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Abstract

In Caribbean Panama, nonreproductive male and female stomatopods are solitary and defend
their own coral-rubble cavities. When breeding pairs form, however, males assume all responsibiliy
for cavity defense. To compare success in cavity defense and defensive tactics among paired and
unpaired males, and 1o examine the tendency for paired stomatopods 1o exchange their present mates
for larger (higher quality) individuals, we introduced same-sized and 15 % larger male, and same-
sized and 15 % larger reproductive female intruders wo paired and unpaired male residents in a
balanced design. Paired males were more successtul ac caviry defense than unpaired males, evidently
because parred males strike intruders more than unpaired males, and because ntruders fight less
intensely against pared males than against unpaired males. Paired males occasionally atempted
extrapair copulations, but showed little tendency to abandon their mates in favor of larger females.
Paired females, however, mated readily with intruder males that evicted resident males. Population-
wide female breeding synchrony and prolonged female receptivity before oviposiuon reduce variance
in male mating success and may force males to guard the breeding cavity w0 assure their paternity.
Uncertainty about the reproductive condition of intruder females may prevent mates from exchanging
mates.

Corresponding author: Stephen M. SHUSTER, Department of Ecology and Evoluton, Univer-
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Introduction

In many animal species, reproductive associations.of one male and one
female last well beyond the time necessary for the transfér of gametes (reviews in
WRANGHAM 1979; WITTENBERGER & TiLsoN 1980; WickLek & SeisT 1981; RipLEY
1983; THORNHILL & ALcock 1983). Although such associations are often consid-
ered monogamous, the term “monogamy” is accurate only i’ individuals mate
exclusively with one other individual, or if individuals mate once in their lives
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(WALKER 1980; THORNHILL & ALcock 1983). Since truly monogamous species in
this sense are relatively rare (WITTENBERGER & TiLsoN 1980), the term “breeding
pair” is more appropriate for reproductive associations that occasionally permit
extrapair matings or that may dissolve between successive reproductive events.

Breeding pairs frequently establish a reproductive territory and defend space
around it. The specific characteristics of such territoriality may vary depending
on the degree to which parental care or mate guarding are the primary context for
pair formation. Within the continuum bounded by species with obligate biparen-
tal care, and species in which nonparental males guard individual females only to
protect their own paternity, three gnneral categories of territory defense by
breeding pairs are apparent: (1) cooperative territory defense, in which both
members of a pair repel all conspecific invaders regardless of the invader’s sex
(LeFrELAAR & ROBERTSON 1984, 1986; Borsema & Bemus 1985); (2) sex-specific
territory defense, in which males repel male intruders and females repel female
intruders [WRANGHAM 1979; FITCH & SHUGART 1983; MITANI 1984; LINSENMAIR
1984; CarisoN et al. 1985; RaEMAEKERS & RAEMAEKERS 1985; SracsvoLd &
LikjeLDd 1986; male guarding of female to defend paternity is included in this
category (SHUSTER 1981; RiDLEY 1983; DUNHAM 1986)], and (3) single-sex terri-
tory defense, in which one member of a pair consistently repels all conspecific
intruders, regardless of the intruder’s sex. Most examples of territory defense by
breeding pairs fall into the first two categories. The third category is not well
documented and is poorly understood.

Most research on territory defense by breeding pairs of animals has involved
field observations with relauvely little manipulation (MoLLER 1985; CARLSON et
al. 1985; reviews in WITTENBERGER & TiLsoN 1981, WiTTENBERGER 1981). This 1s
not surprising because field manipulatuons are difficult to conduct and often
preclude symmetrical experimental designs or controls (RAEMAEKERS & RAEMAE-
KERS 1985; Borsema & BEMUS 1985; MiTant 1984). Moreover, nearlyv all recent
investigations of patterns of territorial defense by pairs have concentrated on the
outcome of contests without considering how different agonistic behavior pat-
terns may have influenced a resident’s success in repelling an intruder. Concentra-
tion on outcome can mistakenly lead to the conclusion that paired individuals are
more aggressive or fight more vigorously than nonpaired individuals. In fact,
persistence rather than aggressiveness may be the most effective tacuc in success-
ful territory defense (MONTGOMERY & CALDWELL 1984).

