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Abstract
Shared behavioural traits result from the interaction of two or more individuals, making it difficult to discern which individual is
in control of the behaviour of interest. Especially in the case of shared reproductive traits such as mating duration or mate
guarding duration is this an important issue to resolve, because these are potentially closely connected to fitness and are likely to
exhibit sexual conflict. Here, we sought to disentangle which sex controls mate guarding duration in the tropical house cricket
Gryllodes sigillatus, a species in which mate guarding and nuptial feeding by the male have been proposed to prevent premature
removal of the transferred spermatophore by the female. To do so, we performed a series of mating experiments in a paired
design, in which the first mating dyadwas allowed to start mating some time before the second dyad. Once both dyads were in the
mate guarding phase, we then interrupted them and exchanged partners, enabling us to determine whether the remaining guarding
duration depended more on the duration of guarding already performed by the male in the new dyad (implying male control) or
on the guarding already received by the female (implying female control). We found that the time a female was guarded overall
was significantly affected by how long the exchanged male had already engaged in mate guarding with the previous female, but
conversely, the total time males guarded both females was unaffected by the duration of guarding that the exchanged female had
previously received. Our data thus clearly demonstrate that males rather than females control mate guarding duration and adjust
the duration according to females’ weight.

Significance statement
It is not easy to determine which individual is in control of a shared behavioural trait (SBT). This information could provide
insight into selection pressure on one sex and could help us understand differences in SBTs between related species or between
different dyads of one species. We used a relative novel but simple method to disentangle a SBT in a cricket. We performed
mating experiments and exchanged the mating partners after copulation within the mate guarding phase and measured the total
guarding duration. Our analyses showed males were not influenced by the exchange and guarded as long as expected regardless
how long the female were guarded before by another male. Our data suggest males are likely in control of mate guarding duration,
and they have no ability to recognize post-copulatory mate exchange.
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Introduction

Males and females of almost all animal species have funda-
mentally different interests and strategies to optimize their
own fitness, ultimately resulting from anisogamy (Bateman
1948; Parker et al. 1972; Schärer et al. 2012; Arnqvist and
Rowe 2013; Parker 2014; Schärer et al. 2014; Janicke et al.
2016; Lehtonen et al. 2016). Therefore, although recent work
has established the evolutionary significance of both female
competition (Rosvall 2011) and male mate choice
(Bonduriansky 2001), it is typically the case that female
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reproductive success is maximized by resource availability
and by obtaining the best mates (through either pre- or post-
copulatory choice), whereas male reproductive success usual-
ly depends more on maximizing mating and fertilization rates
(Bateman 1948; Trivers 1972; Parker 1979; Andersson 1994;
Chapman et al. 2003). Given these fundamentally different
routes through which males and females maximize fitness, it
is not surprising that the interests of males and females fre-
quently differ during reproductive interactions.

As a result of differential selection on males and females,
sexual conflict is often expected for traits such as copulation
frequency, copulation duration and mate guarding duration
(Jormalainen et al . 1994; Schneider et al . 2006;
Blanckenhorn et al. 2007). Such traits are ‘shared’, in that at
least two individuals together display a single behavioural trait
(e.g. copulation duration). Sexual conflict will frequently oc-
cur for shared traits, as optimal values for these traits are often
closely connected to the fitness of the involved individuals
and at the same time are likely to differ between the sexes
(Simmons 2001; Edward et al. 2014). In post-copulatory mate
guarding, for example, both sexes should have an interest to
influence the duration towards their own optimum, because
both sexes have costs and benefits (Jormalainen 1998). The
benefit of extended mate guarding to males seems quite clear,
because guarding may prevent or delay re-mating of polyan-
drous females and is thereby likely to increase the fertilization
success of the guarding male in the face of sperm competition
(e.g. in spiders Schneider and Lesmono 2009; Córdoba-
Aguilar et al. 2010; Peretti and Eberhard 2010, and in insects
Alcock 1994; Edvardsson and Arnqvist 2000; Bussière et al.
2006; and see Peretti and Aisenberg 2015 for a review).
Guarding is nevertheless costly to males, through time and
energetic costs and throughmissed additional potential mating
opportunities and potentially increased predation risks, espe-
cially in species in which the guarding males exhibit a con-
spicuous behaviour or ornament (Parker 1974; Alcock 1994;
Dickinson 1995; Rodríguez-Muñoz et al. 2011).

Females may also benefit from extended mate guarding.
Tuni et al. (2013), for example, showed that females of the
cricket Teleogryllus oceanicus assess relatedness during post-
copulatory mate guarding, bias storage of sperm towards un-
related males, and thus diminish the risk of inbreeding. Other
studies have shown that females can benefit from pre- and
post-copulatory mate guarding in the form of a reduced pre-
dation risk (Zeiss et al. 1999; Rodríguez-Muñoz et al. 2011;
Cothran et al. 2012) or in the form of reducedmale harassment
(Davis 2002). Nevertheless, guarded females also incur costs
with increased guarding duration. Perhaps the most wide-
spread cost of mate guarding to females may be the delay in
re-mating it causes when females can benefit from polyandry,
for example by increased genetic diversity in offspring, bene-
ficial seminal proteins and more nuptial gifts (Birkhead and
Møller 1998; Jormalainen 1998; Cothran 2008; Rodríguez-

Muñoz et al. 2011; Elias et al. 2014). Being guarded may also
have negative consequences, for example lowering food in-
take rate (Parker 1979; Chapman et al. 2003) or energetic
costs of exerting resistance behaviours (e.g. somersaults in
water striders (Arnqvist 1989) or the ‘kicking behaviour’
shown in many grasshoppers (e.g. Hartmann and Loher
1996)).

