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Abstract

Sexual signals are gained and lost over evolutionary time. While signal gain has obvious fitness benefits, signal loss
should present significant costs due to decreased mating opportunities. Just as female mating preferences can promote
evolutionary gain and elaboration of sexual signals, they may also maintain signal loss. We investigated how two
components of female mate choice are involved in rapid sexual signal loss in the Pacific field cricket (Teleogryllus
oceanicus), in which many males have lost the ability to sing. Males that can sing (“normal-wings”) and obligately
silent males (“flatwings”) coexist in Hawaiian populations. While we know that females prefer not to mate with
flatwings, we tested whether females discriminate against flatwing males before copulation due to the lack of a song
or something inherent about their wing morphology. We combined this assessment with a test of post-copulatory
preference by presenting females with either a normal-wing or flatwing male in the presence or absence of a courtship
song stimulus. Females took significantly longer to mount males in the absence of a courtship song regardless of male
wing morph. This is the first evidence that females discriminate against the absence of a song during mate choice, not
male wing morph. However, females retained spermatophores for equally long regardless of male wing morph and
whether they heard a courtship song, suggesting no post-copulatory barriers in the absence of a song. Pre- and post-
copulatory sexual selections may not operate synchronously in this system, which may help explain the success of the
silent morph in wild populations.

Significance statement

Signal loss is ubiquitous in nature, despite the associated decrease in mating opportunities. We assessed how the
interaction of pre- and post-copulatory preferences may accommodate signal loss. Song attracts mates in Pacific field
crickets, but some males have lost the ability to sing in response to an acoustically orienting parasitoid. We measured
how long females took to mount males (pre-copulatory choice) and the length of sperm transfer, i.e., spermatophore
retention time (post-copulatory choice), when presented with normal and silent males in the presence and absence of a
song stimulus. Females took longer to mate in the absence of a courtship song but kept spermatophores for full sperm
transfer, regardless of song presence or male type. Pre-copulatory choice in this system acts against silent males, while
post-copulatory choice may not. Asynchrony between these two episodes of sexual selection may allow signal loss to
persist in spite of the challenges it presents to mating.
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2001; Panhuis et al. 2001; Safran et al. 2013; Barrera-Guzman
etal. 2018). Obvious fitness benefits are associated with signal
gain or elaboration, as sexual signals can increase mating op-
portunities and hence reproductive success (Kirkpatrick and
Ryan 1991). In contrast, the loss of a sexual signal should
present significant challenges for finding and securing mates.
Nevertheless, examples of signal loss are widespread across
taxa (Wiens 2001), demonstrating that such losses are com-
monly facilitated and maintained over evolutionary time.
Though signal gain and elaboration are well studied, signal
loss is poorly understood, partially because phylogenetic stud-
ies have only recently demonstrated a taxonomically wide-
spread loss of sexual traits (Wiens 2001).

Female preference, a known driver for the rise and elabora-
tion of sexually selected traits (Andersson 1994; Jones and
Ratterman 2009), may also facilitate sexual signal loss
(Weigel et al. 2015). Studies in birds and fish (Basolo 1998;
Morris 1998; Morris 2005; Omland 2006) demonstrate that
signal loss may occur when there is a prior or co-occurring
reduction of female preferences for a male sexual signal
(Wiens 2001). Female mate choice is also a multi-step process
where females can exercise mating preferences before and after
mating, known as pre- and post-copulatory sexual selections,
respectively. Episodes of pre- and post-copulatory selections
are found especially in polyandrous systems, where females
mate with multiple partners, driving selection on male signals
in both competitions for mates and post-mating fertilization
(Rowe and Arnqvist 2002, reviewed in Kvarnemo and
Simmons 2013, Dougherty and Shuker 2016). Female prefer-
ences may change at different stages of the mating process;
therefore, pre- and post-copulatory sexual selection may rein-
force one another (Bangham et al. 2002; Pilastro et al. 2004;
Hosken et al. 2008; Sbilordo and Martin 2014; Devigili et al.
2015; McDonald et al. 2017), be asynchronous, or act antago-
nistically (Warner et al. 1995; Danielsson 2001; Preston et al.
2001; Schneider and Lesmono 2009; Rowe et al. 2010).
Incongruence between these two episodes of selection on the
same or linked traits may allow for an overall reduction in
preference, and therefore weaken selection favoring male sex-
ual signals. Though pre- and post-copulatory sexual selections
are clearly linked, few studies have looked at how they interact
to drive the gain, elaboration, or loss of sexual signals (Hunt
etal. 2009; Rose et al. 2013; Evans and Garcia-Gonzalez 2016).

