
INTRASPECIFIC AGONISTIC INTERACTIONS OF
SQUILLA EMPUSA (CRUSTACEA: STOMATOPODA)

by

JENNIFER L. WORTHAM-NEAL1,2)

(University of Louisiana at Lafayette, Louisiana, USA)

(Acc. 30-XI-2001)

Summary

Mantis shrimp are benthic, predatory marine crustaceans that have complex agonistic interac-
tions. These crustaceans are divided into two functional groups based on the morphology and
use of their raptorial appendage: smashers and spearers. Most research on the agonistic be-
haviours of mantis shrimp has focused on smasher species and on contests between asymmet-
rical and same-sex individuals. No studies have investigated the intersexual and intrasexual
interactions of size-matched spearer individuals. I conducted a laboratory experiment using
Squilla empusa, a spearer that lives in the Gulf of Mexico, to determine if agonistic differ-
ences exist between males and females. The results suggest that (1) although threat displays
are rare in both males and females,male aggressive interactionsinvolvingphysical contact are
common, (2) males engage in more aggressive behaviours and interactions than do females,
(3) females are less aggressive toward both males and females than males are toward males
and females; interactions involving females are usually passive, non-striking, whereas inter-
actions involvingmales can result equally in a strike or passive behaviour, (4) males are more
aggressive than females, and (5) an increase in the number of treatment individuals resulted
in an increase in the number of interactions.The behaviours of Squilla empusa are compared
with literature reports concerning other species of mantis shrimp. The differences in habitat,
feeding method, vision, and burrow type may explain the differences between smashers and
spearer agonistic behaviours.
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Introduction

Intraspeci� c contests among individuals are usually for a limited resource,
such as food, space, or mates. Energy used for agonistic behaviours is not
available for feeding and reproduction, and different acts and displays have
different energetic costs and risks (Maynard Smith, 1982; Smith & Taylor,
1993). One important function of agonistic interactions is opponent assess-
ment. Escalated contests occur if individuals cannot assess their opponent
in terms of size asymmetries or � ghting ability (Parker, 1974; Maynard
Smith & Parker, 1976; Stamps & Krishnan, 1997). If there is a small differ-
ence between contestants, assessment and differences in � ghting ability may
not be evident initially, and, � ghts tend to escalate and last longer (Parker,
1974; Mesterton-Gibbons & Adams, 1998). Most aggressive contests are set-
tled without escalation in many taxa because of the cost involved in � ght-
ing (Pool, 1995; Stamps & Krishnan, 1997). If one individual is larger or
stronger, the outcome of a contest is predictable so there is a bene� t to both
individuals to settle the dispute quickly.

In crustaceans, assessment ability, levels of aggression and degree of
territoriality are often related to habitat type and the availability of resources.
The energetic cost of agonistic behaviours may in� uence the strategy used
by marine crustaceans in contests (Smith & Taylor, 1993). Aggressive and
defensive behaviours control social interactions (Schone, 1968) and factors
(i.e. population density, competition, predation, mating frequency, moult
stage) in� uence social and mating behaviours in marine crustaceans (see
review in Caldwell & Dingle, 1977).

Dingle (1983) summarized three criteria needed for the evolution of ago-
nistic behaviours in Crustacea: (1) resources must be worth defending, (2) re-
sources must be defendable (i.e. occupied or con� ned), and (3) individuals
must have the ability and need for defence of the resource. Most crustaceans
are excellent model organisms to study the evolution and function of aggres-
sive behaviours because (1) they make formidable opponents by possess-
ing spines, chelae, or claws, (2) they occupy defendable ‘homes’ that vary
in energy expended for construction or defence, such as shells, burrows, or
cavities, and (3) many species can be maintained in the laboratory due to
their small size and can also be observed in the natural habitats. Agonis-
tic behaviours of many crustaceans have been studied (cray� sh: Bovbjerg,
1956; brachyuran crabs: Schone, 1968; snapping shrimp: Schein, 1975; her-
mit crabs: Hazlett, 1978; stomatopods: Caldwell & Dingle, 1979).



AGONISTIC INTERACTIONS OF SQUILLA EMPUSA 465

Mantis shrimp, also called stomatopods, are active predatory, marine,
bethic crustaceans that exhibit complex quanti� able behaviours, which may
not differ between the sexes (Caldwell, 1992). The variable assortment and
complexity of agonistic behaviours and interactions in mantis shrimp appear
to be related to their habitat as well as their feeding methods. There is
variation in agonistic behaviours and their functions among families and
species (Dingle & Caldwell, 1975).

Stomatopods are divided into two functional groups, smashers and spear-
ers, based on differences in morphology, habitat, and behaviour. Caldwell
(1991) summarized the main differences in behaviour, habitat, and ecol-
ogy between these groups. Generally, smashers are more cavity limited and
have evolved more complex agonistic and mating behaviours than spearers.
Smashers and spearers differ in the morphology and use of the raptorial ap-
pendage; smashers have an enlarged heel of the dactyl and use it to kill hard-
bodied prey, whereas spearers use teeth on the dactyl to kill soft-bodied prey
(see Table 1 for summary). Because stomatopods are active, these taxa have
provided scientists with a system to study agonistic interactions, speci� cally
intraspeci� c interactions related to limiting resources such as cavities or bur-
rows.

Stomatopods are sensitive to differences in individual strength and size
(Caldwell & Dingle, 1979; Adams & Caldwell, 1990). Larger individuals are
usually stronger, more experienced, and have the potential to in� ict greater
injury in a dispute. Stomatopods have indeterminate growth, which suggests
that interacting adults vary in body size in their natural habitats. Thus, the
probability of a successful agonistic interaction is related to an individual’s
relative aggressive level and size. Most studies of intrasexual and intersexual
agonistic interactions in smashers have been in respect to body size, and
few studies have quanti� ed the agonistic behaviours of spearers (Dingle &
Caldwell, 1975, 1978; Caldwell & Dingle, 1975) (see Table 2 for summary).