Because of the various costs and benefits of mate guarding
in both sexes, it is not trivial to estimate in which sex we
should expect a higher selection pressure to have more control
over this trait. Even when it is relatively clear which sex
should be under a higher selection pressure, it does not natu-
rally follow that individuals of that sex are more able to con-
trol that trait and thus we should not automatically expect the
trait to be at one sex-specific optimum (Parker 1979).
Moreover, for many traits, it is likely that both sexes exert
some degree of control over the ultimately expressed trait
value, meaning wewill often not be asking the binary question
of which sex is in control, but rather about the relative degree
of influence exerted by males and females (Jormalainen
1998).

Here, we aim to determine the extent to which males and
females control the duration of post-copulatory mate guarding
in the cricket Gryllodes sigillatus. In this species, males pro-
duce a nuptial gift in the form of a spermatophylax (Sakaluk
1984). (Please note: Sakaluk and other authors used the name
G. supplicans until 1992 in some studies but G. supplicans
seems to be a synonym of G. sigillatus (see (Sakaluk et al.
1992)). The spermatophylax is attached to a smaller sperm-
containing ampulla, and males transfer these two components
together to the female genital opening during copulation
(Alexander and Otte 1967). Males usually guard the female
after copulation for an extended period. Soon after copulation,
females usually start feeding on the spermatophylax and fre-
quently they remove the ampulla only after they finish feeding
on the spermatophylax. Mate guarding is also likely to serve
in preventing competitor males frommoving the ampulla dur-
ing mating attempts (Sakaluk 1991). Probably as a side effect
of mate guarding, females thus can usually feed on the
spermatophylax without harassment by other males. As an
alternative explanation, Bateman and MacFadyen (1999)
interpreted the mate guarding of G. sigillatus as a strategy to
prevent the female from prematurely removing the ampulla.
Both interpretations suggest benefits for males from extended
mate guarding, because under both hypotheses, the sperm-
containing ampulla is attached to the female genital opening
for longer and can therefore transfer more sperm.
Furthermore, the whole mate guarding process likely prevents
other males from copulating with the female and reduces the
sperm competition risk. Females, on the other hand, may ben-
efit from guarding but may also incur costs that increase with
guarding duration, such as reduced opportunities for mate
choice and/or foraging. Most studies that examined mate
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guarding in crickets discuss the benefits of extended mate
guarding for males (especially the reduced sperm competition
risk), and they mainly agree that selection pressure to control
mate guarding duration should be higher in males (see, e.g.
Alcock 1994; Frankino and Sakaluk 1994; Hockham and
Vahed 1997; Bateman and MacFadyen 1999; Bussière et al.
2006; Parker and Vahed 2010, but also see Zeiss et al. 1999;
Rodríguez-Muñoz et al. 2011; Cothran et al. 2012 for female
benefits).

Mate guarding in field crickets can be recognized by the
following behaviours: (1) standing close to the female with the
cerci in her direction, (2) frequently antennating the female,
(3) searching rapidly whenever the female wanders out of
range of the male’s antennae or cerci, (4) producing aggressive
chirps upon any movement by the female or upon intrusion by
another male and (5) physically attacking males that intrude
(after Khalifa 1950 and Alexander and Otte 1967).
Sometimes, some of these elements are observable at the same
time (e.g. 1, 2 and 4). In our study, we measured mate
guarding duration as the time from starting behaviours 1 or
2 after mating and included short phases of behaviour 3 if the
guarding was thereafter continued.

To test which sex controls the mate guarding duration in
G. sigillatus, we performed time-shifted experimental matings
with a reciprocal mate exchange component. Tuni et al. (2013)
showed that post-copulatory mate recognition appears to be
absent at least in the field cricket Teleogryllus oceanicus and
an experimental mate exchange is possible during the
guarding phase, motivating us to use this method for our spe-
cies. As a result of our mate exchange method, males and
females received a partner that had experienced a different
mate guarding duration with the previous partner. If females
are in control of mate guarding duration, e.g. influence the
termination of mate guarding, males that receive more recent-
ly mated females can be expected to guard longer than if they
receive a female that mated longer ago. If instead males are
primarily influencing mate guarding duration, females that
receive recently mated males as new partners can be expected
to be guarded for longer than females receiving males that
mated prior to them and have thus already guarded for longer.
By considering the difference between the total guarding du-
rations for the males and females in the two dyads that were
reciprocally exchanged, we could therefore use this paired
design to distinguish whether males, females or both influence
mate guarding duration.

Material and methods

Experimental design and animals

We purchased adult individuals of Gryllodes sigillatus from a
pet shop (Reptilienkosmos) in mixed sex packs and kept them

sorted by sex (in containers with a size of 30 × 20 × 25 cm,
around 25 to 40 insects per container) for 1 week after arrival
to avoid further uncontrolled matings. We kept the animals in
the following conditions: 28 °C at daytime, 24 °C at night,
12 h artificial day-night rhythm, about 60% humidity, oat
flakes and fish food as food and water ad libitum. Due to the
nocturnal activity of G. Sigillatus, we performed the experi-
ments during the artificial night time and observed all behav-
iours under red light.

Before we started the matings, we weighed all animals
to be able to test for body mass effects, because some
studies have shown positive correlations between mass/
size and guarding duration (e.g. in birds (Møller 1987), in
a grasshopper (Cueva del Castillo 2003) and in the cricket
Gryllus bimaculatus (Simmons 1986)), and Sample et al.
(1993) clearly showed that weight and body size are
strongly correlated in insects. To start the experimental
matings, we put one randomly chosen dyad into a small
circular plastic arena (diameter 163 mm, height 124 mm)
and observed the start of the copulation. The arena was
large enough to provide females the opportunity to escape
from mating attempts, and as an additional option for an
escape, we placed a cylindrical carton of about 4 cm length
and 4 cm diameter in each arena. We recorded all start and
end times of copula and guarding period (also after the
exchange) for the dyads. We performed the experiments
as described in the following steps:

1. Copulation phase: After copulation attempts started in the
first dyad, which from here on we always call dyad A, we
put another dyad (defined as dyad B) into another arena
and allowed them to copulate (difference in copulation
start between dyads 9–56 min; mean 26.5 min, largely
resulting from varying mating latencies of the dyads).