In this paper we describe the pattern of breeding-cavity defense by pairs of
stomatopod crustaceans (Gonodactylus bredini), a species apparently exhibiting
single-sex territory defense. Agonistic behavior in these animals is easily observed
and manipulated in the laboratory and is virtually identical to behavior observed
in the field (review in CaLDWELL 1986a). Here we specifically examine factogs
contributing to the persistence of breeding pairs at proximate and ultmate leve‘}s
of causation.

At the proximate level, we asked four questions: (1) [s defense of cavities by
stomatopods cooperative, sexspecific or single-sex? (2) Does pairing affect an
individual’s success in cavity defense? (3) What defensive tactics are used by

Ethulogy, Vol. 82 (3) 14



194 STEPHEN M. SHUSTER & ROY L. CALDWELL

paired and unpaired individuals to defend their cavites; () How does the
presence of a breeding pair in a cavity affect the behavior of intruderss

At the level of ultimate causation, we asked two questions: (1) To what
extent do male and female residents attempt extrapair matings when confronted
with same-sized and larger male and female intruders (ie., potenually higher
quality mates)? (2) Whar aspects of female reproductive biology influence the
nature of cavity defense by breeding pairs? Answers to these questions permit the
pattern as well as the context for cavity defense by stomatopod pairs to be more
clearly understood.

The Ecology and Reproductive Biology of Gonodactylus bredini

Stomatopod crustaceans are common, ecologically important predators in
coastal tropical waters world-wide (CALDWELL et al. 1989). Gonodactylus bredini,
a medium-sized (adults 25—60 mm standard length) gonodactylid stomatopod,
inhabirs intertidal and subtidal zones throughout the Caribbean Sea (MANNING
1969). As all gonodactylids, G. bredini possesses enlarged and hardened second
maxillipeds, structures capable of delivering powertul, smashing blows, and used
by stomatopods to capture and process hardbodied prey such as crustaceans and
gastropods (CALDWELL et al. 1989). These raprorial appendages also serve as
weapons In agonistic encounters with conspecifics, usually over access to cavities
in coral rubble (CALDWELL & DINGLE 1976; BirziNs & CALDWELL 1983).

Cavities provide hard substrate for processing food, shelter from predators
and a site for courtship, mating and rearing young. Typically, cavities are limited
in number and quality due to the close relationship between a cavity’s dimensions
and its suitability for the above activities (STEGER 1987). Considerable competi-
tion occurs amony stomatopods for access to this limited resource (CALDWELL &
DiNGLE 1976; SteGER 1987), and natural selection has evidently favored extreme
aggressiveness and a complex repertoire of combat and display tactics associated
with competitive interactions (DINGLE & CALDWELL 1969; CALDWELL 1979, 1987).
The powertul weaponry possessed by stomatopods makes fighting dangerous,
and individuals may be severely damaged or even killed in contests (Brrzins &
CALbwWELL 1983). Moreover, stomatopods must often move among nearby
habitats in pursuit of food or mates, which makes cavity defense a frequent
acuvity for most established individuals (CALDWELL et al. 1989).

Female G. bredini reproduce vear-round in two- to four-month cycles, with
oviposition occurring at full moon (CaLpWELL 1986a). About 10 days before
oviposition, females provision their eggs with yolk and develop thoracic sternal
glands that provide cement for holding egg masses together. Sternal-gland
development permits classification of females by reproductive condition (CaLD-
WELL 1986a). Females also alter their agonistic responses to males at this time,
evidently to facilitate pairing (CALDWELL 1986a). When females are established
cavities, pairing occurs only after males fight their way in. While such resistance
may serve as a form of mate selection, fights resemble those with other females or
between nonreproductive females and males (SHUSTER, pers. obs.). When repro-
ductive females encounter males already established in cavities, however, few
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aggressive acts are performed by either sex. Females in most cases move directly
into the male’s cavity and pairing occurs immediately (CALDWELL 1986a; SHUSTER,
unpubl. darta).

After pairs form, males and females copulate repeatedly over several days
until the female spawns (usually within a week, CALDWELL 1986a). Males leave
cavities shortly after oviposition and provide no direct parental care to young.
Females, however, remain within the cavity after oviposition and defend their
brood until the young disperse after the fourth stadial molt (DiNGLE & CALDWELL
1972; MONTGOMERY & CaLDWELL 1984). Reproduction during full moon, spring
tides, results in considerable synchrony in female reproductive condition within
local populations (CALDWELL 1986a), and pairs persist over the interval in which
most receptive females are available. The combination of prolonged pairing and
female reproductive synchrony may reduce variance in male reproductive success
by restricting the number of successive pairings available to each male within one
reproductive cycle (KNowLTON 1979). The lack of conspicuous sexual dimorph-
ism in this species is consistent with this hypothesis (MANNING 1969; SHUSTER &
CALDWELL, unpubl. data).

