with differential allo-
cation predicting that parents increase investment with pre-
ferred mates, and reproductive compensation predicting in-
creased investment when paired with non-preferred or low-
quality mates (Ratikainen and Kokko 2010). There is a rich
literature in support of both hypotheses (Williams 1966;
Burley 1988; Stearns 1992; Bluhm and Gowaty 2004;
Johnson et al. 2005; Gowaty 2008; Harris and Uller 2009;
Goncalves et al. 2010). In many systems, females can alter
their reproductive investments by adjusting the number of
eggs laid (Bretman et al. 2006), provisioning eggs differen-
tially (Sinervo 1989; Eising et al. 2001), or manipulating the
sex ratio of offspring (Austad and Sunquist 1986).

Acoustically signaling organisms are excellent study sys-
tems in which to address our questions. Male crickets use two
songs in mate choice: a long-distance, conspicuous song to
draw the female to the male from a distance (calling song), and
a short-distance, less conspicuous song to induce her to mate
with him (courtship song) (Balakrishnan and Pollack 1996).
Recorded songs can be manipulated digitally and played back
to simulate different qualities and quantities of available mates
(e.g., Bailey 2008; Bailey and Zuk 2008; Gray and Simmons
2013; Kasumovic et al. 2011). Crickets from the genus
Teleogryllus are known to change their mating behavior in
response to acoustic environments that mimic different mate
availabilities and mate qualities. For example, female
T. oceanicus reared in silence are more responsive than

females exposed to abundant male song during rearing
(Bailey and Zuk 2008). Additionally, female field crickets
are capable of adjusting the number of eggs laid in response
to characteristics of mates (Simmons 1987; Bretman et al.
2006), so it is reasonable to hypothesize that reproductive
investment may vary with acoustic experience in this system
as well.

We exposed juvenile females to one of the five acoustic
treatments that varied in quantity and quality of calling song,
and then measured willingness to respond to a calling male
and response effort (Bailey 2008) and two components of
reproductive investment (number of eggs and hatching suc-
cess). We made the following specific predictions. We first
predicted that mate quantity would exert a greater effect than
quality because (1) a complete lack of mating should more
negatively affect fitness than the available mates being of low
quality (Stearns 1992), and (2) this system is characterized by
recent changes in actual and perceived mate availability. We
predicted that females would vary from least to most respon-
sive to male calling song in the following order: no song, low
quantity of low-quality song, low quantity of high-quality
song, high quantity of low-quality song, and high quantity
of high-quality song. We also predicted that females’ re-
sponses to different song models (discrimination) would de-
pend on acoustic experience, with females who experienced
high mate availability and/or quality discriminating more
strongly against less preferred song variants (0 and/or 100%
long chirp; Bailey 2008). With respect to female investment,
we again predicted a greater influence of mate availability
than quality. First, we anticipated that, consistent with life
history theory, females would invest heavily at the first mating
event when mate availability is low. If mate availability is
high, females ought to invest less at the first mating event as
they are likely to have more mating opportunities in the future.
Second, we predicted that females would invest most in mat-
ings with high-quality males as there is evidence for differen-
tial allocation in field crickets (Bretman et al. 2006). Thus, we
expected responsiveness and reproductive investment to be
modified in parallel by acoustic experience.

Methods

To assess the impact of acoustic rearing environment on mating
behavior and reproductive investment, we raised females in five
different acoustic environments, conducted phonotaxis trials to
test the nature and strength of their mating responses, and then
mated the females with novel, untreated males to assess female
reproductive investment. We collected females on the island of
Kauai (University of Hawaii Agricultural Station (21.966108-
159.573791)) in April of 2014 and returned eggs of field-
caught females to the University of Denver to establish labora-
tory populations. Laboratory populations regularly consist of
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100-300 crickets and are raised in Percival incubators set to
27 °C on a 12:12 light/dark cycle. Populations are supplemented
roughly yearly with offspring of field caught females to avoid
inbreeding. Laboratory populations are raised in
35.5 cm % 23.5 cm X 16.5 cm boxes, and provided with Purina
rabbit chow and water ad libitum, as well as egg carton for
shelter. Experiments were conducted with second-generation
lab-reared crickets. A single researcher (VFL) carried out all
measurements and conducted all trials after a period of training
and remeasurement by RMT. To minimize observer bias, we
assigned females alphanumeric IDs and songs letter IDs (A-F).
However, it was not feasible to record phonotaxis data blind
because differences in song structure are detectable to the trained
ear.

