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Abstract
Courtship interference occurs when dominant males hinder female assessment of prospective males during female mate choice,
leading to a more complex distribution of mating success. In this study, we describe and evaluate courtship interference in
underground mating of the fiddler crab Austruca lactea. When a mate-searching female enters the burrow of a courting male,
neighboring males frequently interfere in the female-male interaction. We thus identified mate-searching females and observed
their interactions until pairing. The duration until females’ final decision for pairing increased with the number of interferences by
neighboring males. The females reappeared more frequently from the burrow of the finally selected male when neighboring
males interfered. These results suggest that courtship interference by neighboring males delays pairing between the mate-
searching female and the finally selected male in this species. The number of interferences by neighboring males increased with
female size, implying that large females with high fecundity potential induce interference by neighboring males. Moreover, in
approximately half of the cases in which interference occurred at the burrow of the immediate last male before the finally selected
male, the finally selected male was the interfering one. The distribution of mating success was therefore biased toward males that
combined attractiveness (according to female preference) and dominance (which is associated with courtship interference) in this
species.

Significance statement
Courtship interference is a type ofmale-male competition and it may hamper female mate choice. InAustruca lactea, neighboring
males often interfere in the interaction between a courting male and a mate-searching female. We demonstrated the effect of
courtship interference by neighboring males in these interactions. The interferences prolonged the duration of female decision-
making for pairing and temporarily expelled the female from the burrow of the finally selected male. These results imply that
these interferences may potentially prevent pairing. Moreover, the finally selected males had often succeeded in interfering in the
courtship interaction between the female and another male. Therefore, males with high mating success were not only attractive to
the females of this species but also dominant in courtship interference.

Keywords Austruca . Courtship disruption . Femalemate choice .Male-male competition . Sexual selection

Introduction

Intra- and intersexual selection are primary components of
sexual selection (Andersson 1994). Intrasexual selection typ-
ically occurs when males compete for females, whereas inter-
sexual selection generally occurs when females choose males.
Many empirical studies have shown the functions of sexually
selected traits, such as weaponry/ornaments, territorial/
courtship display, mating strategy, and mate preference, under
each type of selection (Andersson 1994). However, the types
of selection are not always independent; in fact, they often
interact (Qvarnström and Forsgren 1998; Wong and
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Candolin 2005; Hunt et al. 2009). Male-male competition, for
instance, can sometimes influence femalemate choice through
eavesdropping (Otter et al. 1999; Mennill et al. 2002) or court-
ship interference (Trail 1985; Severinghaus and Lin 1990;
Sparreboom 1996; Howard et al. 1997; Sæther et al. 1999;
Webster and Robinson 1999; Cooley and Marshall 2001;
Kangas and Lindström 2001; Fisher et al. 2003; Wong 2004;
Nieri et al. 2017). This interaction may lead to the two types of
selection working in the same direction or in different direc-
tions, potentially causing evolutionary consequences to be
more complex than expected (Wong and Candolin 2005;
Hunt et al. 2009; Baxter et al. 2018).

Courtship interference is defined as when dominant males
hamper female assessment of prospective males (Wong and
Candolin 2005). It has been described for several taxa, such as
mammals (Fisher et al. 2003), birds (Trail 1985; Sæther et al.
1999; Webster and Robinson 1999), amphibians (Sparreboom
1996; Howard et al. 1997), fishes (Kangas and Lindström
2001; Wong 2004), insects (Cooley and Marshall 2001;
Nieri et al. 2017), and crustaceans (Severinghaus and Lin
1990). The distribution of mating success would be altered
because of courtship interference by dominant males. In the
Guianan cock-of-the-rock Rupicola rupicola, for example, in-
terfering males disturb pairs physically and non-physically,
disrupting 31% of courtship visits and terminating 32% mat-
ings per territorial male (Trail 1985). In the sword-tailed newt
Cynops ensicauda popei, interfering males disturb pairs by
shoving the other male aside and taking over the courtship;
the frequency of interferences amounts to 70% on a certain
stage of the courtship sequence (Sparreboom 1996). As re-
ported by these studies, courtship interference sometimes
reaches high frequencies and significantly influences the dis-
tribution of the male mating success. Such interferences are
considered a type of male-male competition, and the intensity
may be affected by dominant-subdominant relationships,
which are associated with the fighting ability among males
(Wong and Candolin 2005).