Fighting success correlates with body size in G. bredini (CaLDWELL &
DiNGLE 1979; CalLDWELL 1986a, b, 1987). Since growth in stomatopods is
indeterminate, large stomatopods are generally older and have demonstrated their
superior survival and/or feeding ability by simply exisung (THORNHILL 1980;
Kopric-BRowN & BrowN 198+4). As in most crustacea, large females are more
fecund than small females (Reaka 1976). Thus, depending on their size and
reproductive condition, intruders represent potential evictors that are variously
threatening to residents, as well as potential mates of varying quality. With
reproductive success of both members of a pair constrained by this species’
reproductive synchrony, behavioral analysis of paired residents’ reactions toward
this variety of intruders provides insight into factors contributing to the persist-
ence of breeding pairs.

Materials and Methods

This study was conducted at Galeta Marine Laboratory, Smithsonian Tropical Research
Institution in the Republic of Panama between May and Sep. 1982, and between July and Sep. 1983,
Stomatopods were collected from coral rubble and from artiticial cavities in the intertidal and shallow
subtidal zones near Galeta as described by DINGLE & CALDWELL (1969) and STEGER (1987).
Stomatopods were transported to the lab, where each individual was sexed, measured to the nearest
0.5 mm and examined for injury sustained in collection or in agonistic encounters with other
stomatopods. The reproductive condition of each individual was recorded as described in CALDWELL
(19864, b), and all animals larger than 35 mm standard length were marked by removing one antenule
flagellum: right antenules were removed in females, left antenules were removed in males. As the eyes
and antenules of individuals defending cavities are visible at the cavity entrance, this procedure
permitted the sex of individuals defending cavities to be determined ar a glance. All animals were
maintained in 225-ml plastic cups and provided with food and seawater changes twice weekly.

Contest arenas consisted of plastic mouse cages (20 X 35 X 20 cm) filled with seawater. Each
arena contained a concrete artificial cavity (construction described in STEGER 1985) embedded in a
layer of fine sand on the cage bottom. A male was introduced to each arena and allowed 1 h 1o

establish himself in the cavity. A same-sized reproductive female (£ 1 % of the male’s total length)
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was then introduced to each male and allowed 10 min to pair with the male. This sequence simulates
pair formation in nature (CALDWELL 1986a, and above description), and in most cases stomatopods
paired immediately. To standardize contests, cavity dimensions were scaled to match the body sizes of
stomatopods (STEGER 1987), and pairs were allowed 1 h 1o adjust 1o their cavity and to each other
before intruders were introduced.

Each pair taced the following four types of intruders in a balanced design: (1) a same-sized
(£ 1% total length) male; (2) a same-sized reproductive female; (3) a 15 % larger male; (4) a 15 %
larger, reproductive female. A size difference of 10 % is detectable by most animals (WALLACE 1987)
and is usually sufficient to affect the outcome of stomatopod contests (CALDWELL & DINGLE 1979;
CALDWELL 1986b). Single males established in cavities, facing the same intruder types in a balanced
design, served as controls.

Before each contest, the position and sex of residents visible at the cavity entrance were noted.
Intruders were introduced 1o the arena about 10 cm in front of the cavity entrance and agonistic
interactions among stomatopods were recorded on tape for 10 min. Stomatopod fighting tactics were
described and classified by intensity as in CALDWELL (1979).

To determine how differences in the fighting tactics of residents and intruders affected contest
outcomes, the tollowing comparisons were made among experimental (pairs vs. intruders) and control
(single males vs. intruders) contests: whether the resident or the intruder pertormed (1) the first
aggressive act; (2) the first escalated act; (3) the first strike in the contest; as well as (4) the elapsed time
before the first strike by the resident, (5) the contest duration, (6) the fight intensity (the total number
of escalated acis/the contest duration) for residents and for intruders, and (7) the ratio of strikestotal
aggressive acts by the resident and by the intruder. Strike rauos were arcsin transformed before
analysis. Only residents thar faced all four types of intruders were included in comparisons 1—7.