Squilla empusa Say, a spearer mantis shrimp, is distributed in the mud and
sandy bottoms of the Atlantic Ocean from Maine, U.S.A. to Surinam, South
America and in most of the Gulf of Mexico (Manning, 1969). It excavates
and inhabits burrows constructed out of a combination of sand and mud and
occurs in high salinity waters (Franks et al., 1972).

Sqiulla empusa ranges in total length from 28.7-165.0 mm for males
and 33.8-185.0 mm for females (Manning, 1969). Rockett et al. (1984)
collected individuals that ranged from 26-132 mm in total length and found
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TABLE 1. General comparison and summary of typical characteristics of
smasher and spearer stomatopods

Characteristic Smasher Spearer Reference

Burrow type Pre-existing hard Self-excavated— Caldwell, 1991
substrate — mud and sand
coral and rock

Burrow abundance Limited by sheer numbers Limited by energy Caldwell, 1991
to construct

Common depth 0-20 m 50-100 m Abbott et al.,
1984

Light Bright Dim Caldwell, 1991

Water clarity Clear Turbid Caldwell, 1991

Body color Bright Dull Abbott et al.,
1984

Meral spread Common Rare Dingle &
display Caldwell, 1975

Meral spot Bright colors Dull colors Abbott et al.,
1984

Activity Active in day Active at night; Caldwell, 1991
in day, only to
forage

Light rays Funneled into rhabdom Not funneled Abbott et al.,
1984

Ommatidia Very skewed Barely skewed Abbott et al.,
1984

Prey type Hard-armored animals Soft-bodied animals Caldwell, 1991

statistically signi� cant differences between male and female body sizes once
larger size was obtained, with females being larger. Most females spawn in
an 8-month period from January to August; however, a few gravid females
were collected from September to December (Rockett et al., 1984; pers.
obs.).

Myers (1979) determined for northern populations of Squilla empusa that
burrows differed between winter and summer months with vertical winter
burrows (about 4.1 m) consisting of one opening and horizontal summer
burrows (about 2 m) having two similar sized openings. Myers (1979) & Frey
& Howard (1969) reported that populations as far south as Georgia (USA)
have similar burrows all year, and the burrows have at least two openings.
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TABLE 2. Summary of research on intraspeci� c mantis shrimp behaviours

Species MM FF MF Size Different Cavity Open Reference
matched sizes defence arena

Cloridopsis scorpio¤ X X X N X 1/

Gonodactylus bredini X X X X X A, N X 2/

Gonodactylus festae U U U X A Caldwell, 1985
Gonodactylus festai X X X A X Caldwell, 1979
Gonodactylus incipiens X X X X N X Dingle et al., 1973
Gonodactylus oerstedi X X X U U N Dingle &

Caldwell, 1966
Gonodactylus spinulosus X X X X Dingle, 1983
Gonodactylus viridis X X X X X Caldwell &

Dingle, 1979
Gonodactylus zacae X X X 3/

Haptosquilla glyptocercus¤ X X X X X X 4/

Oratosquilla inornata¤ X X X N X 5/

For many studies, the methods reported that intersexual interactions were conducted, but
they were not reported in the results or discussion. Also, for many studies, the type of
encounters that were staged is unclear in the methods; but upon reading the results, it appears
that both size matched and different sized matched interactions occurred. MM D male-male
interactions; FF D female-female interactions; MF D male-female interaction; U D unclear
or unable to tell from methods what type of tests conducted; ¤ D spearer mantis shrimp; N D
natural burrow made from coral/rock substrate or animal self-excavated in sediment; A D
arti� cial burrow used of glass � ask, concrete, or PVC pipe.
Note: 1/Dingle & Caldwell, 1975, 1978. 2/Dingle, 1969; Dingle & Caldwell, 1969; Dingle &
Caldwell, 1972; Shuster & Caldwell, 1982; Berzins & Caldwell, 1983; Steger & Caldwell,
1983; Dingle, 1983; Montgomery & Caldwell, 1984; Shuster & Caldwell, 1989; Adams
& Caldwell, 1990; Caldwell, 1992. 3/Caldwell, 1972; Reaka, 1972. 4/Dingle et al., 1973;
Caldwell & Dingle, 1977. 5/Dingle & Caldwell, 1975, 1978.

The purpose of this study, using a species of spearer mantis shrimp,
Squilla empusa, was to engage size-matched individuals and study the
interactions and behaviours between same-sex and opposite-sex individuals.
The main objective was to determine behavioural differences between males
and females, without the variable of body size asymmetries.

The predictions of this study were that (1) Squilla empusa should rarely
display but have frequent, physically aggressive, interactions. The rationale
for this prediction is that most spearers have poor vision, dull meral spots,
and live in deep, murky waters, all of which make assessment of others dif-
� cult (Caldwell, 1991). (2) Males and females are equally aggressive. There
should be equal numbers of interactions between same-sexed individuals and



468 JENNIFER L. WORTHAM-NEAL

opposite-sex individuals. The rationale for this prediction is that spearers
have little ability to assess their opponents (due to murky habitat, dull meral
spot morphology, and little sexual dimorphism). Individuals may need phys-
ical contact in order to assess their opponents. (3) An increase in the number
of treatment individuals should lead to an increased number of interactions,
just based on an increased chance of encountering another shrimp.