We use the unique case of rapid sexual signal loss in the
Pacific field cricket (Teleogryllus oceanicus) to assess how
pre- and post-copulatory mating preferences contribute to sex-
ual signal loss. Like in several field cricket species, mating in
T. oceanicus consists of males producing a long-range calling
song by rubbing together specialized wing structures and fe-
males responding phonotactically by approaching the male
(Alexander 1961). Once the female is in close range, the male
produces a courtship song, after which the female mounts and
accepts his spermatophore. The spermatophore, a small protein
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capsule containing a package of sperm, attaches to the female’s
abdomen and drains sperm into the spermatheca to be stored
until fertilization (Alexander 1961, Balakrishnan and Pollack
1996, Alexander and Otte 1967). Females can remove sper-
matophores at any point in the process and limit the amount of
sperm transfer, which increases with time (in Gylllodes
supplicans: Sakaluk 1984, in Gryllus bimaculatus: Simmons
1986, in Teleogryllus oceanicus: Simmons et al. 2003). After
transfer, females allow differential access of sperm to storage,
influencing fertilization by cryptic choice (Tuni et al. 2013;
Simmons et al. 2014). Female 7. oceanicus mate multiple
times in the wild (Tanner et al. 2019c¢ in press), consequently
exerting strong post-copulatory sexual selection (Simmons and
Beveridge 2010).

In the Hawaiian Islands, where 7. oceanicus was intro-
duced, males face significant predation pressure from the
acoustically orienting parasitoid fly, Ormia ochracea, which
uses male calling song to find its hosts (Zuk et al. 1995; Zuk
et al. 1993). Over a period of just a few years, a novel wing
mutation spreads, apparently in response to this predation
pressure, eliminating the “file and scraper” morphology on
the wings necessary to produce a song and rendering its
bearers obligately mute (Zuk et al. 2006). Males with this
wing mutation (“flatwings”) and males without it (“normal-
wings”) coexist in different proportions in three Hawaiian
populations (Zuk et al. 2018). Flatwing males are hidden from
the parasitoid but cannot attract mates due to the lack of sexual
signal (Zuk et al. 2006); similarly, females prefer not to mate
with flatwings (Tinghitella and Zuk 2009).

Flatwings are able to bypass their inability to produce a
calling song by acting as satellites to normal-wing males. As
satellites, flatwings settle in close proximity to singing males
and attempt to intercept females attracted to the calling song
(Zuk et al. 2006). While both normal- and flatwings engage in
satellite behavior, flatwing males are obligate, not facultative
satellites. Perhaps because of this necessity, flatwings are just
as phonotactic as females, localizing and showing preference
for attractive calling songs (Olzer and Zuk 2018). By adopting
this alternative mating strategy, flatwings navigate the first
barrier to mating—Ilack of a calling song. It is unclear, how-
ever, how flatwings mate without producing a courtship song.