Variation among pairs and among controls was first examined using Cochran’s Q test (analyses
1—=3), Kruskal-Wallis tests (analyses 4—53), or ANOVA (anaiyses 6—7). Resident and intruder
behavior patterns were compared using matched-pair t-tests, and pairwise comparisons of the
behavior of paired and contro! individuals were then performed using 2X2 G-tests (adjusted for
continuity), U-tests or t-tests (SOKAL & ROHLF 1981). To minimize the likelihood of Type t crrors
that may occur in repeated observations on experimensal ammais or in parrwise testing (MACHLIS ¢t al.
1985), an alpha level of 0.01 was used for significance in Kruskal-Wallis tests, U-tests and in pairwise
G- and t-tests.

To examine the occurrence of facultative polygyny by stomatopods in these experiments we
recorded the frequency with which paired males attempted to copuiate with intruder females as well as
the frequency with which paired males permitted intruder females wo enter their cavities, The tendency
for paired individuals to exchange their present mates for opposite-sex intruders ot potenually higher
quality was examined by recording the frequency with which paired males or paired females
exchanged mates when confronted with larger intruders of the opposite sex.

Contests were terminated in less than 10 min when intruders swam directly away from the
cavity, or when both residents were evicted. If only one resident was evicted and the intruder entered
the cavity, the arena was reexamined in 1 h. If the new pair was stll intact, a marte exchange was
assumed to have occurred. Pairs were allowed at least 1 h between successive contests, and no
individual was used more than once as an intruder or in more than one set of contests as a resident.

Results

Characteristics of Cavity Defense by Pairs
1. Males Defend Cavities

In 82 % of all pair-defense trials, males defended cavities against same-sized
and larger intruders of both sexes (n = 184, Fig. 1). Females defended cavities
only when the male had been evicted or when the intruder actually entered the
cavity. Thus unlike many species breeding in pairs, single-sex territory defense
consistently occurs in G. bredini.
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Fig. 1: Cavity defense by pairs of G. bredini (n = 184), vs. same-sized male (SSM), same-sized

reproductive female (SSF), 15 %-larger male (LGM) and 15 %-larger reproductive female (LGF)

intruders. Cavity defenses initiated by resident males and later assumed by resident temales (M/F)

comprised 8 % (n = 15) of contests. Cavity defenses begun by resident females and later assumed by

resident males (F/M) comprised 1 % (n = 2] of contests. Cooperative defenses usually occurred when
the first defender was evicted. Defenders were undetermined in 11 contests

2. Relative Success in Cavity Defense by Paired and Control Males

Paired males were unusually successful at cavity defense, and were especially
successful against larger opponents. Paired males won all but three contests
against same-sized and larger male and reproductve female intruders and thus
defended their cavities with approximately equal success over all intruder types
(Cochran’s Q-test, p > 0.10, Table 1). Successful cavity defense by control males
was unequally distributed over intruder type; control males won most contests
against same-sized male and same-sized reproductive female intruders, but were
considerably less successful against larger opponents of both sexes (Q-test, p <
0.001, Table 1). This relationship was substantiated in pairwise-comparisons of
the guarding success of paired and control males by intruder types; the guarding
success of paired and control males in contests against same-sized male and same-
sized, reproductive female intruders were not significantly different (G, tests, p
> 0.05 and p > 0.10, respectively, Table 1). Paired males, however, were more
successful than control males in defending their cavities against larger male and

larger reproductive female intruders (G,g-tests, p < 0.001, and p < 0.001,
Table 1).
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Table I: Summary of guarding success by paired and control G. bredini maies in contests vs. same-
sized and 15 % larger, male and reproductive temale intruders

Intruder type
Same-sized male  Same-sized female Larger male Larger female
Resident male RwinsIwins n Rwinslwins n RwinsIwins n RwinsIwins n
Paired 20 0 20 19 1 20 13 2 28 20 0 20
Control 3400 % 0w 7 3 1B B N 5B
51 4 55 47 8 55 30 25 55 40 15 55
Comparison Intruder Test Value n p
Among pairs all Cochran’s Q 3.678 80 >0.10
Amony controls - 29.490 140 < 0.001
Pairwise: pairs X controls SSM G4 3.333 55 > 0.05
SSF 2.486 55 >0.10
LGM 17.283 55 < 0.001
LGF 16.010 55 < 0.001

Defensive Tactics of Paired and Control Residents
1. Vigilance, First Aggressive Act and First Strike