Acoustic treatments

To determine how developmental experience with song qual-
ity and quantity of available mates affects responsiveness and
reproductive investment of adult female 7. oceanicus, we
assigned females from the larger lab populations randomly
to one of the five acoustic environments (treatments).
Treatment assignments were made as soon as females’ ovi-
positors were visible (i.e., when their sex became distinguish-
able). Crickets assigned to treatments were placed into boxes
(35.5cm x 23.5 cm x 16.5 cm) at a density of 20 females per
box. We prepared five replicate boxes per treatment. All rep-
licates were treated identically, and females were reared in
treatment boxes until their final molt. We regularly rotated
the position of replicate boxes within the incubators to control
for possible placement effects and rotated the acoustic treat-
ments between incubators every 2 weeks to avoid incubator
effects.

To produce the five acoustic environment treatments, we used
digitally produced calling songs made from field-recorded chirps
that were previously used (Bailey 2008; Bailey and Zuk 2008;
2009). Songs were used with permission from N. Bailey. These
digital songs were either high or low quality and were broadcast
for different amounts of time per day to alter females’ perception
of mate availability. Each 7. oceanicus calling song consists of a
trill-like long chirp followed by a series of paired pulses (often
called the short chirp component; Fig. 1). Temporal aspects of
male songs vary among individuals, including long and short
chirp lengths and numbers, as well as interchirp lengths (the
silence between chirps). Females from Kauai most prefer songs
with a ratio of 60% long chirp to 40% short chirp (Bailey 2008;
Simmons et al. 2001). The “high-quality” song thus contained
60% long chip/40% short chirp, and the “low-quality” song
contained 0% long chirp (the least preferred variant; Bailey
2008). We crossed these two song qualities (high and low) with
two quantities of song (high and low). In Hawaiian populations
of T. oceanicus, the diel distribution of calling is more truncated
than it is in Pacific and Australian populations (Zuk et al. 1993).
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Fig. 1 Stylized sonogram of Teleogryllus oceanicus calling song. The
calling song is a complex two part song with both long chirp (LC) and
short chirp (SC) components. Song models used in phonotaxis were 0,
20, 40, 60, 80, or 100% LC (after Bailey 2008). In previous work with
this population, females preferred a calling song containing 60% LC and
40% SC (Bailey and Zuk 2008)

Calling begins at sunset and ceases at sunrise, though we do not
have precise measurements of how much time per night an av-
erage male calls. Male Gryllus pennsylvanicus and Gryllus
veletis sing for an average of 4.8 and 2.1 h per day, respectively
(Bertram et al. 2013). Similarly, the most prolific Gryllus
assimilis males sing for just over 6 h a day (Thomson et al.
2014). We designed our high-quantity and low-quantity treat-
ments to fall outside of this range, such that a female experienc-
ing a high quantity of song was exposed to more song than is
reasonable for a single male to produce in a given night. This
minimized the possibility that the high-quantity treatment was
interpreted by females as a single high-condition caller. In the
high-quantity treatments, song played on a 9-min on/1-min off
cycle (10.8 h of calling per 12 h dark cycle). In the low-quantity
treatments, song played on a 1-min on/9-min off cycle (1.2 h of
calling per 12 h dark cycle). During the “off cycle,” we broadcast
a looped background noise clipped from the quiet interval that
occurs between singing bouts in a recording of cricket song. The
songs were only played during the dark portion of the light/dark
cycle (12 h daily) to mimic the crickets’ natural nocturnal activity
and were broadcast from iPod Nanos attached to Bluetooth
EcoGear ECOXBT speakers that were placed inside the incuba-
tors near the floor. Songs were projected at 72 dB at 1 m away as
measured on a Radio Shack 33-2055 sound level meter. We
combined these qualities and quantities of song to create four
treatments: low song/low quality (LSLQ), low song/high quality
(LSHQ), high song/low quality (HSLQ), and high song/high
quality (HSHQ). Additionally, we conducted a treatment in
which no song was played (NS).

