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PREFACE

The Sea Grant Colleges Program was created in 1966 to
stimulate research, instruction, and extension of knowledge of
marine resources of the United States., In 1969 the Sea Grant
Program was established at the University of Miami.

The outstanding success of the Land Grant Colleges Pro-
gram, which in 100 years has brought the United States to its
current superior position in agricultural production, was the
basis for the Sea Grant concept. This concept has three aob-
jectives: to promote excellence in education and training,
research, and information services in the University's disci-
plines that relate teo the sea., The successful accomplishment
of these objectives will result in material contributioms to
marine orlented industries and will, in addition, protect and
preserve the enviromment for the enjoyment of all people.

With these objectives, this series of Sea Grant Technical
Bulletins is intended to convey useful research information to
the marine communities interested in resource development quickly,
without the delay involved in formal publication.

While the responsibility for administration of the Sea
Grant Program rests with the Department of Commerce, the respon-
s1bility for financing the program is shared equally by federal,
industrial and University of Miami contributions., The study,
The Laboratory Studies of Sex Recognition in the Blue Crab
Callinectes sapidus Rathbun, is published as a part of the Sea
Grant Program. Graduate research support was provided through
a National Defense Education Act Fellowship.
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INTRODUCTION

The blue crab, Callinectes sapidus Rathbun, has long played an

important role in the commercial fisheries of the eastern coest of

the United States. This marine decapod crustacean is the basis of the
largest crad fishery in Americe, with a totel catch in 1969 of
129,900,000 pounds velued at $12,200,000, Because of the importance of
this fishery, an enormous literature exists on population dynamies,
growth rates, fishing gears, fishery economics, and general biology
and ecology of the blue crab (see Cronin, et al,, 1957, for an
extensive bibliography). This species has also been studied to some
extent by physiologists, However, as is the case with many commercial
species, the ethology of C, sapidus is not well known, and published
experimental studies of its behavior are few, This thesls concentrates
on the problem of sex recognition during courtship, a subject about
which little information 1z evailable for most groups of aguatic
decapods,

I became interested in the problem of sex recognition in
Callinectes after cbserving, in the field, a male C. sapidus performing
en apparent visuel display in courting a female, The male stood high
on his walking legs, with both chelipeds spread wide apart, and waved
his swimming paddles from side to side over the top of his carapace,
At intervels he would throw himself backwards and kick up a cloud of

sand, I subsequently observed a similar, if not identical, display



rerformed by & male Callinectes marginatus,

The male's display aroused my interest for three reasons:

1) There is no adequate description of the courtship of
C. sapidus in the literature. Like many other commercial species, the
blue crab has been largely ignored by behaviorasl seientists.

2) It hes long been accepted that sex recognition in the
Portunidase is besed mainly on tactile and chemical stimuli, and this
1s thought to be the general rule for most fully aquatic crustacea,
Schone (1968) states, "In general, mechanisms of social commmnication
in aquatic forms [§f decapodén seem to be based predominantly on tactile
and perhaps chemical sensations, whereams in seml-terrestrial forms
visusel signs play an importent role.” This generalization iz largely
based on the older literature, much of which is inconclusive. In view
of the complex and seemingly visually-mediated courtship display of
C,. sapidus, I felt that a re-investigation of sex recognition in this
species would be of interest,

3) I vented to find out if sex pheromones pley a part in the
courtship of C. sapidus, as such pheromones have recently been
demonstrated (Ryan, 1966) in the closely reloted genus Portunus.

The specific objectlives of this study were as follows: (a) to
compile an ethogram (e detailed catalogue of species-typical action
patterns) of the reproductive activities of C. sapidus, amd (b) to
determine experimentally the role of the olfactory, visual, and contact
chemical senses in sex recognition, and to estimate the relative

importance of each.



A possible role of sound or vibrational stimuli in the court-
ship of C. sapidus was not studled because of time limitations and
a lack of appropriate equipment, This was not felt to be a serious
omission, since neither the anatomy nor the behavior of this species
indicates that a stridulatory mechanism is present. The crabs were
never observed to rap on the substrate, nor did they perform any
other action during courtship which suggested that auditory signals
were being produced,



SUMMARY OF THE GENEFRAL BIOLOGY OF
CALLINECTES SAPIDUS

Many good reviews of the blology of the blue crab are available.
I wish to provide here only a brief survey of the life history,
particularly those aspects which are pertinent to the present study.
More detailed information can be found in the following papers:
(a) BHay (1905), Churchill (1919), Truitt (1939), and Van Engel
(1958} for Chesapeake Bay area; (b) Porter (1956) for Delsware;
(¢) Darmell (1959) for Louisiane; (d) Deugherty (1952), and
Pounds (1961) for Texas; (e) Futch (1965) and Tagatz (1968) for
Florida,

Callinectes sapldus 1s a member of the brachyuran family

Portunidae, or swimming erabs. It exhibits the morphological
characteristics typlcal of most portunids, such as a transversely
fusiform body and a pair of fifth pereiopods modified for swimming,
Swimming 1s accomplished by a rapid sculling motion of the fifth
pereiopods, the terminal segments of which are flatiened and
expanded to form oarlike blades, Swlmming is sideways to the right
or left, rarely forward or backward; the chela on the leading side
1s flexed while that on the trailing side 1s extended.

The blue cradb is distributed in the western Atlantic from Nova
Scotia to Ursguay (Rathbun, 1930)., It is common on the East end Gulf

Coagts of the United States from Massachusetts to Texrs.



Blue crabs are generally found in estuaries and in the ocean on
bottoms of mud or fine sand from the shoreline to a depth of about
twenty fathoms. They can tolerate a wide range of salinities , and in
Florida they are known to penetrate long distances upstream in large
rivers,

Because crabs are covered by a hard, calcified exoskeleton, an
increase in size can occur only when the exoskeleton 1s shed in the
molting process, In preparation for the wolt, & new exoskeleton is
formed beneath the old one, and in blue crabs it becomes visible
through several parts of the old shell, especially the last two
segments of the swimming legs, By observing the color of the new shell
in these ereas, it is possible to estimate when a crab will molt--a
fact of considersble importance to the present study. Van Engel
(1958) gives a good description of these so-called "shedding signe"
vhich I quote here in part,

Around the outer edges of Ebhe lest two segments of the
fifth pereiopods] . ., . are many fine hairs, called
setae, at the base of which there is a thin, dark brown
line which represents the outer edge of the hard shell,
It is just inside this brown line that the color of the
new shell can be observed. The earliest recognized color
stage 1s the 'white rim' which requires the longest time
to shed, from one to two weeks. The following stage,
'pink rim', may be expected to shed in three to six days,
vhile the "red sign® [erab] . . . will shed in one to
three days,

Callinectes sapldus exhibits sexual dimorphism in a number of

characters. The chelae are larger and heavier in males than in females.
The fingers of the chelase are red on both the inner and outer surfaces
in females, whereas in large males the fingers are white on the outer
surface and blue on the inner, with only the extreme tips being red.



Younger males have more red on the fingers than older males, However,
the color of the fingers varies widely in both sexes.

Males may be easlly distinguished from females (at least by
humans) by the shape of the abdomen and by the sbdominal appendages.
The male's abdomen 1s shaped like an inverted T after the megalops
stage and retains this shepe throughout the life of the crab., Males
heve two pairs of abdominal eppendages which are used in copulation;
the shorter of the two pairs is usually Inserted into the longer peir
so that there appears to be but one pair of appendages, The abdomen
of young females ls triangular in shape and bears four pairs of small,
hairless appendages, In mature females the abdomen is broadly rounded,
almost semi-cireular, and the four pairs of abdominal appendages are
large and bear a dense fringe of hairs, Churchill (2919) lists other
sexually dimorphic characters of the species, mostly minor differences
in measurements,

The change in the shape of the female abdomen is accomplished

‘L% BLugle ML, e Bo-orlbed ™ puperty. oiy T Loaee Bt artertong st (v, rn e =

puberty molt, vhile the exoskeleton of the female is still soft, that
copulation usuelly occurs., Female C., sapidus apparently never molt
again after the puberty molt, an uncommon characteristic which they

share with only a few other decapods (Carlisle and Knowles, 1959).