Against all intruders, paired males were observed at the entrance of cavities
before the start of contests, 1.e., were “vigilant,” significantly more often than
control males (G,g-tests, 0.001 < p < 0.05 for all intruders; among-paired male
and among-control male differences were nonsignificant, Q-tests, p > 0.50, and p
> 0.10). Despite their apparent motivation to fight, however, paired males did
not initiate agonistic interactions in contests. There were no significant differ-
ences among paired males or among control males in tendency to perform the first
aggressive act (Q-tests, p > 0.05 and p > 0.70) or the first escalated act (Q-tests, p
> 0.05), and pairwise comparisons of such interactions among paired and control
males were nonsignificant over all intruder types (G,d, tests, p > 0.10 for all
tests). Paired males were somewhat more aggressive against male intruders than
against female intruders, but there were no significant differences among paired
males or among control males in their tendency to perform the first strike against
any intruder (Q-tests, p > 0.50 and p > 0.20). Pairwise G-tests among paired and
control males by intruder type were also nonsignificant in contests against same-
sized male and against same-sized and larger reproductive female oppogents.
Paired males, however, struck larger males somewhat more frequently than
control males (G,g; = 3.96, 0.01 < p < 0.05).

2. Time to First Strike and Contest Duration

The greater guarding success of paired males was unrelated to striking
rapidly or to fighting longer. There were no significant differences among paired
males or among control males in the time males took to deliver their first strike
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(Kruskal-Wallis tests, p = 0.91, and p = 0.84), and pairwise comparisons among
paired and control males by intruder type were nonsignificant (U-tests, p > 0.13
for all tests). Furthermore, there were no significant differences in contest
duration among paired males or among control males. Pairwise comparisons of
paired and control contests by intruder type were also nonsignificant (Kruskal-
Wallis tests, p = 0.59 and p = 0.09, U-tests, p > 0.06 for all tests).

Fight Intensity and Strike Ratio

Contest outcome evidently was influenced, however, by fight intensity and
differences in the rato of strikes to total aggressive acts (strike ratio) among
residents and intruders. These variables provide estimates of the overall character

Tuble 2: Fight intensity {(n strikes + n threats)/contest duration) for residents and intruders in
contests involving paired and control males vs. same-sized and 15 Yu-larger, male and reproductive
) female intruders

Intruder type
Same-sized male Same-sized female Larger male Larger temale
Pairs  Controls  Pairs Controls  Pairs Controls  Pairs  Controls

R I R I R I R I R i R 1 R I R 1

n 200 20 35 35 19 19 35 35 20 20 35 35 19 19 34 34
Mean 093 .068 .064 .106 .C47 .069 .053 .079 .C57 .C49 .C46 .074 .057 .065 .C32 .086
2SE .056 .041 .020 .033 .C23 .C44 .017 .032 .239 .025 .Cl1 .022 .035 .031 .CI1 .026

Comparison Intruder Test Value n p
Amonyg pairs all ANOVA 0.837 78 SA7
Among intruders vs. pairs 0.301 .83
Among controls 2334 139 .08
Amonyg intruders vs. controls 1.085 .36
Paired male vs. intruders SSM paired t-test 1.331 20 0.10
SSF - 1.219 19 .12
LGM 0.551 20 3.29
LGF — 0.808 19 2.21
Control male vs. intruders SSM ~2.175 35 2.02
SSF - 1.219 35 2.12
LGM -3.933 35 <{0.001
LGF — 4.132 34 <0.001
Pairwise: pairs X controls SSM pairwise t-tests 0.891 55 .19
SSF -0271 54 0.39
LGM 0.178 55 0.43%
LGF 1.748 53 0.04
Pairwise: intruders vs. pairs
X intruders vs. controls SSM — 1.656 55 0.04
SSF ~ 0.354 54 0.36
LGM - 2.257 55 0.01
. LGF - 1.039 53 C.15
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of a contest among paired and control males as well as among residents and
intruders. Thus such comparisons permit analysis of the influence of resident
behavior, as well as the influence of intruder behavior, on contest outcome.