Even in the absence of a courtship song, females of differ-
ent populations are willing to mate with flatwings in lab con-
ditions (Tinghitella and Zuk 2009). Flatwings coexist with
normal-wings in stable proportions across the Hawaiian
Islands (Zuk et al. 2018), implying that silent males do achieve
matings in the wild. Females reared in song-less environments
(characteristic of populations with a high density of flatwings)
demonstrate a relaxed preference for calling song quality, im-
plying plasticity in mate choice (Bailey and Zuk 2008; Bailey
and Zuk 2012). Female behavioral plasticity appears impor-
tant for flatwings to navigate their inability to produce a court-
ship song.
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However, previous work on female response to flatwings
has assessed only pre- but not post-copulatory selection, dem-
onstrating that females avoid mating with flatwing males
(Tinghitella and Zuk 2009). As previously established, the
relationship between pre- and post-copulatory preferences
can either strengthen or weaken selection on a trait, and ex-
amining the interaction between these two modes of selection
allows us to understand how signal loss persists in this system.
We assessed if females discriminate against silent males on
the basis of wing morph or the absence of a courtship song,
and whether spermatophore retention time differs in response
to male wing morph or absence of a courtship song. If pre- and
post-copulatory selections act uniformly in the same direction
and favor either the normal-wing morph or the presence of a
courtship song, it should create a braking force against signal
loss. If they act asynchronously in different directions, selec-
tion against the silent male morph may be weakened.
Following metrics established with other cricket species, we
measured female latency to mount as a metric for pre-
copulatory choice and spermatophore retention time as one
component of post-copulatory choice. Latency to mount is
inversely proportional to female preference (in Teleogryllus
commodus: Shackleton et al. 2005, in Teleogryllus oceanicus:
Rebar et al. 2011), and spermatophore retention time is pro-
portional to amount of sperm transferred (in Gryllodes
supplicans: Sakaluk 1984, in Teleogryllus oceanicus:
Simmons et al. 2003); females can remove spermatophores
prematurely and limit sperm transfer (in Acheta domesticus:
Mautz and Sakaluk 2008, in Teleogryllus oceanicus: Rebar
etal. 2011). We conducted mating trials where female crickets
were presented with either normal-wing or flatwing males in
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Fig. 1 Female latency to mount was longer in the absence of a courtship

song but not significantly different between flatwing and normal-wing

males. There is no interaction effect between song stimulus and male

wing morph on latency to mount. Error bars represent + SE.

the presence or absence of a courtship song, allowing us to
evaluate the relative importance of wing morph and song dur-
ing multiple episodes of female mate choice.

Methods
Study system

We used T. oceanicus from a laboratory colony originat-
ing from Kauai, first collected in 2004 after the establish-
ment of the flatwing morph. This colony is replenished
annually with eggs from field-caught Kauai females to
reduce potential for inbreeding. We reared the crickets
in Caron Insect Growth Chambers at 75% humidity, 25
°C and on a 12:12 photo-reversed light:dark cycle. Prior
to final molt, we placed juvenile males and females in
plastic containers (35.9 x 20 x 12.4 cm) with no more
than 10-12 same-sex individuals to control for mating
experience. Crickets had egg carton for shelter, Teklad
rabbit chow for food, and water ad libitum in damp cotton
pads. Upon final molt (eclosion), we housed crickets in
individual 118-mL plastic cups with shelter, food, and
water. At this time, we surgically muted normal-wing
males by removing the scraper used to produce a song.
Flatwings received the same treatment to control for han-
dling effects. Adult crickets are considered sexually ma-
ture 6 days after final molt (Bailey and Zuk 2008), so we
used individuals 6-12 days post-eclosion.

Synthetic courtship song construction

Courtship song in 7. oceanicus consists of a long, amplitude-
modulated set of pulses called a chirp, followed by a long trill
of several repeated pulses (Zuk et al. 2008, Rebar et al. 2009,
Balakrishnan and Pollack 1996). We measured relevant tem-
poral components of lab-recorded courtship songs (ten songs
from ten males) using Raven Lite (Version 2.0, Cornell
Laboratory of Ornithology, Ithaca, NY, USA). Then, we con-
structed a synthetic courtship song using averaged values of
these temporal parameters (Table 1) using a custom script and
graphical user interface (GUI; Tanner et al. 2019b). We made
the courtship song at a sampling rate of 44.1 kHz and a bit
depth of 16. All pulses in the chirp had a frequency modula-
tion sweep of 800 Hz. We then concatenated the song to make
a 5-min stimulus (the duration of a mating trial) using
Audacity® (Version 2.2.2, Audacity Team).