Phonotaxis and mating behavior

We first assessed variation in responsiveness and mating rate.
When females reached between 14 and 16 days of age post-
eclosion, phonotaxis behavior was tested in a rectangular are-
na and mating behavior in mating trials with randomly
assigned, untreated males. We conducted no-choice
phonotaxis trials during the dark cycle in a 230-cm-long are-
na. The arena was inside a 2.4 m x 2.0 m room in which the
walls are lined with acoustic foam. At the beginning of each
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phonotaxis trial, a female was carefully placed under a deli
cup at the opposite end of the arena from the speaker and
given 2 min to adjust to the arena. Following this, the deli
cup was removed without disturbing the female and song
playback began. To avoid habituation, we randomly assigned
females to hear one of the six possible calling songs that var-
ied in perceived quality (0, 20, 40, 60, 80, or 100% long chirp)
during phonotaxis (following previous work in this study
system; Bailey and Zuk 2008. 2009). Using all of the song
variants allowed us to avoid the possibility that females would
respond slower or faster to the specific song variant they heard
during development. Songs were broadcast at 72 dB at 1 m
away. Again, songs were those from Bailey (2008) and were
used with permission from N. Bailey. We measured elapsed
time before first movement and two components of female
responsiveness, whether the female contacted the speaker or
not and elapsed time to contact the speaker (willingness to
respond and response effort, sensu Bailey 2008). The combi-
nation of willingness to respond and response effort contribute
to the likelihood that a female eventually mates with a male
who has a given sexual signal (Bailey 2008). Time to contact a
speaker broadcasting a song is a particularly well-established
measure of mate choice in Teleogryllus crickets and in other
systems (Ryan 1980; Costello and Symes 2014; Davis and
Leary 2015). A female was considered to have contacted the
speaker if she crossed over a line 2 cm in front of the speaker
or physically contacted the speaker. The trial ended 5 min after
song projection began or when the female contacted the
speaker.

For the remainder of the experiment, females were returned
to their treatment incubators and individually housed in deli
cups (area 24.4 cm?, height 7.6 cm) with an egg carton shelter,
ad libitum rabbit chow, and moist cheesecloth. To test for
differences in mating rate across acoustic treatments, for the
3 days following the phonotaxis trial, females were offered
one opportunity per day to mate with a novel, untreated male
chosen at random from the general laboratory colony. The 1st
mating opportunity occurred following the phonotaxis test.
Each mating trial lasted 2 h, and if a female did not mate with
the male within 2 h, we returned her to her treatment incubator
for another attempt the following day. If a female did not mate
within the 3-day window following phonotaxis, she was
returned to the general colony and we did not use her for the
reproductive investment portion of the study. We recorded the
number of mating trials required before a female successfully
mated as a measure of interest in mating.

Reproductive investment

Finally, we assessed number of eggs laid and proportion
hatching as measures of female investment. We gave each
mated female 14 days from the date of mating to lay eggs in
moist cheesecloth, while still in her treatment incubator. On

day 14 post-mating, the adult female was removed from the
deli cup and returned to the general lab population, and we
counted the number of eggs laid in the cheesecloth under a
dissecting scope. We then returned the cheesecloth to the deli
cup container and allowed the eggs 14 days to hatch (from the
date the mother was removed) before counting the hatchlings
and calculating the hatching rate. Similar to other field crickets
(Gershman 2010), T. oceanicus eggs generally take 10—
15 days to hatch (personal obs.).