2. Exchanging: When both dyads had finished copulation,
which we defined as separation of partners after the com-
paratively quick spermatophore transfer, the males invari-
ably started mate guarding within a minute. We used the
re-positioning of the male so that its cerci were very close
to the female as the start of mate guarding. Waiting for at
least 5 min after the second dyad had started mate
guarding (6–21 min, mean 9.9 min; timepoint depended
on a favourable situation to remove the male carefully),
we simultaneously exchanged the males and let them both
guard the female that initially mated with the other male
(see scheme in Fig. 1).

3. Observing: We observed the mate guarding behaviour on
the basis of the typical aspects of this behaviour described
above (after Khalifa 1950; Alexander and Otte 1967) and
stopped the time either when the males ceased guarding
behaviour or else when mate guarding stopped because
the female successfully moved away or hid herself under
or behind the cardboard.
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4. Data collection and calculation: We calculated the total
guarding duration for each male and female involved.
We determined how long each female was guarded by
adding up the guarding performed by males A and B,
and for each male, we measured how long in total it
guarded the females A and B.

We used this time-shifted paired design so that differences
in copulation start times also result in differences in guarding
start times. In addition, with this approach, we controlled for
any effects of variation regarding temperature, air pressure,
observer disturbances and time since the separation of the
sexes. In total, 21 quartets (dyads A1 and B1 to dyad A21
and B21) copulated and the males were exchanged as de-
scribed above. On average, the B males started mate guarding
26.5 min after the A males. The exchange was in all cases
performed by A-P. Mazur and O. Zyma by tickling males A
and B simultaneously with small paintbrushes so they moved
a few centimetres into small plastic containers held besides
them and were then immediately exchanged between the con-
tainers so that they were adjacent to the females that was
initially guarded by the other male when tickled out of the
plastic containers. We are aware the tickling with paintbrushes
and the exchange itself could influence the total guarding du-
ration, but we think the reciprocal nature of the exchange
cannot affect the main hypothesis we are testing here. All
animals were used randomly without any prior selection based
on size, weight or behaviour.

After the experimental matings, we calculated the differ-
ences between total guarding durations of the A and B females
and called this variable observed difference (fA – fB).
According to our null hypothesis (H0 = females are in control),
we defined for our statistical test, we would expect to find no

significant differences between the total mate guarding dura-
tions of the two females. On the other hand, according to our
alternative hypothesis (Ha = here defined as males are in con-
trol), we would expect significant differences between the
total time females are guarded (defined as: time guarded by
male A + time guarded by male B) because the later mated
males B will likely guard earlier mated female A for longer
than the original male Awould have done. If, however, males
are in control of mate guarding duration, total male guarding
time (defined as: time guarding female A + time guarding
female B) should not differ between first and second males.
Assuming sole male control, our design allows to predicted
and expected differences between the total time females are
guarded as twice the time difference between the start points
of guarding for the two dyads:

expected diff : ¼ 2� start guarding in pair B−start guarding in pair Að Þ
ð1Þ

This assumes that we can find the ‘lost’ guarding time of
female B in the total time the female A is guarded. To stan-
dardize deviations from the expected differences, we devised
formula 2 with the observed differences in females (see above
and Fig. 1). We called the calculated variable standardized
difference:

standardized difference ¼ observed difference fA− fBð Þ
expected difference

ð2Þ

From this transformation, we obtained relative values of
deviation from our expected difference, where 1 means the
value is as expected for sole male control. Values lower than
1 represent guarding durations that were less influenced by the
exchange than expected under male control. We would inter-
pret values between 1 and 0 as the result of males and females

Fig. 1 Scheme of our experimental design. We always used two dyads in
parallel but with a different start time and gave them the opportunity to
mate. After copulation ended and mate guarding started, we exchanged
the two males and let them guard until they stopped or the female

successfully escaped mate guarding. The scheme shows the result
predicted by our null hypothesis (females in control), i.e. the same
guarding duration from female perspective and a significant difference
in mate guarding duration from the male perspective

54 Page 4 of 10 Behav Ecol Sociobiol (2020) 74: 54



influencing mate guarding duration and values close to 0
would fit with our null hypothesis and thus indicate that
(solely) females control mate guarding duration.

Statistical analyses

Using a general linear model, we estimated the influence of
differences in guarding starting time (start time dyad B − start
time dyad A) and the influence of weight differences between
male A and male B (weightmale A − weight male B) and also
between female A and female B (weight fA − weight fB) on
the standardized differences of the expected mate guarding
durations. With t tests, we compared the total guarding time
between mate A and A in females and males. With a one-
sample t test, we tested whether the standardized difference
is different from 0 (i.e. different from our null hypothesis). All
statistical tests were performed with R version 3.4.2 (R Core
Team 2017).

Ethical note

All animals in this behavioural study were handled in accor-
dance with animal welfare guidelines. After observing the
animals in the experiments, they were kept in large containers
(30 × 20 × 25 cm) in groups of 20–40 animals (mixed sexes)
with hiding opportunities, at room temperature, with a natural
day night-rhythm and with food and water ad libitum. After
finishing the whole experiment, the surviving insects were
killed by freezing.

Results

We measured the total mate guarding duration, which ranged
between 8 and 160 min for males (N = 42, mean 71.48 min,
SD ± 39.08) and between 7 and 164 min for females (N = 42,
mean 71.48 min, SD ± 43.37). Consistent with the male con-
trol hypothesis, total guarding duration differed significantly
between A and B females (t = 3.5, df = 21, p = 0.001; Fig. 2),
but total guarding duration did not differ between A and B
males (t = 0.94, df = 21, p = 0.35; Fig. 2). Males continued
guarding after the exchange between 0.5 and 118 min (N =
42, mean 48, SD ± 37.69).