Mating trials
Since virgin females are often more responsive to males than

non-virgin females (Tanner et al. 2019a), we mated all females
once to a random male from the Kauai colony at least 6 days
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Table1 Means + SE for latency to mount and spermatophore retention
times

Metric Mean + SE (seconds)
Flatwing latency to mount 91.62 +10.13
Normal-wing latency to mount 109.25 +9.12
Courtship song latency to mount 82.88 +8.98

No courtship song latency to mount 124.29 +10.25
211112 +79.72
2196.59 + 58.9
212991 + 6291

No courtship song spermatophore retention time 2199.53 + 72.5

Flatwing spermatophore retention time
Normal-wing spermatophore retention time

Courtship song spermatophore retention time

post-eclosion and 24 h before their mating trial. We left the
spermatophore attached for 30 min, at which point we re-
moved it with forceps to control for the amount of sperm each
female received.

We conducted mating trials in an anechoic chamber at 22—
25 °C under red lighting. “Song” trials involved playing the
standardized courtship song, while “No Song” trials were con-
ducted in silence. We randomized the order of all trials before
data collection. During trials, we placed a randomly paired
male and female cricket in a plastic container (12 cm x 17
cm) with a mesh-covered opening at one side to allow for
better sound propagation. We placed a paper towel on the
bottom of the plastic container and replaced it after each trial
to prevent overlap in chemical cues. We also placed a speaker
(Sony SRS-M30 Active Speaker System) at the mesh end of
the plastic container and broadcast the synthetic courtship
song at 68—71 dB (measured 10 cm from the container) during
song trials. We confirmed the sound level before trials with a
digital sound level meter (Graigar Technology 8922 RS232
AZ). In “Song” trials, we started the song stimulus as soon as
we placed the male and female together inside of the mating
arena. We then timed latency to mount, measured as the time
from the beginning of song stimulus to the point at which the
female mounts the male. The time females take to mount a
male is inversely proportional to preference, so we used laten-
cy to mount as a metric for pre-copulatory choice (Shackleton
et al. 2005; Rebar et al. 2011). After the female mounted the
male, we switched off the courtship song. For “No Song”
trials, we also started measuring latency to mount from the
time when the male and female were placed into the container
together, but did not broadcast the song stimulus. After sper-
matophore transfer, we placed the female into a 118-mL cup
and left her in a dark and quiet room to measure the duration of
time that the spermatophore remains attached to the female.
The amount of time that a spermatophore is attached to the
female abdomen is proportional to how much sperm is trans-
ferred (Simmons et al. 2003). While most of the sperm is
generally transferred in approximately 40 min (Simmons
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et al. 2003), females can prematurely terminate sperm transfer
by removing the spermatophore before this point (Rebar et al.
2011). Across different species of crickets, males that transfer
a greater amount of sperm, though not necessarily through
spermatophore retention, sire a higher proportion of offspring
(Sakaluk 1986; Simmons 1987; Sakaluk and Eggert 1996;
Calos and Sakaluk 1998; Eggert et al. 2003; Garcia-
Gonzalez and Simmons 2005; Bussiére et al. 2006; Mautz
and Sakaluk 2008), making spermatophore retention time a
suitable metric for post-copulatory choice in many cases. We
checked every 5 min to see if the female still had the sper-
matophore and removed the spermatophore at 40 min, at
which point most sperm empties into the female’s spermathe-
ca (Simmons et al. 2003).