Methods

Collection and laboratory methods

In the Gulf of Mexico off the coasts of Louisiana, Mississippi, and Alabama, I collected
Squilla empusa at night in June 1997 and June 1998 using shrimp trawls aboard the
R/V Tommy Munroe (Southeast Area Monitoring and Assessment Program — SEAMAP
cruises). These organisms live in high densities, and over 100 individuals can be collected
during a 30-min trawl. The shrimp were transported back to The University of Louisiana at
Lafayette in collecting bags with oxygenated seawater. Shrimp were housed individually, in
order to prevent agonistic behaviours and cannibalism, in containers 32 £ 16 £ 9 cm that
were submerged in a round aquaculture tank (approximately 5678 L). Individuals were fed
peeled penaeid shrimp, and water temperature ranged from 21-23±C with a photoperiod of
14L : 10D, while salinity ranged from 30-33 ppt. Because Manning (1969) determined that
carapace length (CL) was an accurate estimate of total length, each animal was sexed and CL
was measured. Individuals were sexed by identifying the penes on males at the base of the
8th walking appendage and a modi� ed 6th ventral thoracic segment with a seminal receptacle
on females. Because injuries impact � ghting behaviour (Berzins & Caldwell, 1983), only
animals with both raptorial appendages were used.

Squilla empusa constructs natural burrows of a longer length (about 2 m) than provided in
these laboratory experiments (40.6 cm) (Myers, 1979). The laboratory constraint of using
polyvinyl chloride (PVC) as arti� cial burrows, however, did not seem to in� uence the
behaviour of the mantis shrimp. Many previous studies have used arti� cial burrows in the
laboratory to simulate burrow/territory quality (plastic bottles with the smasher Gonodactylus
festai: Caldwell, 1979, Gonodactylus bredini: Berzins & Caldwell, 1983, Gonodactylus
festae: Caldwell, 1985; Erlenmeyer � asks with the smasher Gonodactylus falcatus: Reaka,
1980, smasher Gonodactylus bredini: Dingle & Caldwell, 1969, 1972; spearers Oratosquilla
inornata and Cloridopsis scorpio: Dingle & Caldwell, 1975, 1978; PVC pipe with the
spearer Oratosquilla oratoria: Matsuura & Hamano, 1984). In all of the species above and in
my preliminary observations of Squilla empusa, individuals accepted arti� cial burrows and
appeared to treat them as natural burrows (i.e. by defending them from invaders, returning to
them with provided food, cleaning excess food from them, and brooding eggs in them). The
PVC burrow used in this study had two-openings, similar to southern natural burrows.

Experimental design

I examined intrasexualand intersexual interactionsamong intermoult individuals.To examine
the role of sexual interactions in agonistic behaviours, each test animal was presented with a
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Fig. 1. Experimental test arena. Treatment individuals corresponding to treatments 1-5 and
7-11 were placed in the left and/or right chambers. The focal animal was placed in the middle
chamber. Black mesh dividers divided the chambers and were removed after a one-hour

acclimation period.

series of six different treatments (6 treatments D 1 trial, described below). Altogether, 300
interactions among 50 shrimp (25 males and 25 females) were observed for a total of 450
hours. The entire test arena was 626 £ 635 £ 127 cm and was divided into three chambers
by using dark mesh dividers, which allowed water � ow but prevented direct contact between
individuals. Two arti� cial burrows were placed in the test arena, one at each end of the test
area (side A and side B) (Fig. 1). The burrow sizes were selected based on a regression
equation that predicts preferred burrow size (mm) from CL (my unpublished data). Before
the dividers were removed, focal and treatment individuals were allowed to acclimate for 1 h
in the chamber, which was enough time to establish ownership of a burrow (Caldwell, 1979;
Shuster & Caldwell, 1989).

Focal animals (Nmale D 25, Nfemale D 25) were randomly selected and placed in the
middle chamber, while individuals corresponding to one of the six treatments were placed
in the left and right chambers (Table 3). Individuals were randomly placed in right and left
chambers, and treatment order was randomised. Each focal animal was randomly tested in
6 treatments (male: treatments 1-6, females: treatments 7-12). Treatment individuals were
residents of burrows, while focal animals represented animals without burrows. To control
for body size effects, all individuals used in each trial differed less than 10% in body size
(Caldwell, 1979; Caldwell & Dingle, 1979). Each organism was fed one day before being
tested, and an individual was used only once in each trial (6 treatments D 1 trial) to control
for recognition and learned behaviours (Caldwell, 1979, 1992).

Behaviours were based on those de� ned by Dingle (1969, 1972) and Dingle & Caldwell
(1969). An ‘act’ is the performance of a single speci� c behaviour by a single individual. A
‘strike’ is a blow delivered by one individual to another individual using the dactylus of the
raptorial appendage and is the most obvious aggressive act. In my study, the dactyl always
remained folded and no individual ever struck an opponent with the spear end of the raptorial
appendage. ‘Meral spread/display’ is the outward spreading of the raptorial appendage.
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TABLE 3. Treatments for focal male and focal female individuals

Treatment/Individual Left Middle/Focal animal Right N

Treatment 1 Male Male Female 25
Treatment 2 – Male Male 25
Treatment 3 – Male Female 25
Treatment 4 Male Male Male 25
Treatment 5 Female Male Female 25
Treatment 6 (Control) – Male – 25
Treatment 7 Male Female Female 25
Treatment 8 – Female Male 25
Treatment 9 – Female Female 25
Treatment 10 Male Female Male 25
Treatment 11 Female Female Female 25
Treatment 12 (Control) – Female – 25

Treatment individuals were placed in the left and/or right side of the test area, and this
procedure was done using a random numbers table to determine which individual went into
each side for every treatment.