1. Fight Intensity

There were no significant differences in fight intensity among paired males
and intruders (paired t-tests, p > 0.10 for all tests). Moreover, pairwise compari-
sons among paired and control males by intruder type were uniformly nonsig-
nificant (t-tests, p > 0.04). Same-sized and larger male intruders, and larger
reproductive female intruders, however, fought more intensely than control
males (paired t-tests, p = 0.02, < 0.001 and < 0.001, respectively, Table 2).
Moreover, pairwise comparisons of intruder fight intensities in contests against
paired males and against control males were nearly different against same-sized
male intruders (t-test, p = 0.04) and were significantly different against larger
male intruders (t-test, p = 0.01), with intruders fighting harder against control
residents in both cases. There were no significant differences in the fight inten-
sities among females fighting against paired males and against control males
(Table 2), but like male intruders, female intruders fought more intensely against
control males than against paired males. There were no significant differences in
fight intensity among residents (ANOVA, p = 0.47, for paired males; p = 0.08
for control males), or among intruders (p = 0.831, for intruders against paired
males; p = 0.36, for intruders against control males).

To summanize, paired males fought no more intensely than control males
against all intruders, while intruders fought more intensely against controls than
against pairs. This suggests that intruders may “hold back” in contests against
paired male residents.

2, Strike Ratio

Paired males used significantly higher strike ratios against same-sized male,
same-sized reproductive female and larger male intruders (paired t-tests, p <
0.002 for all comparisons, Table 3) than these intruders used against them. Paired
males also used somewhat higher (p = 0.019) strike ratios against larger reproduc-
tive female intruders. With the exception of contests against same-sized male
intruders, no such differences were found in comparisons of strike ratios among
control males and intruders. In fact, control males showed somewhat lower strike
ratios than larger male and larger reproductive female intruders. Furthermore,
strike ratios of paired males were consistently higher than those of controd males
against all intruder types (pairwise t-tests, Table 3).

There were no pairwise differences in intruder strike ratios in contests
against paired males and against control males (p > 0.079), and there were no
differences in strike ratio among paired males or among intruders in contests
agamnst paired males (ANOVA, p = 0.66 and 0.14, respectively). Strike ratios
among control males and among intruders against control males, however,
showed significant heterogeneity (ANOVA, F = 2.832, p = 0.04 and F = 7.246,
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Tuble 3: Strike ratio (n strikes/total aggressive acts) for residents and intruders in contests involvin
. . . - . g
paired and control males vs. same-sized and 15 %-larger, male and reproductive female intruders. All
values arcsin-transformed for statistical comparison

Intruder type
Same-sized male Same-sized female Larger male Larger temale
Pairs  Controls  Pairs  Controls  Pairs  Conwols  Pairs  Controls
R 1 R [ R I R 1 R I R I R I R I

n 20 20 35 35 20 20 35 35 20 20 34 34 20 20 34 34
Mean  .285 .C62 .268 .136 .269 .035 .098 .063 .365 .128 .213 .275 .315 .147 .147 .155
2SE 127 075 .110 .079 .156 .049 .054 .042 .121 .092 .097 .079 .141 .095 .057 .022

Comparison Intruder -~ Test Value n P
Among pairs all ANOVA 0.530 79 0.66
Among intruders vs. pairs 1.877 0.14
Amony controls 2.832 137 0.04
Among intruders vs. controls 7.246 0.001
Paired males vs. intruders SSM paired t-test 3.526 20 2.001
SSF 3.214 20 0.002
LGM 3.597 20 0.001
LGF 2,223 19 0.019
Control males vs. intruders SSM 2.509 35 0.008
SSF 1.266 35 0.107
LGM - 1.267 34 0.107
LGF - Q.166 34 0.434
Pairwise: pairs X controls SSM pairwise t-tests  — 0.312 55 0.378
SSF - 2.347 55 2.011
LGM - 2.099 54 0.020
LGF - 2.367 54 0.011
Pairwise: intruders vs. pairs
X intruders vs. controls SSM 1.430 55 5.079
SSF 0.863 55 0.196
LGM - 1.250 54 0.109
LGF 0.217 54 0.415

p = 0.001, respectively). These differences were evidently the result of control
males striking reproductive female opponents considerably less than they struck
male opponents, and reproductive female intruders striking less than male
intruders. For unpaired control males, perhaps attempting to pair with reproduc- ?
tive females, this result makes sense and further accentuates the fact that paired
males delivered significantly more strikes, particularly at female opponents, than
control males. This greater tendency for paired males to strike intruders, com-
bined with the tendency for intruders to fight less intensely against paired males,
may explain why paired males are excepuionally successful in guarding their
cavities.
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Evictions, Mate Exchanges and Extra-Pair Mating Attempts
1. Evictions

26 of 166 contests resulted in the eviction of one (n = 16) or both members
(n = 10) of a pair. 8 of 10 double evictions were accomplished by larger intruders.
In 10/16 single evictions (63 %) the usurping intruder paired with the remaining
resident. Same-sized reproductive female intruders replaced female residents once
(p = 0.024, n = 41), same-sized male intruders and larger reproductive female
intruders each replaced male residents twice (p = 0.048, n = 41 and p = 0.05,n =
40, respectively), and larger male intruders replaced male residents five times (p =
0.114, n = +4).