Female quality may also affect courtship interference. As
the time and energy that males can invest in courtship and
mating are limited, it is sometimes adaptive for males to pru-
dently choose mates. Theoretical and empirical studies have
supported that male mate preference may be based on female
fecundity, which increases the number of offspring, and on
maturity, which affects future male mating opportunities
(Goshima et al. 1996; Bonduriansky 2001; Härdling and
Kokko 2005; Reading and Backwell 2007; Booksmythe
et al. 2011; Edward and Chapman 2011; Wada et al. 2011).
In the fiddler crab Austruca mjoebergi, for example, males
spend more time courting and waving to large females, who
can produce large clutches (Reading and Backwell 2007;
Booksmythe et al. 2011). In Gelasimus tetragonon, males
often reject females who are in early reproductive stages
(Goshima et al. 1996). In the hermit crab Pagurus

middendorffii, male mate preference for female fecundity
and duration until breeding varies with male body size, which
is associated with fighting ability (Wada et al. 2011).
Considering that males are able to identify these reproductive
traits of females, it is logical to suppose that interfering males
may also selectively disrupt mate-searching females based on
these traits. In other words, if the mate-searching female is
relatively superior to other females regarding these traits
(i.e., fecundity and maturity), rival males would attempt to
more vigorously and persistently hamper the male courtship
and female assessment, although males are known to possibly
prefer females of any size when male mating opportunities are
extremely limited (Reading and Backwell 2007; Booksmythe
et al. 2011).

Fiddler crab is one of the most suitable organisms to exam-
ine both intra- and intersexual selection in the field. Males
fight for territory and for the burrows where females oviposit
(Jennions and Backwell 1996; Pratt et al. 2003; Morrell et al.
2005; Muramatsu and Koga 2016). During the reproductive
season, males court mate-searching females by using multiple
sexual signals, such as conspicuous coloration, large claw,
courtship structure, waving displays, and courtship vibrations
(Salmon and Atsaides 1968; Yamaguchi 1971; Crane 1975;
Christy 1983; Murai et al. 1987; Christy 1995; Backwell and
Passmore 1996; deRivera 2005; Murai and Backwell 2006;
Takeshita and Murai 2016; Mowles et al. 2017; Takeshita
et al. 2018; Takeshita 2019). In underground mating, which
is one of the two mating tactics of the fiddler crab (Yamaguchi
1971; Murai et al. 1987; Reaney et al. 2012), males engage in
waving display around their burrow using an exaggerated
claw. Mate-searching females then visit and assess these po-
tential mates. When a mate-searching female approaches a
male, the male alters its waving display intensely (Pope
2005). In this stage, Austruca perplexa females prefer males
with high waving height (Murai and Backwell 2006). In
A. mjoebergi, males with higher waving rate are preferred by
females (Reaney 2009; Callander et al. 2012; Sanches et al.
2017). When the female further approaches the male and the
burrow, the male emits vibrational signals on the ground and/
or from inside the burrow (Salmon and Atsaides 1968;
Takeshita and Murai 2016; Mowles et al. 2017). In Austruca
lactea, males first enter the burrow and then they emit vibra-
tions from the inside; the females, which prefer males with
high rates of vibrational pulses, then move into the burrow
(Takeshita and Murai 2016). If the pairing is successful, the
male then goes up the burrow entrance and closes it
(Yamaguchi 1971; Christy 1983; Murai et al. 1987). In
A. lactea, when a female follows the prospective male into
the burrow, neighboring males often interfere (see Results
and Electronic Supplementary Material [ESM] 1).