‘Activity level’ was determined by how many times the focal animal crossed a boundary
line from the left, middle, or right chambers of the test arena. Every time that the focal animal
moved across a boundary line, this counted as one movement. An ‘interaction’occurred when
two individuals met each other and some physical contact was made. A ‘passive’ behaviour
occurred when two individuals interacted but did not resort to aggressive striking behaviour.

Contest duration in� uences � ghting behaviours in stomatopods. After a short time,
interactions between two individuals decrease (Adams & Caldwell, 1990). Dingle (1969)
reported the most aggressive behaviours occur within the � rst 20 min of a 60-min contest,
and activity level and frequency of agonistic acts decline toward the end of a contest. More
aggressive acts (i.e. strikes) occur in interactions with cavities/burrows rather than in open
arena contests (Dingle & Caldwell, 1975). Thus, I used a burrow experimental design, instead
of the open arena. I recorded the following behaviours associated with agonistic interactions
for 30 min and then at four periodic observations over the next 60 min: (1) ‘activity level’
(number of movements) of the focal animal in each treatment, (2) the number of ‘strikes’ by
treatment individuals and by focal animals, (3) the total number of interactions between a
focal animal and a treatment individual, and (4) the result of an interaction (the contest lead
to a ‘strike’ or to ‘passive’ behaviour).

Statistical analyses

The purpose of this study was to determine if there are intrasexual differences in agonistic
behaviours related to body size (CL) in Squilla empusa, as well as to uncover any intersexual
differences in agonistic behaviours. Many different statistical tests were needed to compare
intrasexual and intersexual behaviours and to test for relationships of speci� c behaviours to
body size. All statistical analyses were conducted using SAS software (SAS Institute, Inc.,
1999) and Siegel & Castellan (1988). A Shapiro-Wilkes test for normality was conducted
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on all data in order to determine if normality assumptions were met. If normality assump-
tions were met, parametric statistics were used. If normality assumptions were not met, then
transformationof the data set was attempted. If the transformationdid not improve normality,
then nonparametric statistics were used. Multiple comparisons are reported only for signi� -
cant tests (® D 0:05). Because of the exploratorynature of this experiment, alpha values were
not reduced (Jaeger & Halliday, 1998).

Size and burrow analyses

A t -test was conducted to determine if focal males (N D 25) and females (N D 25)
differed in body sizes. To determine if males and females occupied burrows at equal
frequencies, the number of individuals (treatment and focal animals) that entered a bur-
row and occupied it was recorded and a chi-square test was used. Next, the treatment
in which the focal individual entered a burrow the fastest was recorded. A chi-square
analysis was conducted separately for each sex of focal animal to determine if the sex
of treatment individuals in� uenced the rate that focal animals gained ownership of a bur-
row.

Activity level analyses

A Spearman correlation analysis was used to determine if the total number of movements
in a trial (6 combined treatments) was related to focal animal’s size (CL) (Nmales D 25,
Nfemales D 25). In order to determine if focal females differed from focal males in activity
level, a Wilcoxon signed ranks test (N D 25) was performed, which controlled for body size.
In this test, males and females were size matched. Friedman’s nonparametric analyses were
used to determine if male and female focal animals differed in activity level when placed with
the same combination of treatment individuals.

Interaction analyses

Because there were no individuals with which the focal animal could interact in treatments 6
and 12, these treatments were not included in these analyses. Linear regressionanalyses were
conducted on the total number of interactions in a trial with CL (for both focal males and
females). Because males and females were statistically different in body size, data for males
and females were analysed separately.

The number of contacts that occurred between two individuals (a focal animal and a
treatment individual) in a trial was recorded and analyzed using a t -test (Nmale D 25,
Nfemale D 25). The number of intrasexual interactions in all treatments combined (Ntotal D
50; Nmm D 25, Nff D 25) was compared to the number of intersexual interactions
in all treatments combined (Ntotal D 50; Nmf D 25, Nfm D 25) using a t -test. The
combined numbers of focal male-male (M-M) and focal female-female (F-F) interactions
were compared with the combined data of focal female-male (F-M) and focal male-female
(M-F) interactions. Next, I determined if the number of focal M-M interactions differed
in frequency from focal F-F interactions. A Kruskal-Wallis test was used to determine if
focal females and focal males interacted differently when placed with treatment females and
treatment males.
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The total number of interactions by each focal animal in each treatment was recorded and
a Friedman’s analysis was used to test if focal animals (Nmale D 25, Nfemale D 25) differed
in their interactions among the six treatments; post-hoc multiple comparison tests were
conducted on signi� cant tests. It was also documented if an interaction lead to aggressive
behaviour (a strike) or passive behaviour (one-tailed Wilcoxon signed-rank tests; statistical
sample size was reduced from 25 to 20 or 22, depending on individuals tested, due to tied
scores).

Aggressive agonistic behaviour analyses

A Spearman’ correlation was used compare the total number of strikes in a trial with the
size (CL) for each focal animal (excluding the control: treatments 6 and 12). A Friedman’s
analysis was used to determine if the total number of strikes varied among the 5 treatments.
A Kruskal-Wallisanalysis tested if male focal animal treatmentshad more strikes than female
focal animal treatments.

I recorded the number of strikes towards a focal animal by a treatment individual.
A Spearman’s correlation analysis was conducted to determine if the number of attacks on
focal animals was signi� cantly related to focal animal body size. A polynomial regressionon
female data was conducted.