We note that we removed spermatophores at a standardized
time instead of measuring natural variation in removal times.
However, 40 min is a reasonable time frame for standardized
spermatophore retention in this species. Simmons et al. (2003)
shows that the majority (~ 72%) of sperm in a spermatophore
had already transferred by 40 min. The likelihood of females
selecting to differentially remove spermatophores much later
than when discriminating between two types of males is low.
Since the removal at 40 min was standardized across treat-
ments and likely does not limit more than a small amount of
remaining sperm from transferring into the spermatheca, we
believe that this method still allowed us to examine spermato-
phore retention time as a post-copulatory metric. We preferred
this option to allow females to keep spermatophores indis-
criminately, as females can sometimes retain empty spermato-
phore sacs after sperm transfer has ended. Therefore, measur-
ing natural removal times may not be the best way to measure
post-copulatory choice.

A trial was considered successful if the female kept the
spermatophore until her transfer to a cup. A trial was unsuc-
cessful if the female did not mount the male in 5 min or if the
female mounted the male but there was no spermatophore
transfer. In 91 of the 2009 trials (43%), females failed to mount
and the trial was terminated. Three spermatophores dislodged
during transfer to the cup after mating. We included these data
in the final analyses, though they did not change any results.
We allowed each male and female up to 3 mating attempts
before excluding them from the experiment, but did not repeat
any mating combinations (Table 2).

Data analysis

We conducted all statistical analyses on RStudio (2015,
RStudio Inc., Boston, MA).

Likelihood to mount

We tested the effects of song stimulus and wing morph on the
probability that a female mounted a male with a mixed-effects
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Table2 Male and female age and attempt data

Metric Number

Average male age (days post-eclosion) 8.5

Average female age (days post-eclosion) 9.1

Average number of tries before successful 1.5
mating trial (males)

Average number of tries before successful 1.5

mating trial (males)

generalized linear model with binomial distribution. The mod-
el held the male and female identifiers as random effects since
individuals had multiple opportunities for a successful trial.
We also held the wing morph of the male from the pre-trial
mating as a random effect.

Latency to mount

We examined the effects of song stimulus and male wing
morph on female latency to mount with a linear regression
(n = 19 flatwing (FW) No Song, n = 23 FW Song, n = 30
normal-wing (NW) No Song, n = 32 NW Song, n = 105 in
total). We initially included male and female age, number of
tries for successful mating (for both males and females), and
male wing morph in pre-trial matings as random effects. In the
final model, we removed male age, male number of tries, and
pre-mating male wing morph due to non-significance (male
age F = 1.13, p = 0.29; number of male attempts before suc-
cessful mating F'=2.79, p = 0.097; pre-trial mating male wing
morph F'=3.47, p = 0.07).

Spermatophore retention

We examined the independent effects of song stimulus and
wing morph on spermatophore retention time with two Mann-
Whitney U tests (n =42 FW, n =63 NW, n =56 Song, n =49
No Song, n =105 in total per independent effect). Because our
response variable (spermatophore retention time) was non-
normally distributed (Shapiro-Wilk goodness of fit, p <
0.001), we used the Mann-Whitney U, a non-parametric test
of medians. We also tested for an interaction effect with a
mixed-effects generalized linear model with binomial distri-
bution. In this model, we held the male wing morph of the pre-
trial mating and the number of tries before successful matings
(males and females) as random effects. To run the binomial
model, we converted our spermatophore retention data to bi-
nary variables: whether or not females kept spermatophores
for the full 40 min (enough time for most sperm to transfer).
Since most females kept spermatophores for 40 min, this time
served as a natural breaking point in the data.

Separating the two response variables

It can be an error to conclude that a significant difference in
latency to mount and a non-significant difference in spermato-
phore retention time mean that the traits are independent.
Lastly, we used the residuals from the latency to mount linear
model as a random effect in the spermatophore retention
mixed-effects linear model to control for the effects of latency
to mount on retention times.