The mean value of the standardized difference was 0.916,
and the median was 0.900, which is significantly different
from 0 but not from 1 (one-sample t tests, p < 0.001 and p =
0.63, respectively). All but three of the 21 A females were
guarded for longer than the B females (see values above 0 in
Figs. 3 and 4). The start time difference between the two
copulations showed no significant effect on the standardized
differences (Table 1).

Examining potential effects of body size on mate guarding
duration, we found a positive correlation between a male’s

weight and his mate guarding duration (t = 2.55, df = 40, r =
0.37, p = 0.015; Fig. A1a in the appendix) but not between a
female’s weight and her mate guarding duration (p = 0.927;
Fig. A1b in appendix), in which we must consider that fe-
male’s guarding time is the sum of guarding duration of two
different males. In contrast, we found a negative correlation
between weight differences (female A − female B) and stan-
dardized differences (see “Material and methods”) in female
guarding duration. That is, the heavier the female Awas (com-
pared to the female B in the quartet), the longer female B was
guarded in comparison to female A (t = − 2.16, df = 19, r = −
0.44, p = 0.044; Fig. 3b). We found no such correlation in
males (p = 0.137; Fig. 3a).

Discussion

We performed mate exchange experiments with two dyads of
crickets that had mated some minutes apart to examine the
average male and female contribution in determining mate
guarding duration. We found no differences in the average
mate guarding duration between the males of the first and
the second mating dyads, which we called A and B dyads
throughout, despite the fact that we exchanged them. In con-
trast, we found large differences in the females’ total mate

Fig. 2 Boxplot of differences in mate guarding duration between A and B
females and between A and B males. We found highly significant
differences in the mate guarding duration between the females (red
boxes on the left, t = 3.5, df = 21, p = 0.001). The B females were
guarded for significantly shorter periods. However, we found no
significant differences between the A and B males (blue boxes on the
right, t = 0.94, df = 21, p = 0.35). (Standard boxplot with median,
whiskers depict upper and lower quartile of the data)
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guarding duration between the A and B dyads and thus con-
cluded that mate guarding duration is to a large extent con-
trolled by males. As we also found a negative correlation
between female weight differences and guarding time, we
conclude that males adjust the guarding duration according
to the females’ weight. Moreover, since the males continued
guarding the new female after the exchange, post-copulatory
mate discrimination by males appears to be absent in this
species.

We found that A females were usually guarded for longer
than B females, with no corresponding differences between

males. In addition, the observed differences did not on average
differ from the predicted ‘expected difference’ (see “Material
and methods” for calculations of these terms). We could there-
fore reject the hypothesis that females alone control mate
guarding duration and concluded that our alternative hypoth-
esis, which males control mate guarding duration, is more
likely. In other words, had females controlled the duration,
we would not expect differences between total guarding time
of females A and B because the time they would take to stop
the guarding period, for example, by moving away or kicking
the male, should not be influenced by their mate’s mate
guarding duration prior to the mate exchange, but only by
the total amount of mate guarding they had experienced.
Assuming female control of mate guarding duration, we
would therefore expect significant differences in mate
guarding time between the A and B males, which we did not
find.

Fig. 3 Distribution of standardized differences in relation to weight
differences in males and females. a We found no correlation between
standardized differences and weight differences in males b but a
negative correlation in females. Almost all the A females were guarded
longer than the B females within a quartets (data points above horizontal
zero-line). Only three B females were guarded longer than the A females

within the same quartet (see data points below horizontal zero-line).
(Explanations for 3b: f1 longer than expected: the A females were
guarded longer than expected; f1 shorter than expected: A females
were guarded shorter than expected but still longer than the B females;
f2 longer than f1: only in these cases the B females were guarded longer
than the A females)

Fig. 4 Distribution of differences in mate guarding duration calculated
for females. In only 3 out of 21 cases, the B females were guarded longer
than the A females (bars left from 0). In all the other cases, the A females
were guarded longer

Table 1 Linear model fit to estimate the influence of weight differences
in males and females and of the start time differences on the standardized
difference in mate guarding. No effects were found for weight differences
in males or for the start time difference between the pairs. However, a
negative effect for weight difference in females was found. That is, the
greater the weight difference, the smaller the standardized difference

Estimate SE t p

(Intercept) 1.623 0.397 4.09 0.001

Weight difference females − 0.003 0.002 − 2.13 0.048

Weight difference males − 0.002 0.005 − 0.51 0.615

Start time difference − 0.026 0.014 − 1.87 0.079
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Here, we should consider we did not test the guarding
behaviour under male-male competition conditions.
Females’motivation to short the guarding duration by kicking
the male or by escaping could be higher when other males are
present. As we already mentioned in the introduction, females
can also benefit from polyandry by increased genetic diversity
in offspring, beneficial seminal proteins and more nuptial gifts
(Birkhead andMøller 1998; Jormalainen 1998; Cothran 2008;
Rodríguez-Muñoz et al. 2011; Elias et al. 2014) and they
possibly could raise their mating rate by shortening the
guarding time. Therefore, the absence of male competitors
could be one explanation for the male control pattern we
found.

Another potential explanation for this pattern of male con-
trol over guarding duration is that the selection pressure for
controlling mate guarding duration is higher in males, because
their costs resulting from a shorter guarding duration likely are
much higher than the females’ costs resulting from a longer
guarding duration. Males will likely have reduced chances in
sperm competition if reduced mate guarding duration leads to
females prematurely removing the ampulla or this happening
during mating attempts of other males. Females, on the other
hand, may only lose time duringmate guarding they could use
for foraging or further matings and thus may only benefit
slightly from a reduced mate guarding duration (Sakaluk and
Cade 1980). The shared trait ‘guarding duration’ can be seen
as an extended phenotype (Dawkins 1982) as a combination
from genes of two different individuals. This phenotype has
an evolutionary influence of the fitness of both partners and
therefore both partners should have an interest to influence it.
The higher the influence and therefore the fitness benefits of
partner A, the lower could be the fitness benefits of partner B
and counter wise. This impact of the sexual conflict has natu-
ral borders because at one point the fitness decrease of partner
B also decreases the fitness of partner A. That means the
potential fitness of both partners can decline because of the
conflict (Queller 2014), and it is likely that no sex is in abso-
lute control of the trait.