The number of males striking a female (M-F), males striking a male (M-M), females
striking a female (F-F), and females striking a male (F-M) was documented and analysed
using a Friedman’s test. In these analyses, data from the different treatments were combined,
excluding the controls. A Kruskal-Wallis test was used to determine if the number of
intersexual and intrasexual aggressive behaviours differed between male and female focal
trials.

Results

Size and burrow analyses

Males were signi� cantly smaller than females (Table 4A). The frequency
of burrow ownership did not differ signi� cantly between males and females
(Table 4B). Sex of treatment animals (the main variable among treatments)
did not signi� cantly in� uence the fastest time that focal individuals entered
burrows (male: df D 5, Â2 D 5:64, p D 0:90; female: df D 5, Â2 D 3:0,
p D 0:90).

Activity level analyses

Larger males moved more than smaller males (Fig. 2; Table 5A). However,
the number of movements was not signi� cantly correlated with focal female
body size (Table 5B). Focal males and females did not signi� cantly differ in
their activity level in a trial (Table 5C).
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TABLE 4. Do males and females have equal body sizes and occupy burrows
at equal frequencies? Body size and burrow occupation differences between

males and females of Squilla empusa in all trials (1 trial D 6 treatments)

Null hypotheses Means df Statistic p

Male Female

(A) No signi� cant difference between 18.2 mm 19.6 mm 48 t D ¡2:49 0.002
male and female body size (CL)

(B) No signi� cant difference in 411/ 26 11/ Â2 D 3:361/ 0.101/

the frequency of burrow
occupation between males and 202/ 15 12/ Â2 D 0:712/ 0.902/

female treatment1/ and focal individuals2/

Note: t D t -test; Â2 D chi-square test; df D degrees of freedom.

Fig. 2. Activity level of male focal animals. Spearman correlation coef� cient rs D 0:48,
p D 0:02.

Focal male activity level signi� cantly differed among the six treatments
(Table 5D). Focal males in treatment 4 (M-M) moved signi� cantly more than
in treatment 6 (control) (p < 0:05, number of comparisons D15). Focal
female activity level also signi� cantly differed among the six treatments
(Table 5E). Focal females in treatments 9 (F-), 10 (M-M), and 11 (F-F) had
signi� cantly more movements than focal females in the control (treatment
12) (p < 0:05, number of comparisons D 15). Male and female focal
animals did not show a difference in activity level when placed with the
same combination of treatment individuals (Table 6).
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TABLE 5. Is activity level related to the body size of the individual? Do males
and females have equal activity levels? Does activity level differ among the
different treatments? Differences in activity level between focal males and

females

Null hypotheses Medians df Statistic p

(A) No signi� cant correlation between rs D 0:48 0.02
activity level in a trial and male
carapace length (mm)

(B) No signi� cant correlation between rs D 0:27 0.20
activity level in a trial and
female carapace length (mm)

(C) No signi� cant difference Male: 42.0 (30) T C D 170 0.42
between male and female activity Female: 32.0 (33)
level in a trial

(D) No signi� cant difference in male Median: t1 = 7 (8) 5 Fr D 12:3 <0.05
activity level among t2 D 7 (7)
the 6 treatments (t1-t6) t3 D 5 (7)

t4 D 7 (8)
t5 D 5 (4)
t6 D 3 (5)

(E) No signi� cant difference in female Median: t7 = 3 (8) 5 Fr D 22:6 <0.001
activity level among t8 D 4 (8)
the 6 treatments (t7-t12) t9 D 5 (6)

t10 D 9 (12)
t11 D 9 (11)
t12 D 3 (4)

‘Activity level’ is the number of movements an individual made across a boundary line (left,
middle, and right sides) in the test arena. Every time an individual crossed a boundary line,
this counted as one movement. 1 trial D 6 treatments. Interquartile range is in ( ).
Note: rs D Spearman’s correlation coef� cient; T C D Wilcoxon Sign ranks test; Fr D Fried-
man’s two-way analysis of variance by ranks test; df D degrees of freedom; t D treatment.

Interaction analyses

The total number of interactions in a trial was not in� uenced by body size
(males: p D 0:25; females: p D 0:67). Male and female focal individuals
signi� cantly differed in number of interactions; males were involved in more
interactions than females (Table 7A). Same-sex individuals interacted about
the same number of times as opposite sex individuals (Table 7B). More
focal male-male interactions occurred than focal female-female interactions
(Table 7C). Focal animals behaved similarly with regard to the number of
interactions with members of the opposite sex (Table 7D).
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TABLE 6. Do males and females have equal activity levels when comparing
similar treatments? Comparison of female and male focal activity level in

each of the 12 treatments, using Kruskal-Wallis analyses

Treatment Male Female N Â2 df p

Median IQR Median IQR

1 vs 7 7 8 3 8 50 1.81 1 0.18
2 vs 8 7 7 4 8 50 0.59 1 0.44
3 vs 9 5 7 5 6 50 0.12 1 0.73
4 vs 10 7 8 9 12 50 1.19 1 0.27
5 vs 11 5 4 9 11 50 2.26 1 0.13
6 vs 12 3 5 3 4 50 0.01 1 0.90

‘Activity level’ is the number of movements across boundary lines in the test arena (from
left, middle, and right). The treatments compare focal male and females with the same sex
treatment individuals;Table 3 describes treatment individuals. Median values are the number
of movements of focal animal in the treatment. ‘IQR’ is the interquartile range for each
treatment.