We herein describe the female mate-searching process and
social interactions in A. lactea, and we reveal the potential
effect of courtship interference by rival males of this species.
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We additionally demonstrate whether body size of prospective
males and mate-searching females and the period until female
oviposition influence the courtship interferences. Body size is
generally considered an index of the male’s fighting ability in
fiddler crabs (Jennions and Backwell 1996; Pratt et al. 2003;
Morrell et al. 2005; Muramatsu and Koga 2016). Fecundity
increases with female size in A. lactea (Murai et al. 1987;
Yamaguchi 2003) as well as in other fiddler crab species
(e.g., Minuca rapax: Greenspan 1980; G. tetragonon:
Goshima et al. 1996; A. mjoebergi: Reading and Backwell
2007; Tubuca arcuata: Aoki et al. 2010). Duration until fe-
male oviposition limits male mating opportunities because
males employ postcopulatory guarding in the burrow during
this period (Goshima and Murai 1988). Therefore, all three
factors may affect the interferences. Our aim was to estimate
the role of courtship interference and understand how this
interference affects male mating success in this species.

Materials and methods

Field observations

All observations were conducted daily during low tide for
approximately 4–6 h in the daytime between 2 July and 18
August 2016, on a sandy mudflat in Nagaura Island, Kami-
Amakusa, Kumamoto, Japan (32° 32′ N, 130° 24′ E). This
location has little vegetation cover and few large rocks. We
first looked for mate-searching females and then recorded
their searching process using a video camera (NEX-VG20H,
SONY, Japan) with telephoto zoom lens (18–200 mm,
SEL18200, SONY, Japan) until pairing (N = 92). A pairing
was considered successful when the male appeared at the en-
trance of the burrow after the female followed the male into
the burrow (and the female remained inside) or when both
sexes remained inside the burrow for over 10 min. After
pairing, we enclosed the entrance of each burrow with a metal
semispherical cage (diameter, 10 cm) to determine the elapsed
days until oviposition as males emerge from the burrow after
oviposition (Yamaguchi 1971; Murai et al. 1987; Goshima
and Murai 1988). We checked these burrows for male emer-
gence every day; emerging males were immediately caught.
We then collected the ovigerous females by digging the bur-
row. Carapace width of both sexes was measured with a cal-
iper (to the nearest 0.1 mm). Of the 92 pairs that we pursued,
the entire behavioral interaction sequence between female and
finally selected male was observed in 79 of them; the remain-
ing pairs were observed from the middle of the sequence of
interactions on. Sixty pairs were successfully collected and
their carapace widths and duration until oviposition were re-
corded; for the remaining pairs, we failed to collect the indi-
viduals of either or both sexes. Fifty pairs had their entire
sequence of interactions observed and their carapace widths

(for both sexes) and duration until oviposition recorded.
Unfortunately, we were unable to determine the duration until
female final decision (see below) for one pair because the
female positioned herself behind substrates. Air temperature
was recorded using a data logger (TidbiT v2 UTBI-001, Onset
Computer Corporation, USA) every 30 min during the field
observation period. Average temperature including that of
nighttime was 29.26 ± 3.81 °C (mean ± SD) (range 22.54–
40.66 °C).