Usually, mate guarding is, however, interpreted as a male
strategy to reduce sperm competition (Thornhill and Alcock
1983; Simmons 2001). Most field cricket species are highly
promiscuous, and the risk of sperm competition is quite high
(e.g. Backus and Cade 1986; Mallard and Barnard 2003;
Simmons et al. 2007; Thomas and Simmons 2007, 2009),
which is also the case in G. sigillatus (Sakaluk 1986). Not
surprisingly, mate guarding is also quite common in field
crickets and is usually associated with sperm competition
avoidance (e.g. Hockham and Vahed 1997; Bateman and
MacFadyen 1999; Parker and Vahed 2010; Rodríguez-
Muñoz et al. 2011). The amount of transferred sperm, as well
as sperm competition avoidance, plays an important role in
sperm competition. In species with an attached spermato-
phore, the amount of transferred sperm is usually positively

correlated with the spermatophore attachment duration (e.g.
Sakaluk 1984; Simmons 1987; Wedell and Arak 1989;
Reinhold and Heller 1993). Several studies in different cricket
species have shown that spermatophores were attached signif-
icantly longer when females were guarded, whereas unguard-
ed females removed the ampulla (the sperm-containing por-
tion of the spermatophore) earlier (Loher and Rence 1978;
Evans 1988; Bussière et al. 2006; Parker 2009; Bateman and
MacFadyen 1999 and see chapter 11 in Vahed 2015 for an
overview). However, other studies found no differences in
attachment time between guarded and unguarded female
crickets (Khalifa 1950; Sakaluk and Cade 1980).

The fact that G. sigillatus provide nuptial gifts and guard
their mates after copulation is quite unique in the suborder
Ensifera and the question is why this species show both be-
haviours. It has already been demonstrated that the
spermatophylax prevents the female from removing the am-
pulla before the ejaculate is transferred (Alexander and Otte
1967; Sakaluk 1984), and the bigger the spermatophylax, the
more ejaculate is transferred (Sakaluk 1984, 1985, 1986).
Because of these findings, Sakaluk (1991) interpreted the
mate guarding in G. sigillatus as a strategy to avoid disloca-
tion of the spermatophore due to mating attempts of other
males and not as a strategy to prevent the guarded female from
removing the spermatophore too early. But he also found a
positive correlation between ampulla attachment duration and
mate guarding in guarded females compared to females that
were isolated by removing the males, as was also shown by
Bateman and MacFadyen (1999). However, as discussed
above, mate guarding cannot prevent a premature removal
of the ampulla in every case, but the nuptial gift in this
Gryllodes species at least also provides some protection
against premature ampulla removal.

In addition to the longer guarding duration of A females
compared to B females, we found a negative correlation be-
tween weight differences (fA – fB) and guarding duration in
females (Fig. 3b). It may seem that heavier females were
guarded less, but we should consider that we changed the
mating partners after mating. Given that female mass often
correlates strongly with fecundity in insects (Kozłowski
1992; Stearns 1992; Roff 2002), we would expect males to
invest more guarding when mating with heavier females. So,
if males are in control of guarding duration and decide about it
before or during mating, and do indeed invest more into
guarding heavier females, this would—due to the mate ex-
change element—appear in our experiment as the lighter fe-
male (guarded after the mate exchange by the male whomated
with the heavier female) being guarded for longer, which is
exactly what we saw. Our results further suggest that the as-
sessment of the mating partner was not readjusted after the
mate exchange took place.

We also found a positive correlation between mate
guarding duration and the male’s weight. A correlation
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between weight (or body size) and mate guarding duration in
males has already been shown in some other species of differ-
ent taxa (e.g. in birds (Møller 1987), in a grasshopper (Cueva
del Castillo 2003) and in the cricket Gryllus bimaculatus
(Simmons 1986)). One possible explanation for the correla-
tion could be that larger males guard more efficiently because
females are not able to relieve themselves from guarding or,
another explanation, that extended guarding provides greater
benefits for large males (Simmons 1991). As neither male
mass nor weight differences between the exchanged males
had significant effects when it was added as a covariate in
our linear model, we assume that the paired design we used
probably controlled well for these differences during the
course of the experiment.

Besides our main results, our experiment also showed ei-
ther that individual G. sigillatus males do not have the ability
to recognize their mating partner or that a post-copulatory
mate discrimination has not evolved in males of this species.
This would make sense because there are no reasons to expect
an exchange of the mating partner in nature. Nevertheless,
cuticular hydrocarbons play an important role in mate recog-
nition in other reproductive contexts (Tregenza and Wedell
1997; Mullen et al. 2007; Thomas and Simmons 2009).
Furthermore, Tuni et al. (2013) clearly showed that females
of Teleogryllus oceanicus can distinguish between close rela-
tives (siblings) and unrelated animals during post-copulatory
mate guarding, and the authors suggested that females do so
by using cuticular hydrocarbons. Still, neither males nor fe-
males seemed to be disturbed by a mate exchange because the
females in the cited study used cryptic female choice to store
more sperm when they were guarded by an unrelated male
even when they copulated with a sibling. It seems they decid-
ed about the sperm storage due to the relatedness with the
guarding male and not due to the relatedness with the copula-
tion partner. Also, our results show there is certainly no post-
copulatory mate discrimination outgoing from males and giv-
en there should be no benefits to guarding a non-mate, the fact
males still do it likely implies also no mate recognition.