2. Mate Exchanges

If stomatopods replace their present mates with higher quality (larger)
individuals, the frequency with which mates are exchanged should be higher in
contests against larger, opposite-sex intruders. This hypothesis was rejected,
however, (G = 3.15, p > 0.10, n = 166), as exchanges occurred evenly across all
intruder sexes and sizes. Thus neither paired males, nor paired females showed a
significant tendency to exchange mates, even when opposite sex intruders were
larger (i.e., of potentially higher quality). However, a substantial proportion of
15 %-larger male intruders evicted and replaced paired males (p = 0.11). In these
cases, paired females made no attempt to prevent the larger male from entering
the cavity, and remained paired with the larger males unul oviposition.

3. Extra-Pair Copulation Attempts by Males

Attempts by paired males to copulate with intruder females were rare (3/91
trials, p = 0.03), but resident males exhibited two tactics that may permut
extrapair matings in nature. Once, a paired male left his cavity when confronted
with a same-sized female intruder. The male grasped the intruder female and
copulated with her directly in front of the cavity entrance. After 20's, the male
abandoned the intruder female and re-entered the cavity, striking the intruder
female when she attempted to follow him in. Two other paired males admitted
intruder females into their cavites.

In the first of these two latter cases, a same-sized female intruder rushed intg
the cavity almost immediately after introduction to the arena. The paired resident
male did not prevent her entry. Once the intruder had entered, however, several
strikes were audible from inside the cavity and the intruding female (who was
recognizable by stab wounds on her carapace, sustained before collection) was
evicted. The resident male probably did not have time to copulate with the
intruder- female in this case. In the other case, a paired male permitted a 15 %-
larger female to enter his cavity. The intruder remained within the cavity for
nearly 2 h before evicting both members of the original pair. Whether the resident
male was able to mate before eviction, however, was unclear.
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Discussion

Cavity Defense by Males

Defense of the reproductive habitat in Gonodactylus bredini is almost
entirely undertaken by males. In these experiments, moreover, paired males were
significantly more successful against larger intruders than unpaired, control
males. Although paired males were only slightly more successful than controls in
defending their cavities against same-sized intruders, resident stomatopods have a
positional advantage over intruders and typically win a majority of contests
against same-sized opponents iu any case (CALDWELL & DINGLE 1979; STEGER
1985). This positional advantage is therefore likely to obscure the magnitude of
the increased defensive success paired males may experience over same-sized
intruders.

Fighting Tactics of Paired Males

The tactical reasons tor greater guarding success of paired males seem
unrelated to initial acts of aggression. While paired males were more vigilant than
control males, paired males neither threatened intruders more nor escalated
contests faster than control males. Furthermore, paired males did not prolong
contests and fought no more intensely than control males. Paired males did,
however, include a higher proportion of strikes in their fight repertoires than
unpaired males, making fights with paired males particularly dangerous. Perhaps
to avoid injury against such aggressxve opponents, intruders fought less intensely
against paired males than against control males.

The Behavior of Paired Males Toward Reproductive Female Intruders

Paired males used essentially the same fighting tactics against male intruders
that they used against female intruders. This was unexpected given that all
intruder females in this experiment had advanced sternal-gland development and
were sexually receptive. Paired males, however, seldom attempted to mate with
intruder females and almost never allowed these females into their cavities. The
constraints of cavity volume and possible deleterious effects of oxygen depletion
within cavities may in general dissuade females from joining, and thus prevent
males from attempting to form polygynous breeding aggregations. That paired
males actually attacked intruder females, however, suggests it may be costly for
paired males merely to permit female intruders to remain near their cavities. That
same-sized, and particularly larger, intruder females were capable of evicting
pairs from cavities, moreover, indicates that paired males have good reason s
concentrate on avoiding eviction rather than on securing additional mates.