This does not hold true for males. which reach ” | | irity hefore .
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this is to kill the credb and dissect out the sperm ducte, or to introduce
a female that 1s ready to mate and see 1f the male responds,

A female which 1s about to underge her puberty molt is picked
up by a male while she is in the pink rim or early red-sign stage,
and is carried around by the male for several days until she molts.
The male carries the female by hooking his first walking legs under her
carapace, At this time she is right-side-up with the top of her
carapace against the underside of the male, The male relaxes his hold
on the female as she cheds and hovers over her until she has extricated
herself from the exuvia, Shortly after emerging from the old shell, the
soft female turns herself over on her back (80 that the ventral sides
of both male and female are now In contact) and unfolds her abdomen
to expose the two genital pores, into which the male inserts his
copulatory appendsges. Copulation may occeur day or night and lasts
from five to twelve hours or more, After copulation, the female is
sgain carried right-side-up beneath the male for a period of two or
more days, during whieh time her exoskeleton hardens., Femsles generelly
mate only once. Sperm will live in the female's seminal receptacles
for at least one year, to be used as often as the female lays eggs
(vhich she may do two or more times)., Mating seems to oceur year
round in Florida (Futch, 1965; Tagatz, 1968; and Teytaud, personal
observations),

Mating usuaslly takes place in estuarine watera. The newly
edult femsles then migrate to the ocean to spawn., According to Tagatz
(1968), spawning in north Florida waters usuelly takes place within

one to two months after mating in spring and summer; however, 1if



females mate in fall or winter, spawning is delayed until the warmer
temperatures of the following spring, Females carry the egegs in a
mass known as & "sponge" which is attached to the pleopods beneath
the gbdominal flap,

Upon hatching, the larvee live in the plankton until the
megalops stage, at which time they take up a benthic existence.
On transformation to the first crab stage, the young begin migrating
from the estuarles to the mating grounds, where they will mature,
The maximum life span is thought to be about three and one-half years,
but the average is probebly little more then a year and & half,



SURVEY OF THE LITERATURE ON SEX RECOGNITION IN
DECAPODS; EXCLUSIVE OF THE FAMILY PORTUNIDAE

The problem of sex recognition in decapods has a long history
in the literature, but much of the material is anecdotal and
unsupported by experimental evidence. Controlled experiments to
determine the nature of the factors involved in recognition have
seldom been published, In several cases in which such work has been
carried out, the design of the experiments leaves them open to other
interpretations., The only group that has been well studied in regard
to intraspecific sex recognition i1s the brachyuran famlly Ocypodidae,
in particular those crabs belonging to the genus Uca, The semi-
terrestrial hebits of these crabs and their complex visual displays
have made them favorite subjects for behavioral research and good
experimental work has been done on sex recognition in various species,
The hermit crabs have recently become the objlect of a great deal of
behavioral research; some of these shtudies also deal with sex
recognition, Only scattered observations on sex recognition are
avellable in the remainder of the order Decapode, and the majority
of these were not made within the context of a controlled experimental
situation,

Rather thaen attempting an historical review of the literature
on sex recognition, I shall present here & short summary of some

relevant studies, grouped for convenience under the various sensory



modalities by which information sbout the sex of the partner is
recelved, A more detalled literature survey of the Portunidae will be

glven in the next section.

Olfaction

Many authors have postulated that sex recognition in various
species is mediated by olfaction, i.e, the detection of chemical
stimll et a distance, However, in no case has this been demonstrated
in a non-portunid decapod by controlled experiments., The receptors
.for distant chemoreception seem to be loceted on the antennules
(Lockwood, 1967). Authors who have reported this type of recognition

are: (a) Edwards (1966) for the cancrid crab Cancer pagurus;

(b) Knudsen (1964) and Snow end Nielsen (1966) for Cancer megister;

(c) Hughes and Mathiesson (1962) and Mcleese (1970) for the lobster

Homarus americanus; (d) Hazlett and Winn (1962) for the snapping
shrimp Synalpheus hemphylli; (e) Knudsen (1964) for the grapsid ersb
Hemlgrapsus oregonensis.

Contact Chemoreception and Tactile Stimuli

When recognition depends upon contact between the two partners »
both contact chemoreception and touch ere usually implicated, Most
of the body surface of crustaceans 1s well supplied with receptors
responding to tactlle stimuli, while contact chemoreceptors are found
on the entennules, mouthparts, and the dactyls of all walking legs
and the chelae, Therefore it is extremely difficult in such cases to
determine 1f the animal is using one or the other, or both, of these
sensory modalities in sex recognition, end for this reason both are

here considered together.
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Authors who have reported this type of recognition are:

(a) Hoglund (1943) for the shrimp Leander squilla; (b) Forster

(1951) for Leander serratus; (c) Burkenroad (1947) for the shrimp

Palaemonetes vulgeris; (d) Cerlisle (1959) for Pandalus borealis,

Sound

Many studies have showed that sounds (or substrate vibrations)
are produced and received by numercus species of decapods, According
to Frings and Frings (1968), in most cases the commmication fumction
of these sounds 1s questionable or unknown. No clear-cut evidence of
their use in sexual signalling is availlsble, with the exception of
several species of Uca (Selmon end Atsaides, 1968). However, various
authors believe that the sounds might be involved in either
territorial or sexual signalling, or both, Some of these authors
are: (a) Hazlett and Winn (1962) for snapping shrimp; (b) Linberg
(1955) end Moulton (1957) for Panulirus spp.; (¢) Salmon and Stout
(1962), Selmon and Atsaides (1968), and Crane (1957) for Uca spp.;
(d) ILinsenmair (1967) for Qcypode saratan.

¥ision
Visual recognition of sex has been reported by Bovbjerg (1960)
for the crab Pachygrapsus crassipes, by Schéne and Schone (1963) for
the crab Gonicpsis cruentate, end by Hazlett (1966) for the hermit
crab Coenobita clypeatus,
The best studied crustacean visual displays are those of
fiddler crebs, Males have a large claw which is often brightly

colored, the females do not, This claw is used by males of most



species In territorial (male to male) and sexual (male to female)
signalling, The large clew 1s used in waving or beckoning movements
vhich are extremely stereotyped and specles-specific, combined with
color changes end "daneing" in some species., As mentioned in the
previous section, sound mey slso be produced, usually at times when
visual display would be inappropriate,

This is not the place to review the voluminous literature on
Uca, but a few of the more interesting details will be noted., Salmon

and Stout (1962) tested Uca pugilator males with models, and found

that any model possessing a major chela elicited aggressive behavior,
but models and male crebs without & major chels, as well as females,
eliclted sexual display, Von Hagen (1962) using models, found that
he could divide the area around a displaying male Uca tangeri into

a serles of concentric zones, and the approach of a female through
each of these zones produced a distinctive form of display by the
male, In the outer zones, the male would court any dark M-shaped
object lacking & major chela and moving in a uniform horizontal
manner, but inside of a certain radius 1t was also required to
undergo rapid vertical movement, The relative lack of discrimination
in U, tangerl males may be compensated by specificity in the female's
response to the male's display, The males of each species of Uca
have & very characteristic display pattern in regard to the color of
the ma;joz" chela and the type and rate of claw waving, and it is prob-
able that females respond only to males of their own specles

(Hertnoll, 1969).
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Males of two species of Dotilla (Ocypodidae) apparently also
use claw waving to atbrect females (Altevogt, 1957). There is also
8 difference in coloration between the sexes in this species,
One of the most unusual and interesting visual displays occurs

in Ocypode saratan, Males of this epecles construct a pyramid of

sand from which a pathway leads to the spiral mating burrow, It 1s
this pyramid, rather than any feature of behavior or morphology of

the male, which functions as the primary courtship stimlus and directs
receptive females to the mouth of the burrow (Linsenmair, 1967). The
male stridulates only when the female is very eclose, This is a rare
example of the use of a part of the environment by an animal for
signalling, instead of signalling with its own body.
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SURVEY OF THE LITERATURE ON SEX RECOGNITION IN
THE PORTUNIDAE