It is generally difficult to investigate which sex controls a
shared behavioural trait. Nevertheless, some studies could
show indirect evidence for male control of copulation duration
in different insects and spiders (e.g. Hughes et al. 2000;
Wilder and Rypstra 2007; Mazzi et al. 2009; Vahed et al.
2011; Bretman et al. 2013; Engqvist et al. 2014; Haneke-
Reinders et al. 2017). On the other hand, there are studies
concluding that there is female control over mate guarding
duration (e.g. Rowe 1992 in a water strider and Jormalainen
and Merilaita 1995 in the isopod Idotea baltica, see also
Eberhard 1996; Simmons 2001 for other examples), although
the males in these species should have similar benefits of
extended guarding as in other species (e.g. reduced polyandry,
lower sperm competition risk, higher amount of transferred
sperm, higher fertilization rate). While these studies used

experimental manipulations of the operational sex ratio or of
female condition, we used an experimental manipulation of
guarding duration itself and found males to be in control.
These contrasting results show that one cannot predict with
certainty which sex is in control of mate guarding duration
from the assumed costs and benefits of mate guarding or from
the results of a related model species. To understand the ef-
fects phylogeny and ecology have on this question, we have to
performmore specifically tailored experiments. In conclusion,
our data show that in G. Sigillatus, females have no measur-
able influence on mate guarding duration and that males are
likely in control of this shared behavioural trait. Our results
further indicate that males probably adjust mate guarding du-
ration to the female’s weight and potentially also to their own
weight. Mate guarding and the resultant longer attachment of
the ampulla likely have positive effects for male fitness be-
cause the amount of transferred sperm increases with time
(Sakaluk 1984), which leads to increased fertilization chances
(Sakaluk 1986; Simmons 1987). We therefore postulate that
the benefits of controlling mate guarding duration are higher
for males in G. sigillatus than for females.

Acknowledgements We thank Bora Kim for her very helpful comments
to improve the manuscript, Tim Schmoll for discussions of statistical
issues and Renate Feist for her help keeping the animals.

Funding information Open Access funding provided by Projekt DEAL.
The first author received PhD-candidate grant from the ‘Friedrich
Naumann Foundation for Freedom’.

Data availability The datasets generated and analysed during the current
study are available from the corresponding author on reasonable request.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes weremade. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Alcock J (1994) Postinsemination associations between males and fe-
males in insects: the mate-guarding hypothesis. Annu Rev
Entomol 39:1–21

Alexander RD, Otte D (1967) The evolution of genitalia and mating
behavior in crickets (Gryllidae) and other Orthoptera. Misc Publ
(Univ Michigan Mus Zool) 133:1–62

Andersson MB (1994) Sexual selection. Princeton University Press, New
Jersey

54 Page 8 of 10 Behav Ecol Sociobiol (2020) 74: 54

http://creativecommons.org/licenses/by/4.0/


Arnqvist G (1989) Sexual selection in a water strider: the function, mech-
anism of selection and heritability of a male grasping apparatus.
OIKOS 56:344–350

Arnqvist G, Rowe L (2013) Sexual conflict. Princeton University Press,
Princeton

Backus VL, Cade WH (1986) Sperm competition in the field cricket
Gryllus integer (Orthoptera: Gryllidae). Fla Entomol 69:722

BatemanAJ (1948) Intra-sexual selection inDrosophila. Heredity 2:349–
368

Bateman PW, MacFadyen DN (1999) Mate guarding in the cricket
Gryllodes sigillatus: influence of multiple potential partners.
Ethology 105:949–957

Birkhead TR, Møller AP (1998) Sperm competition and sexual selection.
Academic Press, San Diego

Blanckenhorn WU, Arthur BI, Meile P, Ward PI (2007) Sexual conflict
over copula timing: a mathematical model and a test in the yellow
dung fly. Behav Ecol 18:958–966

Bonduriansky R (2001) The evolution of male mate choice in insects: a
synthesis of ideas and evidence. Biol Rev Camb Philos 76:305–339

Bretman A,Westmancoat JD, Chapman T (2013) Male control of mating
duration following exposure to rivals in fruitflies. J Insect Physiol
59:824–827

Bussière LF, Hunt J, Jennions MD, Brooks R (2006) Sexual conflict and
cryptic female choice in the black field cricket, Teleogryllus
commodus. Evolution 60:792–800

Chapman T, Arnqvist G, Bangham J, Rowe L (2003) Sexual conflict.
Trends Ecol Evol 18:41–47

Córdoba-Aguilar A, Calbacho-Rosa L, Peretti A (2010) Occurrence and
duration of post-copulatory mate guarding in a spider with last
sperm precedence. Behaviour 147:1267–1283

Cothran RD (2008) Phenotypic manipulation reveals sexual conflict over
precopula duration. Behav Ecol Sociobiol 62:1409–1416

Cothran RD, Chapman K, Stiff AR, Relyea RA (2012) “Cryptic” direct
benefits of mate choice: choosy females experience reduced preda-
tion risk while in precopula. Behav Ecol Sociobiol 66:905–913

Cueva del Castillo R (2003) Body size and multiple copulations in a
neotropical grasshopper with an extraordinary mate-guarding dura-
tion. J Insect Behav 16:503–522

Davis ES (2002) Female choice and the benefits of mate guarding by
male mallards. Anim Behav 64:619–628

Dawkins R (1982) The extended phenotype: the gene as the unit of
selection. Oxford University Press, Oxford

Dickinson JL (1995) Trade-offs between postcopulatory riding and mate
location in the blue milkweed beetle. Behav Ecol 6:280–286

Eberhard WG (1996) Female control: sexual selection by cryptic female
choice, 1st edn. Princeton University Press, Princeton