TABLE 7. Do males and females have equal numbers of interactions? Are
there an equal number of intrasexual and intersexual interactions? The
differences in the number of interactions between focal male and female

individuals

Null hypotheses Means (SE) df Statistic p

(A) No signi� cant difference in the number Male: 16.3 (0.07) 48 t D 1:98 0.05
of interactions between Female: 10.9 (0.07)
focal males and females

(B) No signi� cant difference in the number Inter: 6.08 (0.03) 98 t D ¡0:45 0.65
of intrasexual and Intra: 6.61 (0.02)
intersexual interactions

(C) No signi� cant difference in the number M-M: 8.22 (0.05) 48 t D 2:10 0.04
of M-M and F-F interactions F-F: 5.17 (0.04)

(D) No signi� cant difference in the M-F: 7.08 (0.07) 48 t D 1:09 0.28
number of M-F and F-M interactions F-M: 5.17 (0.06)

An ‘interaction’ is when two individualsmet each other and some physical contact was made.
‘SE’ is standard error.
Note: t D t -test; df D degrees of freedom; M-M D male focal animal interacted with a male
treatment individual,F-F D female focal animal interactedwith a female treatment individual,
M-F D male focal animal interacted with a female treatment individual, F-M D female focal
animal interacted with a male treatment individual.
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TABLE 8. Does the number of interactions differ among the different
treatments? Differences in the number of interactions in each treatment

between focal males and females

Null hypotheses Medians df Statistic p

(A) Focal males have an equal number t1 D 3.0 (4) 4 Fr D 13:5 <0.01
of interactions among t2 D 1.0 (3)
the 5 treatments (t1-t5) t3 D 1.0 (3)

t4 D 4.0 (5)
t5 D 4.0 (4)

(B) Focal females have an equal number of t7 D 2.0 (3) 4 Fr D 11:0 <0.05
interactions among t8 D 1.0 (1)
the 5 treatmentst (t7-t11) t9 D 2.0 (3)

t10 D 2.0 (6)
t11 D 2.0 (2)

An ‘interaction’ is when two individualsmet each other and some physical contact was made.
Treatment 6 and 12 were not included in the analyses because there were not any other
individuals for the focal animal to interact. Interquartile range is in ( ).
Note: Fr D Friedman’s two-way analysis of variance by ranks test, t D treatment number.

Focal males and females did not differ signi� cantly in the number of
interactions with treatment females (male median D 7.0, female median D
5.0, Â2 D 0:95, df D 1, p D 0:33). Focal males had signi� cantly more
interactions with treatment males than did focal females (male median D
8.0, female median D 3.0, Â2 D 4:30, df D 1, p D 0:04).

For focal males, the greatest number of interactions occurred when
focal males were placed with two treatment individuals, regardless of sex
(Table 8A). Treatment 3 (F-) had signi� cantly fewer (p < 0:05, number
of comparisons D 10) interactions than treatments 1 (M-F), 4 (M-M), and
5 (F-F) (Table 8A). Focal females had the fewest interactions when placed
with only one male (Table 8B). Treatment 8 (M-) had signi� cantly fewer
(p < 0:05, number of comparisons D 10) interactions than treatments 10
(M-M) and 11 (F-F) (Table 8B).

Female intrasexual and intersexual interactions were signi� cantly more
likely to be passive (‘nonstriking’) than aggressive (‘striking’) (Table 9). In
male-male interactions, there was no signi� cant difference in the number of
passive and aggressive behaviours.
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TABLE 9. Are same sex interactions more likely to lead to an aggressive
outcome? Are opposite sex interactions more likely to lead to a passive

outcome? Focal animal response to speci� c types of interactions

Focal animal sex Treatment individual sex Outcome/Behavior N T C p

Male Male Strike D No strike 20 137.5 0.11
Male Female No strike 22 71 0.04
Female Male No strike 23 40.5 0.002
Female Female No strike 23 65 0.01

An interaction that resulted in passive actions is referred to as ‘no strike’, whereas an
interaction that resulted in an aggressive act is referred to as “strike”. Statistical samples
sizes eere reduced from 25 due to ties in data.
Note: T C D Wilcoxon signed ranks test.

Aggressive agonistic behaviour analyses

Neither larger focal males nor females were more likely to strike treatment
individuals during a trial compared to smaller focal individuals (Spearman’s
correlation, males: p D 0:76; females: p D 0:76). The number of strikes
varied among the six focal male treatments (Table 10). Focal males were
signi� cantly more likely to strike when presented with two treatment males
(treatment 4) than one female (treatment 3) (multiple comparison test:
p < 0:05, two-tailed test) (Table 10A). The number of strikes did not
signi� cantly differ among the other treatments (Table 10A). Focal females
did not signi� cantly differ in the total number of strikes among the � ve
treatments (Table 10B). Focal males had signi� cantly more total strikes per
trial than focal female (Table 10C). Focal males attacked both male and
female treatment individuals more than did focal females (Table 10D, 10E).

Focal animal body size did not signi� cantly in� uence the frequency that
treatment individuals attacked focal animals; large and small focal animals
were attacked similarly by treatment individuals (Spearman’s correlation,
focal males: p D 0:83; focal females: p D 0:79). There was a signi� cant
curvilinear relationship (in the polynomial analysis of y D x3) between the
total strikes in a trial directed at focal females and the focal females’ body
sizes (carapace3 : df D 1, 21, F D 4:30, p D 0:05) (Fig. 3).