The earliest published account of courtship behavior in the
Portunidee seems to be that by J, D, Mitchell (in Rathbun, 1896)
for Caellinectes sapidus., Mitchell reported that a male, upon

encountering a "breeding” female, ™ . . . will elevate himself on
the tips of his legs, getting ae high from the ground as possible,
extend his claws to their widest extent, supporting himself with
his paddles, and in this position he will strut slowly and pompously
in front of her." Verrill (1908) reported that ebout 1860

L. Aggaslz made similar unpublished observations on C, sapidus.

In 1905, Hay published a summary of what was then known of
the 1life history of C, sapidus, wherein he described the manner in
vhich the male carries the femsle around prior to copulation, dbut he
made no mention of a courtship display, Hay also believed male
C, sgpldus could distinguish those females which were sbout to molt,
but he did not suggest a mechanism,

Chidester (1911) conducted experiments on sex discrimination

using Cancer irrorastus and three species of portunids: Callinectes

gapidus, Carcinus maenas, and Ovalipes ocellatus, He tested sex

discriminetion in males by removing the soft females with which they
were copulating snd replacing them with hard msles, hard mature

females, and, in the case of C, sapidus only, females (both hard and soft)
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of the three other species. Chidester found that the males of all
specles tested attempted to copulate with any crab of the same species,
male or female, hard or soft, which was introduced by the experimenter
after removal of the original female partner. However, male C. sapidus
would not attempt copulation with females of the other species, From
these experiments Chidester concluded that the ability of the msle
crab to dlstinguish between the sexes is really a matter of inabllity
to hold and copulate with males, and that sex discrimination depends
upon tactusal and kinesthetie cues,

Brockhuysen (1937) summerized the literature on sex recognition
in decapods to that date, and conducted his own experiments with

Carcinus maenas, He reported that male crabs took no notice of newly

molted female crabs in the same container until they ceme into contact,
when the females were immediately seized by the males. Broekhuysen
concluded from this that there was no evidence for distant chemical
attraction of the male by the femele in that specles, He also

pushed males and females, both hard and soft, into contact with male
C, maenas, The males trled to copulate with any ersb pushed against
them, From such experiments, Broekhuysen concluded that males were
ungble to distingulsh hard from soft females, or females from males.

Velllet (1945) experimented with Carcinus masenas, and found

that males seemed able to recognize premolt females, apparently by
tactile and chemical stimli on contact., Males tested any crab they
came in contact with by pinching it with their chelae, but they would
only carry females gbout to undergo their puberty molt, or those which
had just molted and were still soft., He found no evidence for chemical

ettraction at a distance.



16
Finally, Ryan (1966), working with Portunus sanguinolentus,

noticed that whenever he placed a premolt female in a cage containing
several males, the latter began to walk sbout on the tips of their
dactyls with their bodles eleveted at maxinmum height, end extended
their chelse. At such times males sttempted to pull wvhatever erasb
they came into contact with, mele or female, into the carrying
position, When premolt females were sbsent, adult males never showed
this "search” behavior or attempted to seize premolt males or premolt
Juvenile females, nor would they show such behavior toward premolt or
soft females of two other species of portunids, Thalamita crenata and

Podophthalmis vigil, Juvenile males never exhibited this seasrch

behavior., Ryan showed thet search behavior could be elicited in adult
males by siphoning water in which a premolt female had been kept into
a tenk conteining the meles. Hard, intermolt females served as
controls, and the water in which these females had been kept produced
no search behavior in the males, Furthermore, Ryan demonstrated that
it waeg the urine of premolt females which contained the factor
responsible for releasing the search behavior.

These obgervations of Ryan's are important in that they
congtitute the first well-controlled experimental demonstration of a
chemical sex-attractant, or pheromone, in any decapod crustacean,
Karlson and Butenandt (1959) have defined pheromones as " , ., , sub-
stances that are se;:reted by en animal to the outside and@ cause a specific
reaction in a receiving individual of the same species , , . , for
example, a definite behavior or a developmental process.” In other

words, pheromones are intraspecific chemicel signals, and they function
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elther by evoking immediate behavioral responses (releaser effects) or
by means of endocrine-mediated effects (primer effects) that alter the
physiology and subsequent behavior of the recelver., In eddition to sex
attractants, other classes of pheromones are nown which function as:
alarm substances, individual and group recognition signels, trail markers,
aggregating or dispersing stimli, territorisl markers, and triggering
stimuli for long-term physiologlcal changes, None of these latter
classes of pheromones has been demonstrated in any decapod crustacean

to date,



MATERTALS AND MATNTENANCE: GENERAL

Most of the animals used in the present investigation were
purchased from commercial trap fishermen operating in the Card Sound
area on the east coast of South Florida, I personally collected a
few crabs near Black Point on Biscayne Bay, Florida, Only prepuberty-
molt femeles, mature females, and mature males were used in the
experiments,

All crabs were mainteined in the laboratory at the Rosenstiel
School of Marine and Atmospherlc Sclences of the University of Miami,
The crabs were kept in large water tables {180 cm X 90 cm X 25 cm)
provided with sand and artificial seaweced for cover, end supplied with
running seawater from Blscayne Bay, The water tables were filled to‘a
depth of 18 cm,

Each water teble was equipped with one 60 watt incandescent
lemp, hung 38 cm above the water surface, These lamps were connected to
an automstic timer which regulated the length of the photoperiod. During
the period of preliminery cbservation of behavior, the timer was reset
every two weeks to conform to the natural photoperiod. During the
experimental phase of the work all snimals were mainteined on a schedule
of 12 hours of light (0600 hours to 1800 hours) and 12 hours of darkness,

All animals were fed to satiety once every twe days. Food usually

consisted of fish scraps,
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Mature males used in experiments were generally kept in the
laboretory no longer than two weeks., Some animals used only asg sources
of scent were kept longer than this, Immature females were kept until
they underwent the puberty molt,

During the experimental phase of the study, males, mature
females, and immeture females were maintained in separate water tables,
All crabs were marked with identifying numbers on the back of the

carapace by means of a waterproof felt-tip marker,



REPRODUCTIVE ETHOGRAM

Methods

Before an experimental analysis of courtship behavior could be
undertaken, it was necessary to obtain an idea of the range of this type
of behavior in C, sapidus. The method I used was to make a catalogue of
the specles-typlcal action patterns compiled from many hours of
ocbservation in the laboratory. Such a descriptive catalogue of action
patterns is termed an ethogrem,

Several early attempts to observe behavior in the fleld met
with little success because of the poor underwater visibility in the
estuarine areas vhere the blue crab is most abundant; I therefore
decided that fleld observation was not & feasible approash, I found,
however, that these crabs readily performed courtship and mating
activities in the lsboratory water tables and even in 20 gallon aquaria;
I was thus able to carry out most of the work in the laboratory.
Obgervations in the field were made as chance permitted,

Over a perlod of approximately nine months, observations were
made on courtship and copulatory behavior as well as aggressive inter-
actions, Observation periods covered both day and night and different
temperature conditions in summer, autumn, and winter., Fllms made with &
Kodaek K-100 16 mm movie camere were used to supplement written descriptions
of the action patterns., During observation end filming, an opaque plastic

blind was used to shleld the observer from view.



21
Results
The term displey, as used below, is reserved for those action
patterns vhich satlsfy the following three criteria (Wright, 1968):

{a) The motor pattern is not directly functional in Ffeeding,
digging, insemination, or other non-commmnicatory activities,

(b) The occurrence of the motor pattern in time and gpace
is such that 1t could usually be sensed by other animals end
thus perform a commnicatory fumection,

(¢} The motor pattern is more then an ynmodified incomplete
movement from a directly functional motor pattern.