Behavioral analyses

All movie files were analyzed to quantitatively assess
the interactions among mate-searching females, finally
selected males, and neighboring males. Courtship inter-
ference was herein defined as when neighboring males
approached the entrance of the burrow of a male visited
by a female without performing the waving display.
This approach often involved several specific behaviors
such as “rubbing” (rubbing their large claw on the sub-
strate), “tapping” (tapping their ambulatory legs on the
entrance of the burrow), and “claw insertion” (inserting
their large claw, and sometimes their entire body, into
the burrow). These behaviors seemed to disturb the fe-
male assessments (see Discussion). The approaching be-
havior mostly happened after females entered the bur-
row of courtship males. We first focused on mate-
searching females and counted the number of males
whose burrows had been visited by females from the
beginning of each video until pairing. Second, we iden-
tified the finally selected male and checked if this male
had approached (i.e., interfered) the burrow of the male
that the female had visited immediately before the final-
ly selected male. Third, we addressed the interaction at
the burrow of the finally selected male; we counted the
number of times that a female had repeatedly entered
and exited the burrow of the respective finally selected
male after the female reached the burrow. We also
counted the number of interferences in which neighbor-
ing males disrupted the courtship interactions between a
female and the respective finally selected male; interfer-
ence was counted as one event even when multiple
neighboring males simultaneously approached the pair
(i.e., the number of interferences represents the cumula-
tive number of times that interferences occurred in dif-
ferent moments). Moreover, we measured the duration
from females’ arrival at the burrow of the finally select-
ed male until the females’ final decision to determine
pairing (i.e., the final movement of the female into the
burrow).

To investigate the effect of interference by neighboring
males on pairing, we focused only on the first movement
of the females into the burrow immediately after female
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arrival at the burrow of the finally selected male; we
checked whether the male appeared on the ground imme-
diately after the first movement (i.e., pairing) or the fe-
male reappeared on the ground (i.e., the female delayed
pairing), besides recording whether interference occurred
at that time.

To describe the behavioral aspects of the interferences, the
position of the interfering male regarding the burrow of the
finally selected male (i.e., approaching the burrow, visiting its
entrance, and invading the burrow; see Results) and the details
of the behaviors during interferences (i.e., rubbing, tapping,
and claw insertion) were recorded. In case when multiple
males simultaneously interfered, the position and the specific
behaviors were represented by the neighboring male that most
nearly approached the burrow.

Statistical analysis

First, to investigate the relationship between the number of
interferences by neighboring males and the number of times
that females repeatedly entered the burrow of finally selected
males, a Pearson’s correlation test was conducted. Second, we
applied a regression analysis to analyze the effect of interfer-
ence on the duration from the arrival of a mate-searching
female at the burrow of the finally selected male until the
female’s final decision for pairing; the response variable was
the duration until the female’s final decision, and the explan-
atory variable was the number of interferences. Third, to dem-
onstrate the factors that affect the number of interferences, we
applied a generalized linear model (GLM) with negative
binominal distribution and log link function and theWald test;
the response variable was the number of interferences, and the
explanatory variables were carapace width of the finally se-
lected male and of the female and elapsed days until oviposi-
tion. Log-transformed duration until the female final decision
was added as an offset term in the model. Although all inter-
action terms were considered, these interactions were re-
moved from the model because they were not significant.
Because there was also no significance in all three main effects
(see Results), we then used each single variable as the explan-
atory one. Fourth, to examine the effect of courtship interfer-
ence on pairing, we focused on the female’s first movement
into the burrow of a finally selected male; the frequency in
which the male/female emerged after the movements with and
without the interference by neighboring males was compared
using Fisher’s exact test. Finally, we examined size assortative
pairing by using Pearson’s correlation test and regression anal-
ysis. For the regression analysis, the response variable was
carapace width of the paired males, and the explanatory vari-
able was carapace width of the paired females. All analyses
were conducted using the “MASS” packages in R 3.5.2 (R
Core Team 2018).

Data availability

The datasets generated and/or analyzed during the current
study are available from the corresponding author upon rea-
sonable request.

Results

The effect of interference by neighboring males

Mate-searching females visited 7.41 ± 10.06 males and their
burrows (range 1–78 males, N = 79). Searching duration was
453.91 ± 620.11 s (range 11–4,377 s, N = 79); note that the
number of visited males and the duration of each visit were
calculated from the beginning of each observation and thus do
not represent the entire mate-searching trip of the females.