In focal male and female trials, there was a signi� cant difference in
the frequency of striking the different sexes (M-M, M-F, F-F, F-M) (male:
df D 3, F D 38:2, p < 0:001; female: df D 3, F D 11:1, p < 0:02).
Males and females were more likely to be attacked by males than females in
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TABLE 10. Does the use of aggressive behaviours differ among the treat-
ments? Do males and females use aggressive behaviours equally? Striking

behavior of test and focal animals (total strikes in a treatment)

Null hypotheses Medians df Statistic p

(A) No signi� cant difference in the total t1 D 3 (6) 4 Fr D 14:3 <0.01
number of strikes among the 5 treatments t2 D 0 (2)
(t1-t5) for male focal animals

t3 D 0 (1)
t4 D 2 (4)
t5 D 2 (4)

(B) No signi� cant difference in the total t7 D 0 (2) 4 Fr D 6:18 >0.20
number of strikes among the 5 treatments t8 D 0 (1)
(t7-t11) for female focal animals

t9 D 0 (2)
t10 D 1 (4)
t11 D 1 (2)

(C) No difference in the total number of Male D 11.0 (11) 1 Â2 D 8:28 0.004
strikes in a trial between focal males Female D 6.0 (5)
and females

(D) No difference in the total number of Male D 2.0 (5) 1 Â2 D 4:48 0.03
strikes at female treatment individuals Female D 0.0 (2)
between focal male and female
individuals

(E) No difference in the total number Male D 3.0 (5) 1 Â2 D 4:41 0.04
of strikes at male treatment individuals Female D 1.0 (1)
between focal male and female
individuals

A ‘strike’ is a blow delivered by one individual to another individual using the dactylus of
the raptorial appendage and is the most obvious aggressive act. Treatments 6 and 12 were not
included in any analyses because there was no other individual to participate in an aggressive
encounter. Focal animals never performed a strike in treatment 6 or 12. 1 trial D 5 treatments.
Interquartile range is in ( ).
Note: Fr D Friedman’s two-way analysis of variance by ranks test, t = treatment number;
Â2 D Kruskal-Wallis test; t D t -test; df = degrees of freedom.

focal male trials (male and female, p < 0:05). There were signi� cantly more
male-male striking encounters than female-female encounters in both focal
male and focal female trials (focal male and focal female, p < 0:05). Focal
females and focal males trials had similar numbers of intersexual aggressive
encounters (M-F or F-M) (Table 11).
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Fig. 3. Polynomial regression analysis on the total number of strikes directed at a female
focal animal as a function of carapace length (carapace3: df D 1, 21, F D 4:30, p D 0:05).

TABLE 11. Do focal males and focal females strike opposite-sex individuals
equally? The differences in intersexual striking interactions in focal male

and focal female trials

Striking interaction Focal male Focal female Â2 p

Median IQR Median IQR

(A) Any male strikes any female when 2 3 1 2 3.19 0.07
focal animal was:

(B) Any female strikes any male when 1 2 1 2 0.0036 0.95
focal animal was:

A ‘strike’ is a blow to another individual using the raptorial appendage and is the most
aggressive act. Statistics given are the median number of strikes in a trial with a focal male or
female. ‘IQR’ is the interquartile range. A Kruskal-Wallis test was used. (A) D total strikes
by males in treatments 1, 3, 5, 7, 8, and 10. (B) D total strikes by females in treatments 1, 3,
5, 7, 8, and 10.

Discussion

Summary of results

The purpose of this study was to test for size and sex differences in spe-
ci� c behaviours and their frequency of use. There are several conclusions
that can be drawn from the results. (1) Any interactions involving a female



480 JENNIFER L. WORTHAM-NEAL

(F-F, F-M, M-F) were more likely to lead to passive, non-aggressive behav-
iours, whereas, male-male interactions had an equal likelihood of leading
to aggressive or non-aggressive behaviours. (2) The number of intersexual
(M-F C F-M) interactions were similar to the number of intrasexual
(M-M C F-F) interactions; however, males (M-M) engaged in more intrasex-
ual interactions than females (F-F). (3) Focal males were involved in more
interactions and strikes (with treatment individuals) than focal females. (4)
Males participated in more interactions and more aggressive behaviours with
other males than did females. (5) While males are generally more aggressive
than females, males and females participated in similar numbers of inter-
sexual aggressive acts. (6) There was no relationship between the number
of interactions or the number of strikes for either sex and body size. Larger
individuals engaged in similar numbers of interactions as smaller and in-
termediate sized individuals, and larger individuals were attacked similarly
to smaller individuals. (7) There was a relationship between the number of
interactions and the number of individuals in the treatment. The treatments
with only one treatment individual (treatments 2, 3, 8, 9) had fewer interac-
tions than treatments with two treatment individuals (treatments 1, 4, 5, 7,
10, 11). (8) Males and females did not differ in their activity levels, regard-
less of body size or treatment. (9) Larger males moved more than smaller
males. (10) Males and females occupied burrows at similar frequencies.

Inferences from results regarding spearer agonistic behaviours

Little work on the intersexual interactions of spearers stomatopods has been
reported. Males of Cloridopsis scorpio participate in more agonistic acts
than females; in Oratosquilla nepa and O. inornata, there are no agonistic
differences between the sexes (Dingle & Caldwell, 1975). In my present
study, there were more male-male interactions and aggressive behaviours
than female-female interactions and aggressive behaviours.

There appears to be no relationship between body size and frequency of
interactions for Squilla empusa, perhaps because spearers have less precision
in their visual senses. Spearer mantis shrimp may rely on direct physical
contact in order to assess other individuals, unlike smashers, which have
complex vision with which to assess other individuals without direct contact
(Abbott et al., 1984).

Small and large focal animals had similar numbers of strikes directed at
them, and there was no relationship between the number of attacks by each
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sex and the size of the male or female focal animal. Smaller males were not
more likely to be attacked by males than were larger individuals. Thus, body
size in Squilla empusa may not be a good predictor of individual aggressive
tendencies.