Statistical methods

All statistics were conducted in R (R Core Team, www.r-
project.org). To assess the effects of acoustic experience on
continuous outcome variables (time to first movement, time to
contact, egg number, and hatching rate), we used linear mixed
models (LMMs) in the Ime4 package (Bates et al. 2013). The
fixed effects in the phonotaxis-related models were acoustic
treatment, song model used in phonotaxis, and the interaction
of acoustic treatment and song model. Replicate nested within
treatment was the random effect. We followed a model com-
parison method in which the full models were compared to
reduced models using x? tests to assess whether the fit of the
model decreased significantly when the effects of interest
were systematically removed (Winter 2013). When appropri-
ate, we used post-hoc Tukey’s contrasts in the multcomp
package (Hothorn et al. 2008) to assess pairwise differences
between treatments or song models. If acoustic experience
alters discrimination in responding females, we expected a
significant acoustic treatment x song model interaction
effect—in other words, females from the five acoustic treat-
ments should respond differentially to more preferred vs less
preferred songs. We expected all females to respond similarly
to the 60% song, but for those who experienced high mate
availability and/or quality to discriminate more strongly
against the less preferred songs (0 and 100% long chirp, for
instance). If willingness to respond or response effort depends
on acoustic experience, we predict a significant acoustic treat-
ment effect. A significant song model effect would indicate
non-random preferences. We assessed the effect of acoustic
treatment on egg number and hatchability in LMMs that in-
cluded treatment as the fixed effect and replicate nested within
treatment as the random effect, using the same model compar-
ison method as above.

Finally, we used generalized linear mixed models
(GLMMs) in the R package Ime4 (Bates et al. 2013) to assess
the effects of acoustic treatment on categorical responses.
GLMMs with a binomial distribution assessed whether or
not females contacted the speaker and whether or not they
mated. A GLMM with a Poisson distribution and log link
function assessed effects on the number of mates females
rejected before mating, with females who mated on their first
try assigned a value of 0 (no rejected mates), and females who
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Table 1  The effect of acoustic experience on Teleogryllus oceanicus
phonotaxis responses

Variable Factor X’ df. P

Time to first movement Treatment 276 4 0598
Song model 4.87 0432
Treatment x song model 25.82 20  0.172

Willingness to respond  Treatment 861 4 0071
Song model 25.52 0.0001
Treatment x song model 20.37 20  0.435

Response effort Treatment 1197 4  0.017
Song model 37.67 5 <0.0001

Treatment x song model 15.87 20  0.724

Significant p values are in italics

never mated assigned a value of 3 (the maximum number of
rejected mates in the three opportunities provided). Model
comparison was conducted as described above and when ap-
propriate, we performed post-hoc Tukey contrasts in the
multcomp package (Holthorn et al. 2008).

Results

A total of 383 females were tested in phonotaxis trials. There
were 78 females in the HSHQ treatment, 75 females in the
HSLQ treatment, 77 females in the LSHQ treatment, 80 fe-
males in the LSLQ treatment, and 73 females in the NS treat-
ment. Females who never moved during phonotaxis tests
(N = 3, one each from the NS, LSHQ, and HSHQ treatments)
were not considered in the phonotaxis-related analyses.

We found no significant effects of acoustic experience
treatment, song model, or their interaction on time to first
movement (Table 1). Females moved within 14.3 £+ 3.7,
9.3+1.0,16.5+4.2,12.5+ 1.6, and 10.8 + 3.8 s for the high
song/high quality, high song/low quality, low song/high qual-
ity, low song/low quality, and no song treatments,
respectively.

There was no interaction between acoustic treatment and
song model on whether or not females contacted the speaker
(willingness to respond; Table 1). There was, however, a mar-
ginally non-significant effect of acoustic treatment on whether
or not females contacted the speaker broadcasting calling
song, and willingness to respond depended strongly on song
model heard during phonotaxis (Table 1). We used post-hoc
Tukey’s tests (« = 0.05) to determine the pairwise sources of
variation among treatments and song models. In the case of
acoustic treatments, only the behavior of females who experi-
enced HSHQ and females who experienced LSHQ differed;
LSHQ females contacted the speaker more often than their
HSHQ counterparts (Fig. 2). Finally, females discriminated
against the 0% long chirp song, contacting the speaker less

@ Springer

often when that song was played; no pairwise comparisons
between the remaining five song models differed (Fig. 2).
The pairwise difference between the 0% long chirp song and
the 80% long chirp song was only marginally significant
(p =0.073).