Results

Song stimulus (mixed-effects generalized linear model, Wald
chi-square = 0.272, p = 0.602, df = 208) and male wing morph
(mixed-effects generalized linear model, Wald chi-square =
0.088, p = 0.735, df = 208) had no independent effects on
female probability of mounting. The two variables also
showed no interaction on probability of mounting (Wald
chi-square = 0.006, p = 0.936, df = 208). Females took signif-
icantly longer to mount males in the absence of a courtship
song, regardless of male wing morph (linear regression, F; o4
=13.91, p=0.0003, Fig. 1). Male wing morph did not have an
effect on female latency to mount (linear regression, F; jo4 =
0.74, p = 0.289). Song stimulus and male wing morph showed
no interaction on latency to mount (linear regression, Fy 194 =
0.285, p = 0.392). Spermatophore retention times did not dif-
fer based on the presence or absence of a courtship song
(Mann-Whitney U non-parametric test of medians, w =
1574, p = 0.12, df = 104) or male wing morph (Mann-
Whitney U non-parametric test of medians, w = 1178, p =
0.254, df = 104). Song stimulus and male wing morph showed
no interaction on the probability of females retaining sper-
matophores for 40 min (mixed-effects generalized linear mod-
el, Wald chi-square = 0.658, p = 0.417, df = 104). Residuals
from the latency to mount model had no effect on spermato-
phore retention time.

Discussion

Here, we provide the first empirical evidence that in T.
oceanicus, 1) females discriminate against absence of a song,
not wing morph per se, prior to mating and 2) females allow
spermatophores to remain attached for full transfer without
regard to song stimulus or male morph. Females were
quicker (Fig. 1), though not more likely, to mount males when
perceiving a courtship song and demonstrated no difference in
likelihood or latency to mount when presented with flatwing
or normal-wing males. Therefore, females appear to discrim-
inate in some ways against flatwing males for their inability to
produce a song, not because of other factors associated with
their wing morphology. Furthermore, since females took
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significantly longer to mount in the absence of a song (Fig. 1),
we demonstrate that females exert strong pre-copulatory se-
lection against silent males. The results of a power analysis
showed that we had a sufficiently large sample size to detect
this effect (G*Power, type of test: F test for linear regression,
type of power analysis: post hoc, power = 0.8).

Females also held spermatophores for approximately
40 min regardless of the presence or absence of a song stim-
ulus or male wing morph. There is a possibility that females
discriminate in spermatophore retention times, but we were
unable to detect the difference without larger sample sizes.
However, the results of a power analysis showed that our
sample size was high enough to detect the female effect on
spermatophore retention times, if one existed (G¥*Power, type
of'test: F'test for linear regression, type of power analysis: post
hoc, power = 0.99). As 40 min is an enough time to allow
most of the sperm to drain into the spermatheca (Simmons
et al. 2003), females appear to indiscriminately allow transfer
of flatwing and normal-wing sperm from spermatophores. We
demonstrate that females do not exert post-copulatory selec-
tion against silent males via prematurely removing spermato-
phores and terminating sperm transfer.