Factors Affecting the Persistence of Stomatopod Pairs

The vigorous defense of coral-rubble cavities by nonreproductive
stomatopods is testimony to the value of this resource to both males and females
(STEGER 1985, 1987). Stomatopod females require a cavity in which to brood and
defend their developing young after oviposition (CALDWELL 1986a). Both mem-
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bers of a breeding pair might therefore be expected to take active roles in cavity
defense. The pattern of female receptivity in this species, and circumstances
necessary for successful reproduction by males, however, suggest that the cost of
eviction is unequally borne among members of breeding pairs. It follows that the
risks of cavity defense are likely to be assumed by the individual that stands to
lose more if one or both members of the pair are evicted.

1. The Pattern of Female Receptivity

Unlike many crustaceans, sexual receptivity in female stomatopods is not
associated with molting (CALDWELL 19862). Not only is mating possible through-
out the female’s breeding cycle but females can store viable sperm for at least one
month (CALDWELL, pers. obs.). Males copulate with females within a few min
after females enter their cavity, and mating occurs repeatedly before oviposition
(CaLDWELL, pers. obs.). Litule is known about sperm competition in
stomatopods, but the breeding biology of these animals suggests that considerable
potential for such competition exists (PARKER 1970).

2. The Costs of Eviction to Males and to Females

If evicted from a cavity, both sexes experience the risk of predation, and time
and energy lost in locating a new cavity. Evicted males not only lose their present
mate, bur since reproductive females are likely to mate again (CALDWELL 19864;
SHUSTER, unpubl. data) evicted males also lose the time and energy invested in
guarding a particular female prior to eviction. If the evicted male is to mate again,
he must locate and control a new cavity. Since suitable cavities are limited in
number (STEGER 1987), and since residents have a positional advantage over
intruders, even if the evicted male is successful in usurping another cavity, the
new cavity 1s likely to be lower in quality than the one he previously held. An
evicted male might locate an unpaired reproductive female in a cavity, but the
time available for acquiring a mate in this manner is limited due to populational
synchrony in female receptivity. Depending on how long the male has held his
previous cavity, the likelihood of pairing with another female progressively
diminishes. Thus if no other females are available, an evicted male loses his
current reproductive effort and must wait at least a month for another opportun-
ity to breed.

Reproductive females evicted from cavities suffer few of these costs because
they are less restricted in gaining a new cavity than males. Reproductivefemales
seldom engage in escalated aggression when confronting single males established
in cavities, and typically move in with little trouble. Once inside, females
copulate with and are protected by their new mates. If previously paired females
cannot locate a cavity occupied by a single male they, like evicted males, must
locate a vacant cavity or take over an occupied cavity. However, since previously
paired females are already inseminated they, unlike males, need not locate another
mate to reproduce. Selection undoubtedly favors males that are strongly moti-
vared to defend their reproductive habitat against any intruder attempting to enter
and possibly take over their cavity. Moreover, while females still experience some
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risk of eviction by intruders, by exploiting the extreme motivation of cavity-
defending males, females gain protection and avoid the risks of cavity defense
themselves. : ‘

The substantial risks incurred by the guarding males may further explain
why males show little tendency to replace their mates with other, even larger,
females. If a male has successtully guarded a female throughout her recepuve
period, a male’s present mate provides greater paternity assurance than any female
intruder. Moreover, the reproductive condition of the mated female is certain.
Intruder females are known to behave as if they are receptive, enter cavities, and
subsequently evict the male resident without copulating (CALDWELL 1986b).
Weighed against the possible benefits of increased fecundity, the risks of cavity
loss seem considerable. Males show little tendency to relinquish their present
mates for larger reproductive females, and while males engage in extrapair mating
attempts that seem unlikely to jeopardize their present holdings, such activity is
seldom observed.

Female Reproductive Biology and Animal Mating Systems

Defense of the breeding cavity by male stomatopods appears to have evolved
in response to the pattern of female receptivity in this species. This pattern of
receptivity evidently increases a female’s chances of acquiring a cavity for
brooding developing young. Discussions of male guarding behavior often imply
that by monopolizing females, males somehow control female reproduction.
Patterns of female receptivity, and thus of male guarding behavior, however, are
fundamentaily influenced by selective forces creating variance in female reproduc-
tive success. If environmental factors shaping female reproductive biology are
indeed the prime movers of mating-system evolution, then males, rather then
being in control of female reproduction, are often substanually controlled
themselves.
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