These three criteria arbitrarily exclude the communicative role
of such things as variations in walking speed and body height (taken
by themselves) from consideration,

The following catalogue of motor patterns constitutes a

reproductive ethogram for Callinectes Sapidus; not incliuded are such

activities as feeding, burrowing in the substrate, etc., vwhich are
not of interest in the context of the present Investigation, Asg in
meny other specles of crabs (Schéne, 1968), certain motor patterns
are common 1o both agonistic and sexual activities; therefore both of

these categories are included in the ethogranm,

I, Agonistic activitiesy +threat and Tighting
(a) Chela lateral display.--The chelae are adducted so that , at

the highest intensity of the displﬁy, they form almost a straight line
with the merl of the chelipeds, which are also held laterally (aee
Fig. 1A). The fingers of the chelae are usually held open. This
display is uauglly.eiven mith tbe ot hioklvcedtwatsfufrrraeins
subsirate, At lower intensities of the display the chelae are held

pointing more or less anteriorly, but there seems to be no basis for



FIGURE 1

Examples of male and female courtship displays

A, Male performing the chela lateral and paddling displaye.
Note how the body is elevated to maximum height on stiffly extended
walking legs. The swimming paddles are waved from side to silde over
the carapace, and the chelae are fully adducted.

B, Pemale performing the waving display while backing

toward a male. Only one of the chelee is shown in motion, dbut
hoth may be used,



FIGURE 1}
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dividing the display into discrete subtypes as Wright (1968e) has done

for other species of crabs, I reject "lateral merus", Wright's (1968e)

term for the same display, since in this species the meri are held
laterally most of the time,

At times, only one chele may be extended. A crab giving the
display usually faces another crab; this orientation exhibits the
bright blue and white colors on the palms and distal ends of the meril
in both sexes, and the bright red color of the fingers in females,

The chela lateral display 1s shown by males and females in both

aggressive and sexual contexts,

(b) Fighting.--Callinectes sepldus lacks the ritualized

= Fdabtdae ok prdom, Frndes "oo Ssanetottde s raok s, LAl ppr. »s3cih.

T g U

are relatlvely unstereotyped and consist of an irregular exchange of
beats. The chelae are very powerful end fights often result in the

loss of one or more appendages by one of the contestants,

II. Agonistic activitles: defense and appeasement

(2) Defense reaction.--The meri of the chelipeds are held

forward at about a 45 degree angle and the chelase are held in front of
the mouthparts with the fingers open and pointing medially. Sometimes
the fingers are interlocked. This reaction is generally seen as s
response to aggressive thrusts of the chelae or to body contact by
another crab, The chelse may be used to push the offending creb

away. This pattern 1s shown by both sexes,.
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(v) Submissive posture.--The chelae are fully flexed and held
close egainst the mouthparts with the fingers closed, and the bedy is
held very low (the asbdomen may be in contact with the substrate),
Motion, if any, is slow and creeping. This posture 1z seen in both
sexes. It is adopted by: (a) individuals which heve gotten the
worst of an agonistic encounter, (b) females which are being carried

by meles, (c) crabs which have a tendency to flee,

IIT, Sexual activities: males

(a) Chela lateral display.--This display is given in sexual

contexts as well as in agonism (see description under I. [a} above).
The body is usually highly elevated. Males give this display to both

males and females,

(v) Paddling display.--Both swimming paddles of the male are

raised vertically over the carapace snd turned so that the flat side

of the blede faces anteriorly; they are then waved vigorously from

_2m LY I -— -2t - mmwm e - - a - -an -
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seems best to regard them as three separate displays for the present.,
The falling-back display is given to both males and females.

(d) Rocking display.--The male rocks his body from side to

side., It 1s typically seen in combination with the chela lateral
display, and is given to both males and females.

(e) Greb.--The male seizes another creb with his chelae,
holding it by any part of the body, The behavior preceding the grab

is highly variable,

(f) Carrying.--Once the male has grabbed another crab he
attempts to pull it under him in the carrying position, The male uses
the first one or two pairs of walking legs to hold the other crab (which
is right-side-up) against his ventral side, Males carry a female about
in this way until she molts, The male's chelipeds are then held apart
as in the chela lateral display, except that their tips are allowed to
rest on the ground when the crabs are undisturbed. This action pattern
is also performed after copulation,

Males may attempt to carry both males and females, but usually
succeed only with premolt females or adult females which have recently

molted. Other crabs struggle violently until they are released,

(g8) Beating.--Upon being grebbed and placed irn the carrying
position by a male, & premolt female always exhibits a great deal of
cheliped-waving. Males invariebly react to such waving by beating on
'the female's chelae with thelr own chelipeds, until the female becomes
quiescent and keeps her chelae flexed against her mouthparts in the

submissive posture,
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() Copulation.--Copulation begins shortly after the female has
molted, and is performed with the male uppermost and the female beneath
him, ventral slde to ventral side, Females usually turn themselves over
vhen they are ready to copulate, but the males sometimes assist thenm.
| However, if a male grabs a soft mature female he will immediately tumrn
her on her back and begin copulating. The copulatory appendages of the
male are a pair of long, thin pleopods which he inserts in the genital

pores on the sternum of the female,

IV, Sexual activities:. females
(a) Chela lateral display.--As described under I, {a) above.

The chela lateral display is distinguished from the following motor
pattern IV, (b) by being a prolonged extension of one or both chelae,

(v) Waving display.=--This display consists of & series of

relatively rapid lateral extensions and flexions of ome or both chelae,
with the fingers open. A female may either face a male while performing
the display, or turn her back toward him as in Fig, 1B. A highly
motivated female will approach a male, then turn around and try to back
under him, waving az she does so., The waving pattern 1s only seen in
premolt females during courtship,

(¢) Rocking display.--Premolt and recently molted females some-
times rock the body from side to side during courtship, as described for
the male under ITI, (d)., In the female, this action may be coubined with

the chela lateral and weving displays.
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(a) Molting.--The female molts while being loosely cradled in
the male's walking legs, extricating herself from the exuvia without
the help of the male, After she has molted, the female is plcked up
by the male and held for a short while in the carrying position before

copulation begins,

(e) Copulation,--Shortly after molting the soft female begins
to turn herself over on her back beneath the male, The method by which
she does so 1s varisble, and she may be assisted by the male, Once
ghe 1s turned over on her back the female opens her abdominal Ilep,
thus permitting the male to insert his copulatory appendeges.



PRELIMINARY EXPERIMENTS ON SEX RECOGNITION

Biinding Experiments
To determine whether vision is esgential for pairing, I blinded

mature male crabs by covering their eyestalks with opaque black plastic
tape and allowed them contact with premolt females, The following is
an account of a typical experiment with a blinded male, Experiments
were conducted in a wooden tank (approximately 61 em X 61 em X 30 cm)
with a glow circulation of seawater,

I introduced & red-sign female to the male's tank after allowing
the male 24 hours to sdjust to the tank eand his blinded condition, In
moving sbout the tank, the male came into contsct with the female,
vhereupon he irmediately grabbed her and Placed her in the carrying
prosition. The femele offered no resistance,

I then separated the above pair and removed the female from the
tank, replacing her with the molted exoskeleton of anothey female of
similar size, I pushed the exoskeleton into contact with the male, but
he made no attempt to grab it; he pushed it away with his chelae instead.
This was repeated three times, with the same results, The male also
made no attempt to greb the wooden handle of a dipnet when I gently
touched him with 1it,

I next placed a small male in the tank, after removing the
exoskeleton, I pushed this male into contact with the blinded male,
whereupon the blinded male grabbed the other and tried to place him in
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the carrying position. The smaller male resisted violently and escaped.
The blinded male then began peddling vigorously, and continued paddling
after I removed the smaller male,

This series of tests was repeated four times, using different
crabs, with essentially the same results. The blinded males reacted
to contact with another crab of elther sex by attempting to pull it
into the carrying position, but would not respond in this way to contact
with the cast exoskeleton of a premolt female, or to comtact with
inanimate objects such as the handle of a dipnet, In no case did any
male show a sexuel response prior to touching another crab.