The results of male size-matched contests suggest that males have a 50%
chance of being physically attacked; thus, 50% of the interactions involving
two males will lead to a ‘strike’ and 50% will lead to ‘no strike’. Any
interaction involving a female is more likely to result in passive, non-striking
behaviour.

Individuals, especially males, engaged in frequent aggressive striking acts.
The strike has several functions; it can be used to drive opponents away from
a territory, in prey capture, and in feeding. The raptorial strike can be lethal,
and a single strike can in� ict severe injury; thus escalated contests can be
viewed as risky behaviour to both contestants (Berzins & Caldwell, 1983).
Most strikes directed at individuals of the same or different stomatopod
species, however do not result in severe damage and are conducted with the
dactyl closed (Dingle & Caldwell, 1975; Caldwell, 1979). No damage by a
raptorial strike was observed in my study. Thus, striking behaviour can be
viewed as a forceful, yet non-destructive, display.

Burrow occupation did not vary signi� cantly between the sexes. Males
and females occupied burrows at similar frequencies, which suggests that
burrows are resources of equal importance to both sexes.

Comparison of spearer and smasher agonistic behaviours

A main hypothesis that attempts to explain the differences in agonistic
behaviours between smashers and spearers is that, because spearers are
not limited by sheer numbers of burrows/cavities as are smashers, there
has not been selection for the evolution of complex agonistic behaviours
for cavity defence (Dingle & Caldwell, 1975). Members of the family
Squillidae have been documented as having less complex behaviours and
usually being less aggressive than members of the mostly smashing family
Gonodactylidae. Caldwell & Dingle (1975) and Dingle & Caldwell (1975)
reported that squillids are less active than smashers in number of agonistic
acts and displays, avoid more interactions than smashers, and have little
obvious agonistic behaviours. This study con� rms the infrequent use of
threat displays by a spearer mantis shrimp, but suggests that spearers may
strike and interact frequently.



482 JENNIFER L. WORTHAM-NEAL

Caldwell & Dingle (1975) summarized the evolution of agonistic behav-
iours in mantis shrimp as far as the similarities and relation to habitat. Din-
gle & Caldwell (1975) reported that differences in body size, environmental
factors, and differences in sensory structures might also impact behaviours
among different species and populations of mantis shrimp. My experiment,
using a spearer, supports Caldwell & Dingle’s prediction that spearers, which
have energy investments in their burrows, will be aggressive, yet have few
complex behaviours and displays. Differences in body size, however had
very little impact on agonistic behaviours in this study.

Smashers have more complex and more frequent agonistic acts and
behaviours than spearers (Dingle & Caldwell, 1975). The most common
display in stomatopods is meral display, which is believed to provide an
opponent with information about body size and � ghting ability. While many
smashers use meral displays and stop intruders from invading their burrows
(Dingle & Caldwell, 1969; Caldwell, 1979; Steger & Caldwell, 1983; Adams
& Caldwell, 1990; Adams & Mesterton-Gibbons, 1995), other spearers
and Squilla empusa were not observed to use the meral spread with any
predictability (Dingle & Caldwell, 1969, 1978; Caldwell & Dingle, 1975,
1976; present study). While Dingle & Caldwell (1969) reported that the
meral spread is an obvious act used by Squilla empusa, in my study, in which
the agonistic acts of Squilla empusa were observed for 300 hours (continuous
time), the act was rarely seen. These differences, between spearers and
smashers, in use of meral threat displays may be related to differences in
visual senses and capabilities in differentiating shapes and colors (Abbot
et al., 1984). Thus, spearers, whose vision is less complex than that of
smashers, appear to engage in frequent interactions instead of using displays
when assessing their opponents (Abbott et al., 1984).

Research on interactions of male and female stomatopods is rare (Shuster
& Caldwell, 1982, 1989; Montgomery & Caldwell, 1984). For smashers,
few differences have been reported between males and females as far as
agonistic behaviours, so data on males and females have usually been pooled
(Gonodactylus viridis: Caldwell & Dingle, 1979; Gonodactylus bredini:
Berzins & Caldwell, 1983; Steger & Caldwell, 1983; Adams & Caldwell,
1990; Gonodactylus festae: Caldwell, 1985). Other agonistic interactions
between smasher males and females vary if a pair bond has formed and
also vary depending on a female’s reproductive condition and receptivity
(Dingle & Caldwell, 1966, 1972). When members of opposite sexes did
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encounter each other under non-courtship situations, the female usually
attacked � rst (smasher species: Dingle & Caldwell, 1972), and smasher
females are usually more reluctant to � ght (Dingle & Caldwell, 1972;
Shuster & Caldwell, 1989). Most research on agonistic interactions in mantis
shrimp has been on intrasexual behaviour, although a few studies have
observed interactions between males and females (see Table 2 for summary).
The present study found several signi� cant differences between male and
female agonistic behaviours in the spearer, Squilla empusa and overall
suggests that males are more aggressive than females.

Conclusions

Agonistic behaviours in mantis shrimp probably coevolved with the structure
of the raptorial appendage and burrow type. The spearer raptorial appendage
was initially used in prey capture, not aggression (Dingle & Caldwell, 1978).
Other researchers have documented, for smasher stomatopods, that body size
is a primary factor in determining the outcome of agonistic encounters with
little or no difference between the behaviours of males and females. In the
spearer Squilla empusa, males and females behave differently in agonistic
interactions, with males participating in more interactions and using more
aggressive acts than females. Individual body size did not in� uence the
number of interactions or aggressive acts of focal animals. Males and
females did not differ in their use of burrows or in their activity levels.
The agonistic behaviour of Squilla empusa is different from the reports of
smasher agonistic behaviour, and these differences are probably related to
differences in habitat, morphology, and physiology.
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