Though flatwings are shielded from the parasitoid fly and
therefore successful in survival, we show that females are
faster to mate with singing males over silent ones, potentially
reducing flatwing reproductive success. Despite this obvious
pre-copulatory challenge to mating, flatwing males have
maintained a stable presence in two Hawaiian populations
(approximately 90% on Kauai, 50% on Oahu, < 1% on the
big island of Hawaii; Zuk et al. 2018). Flatwings can suc-
cessfully bypass female preference for singing males by act-
ing as satellites to singing males (Zuk et al. 2006; Olzer and
Zuk 2018). Though both normal- and flatwing males can act
as satellites, flatwings are demonstrably more likely to en-
gage in satellite behavior (Olzer and Zuk 2018). Flatwings
also face low risk of parasitization from this alternative mat-
ing strategy and are almost completely protected from the
fly, which should give them a substantial survival advantage
(Zuk et al. 2006). When raised in song-free environments in
the lab, flatwing males demonstrate substantial social plas-
ticity, walking around more than normal-wing males and
presumably increasing chances of encountering receptive fe-
males (Balenger and Zuk 2015). Similarly, females raised in
song-free environments characteristic of a high flatwing den-
sity demonstrate relaxed requirements for attractive songs
and are more accepting of silent males (Tinghitella and
Zuk 2009; Bailey and Zuk 2008; Bailey and Zuk 2012).
Success with alternative mating tactics and female behavioral
plasticity both appear to act to help flatwings overcome pre-
copulatory barriers to mating. Our results show that once
flatwings bypass these pre-copulatory challenges, their repro-
ductive success is at least not limited by premature spermato-
phore removal.
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Although we demonstrate that females keep spermato-
phores attached for full sperm transfer regardless of male wing
morph, this does not necessarily translate to equal proportion
of offspring between the two morphs. Females in 7. oceanicus
can control via cryptic choice how much sperm is allocated to
storage in the spermatheca, regardless of how long spermato-
phores are left attached (Tuni et al. 2013; Simmons et al.
2014). While males across several cricket species experience
higher paternity rates with higher amounts of sperm transfer
(Sakaluk 1986; Sakaluk and Eggert 1996; Calos and Sakaluk
1998; Eggert et al. 2003; Garcia-Gonzalez and Simmons
2005; Bussiére et al. 2006; Mautz and Sakaluk 2008), more
recent evidence suggests that in 7. oceanicus, spermatophore
retention time does not have a significant effect on paternity,
only in the amount of sperm transferred (Simmons et al.
2003). Once females store differential amounts of sperm by
cryptic choice, in some species, sperm mixes indiscriminately
in storage and male paternity is almost entirely determined by
how much sperm is represented in the spermatheca (in Gryllus
bimaculatus: Simmons 1987, in Gryllodes sigillatus: Sakaluk
and Eggert 1996, in Teleogryllus oceanicus: Garcia-Gonzalez
and Simmons 2005). We would need to directly evaluate
sperm allocation in mated females, as well as flatwing pater-
nity success, to claim that females exert no post-copulatory
choice against flatwings altogether. However, the lack of dif-
ferences in spermatophore retention indicates some form of
post-mating advantage, or lack of disadvantage for singing
males. Spermatophore retention time is an established post-
copulatory metric in several cricket species, including, still,
T. oceanicus. Though retaining a spermatophore for full
sperm transfer does not translate to fertilization rates, females
still have the option to prematurely terminate sperm transfer
itself and even further limit chances of fertilization. Therefore,
our results still indicate a lack of post-copulatory selection in a
strong metric.

Overall, we find that females take longer to mount in the
absence of a song (Fig. 1) and do not discriminate in sper-
matophore removal between morphs or song presence. One
can take the former as evidence that silent males face some
pre-copulatory challenges and the latter as evidence for lim-
ited post-copulatory selection against silent males. Hence, we
suggest that a mismatch between pre- and post-copulatory
sexual selections may help maintain signal loss in this system
by facilitating persistence of the flatwing morph. Sexual se-
lection research often focuses on female preference as a driv-
er for the gain and elaboration, but not the loss, of sexually
selected traits. Though there is a substantial evidence for pre-
and post-copulatory sexual selections acting as directional
agents in trait evolution (reviewed in Birkhead and Pizzari
2002), few studies have evaluated their specific roles in signal
loss. In T oceanicus, pre- and post-copulatory selections ap-
pear to act incongruently, with females preferring song before
mating, but neither preferring nor disfavoring song after. This



Behav Ecol Sociobiol (2020) 74: 95

Page70f8 95

uncovers a piece of the puzzle explaining the success of the
flatwing morph and how sexual signal loss has persisted in
T. oceanicus Hawaiian populations but also serves as an ex-
planation for how pre- and post-copulatory selections can
interact to prolong signal loss. Though the two forces do
not act antagonistically (i.e., females take less time to mount
but remove spermatophores faster in the presence of song, or
vice versa), female preference is not consistent, and post-
copulatory selection still does not reinforce the preference
demonstrated in pre-copulatory choice. Our results highlight
the importance of examining how different episodes of fe-
male preference facilitate the taxonomically widespread loss
of sexual traits.
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