Five different red-sign females were blinded with tape =nd
tested in the same tank described above., After allowing a blinded
female time to adjust to her condition, a blinded male crab was intro-
duced to the tank. Typically, no display was given by either crsb until,
in moving ebout the tank, they came into contact with each other; then the
male would grab the female and tuck her into the carrying position.
Occasionally the male's grab would miss its target, but the females
maintained contact and made no attempt to escape, I separated each
rair after the imitial contact and allowed them to find each other
again, Four of the males assumed e chela lateral display immediately
after separation, and two of them also began paddling, Two females gave
intermittent rocking and chela lateral displays as they moved sbout

the tank after separation; the others gave no display.

Olfectlon
To test the reaction of unblinded males and premolt females to an

olfactory stimlus in the absence of visual and tactile cues from other



30
crabs, I devised the following procedure, The crab to be tested was
placed in a circular plastic tub, approximately 80 cm in diameter end 20
cm deep, filled with seawater to a depth of 12 cm. The floor of the tub
was divided into quadrants by painted lines, The tub was drained and
flushed with fresh seawater between tests, Seawater from two identical
plastic scent buckets could be siphoned into the tub by the experimenter,
An opaque plastlic screen with narrow eye-slits shielded the observer
from view,

A test using this apperatus was conducted in the following
manner. The crab to be tested was placed in the tub one hour before
the start of a test, In tests with male crabs, a single red-sign
Temale was placed in one of the plastic buckets for two and one-half
hours to serve as a source of scent, and was then removed before
beginning the test, Another bucket contained unscented seawater as a
control, When testing premolt females, the source of scemt was a mature
male, To begin a test, "unscented” water from one bucket wae run into
the tub (flow lasted ebout two minutes), The activity of the test
animel, measured by the number of lines it crossed in moving about the
tub, was recorded during a fifteen minute period designated as the
"eontrol period", Then the "scented" water from the other bucket was
run into the tub, and observations were made for ancther fifteen
minutes, designated as the "experimental period”.

The elght males tested in this manner showed no significant
differences in behavior between the control and experimental periods.

A two-tailed Wilcoxon Matched-Pairs Signed-Remks Test (Siegel, 1956)
was used to analyze the results. The scores for these tests are given

in Table 1.
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TABLE 1.--Activity of meles expressed as number of lines
crossed per 15 minutes#

Male No Female Row
scent scent sums
1 13 16 29
2 11 0 1L
3 14 2 16
b 1 2 3
» 0 2 2
6 3 4 7
7 15 1k 29
8 2 0 2
Column T "‘" —
sums 59 ko 99

¥Two-tailed Wilcoxon test. T=1k,5, not signifi-

cant at O =0,05,

One of the femsles used as a source of scent underwent her
puberty molt in the scent bucket, but the test male showed no
noticable change in behavior when the water from this bucket was
siphoned into the tub. That the males were not simply unresponsive
to females was shown by introducing a red-sign femmle to the test tub
after the end of an experiment, In the four cases in which this
was done, the male always seized the female and pulled her into the
carrying position shortly after she was :Lntrqduced. In three cases
the female made the initial approach, in the other case the male

approached the female and grabbed her,



Nine different red-sign females were tested in the seame
epparatus used in the male tests, As in the case of male crabs,
there was no statistically significant differemce in activity
between control and experimental periods, No female gave 2 diesplay
of any kind during a test sequence., 'The data for the female tests
are shown 1n Table 2,

TABIE 2,--Activity of females expressed 4s number of lines
crossed per 15 minutes®

Female No Male Row
scent scent sums
1 18 17 35
2 12 10
3 8 12 20
b 10 6 16
p 0 2 2
6 0 6 6
T 2 15 17
8 5 0 5
2 3 13 16
Column _ — -
sums L9 83 132

¥Pwo~tailed Wilcoxon test, T=8, not significant at
o =0,05,
Under the experimental conditions, an olfactory stimulus alone does
not release display behavior in either sex, nor does it cause any
significant change in the level of activity of males or females,.



MODEL EXPERTMENTS

Once a male has grabbed a red-sign femsle, the subsequent
behavior of both individuals 1s quite stereotyped and predictable,
Immediately following the grab the male exhibits a brief bout of
paddling and tucke the femmle under him in the carrying position.

If necessary, he first turms her around so that both crabs face the
same vay. Once in the carrying position the female invariably begins
waving rapidly, and the mele reacts by beating on her chelae with his
own until she adopts the submissive position with fully flexed chelae,
The male then adopts a relaxed chela lateral position with the tips
of his chelse resting on the substrate, a position he maintains until
the female 1s ready to molt,

However, as I compiled observations for the ethogram, it
became obvious that the behavior leading up to the grabbing of a
premolt female by the male was not so easily predictsble, For
example, some males simply grabbed a female with no prior display
at all, vwhile others first gave a chela lateral display, and still
others carried out the entire repertoire of chela lateral, paddling,
falling-back, and rocking before grabbing the female, The femsle's
responses were also varlable, Therefore, it wes not clear how the

actions of one crab were affecting the behavior of the other,

33
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One approach commonly used by investigators confronted with this
situation is to test males and females separately by presenting them with
verious standard stimuli. The experimenter chooses stimulus situations
which he believes have signal value and presents them one at a time and
in & uniform menner, then records the regsponses of the subject. By
providing a constant stimlus situation, one is able to reduce the
variation in the responses of the test animal, By using different
stimulus situations, the experimenter can discover wvhich stimuli are
importent in releasing the behavior patterns of interest. I decided to
use this method to investiga‘te the role of visual and olfactory stimuli in
courtship,

Initially, I used films of a displaying crab as a stendard
stimulus, A 16 mm color £ilm loop of a display was projected at
natural size on a sheet of rear projection screen, separated from the
side wall of the test tank by cardboard spacers, At the same time
water from a scent bucket was siphoned into the test tank. I found,
however, that neither male nor female erabs would glve any response to
the image on the screen, possibly because the projection speed of 2L
frames/second which was used may not have been fast enough to achieve
flicker fusion for the crebs., I abandoned this apparatus and began
using models, which were more successful in eliciting responses,

First Serles

Methods

I constructed the models used in all the following experiments
by gluing the appendages of cast exoskeletons or dried formalin-
preserved speclmens into the desired positions. 'The appendages of all



35
models were rigidly fixed. The models were then painted with water-
color paints to resemble living crabs as closely as possible, and the
painted surfaces were fixed with a clear acrylic plastic spray
(Xrylon). The entire surface of each model was given two coats of a
clear plastic compound (Varathsne) which weterproofed and strengthened
it, The models were mounted on a plece of stiff wire passing through
the carapace. Three different models, numbered for convenience
1, 2 and 3, were used In most of the tests (see Fig, 2). Model 1 was
a male in & non-displaying attitude, with flexed chelae and lowered
swin paddles, body only slightly raised on semi-flexed leg=, Model 2
was a male In sexual displsy, with swim paddles ralsed over the
carapace, both chelse extended laterally, and the body raised high on
fully extended legs., Model 3 was a mature female in a non~displaying
attitude like Model 1, but with bright red fingers on the chelse.

-All three models were of similar size, with carapace widths of
133 mm, 140 mm and 130 mm for Models 1, 2 and 3 respectively. Two
cther models, 4 and 5 were used in the male tests only.

The test apperatus consisted of a pair of 57-liter aguaria
(61 cm X 31 em X 31 em) positioned one in Pront of the other (see
Fig. 3) and separated by a removable opaque screen, Both aguaria
vere filled with 29 liters of seawater to e level of 16 em. The model
tank was closer to the observer and contained the model being used as
a stimius, The other aguarium, the test tank, contained the erab
being tested, For convenience, two ldentical set-ups were used,

The model in use was suspended from the runner of a curtain

rod of the traverse type, equipped with a drawstring by means of



FIGURE 2
Models 1, 2 and 3, as seen from the position of
an animal in the test tank
A, Mpdel 1y a non-displeying male,

B, Model 2: a male performing the chela lateral and
raddling displays. Note the apparent inerease in size.