We found no interaction between acoustic treatment and
song model on how quickly females contacted the speaker
broadcasting calling song (response effort; Table 1).
However, time to contact the speaker did depend on acoustic
treatment and on the song model heard during phonotaxis
(Table 1). Again, post-hoc Tukey’s tests (a = 0.05) revealed
sources of variation. Consistent with the willingness to re-
spond results described above, females discriminated against
the 0% long chirp song (Fig. 3). Females reared in treatments
hearing no song contacted the speaker 44.8% more quickly
than females reared in the HSHQ treatment (Fig. 3). This
effect size is based on the estimated treatment means from
the LMM. No other pairwise comparisons differed significant-
ly from one another.

All 383 tested females were considered in analyses related
to mating and reproductive investment. As expected, acoustic
rearing environment did not influence whether or not females
mated when offered the opportunity to do so (x> = 0.508,
df = 4, p = 0.973), nor did the number of males rejected as
mates before a successful mating (X2 = 0.376, df = 4,
p = 0.984). Across all treatments, 289 of 383 females mated.
The percent of females mating in each treatment (across all
three opportunities) was as follows: NS 78.9% + 0.3, LDLQ
71.3% + 0.3, LDHQ 75.3% + 0.3, HDLQ 77.3% + 0.3, and
HDHQ 74.0% + 0.2.

Finally, we found no evidence that acoustic experience
alters reproductive investment (Fig. 4). There were no signif-
icant differences among treatments in number of eggs laid
(x* = 4.1869, df = 4, p = 0.3813) or the proportion of eggs
hatching (hatchability) (x* = 4.0264, df = 4, p = 0.4024).

Discussion

In this study, we varied female field crickets’ experience with
the quantity and quality of available mates to assess effects of
social experience on responsiveness, mating rate, and repro-
ductive investment. We found that social experience with mat-
ing signals did alter multiple aspects of phonotaxis behavior,
but it did not change likelihood of mating or female invest-
ment in offspring.

Our phonotaxis results reinforce existing literature in that
female field crickets alter their response to sexual signals
when they have previous experience with varied acoustic en-
vironments that alter the perception of mate availability
(Bailey and Zuk 2008; Kasumovic et al. 2011). We assessed
willingness to respond (whether or not females contacted the
speaker broadcasting a calling song) and response effort



Behav Ecol Sociobiol (2017) 71: 80

Page 7 of 10 80

*

High Song; High Quality High Song; Low Quality

8

Proportion of crickets
contacting speaker
8

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

|
Low Song; High Quality

1.00
0.75
0.

0.25
0.00

0% 20% 40% 60% 80% 100%

Low Song; Low Quality No Song

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Song Model (% Long Chirp)

Fig. 2 Willingness to contact the speaker broadcasting calling song depends on acoustic experience and calling song model. Across all treatments,

females discriminated against the 0% long chirp song

(elapsed time to contact the broadcasting speaker) as measures
of responsiveness. We found overall variation among acoustic
treatments in both variables (Figs. 2 and 3). Specifically,
LSHQ females contacted the speaker more often than their
counterparts in the HSHQ treatment. This difference is in the
predicted direction; females experiencing less calling song
during development were more responsive in a simulated
mate search. It is noteworthy that the adjustment in phonotaxis
behavior occurs between acoustic treatments that differed in
quantity of song heard, rather than quality, suggesting that
phonotaxis behavior of females from Kauai is more respon-
sive to mate quantity than quality. Given that reasoning, we
might have expected a similar response (enhanced
phonotaxis) by females raised in silence (NS), however. We
additionally found that response effort differed between fe-
male crickets who were raised in silence and those who were
raised with much high-quality song. Females raised in silence

(NS) adjusted their phonotaxis behavior as predicted by ap-
proaching a novel song nearly 45% faster than their counter-
parts in the HSHQ treatment (Fig. 3). We interpret this to mean
that females raised hearing no song are more responsive
(Bailey 2008) than females raised hearing much high-quality
song. This result is similar to Bailey and Zuk (2008) in which
female 7" oceanicus reared in silence were more responsive in
phonotaxis tests than those who were reared hearing the same
six songs we tested (ranging in quality from 0 to 100% long
chirp) all playing at once. Interestingly, the two measures of
responsiveness we assessed were not modified in parallel by
experience with mate quality and quantity. This is not entirely
unexpected; different measures and components of mate
choice are sometimes uncorrelated (Bailey 2008).