The finally selected males frequently interfered in the
courtship of the immediate last male, sometimes employing
several specific behaviors (see below). Of the 67 cases in
which the entire interaction between female and last male
were observed, interferences occurred in 71.6% (48/67). In
the remaining cases, no interferences occurred at the last
male’s burrow, and the females then visited the finally selected
male (19/67). In 52.08% of the cases in which interferences
occurred (25/48), one or more interferences were caused by
the finally selectedmale. In the other cases, females refused all
interfering males and chose a non-interfering finally selected
male (23/48).

The finally selected males were also frequently disturbed
by neighboring males. After the female reached the burrow of
the finally selected male, females often repeatedly entered and
exited the burrow (2.99 ± 2.89 times, range 1–16, N = 79).
Neighboring males generally interfered when the female en-
tered the burrow (ESM 1). The number of interferences by
neighboring males was 2.46 ± 2.78 (range 0–16, N = 79).
The number of interferences was strongly correlated with the
number of times a female entered a burrow (r = 0.98,
Pearson’s correlation test: t77 = 38.89, P < 0.0001, Fig. 1).

The elapsed duration from visiting the burrow until the
female’s final decision was 86.73 ± 228.22 s (range 1–1,880
s, N = 78). The elapsed duration increased with the number of
interferences by neighboring males (regression analysis: coef-
ficient ± SE= 44.08 ± 7.94, t1,76 = 5.55, P < 0.001, Fig. 2).

The number of interferences by neighboring males in-
creased with female size. Although the number of interfer-
ences was not influenced by male size and elapsed days until
oviposition, the effect of female size was marginal (Table 1).
Considering each variable separately, the number of interfer-
ences significantly increased with female size (GLM: coeffi-
cient ± SE = 0.39 ± 0.17, Z = 2.32, P < 0.05, Fig. 3), but there
was no significant variation regarding the other two variables
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(GLM, male size: Z = 1.15, P = 0.25; duration until oviposi-
tion: Z = − 1.17, P = 0.24).

Regarding the females’ first movement into the burrow of
the finally selected male, the probability of the female
reappearing on the ground immediately after the movement

increased with the occurrence of an interference (Fisher’s ex-
act test, P < 0.0001, Table 2).

In the pairs, size assortative pairing was detected (r = 0.50,
Pearson’s correlation test: t58 = 4.39, P < 0.0001, N = 60, Fig.
4). The elapsed days from pairing until oviposition was 1.75 ±
0.99 (range 1–5 days, N = 60).

Interference behavior by neighboring males

In all observed pairs (N = 92), the cumulative number of
repeated movements of all females into the burrow of the
finally selected male was 296. Interference by neighboring
males occurred in 84.80% of the 296 cases (251/296).

The interferences by neighboring males were separated in-
to three levels regarding the position of the neighboring males
in relation to the burrow of the finally selected male: ap-
proaching the burrow, visiting the entrance, and invading the
burrow. Since we defined that interference occurred when the

Table 1 The results of the generalized linear model for the number of
interferences by neighboring males (N = 49)

Explanatory variables Estimate SE Z P

Intercept − 7.51 2.43 − 3.09 < 0.05

Male size 0.050 0.130 0.39 0.70

Female size 0.32 0.20 1.66 0.098

Elapsed days until oviposition − 0.069 0.152 − 0.46 0.65
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neighboring males approached a burrow, approaching oc-
curred in 100% of the cases of interference (251/251). Visits
to the entrance and invasion of the burrow occurred in 40.24%
(101/251) and 2.79% (7/251) of the cases, respectively.

The interference behaviors were also categorized into three
types: rubbing (see ESM 1), tapping, and insertion of the claw
(seeMaterials andMethods). Frequencies of rubbing, tapping,
and insertion of the clawwere 49.40% (124/251), 10.36% (26/
251), and 3.59% (9/251), respectively. These behaviors were
often performed by the same individuals in an interference
sequence.