C. Model 3: a non-displaying female, 'The fingers of
the chelae asre red.
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FIGURE 3
Diagram of the apparatus used in the
model experiments
A. Model tank
B, Test tenk
C. Removable screen
D. Drawstring
E. Opaque blind
F., Scent bucket
G. Seawater inflow

H. Standpipe end drain
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vwhich the model could be moved from one side of the model tank to the
other, An opaque blind, provided with eye-slits, hid the observer
from the animal in the test tank, The test tank was equipped with a
siphon tube leading to a scent bucket and a seawater inflow which
allowed the tank to be flushed after every test. A standpipe main-
tained the water at a constant level in the test tank regardless of
any water added from the scent bucket, Iighting was provided by the
four 60 watt flourescent lamps in the ceiling of the laborat:)ry Plus
a 200 watt incandescent lemp with & 30 em reflector hung one meter
gbove the model tank,

A test using this apparatus wes conducted in the following
menner. An animal was Introduced to the test tank at least one
hour before a test was begun, The snimel used as a source of scent
was placed in a scent bucket, contaeining 7.6 liters of seawater, for
two and one-half hours and then removed. A test wae begun by
removing the opaque screen between the two tanks and simultaneously
starting vater flow from the scent bucket into the test tank, Flow
lasted about two minutes, until the scent bucket was emptied.

The models were moved, slowly and in a uniform memner, from
one end of the model tenk to the other, at the start and at two-
minute Intervals throughout the test, 'The responses of the test

enimal to the model were recorded by the observer, using a hend tally

”

o

tank was drained and then flushed with seawater for 15 minutes,

Temperatures in the test tank ranged from 22 to 29 degrees C throughout
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this serles, All testing was carried out between 0900 hours and
1800 hours. A minimum interval of three hours was observed
between successive tests with eny one individusl,

The first series of tests using this apparatus was designed
a8 & pllot study to determine the feasibility of Purther model
experiments, The objective of this series was to find answers to
three questions: (a) Is there a significent difference in the way
blue crabs, male or femnle, react to the various stimulus situations,
or do they react in the same way to all the stimulue situstions?

(b) How does the presence or absence of olfactory cues affect the
vey in vhich males and females react to the models? {e¢) Do red-

sign females react differently to the various stimilus situations

‘than white-sgign females?

Three models were used in testing white-sign and red-sign
premolt females: Model 1 (non-displaying male); Model 2 (male in
paddling display); and Model 3 (non-displaying mature female), Each
model was presented both with the appropriaste scent and with no
scent at all--a total of six different stimulus situations, In
those cases in vhich no scent was used, unscented seawater was
siphoned into the test tank as a control,

Each femnle was subjected to all six stimlus situations, On
several occasions a red-sign female molted before completion of the
six tests, These particular femeles were then dropped from the
analysis, The sequence of stismlus situations was different for each
female tested. The response memsured was the nmumber of waves per

30-minute test period.



Five models were used in the male tests, In additlon to Models
1, 2 end 3, Model 4 (premolt female in waving display) and Model 5
(non-displaying premolt female) were used., Fach model was presented
‘both with and without the appropriste scent giving a total of ten
stlmlus situations to which each male was subjected, As in the
female tests, the sequence of stimulus situations was systematically
varied, The nmuber of attempted grabs, number of falling-back
responses, number of chela lateral responses, and the number of bouts

of paddling were the responses measured in mele tests,

Results

None of the male crebs tested gave a measursble response to
any of the models, After five individuals had been exposed to the
full renge of stimulus situations with no results, further testing
of males was ebandoned. Apparently the stimilus siltustions used
wvere not adequate to elicit responses from males,

The red-sign females, however, responded well, 'The scores
of the six individuals I was able to test under the full range of
conditions are given in Table 3,

As cshown in Teble 3, by far the greatest number of waving
responses were ellclted by those ptimlus situations in which a male
model was presented together with male scent. Also, with the
single exception of female number 4 (which eppesred to have an
wusually high level of internal motivation), no red-sign female
responded in any way to the combination of Model 3 plus mature

female scent, This strongly suggested that red-sign femsles are

ko



capable of discrimineting between males and mature females,

TABLE 3.--Responses of red-sign females expressed as number of waves

per 30 minutes

Model 1 Model 2 Model 3
(non-disp. male)| (disp. male) | (non-diep. female)
Penale | Male No Male No Female No Row
scent scent scent scent scent scent sums
1 1 O 2 0 o] 0 3
2 21 0 0 6 0 0 27
3 12 0 0 0 0 0 12
L 53 0 54 0 39 o 146
5 2 0 i 0 0 8 14
6 3 o 23 0 0 o} 26
Col,
sums | 92 0 83 6 39 8 228

In practically all cases, red-sign females ignored the models

when no scent was added to the test tank, A visual stimulus alone

usually does not releese courtship behavior, at least under the

experimental conditions,

In marked contrast to the red-sign females, none of the six

vhite-sign females tested in the apparatus gave any response to the

stimilus slituations,

They simply ignored the models: as they moved
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around the test tank., This was interpreted to mean that at the white-

sign stege, females have such a low level of internal motivation that

ell stimlus situations tested were inadequate to release a response.
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Second Serles

Methods

The first series of model experiments gave valuable informetion
gbout the mechanism of sex recognition in premolt females, but 1t
suffered from two serlous shortcomings., First, the experimentsl design
did not permit statistical comparisons to be made between the
various pairs of stimulus situastions (e,g, Model 1 plus male scent vs.
Model 3 plus female scent), The repeated use of a two-sample test
on such data would not be valid, since such & procedure would
capitalize on chance by increasing the alpha level. Second, because
each female had to be stbjected to all six stimulus situations, a
full test sequence for any given female took three days to complete,
and the data was wasted if the female molted before completion of the
sequence., Since it can be assumed that the female's motivational
level increases as the time of molting draws nearer, the difference
in response scores between a given pair of stimulus situations
would probably be greater if they were presented, for example, on
the first and third deys rather than both on the same day, This
tended to increase the variability of the data.

Specific questions which the first series of experiments left
unanswered were the following: (a) Can red-sign females discriminate
between models of males and mature females? (b) If red-sign females
can discriminate between male and female models, can they do so by

visual cues only? (c) Do red-sign females show an incressed Intensity

nen-displaying mele model?
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To answer these questions, I devised a second series of model
experiments, utilizing a &ifferent experimental design. Using the
same three models as in the first series, I measured the responses of
red-sign females to the following palrs of stimlus situations:
(2} Model 1 (non-displaying male) plus male scent vs, Model 3 (non-
displaying femele) plus female scent, (b) Model 1 (non=-displaying
male) plus male scent vs, Model 3 (non-displaying femsle) plus male
scent, (c) Model 1 (non~displaying male) plus male scent vs. Model
2 (displaying mele) plus male scent. Since each pair of stimulus
situations was Independent of the others, it was not necessary that
each female be tested on all three pairs, 'The majority of females
molted after completion of one or two pairs of tests; only four of
the flfteen females used completed all six tests.

The order of presentation of test pairs was randomized for
each female by drawing lots; then the order of the stimlus
situations within a pair was determined by flipping a coin. The
responses measured were number of waves, number of bouts of
rocking, and total duration of rocking (in seconds), Scores were
recorded with a hand tally counter, a tally sheet, and a stopwatch,
Except for the experimental design, the testing procedure and the
apparatus were identicel to that used in the first experimental series.

During the entire second series of model experiments the
water temperature in the test tank veried between 23 and 27 degrees C.

