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Abstract. The stomatopods are well-known for their aggressive and agonistic
encounters. The males are normally aggressive; the females too in the nonreproductive condition show such a behaviour with males. In S. holoschista
mating is frequent as well as repetitive. The present paper explains whether there
is any involvement of sex pheromone. The sex pheromones are considered to be
present in ovaries, cement glands as well as oviducal extractions. These substances
were tested for their pheromonal activity. The results indicate that there may not be
such attraction as evidenced by the lack of mating gestures from the isolated males
in the presence of these substances. It is therefore suggested that the mating in the
stomatopod, S. holoschista is indiscriminate. The physiological effect of such a
repeated and indiscriminate mating on the female is discussed.
Keywords. Pheromone; natural sex attractants; Squilla ; premating gestures.

1. Introduction
The accumulation of evidences drawn from insects led to the introduction of
pheromone concept (Karlson and LUscher 1959). Recently sex attractants in the
form of pheromones have been found to exist in several crustaceans (Dahl 1975).
However due to lack of proper controlling methods, the mere existence of pheromones in Crustacea is questioned (Dunham 1978).
In decapod crustaceans the behavioural movements may be due to chemical
or visual stimuli (Salmon 1965, 1971; Mcl.eese 1971; Ryan 1966; Teytaud
1971). Initial behavioural contact between male and female is followed by mutual
exchanges of communicating signals. This helps in transmitting information of
species, identification of sex and reproductive drive from one animal to another
(Hazlett 1975), Alteration in the agonistic behaviour has been shown to result
in the pair of reproductive male and female (Hazlett and Winn 1962; Nolan
and Salmon 1970). The act of copulation in marine Crustacea varies from one
species to another. In general, mating occurs in the freshly moult condition.
But there are exceptions to this rule (Hartnoll 1969). In lobsters and anomuran
species mating occurs normally between a fresh moult female and an intermoult
male (Berry 1970; Hazlett 1970, 1972). In some hermit crabs, Hazlett (1972)
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observed frequent mating and copulation was prolonged in hard-shelled crabs.
Dingle and Caldwell (1972) have observed in a stomatopod, Gonodactylus
breedini that mating is not preceded by moulting.
In spite of the elaborate mating processes reported in some decapod crustaceans,
not much is known on the pheromonal attraction among the males. Kittredge
et al (1971) have pointed out that" the closest parallel to insect pheromone communication observed in marine organisms are the sex pheromones of marine
Crustacea." The available information on crustacean sex pheromone indicates
that their behavioural assays accepted as admissible evidence for sex pheromone
are as follows: (i) chemokinetic reactions, (ii) chemotaxic reactions, (iii) releaser
reactions (Dunham 1978). The presence of non-diffusible stimulating substances
have been found by Carlisle (1959) and Forster (1951) in Pandalus borealis and
in Leander serratus respectively. They have found that the stimulant is not
restricted to any particular part of the body; instead even antennal contact seems
to be sufficient for exciting the male. Ryan (1966) reported on the water soluble
sex pheromone released through the urine of Portunus sanguinolentus during premoult stage. Atema and Engstrom (1971) and McLeese (1971) have also demonstrated the existence of water-soluble sex pheromone released by moulted mature
female lobsters. Kamaiguchi (1972) has shown in Palemon paucidens that such
sex attractant is released from the sternal glands during prepaturial moult. Sex
pheromonal activity of the moulting .horrnone (crustecdysone) itself has been
indicated by Kittredge et al (1971). However Atema and Gagosian (1973) found
no evidence for the pheromonal activity for ecdysone or its analogue in the mature
males. Perhaps the occurrence of sex pheromone in more crustacean species
should be demonstrated in order to draw conclusions on its physiological specificity on the males. It is of interest to note in this connection that in a male crab
Emerita asiatica mating occurs indiscriminately without the involvement of any
sex pheromone (Subramoniam 1979). The aim ofthe present paper is to find out
whether the extracts of various female reproductive organs as well as the "female
water" possess pheromonal activity on the mature males kept in isolation in the
laboratory.

2.

Material and methods

Squil/a holoschista (Woodmason) used in the present study were collected from
the Madras coast and maintained in the laboratory in glass aquaria containing sea
water. Water was changed and sufficiently aerated every day. The animals were
fed regularly with fresh muscles of fish and prawn.
Behavioural sequences were observed in the glass tanks. Before the experiments commenced the matured males and females were fed ad libitum and transferred into a tank of dimensions 60 X 25 X 31 em, with sufficient sea water.
Before the experiment began the males were fully fed. Then the aqueous extracts
of ovary (0' 5 g of ovary in 1 ml of filtered sea water), cement glands (0' 25 g
of cement glands in 1 ml of sea water) and the oviduct (from three animals with
O·5 ml of sea water) were tried on the males when it comes to a motionless state.
This was repeated many times in order to find out the changes if any in the behavioural patterns towards the premating gestures or agitated or searching beha-
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Table I. Behavioural sequences

Normal behaviour-Malt:
(In Isolation within a period
of 3D min)

I. Mating-Male and female
(Deccaraman and Subrarnoniarn 1981a)
(Generally at evening hrs-s-difiused
light)

I. Antennule flicking

Antennule flicking-male and
female
2. Contact-s-male initiates

2. Spreading of the
raptorial meri at narrow
angle
Telson
thrust
3.

4. Forward and backward
movements
5. Motionlecs

0. Cleaning the cephalothorax with telson spines

7. Coiling by bringing tile
tel son close to the
cephalic region

I.