Edvardsson M, Arnqvist G (2000) Copulatory courtship and cryptic fe-
male choice in red flour beetles Tribolium castaneum. Proc R Soc B
Biol Sci 267:559–563

Edward DA, Poissant J, Wilson AJ, Chapman T (2014) Sexual conflict
and interacting phenotypes: a quantitative genetic analysis of fecun-
dity and copula duration in Drosophila melanogaster. Evolution 68:
1651–1660

Elias DO, Sivalinghem S, Mason AC, Andrade MCB, Kasumovic MM
(2014) Mate-guarding courtship behaviour: tactics in a changing
world. Anim Behav 97:25–33

Engqvist L, Cordes N, Schwenniger J, Bakhtina S, Schmoll T (2014)
Female remating behavior in a lekking moth. Ethology 120:662–
671

Evans AR (1988) Mating systems and reproductive strategies in three
Australian gryllid crickets: Bobilla victoriae Otte, Balamara gidya
Otte and Teleogryllus commodus (Walker) (Orthoptera: Gryllidae:
Nemobiinae; Trigonidiinae; Gryllinae). Ethology 78:21–52

Frankino W, Sakaluk SK (1994) Post-copulatory mate guarding delays
promiscuous mating by female decorated crickets. Anim Behav 48:
1479–1481

Haneke-Reinders M, Reinhold K, Schmoll T (2017) Sex-specific repeat-
abilities and effects of relatedness and mating status on copulation
duration in an acridid grasshopper. Ecol Evol 7:3414–3424

Hartmann R, Loher W (1996) Control mechanisms of the behavior ‘sec-
ondary defense’ in the grasshopper Gomphocerus rufus L.
(Gomphocerinae: Orthoptera). J Comp Physiol A 178:329–336

Hockham LR, Vahed K (1997) The function of mate guarding in a field
cricket (Orthoptera: Gryllidae; Teleogryllus natalensis Otte and
Cade). J Insect Behav 10:247–256

Hughes L, Siew-Woon Chang B, Wagner D, Pierce NE (2000) Effects of
mating history on ejaculate size, fecundity, longevity, and copulation
duration in the ant-tended lycaenid butterfly, Jalmenus evagoras.
Behav Ecol Sociobiol 47:119–128

Janicke T, Häderer IK, Lajeunesse MJ, Anthes N (2016) Darwinian sex
roles confirmed across the animal kingdom. Sci Adv 2:e1500983

Jormalainen V (1998) Precopulatory mate guarding in crustaceans: male
competitive strategy and intersexual conflict. Q Rev Biol 73:275–
304

Jormalainen V, Merilaita S (1995) Female resistance and duration of
mate-guarding in three aquatic peracarids (Crustacea). Behav Ecol
Sociobiol 36:43–48

Jormalainen V, Tuomi J, Yamamura N (1994) Intersexual conflict over
precopula duration in mate guarding crustacea. Behav Process 32:
265–283

Khalifa A (1950) Sexual behaviour inGryllus domesticusL. Behaviour 2:
264–274

Kozłowski J (1992) Optimal allocation of resources to growth and repro-
duction: implications for age and size at maturity. Trends Ecol Evol
7:15–19

Lehtonen J, Parker GA, Schärer L (2016) Why anisogamy drives ances-
tral sex roles. Evolution 70:1129–1135

Loher W, Rence B (1978) The mating behavior of Teleogryllus
commodus (Walker) and its central and peripheral control. Z
Tierpsychol 46:225–259

Mallard ST, Barnard CJ (2003) Competition, fluctuating asymmetry and
sperm transfer in male gryllid crickets (Gryllus bimaculatus and
Gryllodes sigillatus). Behav Ecol Sociobiol 53:190–197

Mazzi D, Kesäniemi J, Hoikkala A, Klappert K (2009) Sexual conflict
over the duration of copulation in Drosophila montana: why is
longer better? BMC Evol Biol 9:1–13

Møller AP (1987) Extent and duration of mate guarding in swallows
Hirundo rustica. Ornis Scand 18:95

Mullen SP, Mendelson TC, Schal C, Shaw KL (2007) Rapid evolution of
cuticular hydrocarbons in a species radiation of acoustically diverse
Hawaiian crickets (Gryllidae: Trigonidiinae: Laupala). Evolution
61:223–231

Parker GA (1974) Courtship persistence and female-guarding as male
time investment strategies. Behaviour 48:157–184

Parker GA (1979) Sexual selection and sexual conflict. In: Blum MS,
Blum NA (eds) Sexual selection and reproductive competition in
insects. Academic Press, New York, pp 123–166

Parker D (2009) Pre- and post-copulatory mate choice in Platygryllus
primiformis: cryptic female choice and sexual conflict. Biosci
Horiz 2:164–171

Parker GA (2014) The sexual cascade and the rise of pre-ejaculatory
(Darwinian) sexual selection, sex roles, and sexual conflict. CSH
Perspect Biol 6:a017509

Parker DJ, Vahed K (2010) The intensity of pre- and post-copulatory mate
guarding in relation to spermatophore transfer in the cricket Gryllus
bimaculatus. J Ethol 28:245–249

Parker GA, Baker RR, Smith VGF (1972) The origin and evolution of
gamete dimorphism and the male-female phenomenon. J Theor Biol
36:529–553

Peretti AV, Aisenberg A (eds) (2015) Cryptic female choice in arthropods:
patterns, mechanisms and prospects. Springer International
Publishing, Cham

Behav Ecol Sociobiol (2020) 74: 54 Page 9 of 10 54



Peretti A, Eberhard W (2010) Cryptic female choice via sperm dumping
favours male copulatory courtship in a spider. J Evol Biol 23:271–
281

Queller DC (2014) Joint phenotypes, evolutionary conflict and the fun-
damental theorem of natural selection. Philos Trans R Soc Lond B
Biol Sci 369:20130423