A one-talled Wilcoxon Matched-Pairs Signed-Ranks Test (Siegel,
1956) was used to analyze the results. A one-talled statistical test

1s more powerful than the corresponding two-tailed test, but it
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requires thet the alternative hypothesis predict the direction of the
difference in advance of the test., The alternative hypothesis for

each test pair was as follows: (a) test pair (1)--response to Model

nale scent is greater (v) teet pair (2)--response to Model 1 plus
alr (3)~-response to than to Model 3 plus male scent; (c) test 1
iel 1 plus male scent. Model 2 plus male scent is greater then _to Mo
at there was no For each test pair the null hypothesis was th
18 situnations, difference in response between the two stiml
Results
. yun. The date for Nine replicatione of test pair (1) wer
rocking esre given in waves, bouts of rocking end total duration of

Tables 4, 5 and 6, respectively,

!.ﬂ_nﬂ A :E‘-‘L‘mhﬂ! =€\nﬁ¢.ﬂ%m;:w:aeml— srm— ARTE TA__BIE h = --REE‘QQ_IIBQS _f)__f_ —M .._._g:* qf!—'g‘;'_'@_ﬁ_l_ﬁ_l! _e‘?.‘:'_.:‘_‘
dnutas®: Test pais (L), Bet 30
Model 3 Model 1

le) {non-disp, female) Row Female {non-disp. ma
1t plus female scent sums plus male sce

21 0 1 9

9 22 e 53

18 67 3 19

28 107 b T9

8 42 5 34

15 55 6 ko

Wy 140 T 96

2 119 8 17

12 159 9 T

- Column
187 81 sums 594

est, T=5, significant at oA =0,05, *One-talled Wilcoxon
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TABIE 5.-~Responses of red-sign females expressed as number of boute
of rocking per 30 minutes¥* Test pair (1)

_ Model 1 Model 3
Female (non-disp, male) (non-disp, female) Row
Plus male scent plus female scent sums
1 0 0 0
2 2 b 6
3 10 17 27
L 0 9 9
5 14 0 14
6 31 20 51
T 5 1 6
8 0 o o
9 0 0 4)

Colum - o
sums 62 51 113

*One-tailed Wilcoxon test, T=8, not significant at ™ =0,05,

TABIE 6.--Responses of red-sign females expressed as total duration
of rocking (seconds)* Test pair (1)

%

Model 1 Model 3

Female (non-disp. male) (non-disp, female) Row
plus male scent plus female scent suma
1 8] 0 0
2 5 8 13
3 23 26 49
4 0 55 55
5 2l 0 21
6 132 112 2kl
7 3 b T
8 0 o 0
9 0 0 0
Column
sums 184 205 389

*One-talled Wilcoxon test., T=9, not significant at ol=0,05,
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The females reacted mich more strongly to Model 1 plus male
scent than they did to Model 3 plus female scent, as measured by the
vaving response. The other two measures (number of bouts of rocking
and total duration of rocking) did not show this preference, This
inconsistency between the data in Teble 4 and that in Tebles 5 and
6 is due primarily to two factors: (a) three females (2, 4 and 7)

vwhich showed a grester rearwmsge ta Madel 1 ac masomrad har +ha wvasdae
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TABIE T,--Responses of red-sign females expressed as number of waves
per 30 minutes¥ Test pair (2)

Model 1 Model 3
Female (non~disp, male) (not-disp, female) Row
plus male scent plus male scent sums
1 32 L 9
2 9 o] 9
3 29 19 L8
L 56 59 115
5 1 19 20
6 7 65 T2
T 29 6 35
8 120 b} 164
9 30 91 121
Column - - -
sums 313 350 663

¥One-talled Wilecoxon test, T=20, not significant at A =0,05,

TABIE 8,--Responses of red-sign females expressed as number of bouts
of rocking per 30 minutes* Test pair (2)

Model 1 Model 3
Female (non-disp, male) (non-disp, female) Row
plus male scent plus male scent sums
1 5 0 5
2 0 0 0
3 et 9 36
4 6 3 9
2 0 19 19
6 L 6 10
T 16 15 31
8 2 5 7
9 o) 0 0

Column

sums 60 57 nr

*One-tailed Wilcoxon test., T=12,5, not significent at &« =0,05,



TABIE 9.--Responses of red-sign femsles expressed as total duration
of rocking (seconds)* Test pair (2)

Model 1 Model 3
Female (non-disp, male) (non-disp. female) Row
plus male scent plus male scent sums
1 6 0 6
2 0 0 0
3 117 Sk 211
L 10 L 1k
5 0 5 L5
6 11 12 e3
7 99 12 2kl
8 b 9 13
9 0 0 0

Column .

sums 247 306 553

¥One-talled Wilcoxon test, T=12, not significant at & =0.05.

Tables 10, 11 and 12 present the results for the ten
replications of test pair (3).

Al three measures (nuwmber of waves, number of bouts of
rocking, and total duration o;.’ rocking) show that a model of a
displaying male In combination with male scent elicits a greater
response from red-sign females than a non-displaying male model

plus male scent,
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TABLE 10.--Responses of red-sign females expressed as number of waves
per 30 minutes* Test pair (3)

Mcodel 1 Model 2
Female (non-disp, male) (d1eplaying male) Row
plus male scent plus male scent suns
1 14 13 27
2 18 66 8l
3 1L 29 43
4 35 98 133
5 L o2 26
6 0 L k
T 59 92 151
8 32 27 o9
9 107 87 igh
10 13 29 Lp

Column

sums 266 LeT 763

*One-talled Wilcoxon test. T=11, significant at ¢R=0,05,

TABIE li.--Responses of red-sign females expressed as number of bouts
of rocking per 30 minutes* Test pair (3)

Model 1 Model. 2
Femele (non-disp. male) (displaying male) Row
plus male scent plus male scent sums
1 1 8 9
2 8 1 9
3 11 37 L8
L 9 20 29
5 1 25 39
6 22 50 T2
T 6 5 1
8 4 7 11
9 3 6 9
10 3 10 13

Column o

sums 81 169 250

*One-tailed Wilcoxon test, T=6, significant at K =0,05.
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TABIE 12,-~Responses of red-sign females expressed as total duration
of rocking (seconds)* Test pair (3)

Model 1 Model 2
Female (non-disp. male) (displaying male) Row
plus male scent plus male scent sums
1 58 169 227
2 L 2 6
3 8 50 58
L 8 5 13
5 2 12 1k
6 25 1 26
T 11 56 6T
8 38 87 125
9 18 18 36
10 11 30 k1

Colum

sums 183 430 613

*One-talled Wilcoxon test. T=8, significant at OK =0,05,

Figure 4 on the next page 1s a graphical comparison of median
scores in each of the three test palrs,
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FIGURE L

Responses of red-sign females, Median scores for
nurber of waves, number of bouts of rocking, and
total duration of rocking (seconds). In each case,
the black bar represents responses to Model 1,

A, Test pair 1, Model 1 (non-displaying male) plus male
scent vs, Model 3 (non-displaying femele) plus female scent.

B. Test pair 2, Model 1 (non-displaying male) plus male
scent vs, Model 3 (non-displaying female) plus male scent,

C. Test pair 3, Model 1 (non-displaying male) plus male
scent vs. Model 2 (displaying male) plus male scent.
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DISCUSSION

Little quantitative data on the sex recognition system of male
Callinectes sapidus was obtained by the present study, since I was
not able to induce males to respond to the models, However, various
obgervations appear to support Chidester’'s (1911) argument that
males cennot discriminate between conspecific males and females.