Aggressive males
(Frequently exhibits)

I. Antennule flicking

2. Meri spread out
widely

3. Male spreads the raptorial mel i
female remains motionless
4. Male holds the female by
cephalothoraeic appendages ,
grasps and tilts the female
5. Male erects the intromittent
organs and moves towards
the female
6. Male exhibits thrusting movemer ts-e-Female orientates
towards the male
7. Release of male by the female
-strikes (indicates to some
extent aggressive behaviour)

3. Strikes the opponcnts
4. Chase

Female
I.

DUI ing

non-

receptive condition
2. Strikes the male
at the end of
copulation

Repeated mating
Both rmle and female involve
2. Some behavioural movements.
repeated as in column I.
Tl.
l.

vioural patterns as reported by Ryan (1966), Atema and Engstrom (1971) and
Kamiguchi (1972).
Similarly the effect of "female water" in changing the behavioural pattern
of male was also tested. The female water was obtained by keeping a mature
female in a glass tank for si... hrs. This female water was tested on males kept
in isolation in a glass tank. The behaviour of the males after the addition of
female water is compared with the normal mating patterns (Deecararnan and
Subramoniam 1981b).

3. Results
In S. holoschista normal mating behaviour (Deecararnan and Subramoniam
1981b) couId be easily differentiated from the aggressive encounters. The male
usually exhibits aggressive behaviour. However, the female also exhibits the
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same when it is not in the receptive state. This aggressive behaviour by females
is also exhibited at the end of copulatory sequences.
The males when introduced into the trough start flicking the antennules in all
directions. This movement may last for few sec. Subsequently, the animals
spread the raptorial rneri on both sides and withdrew them immediately. Then
the males move backward using the telson spines and the walking legs. Sometimes, the animals remain motionless up to 10 min, but keep the antennules and
the pleopods in motion. Following this the males exhibit forward and backward
movements using the thoracic and abdominal appendages, with telson spines
planted on the substratum. Frequently the animals clean the maxillipedes with
telson spines and also demonstrate "coiling" by bringing the telson and the head
close together. These movements may last from a few sec. to some min.

3· 1. Experiments with ovary, oviduct and cement glands extracts
A mature male was introduced into the tank and its normal behavioural pattern
was observed. When the animal comes to a motionless state at one end, the
aqueous extract of ovary was introduced at the other end opposite to the animal
drop by drop. In the beginning the animal shows a positive response by moving
towards the point of application of the ovarian extract; however, it immediately
retr-eats to its original place without showing any behavioural pattern positive
to premating gestures. Repeated application of the ovarian extract failed to show
any effect on eliciting the premating gestures. Similarly, the application of
oviducal and cement glands extracts did not have any effect on the males (table 2).
3· 2.

The female water

To test the effects of female water. on the male behavioural pattern the mature
males were introduced in the tank. Even here the males failed to elicit any positive behaviour for attraction.
All these preliminary experiments suggest that there may not be any specific
stimulation of the male by the female by way of any pheromonal substances
(table 2). It is therefore suggested that mating in the stornatopod under laboratory conditions occurs indiscriminately.
4. Discussion

Many available evidences in invertebrates clearly suggest the involvement of
pheromone and one such phenomenon is the settlement of marine larvae of
gregarious organisms (Dahl 1975; Crisp 1974). Another phenomenon of sex
pheromone is that of "epidemic spawning" (Galtsoff 1938, 1940 ; MacGinite
and MacGinite 1949).
Various stomatopod species are known to exhibit agonistic and aggressive behaviour in natural copulation (Dingle and Caldwell 1969, 1976; Caldwell and Dingle
1976). Malacostracans, especially the brachyuran crabs, have been shown to
exhibit prolonged premating gestures before the external pairing (Hazelet 1975).
Many others have attempted to explain this phenomenon by way of pheromonal
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Table 2. Behavioural sequences- Male (within a period of 30 min)

I.

Ovary
1.
2.
3.
4.
5.
6.
7.
8.

II.

Normal behaviour
Motionless
Application of ovary extract
Antennule flicking
Advances towards the point of application
Retreats to the normal position immediately
No prernating gestures or searching behaviour or agitated movements
Restore to the normal behaviour

Oviduct
1. Normal behaviour

2.
3.
4.
5.
6.
7.

In.

Motionless
Application of oviduct extract
Antennule flicking
Avoids the point of application
No prermting gestures or search behaviour
Restore to the normal behaviour

Cement glands
1.
2.
3.
4.
5.
6.

Normal behaviour
Motionless
Application of cement glands extract
Antennule flicking
No prernating gestures or searching behaviour or agitated movements
Restore normal behaviour

.. Female water "
I.
2.
3.
4.

Antennule flicking
Motionless
No premating gestures or searching behaviour or agitated
Normal behaviour.

movements

attraction (Ryan 1966; Mcl.eese J971; Kittredge etal 1971). Virtually nothing
is known about the origin of pheromone in the aquatic invertebrates (Dunham
1978). Recently, Kittredge et al 1972 and Kittredge and Takahashi (1972) have
reported that the crustecdyzone or the related compound acts as sex pheromone
in some decapod crabs, however Atema and Gagosion (1973) have reported negative results to the sex pheromone response to anyone of these compounds in
Homarus americanus. In Portunus sanguinolentus Christofferson (1970) has
reported that the sex pheromone is of 1000 or less of molecular weight,
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A recent study on the mating behaviour of sand crab E. asiatica has shown that
the tiny males may not be attracted to the female by any sex pheromone as the
attachment of the males to the females occur long before the actual deposition
of spermatophore and the attachment could also occur at any time of moult
cycle (Subramoniam 1977). It was also reported that the mating at least in this
crab is indiscriminate and that there may not be any pheromonal attraction
involved in it (Subramoniam 1979). It was also suggested that a pheromone may
not work in an environment of rapid water movements such as intertidal region
inhabited by E. asiatica.
The present results have not provided any evidence in support of a sex pheromonal attraction in S. ilOlosclzista.
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