Discussion

Courtship interference may have an important role in
preventing the pairing between mate-searching females and
their prospective males. In this species, there are two types
of mating tactics: underground and surface mating
(Yamaguchi 1971; Murai et al. 1987; Severinghaus and Lin

1990). The present study shows the effect of courtship inter-
ference on the former tactic. However, interferences by other
males in this species have also been reported regarding the
latter tactic. Studies on a Taiwanese population in this species
showed that, in surface mating where males copulate with
neighboring females at the entrance of females’ burrow, males
are sometimes intercepted by other neighboring males
(Severinghaus and Lin 1990). This, together with the results
of our present study, suggests that courtship interference in
this species is common and that it may bias the distribution
of mating success toward dominant males more than
expected.

Interferences occurred during a certain stage of the court-
ship sequence in underground mating. The number of times
that females repeatedly entered and exited the burrow was
strongly correlated with the number of interferences (Fig. 1).
This supports that interferences occurred when mate-
searching females entered burrows, implying that visual dis-
appearance of the female acts as a cue that causes neighboring
males to disturb them.

Two explanations for the effectiveness of interferences in
underground mating may be suggested. The first is that inter-
ferences would seismically prevent signal transmission. Males
of some fiddler crab species use vibrational signals through
the substrate for courtship (Salmon and Horch 1972; Aicher
and Tautz 1990; Takeshita and Murai 2016; Mowles et al.
2017). Also in this species, males employ vibrational signals
when females visit the entrance and the inside of their burrows
(Takeshita and Murai 2016). The interferences occurred when
females were inside the burrows (ESM 1). It is possible that
the rubbing and tapping behaviors, which were frequently
observed during the interference behaviors, made some noises
and intercepted the sexual communication. However, in
A. lactea, females have been shown to not have any preference
for the components of the vibrational signals when they are
inside burrows (Takeshita and Murai 2016), that is, during the
stages in which interferences occur. Therefore, it is currently
hard to understand how interferences actually affect commu-
nication through noises. Nevertheless, the possibility of fe-
males using some components of the signals to gather infor-
mation on males from the inside of the burrow remains. In
A.mjoebergi, for example, peak frequency acoustic signals are
correlated with burrow volume (Mowles et al. 2017), which is
in turn associated with timing of larval hatching in several
fiddler crab species (Christy 1983; Backwell and Passmore
1996; deRivera 2005; Reaney and Backwell 2007).

The second explanation is that, because females reject mat-
ing with non-selected males, interferences may consequently
succeed. When neighboring males invade burrows and take
the mating opportunity from the preferred males, females may
suffer from having to mate with the non-preferred mate be-
cause of a relative reduction of the indirect benefit. In under-
ground mating, as copulation occurs inside the burrow,
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Fig. 4 Carapace width of the paired males and females (N = 60). The
solid line is the estimated regression one (Y = 6.23 + 0.56X, t = 4.39, P <
0.0001). The dashed line indicates when the widths of both sexes are the
same (i.e., Y = X)

Table 2 The frequency in which females stayed or reappeared with and
without interferences after the females’ first movements into the burrow
of the finally selected male (N = 79)

Females stayed Females reappeared Total

Interference 20 48 68

No interference 11 0 11

Total 31 48 79
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females may not be able to visually distinguish between pre-
ferred and intruder males. Therefore, females may exit the
burrow, at least temporarily, to reject the interfering males,
thereby postponing pairing.