In the experiments on blinded males, those individuals with taped
eyes grabbed other males just as readily as females, Males in the
experiments on olfaction showed no reaction to water in which premolt
females had been kept. Also, unblinded, sexually motivated males

in water tables often grabbed any crab that came close, regardless
of sex or molting stage. These observations are not conclusive
evidence, but they make it seem unlikely that males can recognize the
sex of & conspecific by olfactory, contact chemical, or tactile

cues, Visual cues may possibly be used hy males to effect a
discrimination--the existence of female sexmal displays would appear
to be a priori evidence for such a conjecture. Alternatively, the
rocking and waving displays of females (which involve rapid movements
of the appendages or the entire body) may merely act to lower the
threshold of the male's grabbing response and prevent habituation,
especlally when coupled with movement toward the male, Blue crabs of
both sexes seem to habituate very rapldly to non-moving obJjects,

including live crabs and models, In the model experiments any
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movement of a model immediately increased the frequency of the
female's response to it,

Published data on the spectral sensitivity of C, sapidus
(Goldsmith end Fernandez, 1968) show that meximum sensitivity occurs
at 505 namnometers (blue-green region), and that only a single
visual pigment ie present. Color wvision therefore seems wnlikely in
this species, This does not necessarily mean that differences in
coloration between the sexes have no signal value, since intensity
differences might still be sensed, The fact that the chelae are
waved by the female during courtship 1s very suggestive, since the
fingers of the chelae are so obviously different in color (at least
to human eyes) from those of the male,

Female crabe, at least in the red-sign premolt stage, do have
a well-developed ability to discriminate between adult males and
females, as the present study has demonstrated., This would certainly
be adaptive, since a recently molted female 1s defenseless owing to
her soft condition and would be prey to any crab other than an adult
male,

It seems clear that red-sign females recognize males primerily
by olfactory cues, When male models were presented without scent,
they were usually ignored; the same models together with mele scent
elicited a sexual response from the females, When female models were
presented together with male scent they elicited a response equal to
that elicited by male models, When the same female models were
presented with female scent they elicited a much lower level of

response.
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Visual cues appear to play a subordinate, but importamt, role
in females, That is, females will not give a sexual display if they
are exposed to male scent alone; they also require a visual stimlus
in addition to male odor to release the display, The visual stimulus
can be relatively unspecific (either a male or a female model) as long
as male scent 1s present in the water, Motion 1s evidently also
important, for females always gave a greater response to a moving model
than to one which was at rest. Females also showed a significantly
higher level of response to a model of & displaying male, compared to
a non-displaying model,

In his work on Portunus sanguinolentus, Ryan (1966) found that
the female's sex pheromone wae released in the urine; sealing the
excretory pores with peraffin blocked the release of the pheromone.

To see 1f the urine of male C, sapidus was the source of their
attractiveness to females, I made several attempts in the course of
this study to seal the excretory pores of males before placing them in
the scent buckets., Unfortunately, I was never eble to obtain a
satisfactory seal, although & variety of sealing agents were tried,
The nature and site of production of the male attractant still remain
to be investigated,

The femele's response to male odor and male sexual displays
probably compensates for eny lack of discriminetion on the part of the
male, It would be interesting to carry out tests on the ability of
male and female C, sapidus to discriminete between conspecifics and
menbers of closely related species such as C, marginatus, Interspecific
discrimination in females may depend on olfactory cues, since the visual
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courtship displays of males of both C, marginetus and C, sapidus are
very similar (Teytaud, personal observations), Comparative studles of
the occurrence and taxonomic distribution of courtship displays
throughout the Portunidae would be of value, especlally as the habitats
of verious species range from the intertidel (e.g. Carcinus) to very
deep water (e.g. Bathynectes).

When compared with semi-terrestrial forms such as grapsids and
ocypodids, the courtship behavior of the blue crab does not appear to
be highly "formalized" (in the sense of Schone [1968], a "formalized"
encounter conslists of a " , , . more or leas fixed set of patterns
following certain rules.”) In the present study T observed a relatively
wide variation in the sequence of action patternms during a courtship
encounter (see p, 33), and in the orientation of the displey with
respect to the partner. Wright (1968b) end others have cautioned
thet such variation may be a laboratory artifact--this needs to be
checked in field studies of C, sapidus,

Sexual behavior in the natural environment has not been well
studied in most fully aquatic brachyurans, When such work is carried
out, it may well be found that commmication by visual displays has a
mich larger role In the interactions of these animals then most authors
currently assume, at least over short distances. The rocking, paddling,
and falling-back displays of male C, sapidus and (poseibly) the waving
and rocking dieplays of females seem to be part of & visusl commmication
system vhich is at least as complex &s those described for many shore-
living forms. It may still be true that chemical commmnication pleys a
larger part in fully aquatic specles than in semi-terrestrial ones, but
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it should be noted that the possible existence of air-borne pheromones
in gemi-terrestrial brachyura has not been experimentally investigated
to date (Hartnoll, 1969).

Female blue crabs, if they are not mated at the time of their
puberty molt, retain their sexual receptivity for some time., They are
able to copulate even though their exoskeletons are quite hard, I
observed several cases of this; one female in particular courted and
copulated with a male two and one-half weeks after molting, If
unmated, mature females are kept together in the absence of males, some
individuals will occasionally exhibit pseudo-male behavior, picking up
other females and attempting to hold them in the carrying position.
However, thilg action differs from that of the male in that the chela
lateral display which invariably accompanies carrying by males is not
glven in this context by females.

Finally, the results of this study are supported by the
observations of Dr. Richard Jachowski (personal commmication) among
the Chesapeake Bay watermen, He reports that crab fishermen in that
area occasionally bait their pots with live males to attract "peelers"
(red-sign females), and some people catch females with a male on a
string, However, female peelers generally make poor bait for catching

males,
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SUMMARY

1. Both sexes of the blue crab Csllinectes sapidus Rathbun
(Decapoda: Portunidae) perform relatively complex courtship displeys
not commonly observed in other fully aquatic brachyurans, This
paper reports the resulis of behavioral studies conducted by the
author to determine the function of these displays in intraspecific
gex recognition.

2, The courtship dlsplays of C, sapidus have not been
described in detall in the litersture. Therefore, a preliminary step
in the present study was the compillation of a reproductive ethogram
(L.e. a descriptive catalogue of specles-typical action patterns) for
both sexes, Most of the observations of courtship activities were
carried out under laboratory conditions,

3. Following compilation of the ethogram, experiments were

s M

ere tested'” 2 Lroidactory: stimilly) or, both. il Malednd £
f adult males separately in a specially designed apparatus, Models

playing) were and females in various postures (displeying and non-di
e appropriate used as a viausl stim.luso Water in \hich a ¢rab of +

he test apparatus sex and molting stage had been kept was siphoned into

to provide an olfactory stirmulus.
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of the data for these immsture females showed a significantly greater
intensity of response to certain test situations, namely those in
vhich a visual stimulus (male or female model) was combined with male
odor, The level of response was much lower in those test situations
involving elther olfactory or visual stimuli alione, or visual
stimli in combination with odor from mature femeles, Male models in
display postures eliclted significantly greater responses than
non-displaying models, whem hoth were presented with male odor.

5. White-sign, prepuberty-molt females did not respond in
any way when exposed to the identical stimmlus situations as the
red-sign females, This was Interpreted ‘o mean that white-gign
females have such a low level of internal motivation tﬁat none of
the stimlus situations tested were adequate to release a response,

6. Meture males gave no measurable responses when tested in
the apparatus, PFurther testing of males was discontinued.

T+ The model experiments showed that prepuberty-molt red-sign
females are able to discriminate between adult males and females,
Olfactory stimull appesar to be of primary importance in effecting the
discriniination. Vizion plays a suboxdinate, but importent, role.

No conclusions could be reached regarding male crabs, due to their
fallure to respond in the test apparatus, Varlous observations under
different conditions suggested that males are not capable of
discriminating between the sexes, but this remains to be demonstrated
experimentally.

8. Females of Callinectes sepidus normally mate only at the

time of thelr puberty molt. The abilliy of females t0 recognize males
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i1s edaptive, since females are very vulnerable vhen molting and would
be killed and eaten by any conspecific other than a mature male,

9. A summary of the general biology of the blue crab is given,
emphasizing those aspects pertinent to the present study. The
literature on sex recognition in the family Portunidee is reviewed, and
a less detalled account of the literature on non-portunid decspods is

also presented,
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