Taken together, these results suggest that there is subtlety in
the manner in which females adjust phonotaxis behavior.
Selection for mate quality may be particularly relaxed in this

*

Slower 50
response
time

High Song; High Quality High Song; Low Quality

@

Time to contact speaker
g

o
S

time 0

0% 20% 40% 60% B80% 100% 0% 20% 40% 60% B0% 100%

Low Song; High Quality

Low Song; Low Quality No Song

h h 1 h“ b

0% 20% 40% 60% B0% 100%

0% 20% 40% 60% B0% 100% 0% 20% 40% 60% B0% 100%

Song Model (% Long Chirp)

Fig. 3 Time to contact the speaker (response effort) depends on acoustic
experience and calling song model. Shown are the estimated acoustic
treatment means and standard errors from the LMM. Standard error

bars show one standard error from the estimated means. Again, females
discriminated against the 0% long chirp song
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Fig. 4 Measures of reproductive investment including the number of
eggs laid (a) and the proportion of those eggs hatching (b) did not
depend on acoustic experience. Standard error bars show one standard
error from the mean

population. The 7' oceanicus population from Kauai is cur-
rently >90% silent (flatwing; Zuk et al. 2006), so selection
may favor relaxed mate location responses overall to accom-
modate environments that mimic very low mate availability
(Tinghitella and Zuk 2009). Using Kauai crickets, then, pro-
vides a conservative test of the hypothesis that mating behav-
ior is sensitive to variation in the quantity and quality of mates
available. Nonetheless, we find that females do adjust their
response speed behavior in response to varied experience with
mate availability.

In the reproductive investment phase of'the study, we found
that females who were raised hearing different quantities and
qualities of calling song, and altered their phonotaxis re-
sponses accordingly, did not differ in likelihood to mate, num-
ber of eggs laid, or proportion eggs hatching. We measured
mating rates (over the three opportunities) as a measure of
motivation to mate, but were not surprised to find no variation

@ Springer

across acoustic treatments because the costs of mating with a
male when given a one-on-one mating opportunity in a small
container are extremely low; females incur no search costs
under these conditions (Real 1990). Additionally, we found
no variation in the number of eggs laid by females or the
proportion of eggs hatching. Our results demonstrate that
changes in mating behavior and reproductive investment
based on social experience do not occur in parallel in this
population. It is possible that female reproductive investment
is less plastic than phonotaxis behavior and that constraint is
reflected in our data. It is clear from evidence in other crickets
that adjustment of egg laying behavior is possible, at least in
response to mate quality (Bretman et al. 2006), although in
that study, the quality (dominance) of the actual mate (rather
than the perceived available mates) was the variable altered.
Our results mirror those of Weigel et al. (2015) who found
that female sticklebacks did not adjust maternal investments to
reflect mate availability. In a previous study, the very same set
of fish had been shown to adjust their mating decisions when
mate availability was low late in the breeding season
(Tinghitella et al. 2013). However, both Weigel et al. (2015)
and our study assessed only the females’ first mating event (or
first clutch in the stickleback study) and studied well-fed lab-
raised animals. To gain a more complete picture of adjustment
in female reproductive investment, we suggest examining
multiple mating events, as in Heubel et al. (2008), to assess
both current and future reproductive efforts. Huebel et al.
(2008) found that females increased current reproductive ef-
fort when their future access to mates was uncertain. The
difference in reproductive effort occurred at the first clutch,
relative to later clutches. Further, evolutionary trade-offs fol-
low from responses to limited resources, and are thus often
most detectable when animals are resource-limited (Zera and
Harshman 2001). We recommend future work on post-
copulatory effects of social experience that incorporates re-
source limitation. Finally, future studies may benefit from
more extensive investigation into reproductive investment
by both females and males, as male investment into ejaculates
can also affect a female’s reproductive success (Wedell 1993;
Bailey et al. 2010). Our reproductive data do not extend be-
yond eggs and hatchlings, and further information regarding
female investment (such as offspring sex ratio) and offspring
quality (health, attractiveness to mates) may be enlightening.
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