There are two possible reasons that may explain why
neighboring males persisted to disturb larger females (Fig.
3). First, as clutch size increases with carapace width in this
species (Murai et al. 1987; Yamaguchi 2003), larger females
may have higher fecundity than smaller females. Therefore,
because mating with larger females would contribute to a
higher fitness, the neighboring males would interfere when
the female is especially larger. Second, because of their high
visual detectability, larger females are preferred. However, as
the operational sex ratio of fiddler crabs generally skews to
males, male mating opportunity may be very rare. Therefore, a
male would interfere in the courtship of any female that it can
identify. In fact, males of A. mjoebergi do not forgo any mat-
ing opportunities with small females, although they can dis-
criminate between large and small females and preferentially
court large females (Reading and Backwell 2007;
Booksmythe et al. 2011). Although these two explanations
are not mutually exclusive, the latter seems to be more
reasonable.

Finally selected males often succeeded to interfere in the
courtship of the immediate last male visited by the mate-
searching female, implying that the dominant males in court-
ship interference obtain relatively high mating success. Our
results show that the proportion in which finally selected males
had taken over the female of the last (previous) male through
interference was of approximately 50% of the cases in which
interference occurred. This proportion seems high as mate-
searching females generally receive attention frommultiple sur-
rounding males. The proximate explanation for interfering
males to often succeed at attracting females is that these males
may be closely located to the female after the interference oc-
curs, in a position that is suitable for courtship. Thus, if the
interfering male is more attractive than the courting one, fe-
males may change the prospective mate to the interfering male.

Because courtship interference may be considered a type of
male-male competition, population parameters (e.g., sex ratio
and density) and environmental factors (e.g., predation pres-
sure) may also influence the intensity and persistence of
interfering behaviors. For example, Webster and Robinson
(1999) showed that the frequency of interferences increases
with colony size in the female-defense polygamy birds. The
reason for courtship interference to have been frequently ob-
served in the present studymay be derived from features of the
population, such as male-biased operational sex ratio in repro-
ductive season, high population density, and low predation
pressure. Such situations may intensify the strength of male-
male competition.

The inhibition of interferences may also contribute to mating
success. Dominantmales have been reported to often reduce the
territory of neighboring males in some ocypodid crabs. In
A. lactea, Yamaguchi and Tabata (2004) observed that male
territory size reduced when the large claw, which acts as a
weapon, was removed. In the dotillid crab Ilyoplax pusilla,
larger males construct barricades against smaller neighbors
and often plug the burrow to restrict the territory of the neigh-
bors (Wada 1984, 1987); males that succeeded in mating built
barricades more frequently than non-mating males (Ohata and
Wada 2008). However, the present study shows that male car-
apace width, which is an index of fighting ability (Jennions and
Backwell 1996; Pratt et al. 2003; Morrell et al. 2005;
Muramatsu and Koga 2016), did not influence the number of
the interferences (Table 1). This was possibly a result of the
relatively low amount of opportunities to encounter mate-
searching females, which may have generated non-mate pref-
erence in interferingmales. However, it is necessary to compare
the fighting ability of successful and unsuccessful interfering
males to reveal the actual effects of the dominant-subdominant
relationship. Thus, further investigation on male traits associat-
ed with territory and inhibition of interferences is required.

How does intrasexual selection influence intersexual selec-
tion through courtship interference in this species? The finally
selected males can, by definition, be assumed to be attractive.
Besides, the males are also dominant for the courtship inter-
ference. Therefore, it is possible to estimate that males with
high mating success possess both high attractiveness and abil-
ity of interference. Such an evolutionary consequence is also
known in other fiddler crab species. For example, the large
claw of fiddler crabs can function under both intrasexual and
intersexual selection: the position of the tubercle mechanically
compensates the closing force of the longer claw, which is
attractive for mates (Dennenmoser and Christy 2013). In ad-
dition, courtship interference extends mate-searching duration
for females, which may incur in costs such as increased risk of
predation and dehydration. These costs may reduce the thresh-
old criterion of female preference (Real 1990). We therefore
emphasize that intra- and intersexual selection are mutually
associated through courtship interference and would comple-
mentarily favor several sexual traits of fiddler crabs. To thor-
oughly elucidate the distribution of mating success in this
species, it is necessary to understand the effects of both court-
ship display and interference.
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