R Core Team (2017) R: a language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna https://
www.R-project.org/

Reinhold K, Heller K-G (1993) The ultimate function of nuptial feeding
in the bushcricket Poecilimon veluchianus (Orthoptera:
Tettigoniidae: Phaneropterinae). Behav Ecol Sociobiol 32:55–60

Rodríguez-Muñoz R, Bretman A, Tregenza T (2011) Guarding males
protect females from predation in a wild insect. Curr Biol 21:
1716–1719

Roff DA (2002) Life history evolution. Sinauer, Sunderland
Rosvall KA (2011) Intrasexual competition in females: evidence for sex-

ual selection? Behav Ecol 22:1131–1140
Rowe L (1992) Convenience polyandry in a water strider: foraging con-

flicts and female control of copulation frequency and guarding du-
ration. Anim Behav 44:189–202

Sakaluk SK (1984) Male crickets feed females to ensure complete sperm
transfer. Science 223:609–610

Sakaluk SK (1985) Spermatophore size and its role in the reproductive
behaviour of the cricket, Gryllodes supplicans (Orthoptera:
Gryllidae). Can J Zool 63:1652–1656

Sakaluk SK (1986) Sperm competition and the evolution of nuptial feed-
ing behavior in the cricket, Gryllodes supplicans (Walker).
Evolution 40:584–593

Sakaluk SK (1991) Post-copulatory mate guarding in decorated crickets.
Anim Behav 41:207–216

Sakaluk SK, Cade WH (1980) Female mating frequency and progeny
production in singly and doubly mated house and field crickets.
Can J Zool 58:404–411

Sakaluk SK, Burpee DM, Smith RL (1992) Phenotypic and genetic var-
iation in the stridulatory organs of male decorated crickets,
Gryllodes sigillatus (Orthoptera: Gryllidae). Can J Zool 70:453–457

Sample BE, Cooper RJ, Greer RD, Whitmore RC (1993) Estimation of
insect biomass by length and width. Am Midl Nat 129:234

Schärer L, Rowe L, Arnqvist G (2012) Anisogamy, chance and the evo-
lution of sex roles. Trends Ecol Evol 27:260–264

Schärer L, Janicke T, Ramm SA (2014) Sexual conflict in hermaphro-
dites. CSH Perspect Biol 7:1–25

Schneider JM, Lesmono K (2009) Courtship raises male fertilization
success through post-mating sexual selection in a spider. Proc Biol
Sci 276:3105–3111

Schneider JM, Gilberg S, Fromhage L, Uhl G (2006) Sexual conflict over
copulation duration in a cannibalistic spider. Anim Behav 71:781–
788

Simmons LW (1986) Female choice in the field cricket Gryllus
bimaculatus (De Geer). Anim Behav 34:1463–1470

Simmons LW (1987) Sperm competition as a mechanism of female
choice in the field cricket, Gryllus bimaculatus. Behav Ecol
Sociobiol 21:197–202

Simmons LW (1991) Female choice and the relatedness of mates in the
field cricket, Gryllus bimaculatus. Anim Behav 41:493–501

Simmons LW (2001) Sperm competition and its evolutionary conse-
quences in the insects. Monographs in behavior and ecology.
Princeton University Press, Princeton

Simmons LW, Denholm A, Jackson C, Levy E, Madon E (2007) Male
crickets adjust ejaculate quality with both risk and intensity of sperm
competition. Biol Lett 3:520–522

Stearns SC (1992) The evolution of life histories. Oxford University
Press, Oxford

Thomas ML, Simmons LW (2007) Male crickets adjust the viability of
their sperm in response to female mating status. Am Nat 170:190–
195

Thomas ML, Simmons LW (2009) Male-derived cuticular hydrocarbons
signal sperm competition intensity and affect ejaculate expenditure
in crickets. Proc R Soc B-Biol Sci 276:383–388

Thornhill R, Alcock J (1983) The evolution of insect mating systems.
Harvard University Press, Cambridge

Tregenza T, Wedell N (1997) Definitive evidence for cuticular phero-
mones in a cricket. Anim Behav 54:979–984

Trivers RL (1972) Parental investment and sexual selection. In: Campbell
B (ed) Sexual selection and the descent of man: 1871–1971. Aldine,
Chicago, pp 136–179

Tuni C, Beveridge M, Simmons LW (2013) Female crickets assess relat-
edness during mate guarding and bias storage of sperm towards
unrelated males. J Evol Biol 26:1261–1268

Vahed K (2015) Cryptic female choice in crickets and relatives
(Orthoptera: Ensifera). In: Peretti AV, Aisenberg A (eds) Cryptic
female choice in arthropods: patterns, mechanisms and prospects.
Springer International Publishing, Cham, pp 285–324

Vahed K, Lehmann AW, Gilbert JDJ, Lehmann GUC (2011) Increased
copulation duration before ejaculate transfer is associated with larger
spermatophores, and male genital titillators, across bushcricket taxa.
J Evol Biol 24:1960–1968

Wedell N, Arak A (1989) The wartbiter spermatophore and its effect on
female reproductive output (Orthoptera: Tettigoniidae, Decticus
verrucivorus). Behav Ecol Sociobiol 24:117–125

Wilder SM, Rypstra AL (2007) Male control of copulation duration in a
wolf spider (Araneae, Lycosidae). Behaviour 144:471–484

Zeiss C, Martens A, Rolff J (1999) Male mate guarding increases fe-
males’ predation risk? A case study on tandem oviposition in the
damselfly Coenagrion puella (Insecta: Odonata). Can J Zool 77:
1013–1016

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

54 Page 10 of 10 Behav Ecol Sociobiol (2020) 74: 54

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Disentangling a shared trait: male control over mate guarding duration revealed by a mate exchange experiment
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Experimental design and animals
	Statistical analyses
	Ethical note

	Results
	Discussion
	References




