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Crustaceans are known for their unrivalled diversity of sexual systems, as well as peculiar mating associations to
achieve maximum mating success and fertilization accomplishment. Although sexes are separate in most species,
various types of hermaphroditism characterize these predominantly aquatic arthropods. A low operational sex ratio
between female and male, together with temporally limited receptivity of females towards males, imposes restrictions
on the structuring of mating systems in crustaceans. The basic mating systems consist of monogamy, polygamy, mate
guarding and pure searching. Understandably, ecological influences may also play a determinative role in the
evolution of such sexual and mating systems in crustaceans. An important outcome of the crustacean sexual biology
is the development of complex social structures in many aquatic species, in much the same way insects have
established them in terrestrial conditions. In addition, groups like isopods and certain families of brachyuran crabs
have shown terrestrial adaptation, exhibiting peculiar reproductive modes, sometimes reminiscent of their terrestrial
counterparts, insects. Many caridean shrimps, living in symbiotic relationship with other marine invertebrates in the
coral reef habitats, have reached pinnacle of complexity in sexuality and peculiar mating behaviours, resulting in
communal living and establishing advanced social systems, such as eusociality.
[Subramoniam T 2013 Origin and occurrence of sexual and mating systems in Crustacea: A progression towards communal living and
eusociality. J. Biosci. 38 951–969] DOI 10.1007/s12038-013-9392-x

1.

Introduction

Sexual biology, meaning sexuality and its functional relationship with reproductive processes in Crustacea is receiving considerable attention, thanks to its newly recognized
phylogenetic closeness with insects, placing them under a
separate clad Pancrustacea within arthropods (Graham and
Maximiliam 2009). Crustaceans originated about 500 million years ago during Precambrian period (Zhang et al.
2007), and have undergone dynamic species radiation, occupying diverse niches in aquatic ecosystems, as well as a
few species venturing into terrestrial environment. The diversity in crustacean morphology reflects their successful
physiological adaptation to different ecological conditions
as well as their ability to accomplish a variety of reproductive functions. A unique feature found in crustacean reproduction is its adaptive radiation in both aquatic as well as
terrestrial environments. Their highly variable patterns and
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processes of reproduction have an underlying relationship
with the manner in which sex determination and differentiation have taken place in the diversified crustacean taxa. The
existence of some of the sexual systems such as protandric
simultaneous hermaphroditism is unique to Crustacea (Bauer
2000). Among the varied mating systems, pre-copulatory
mate guarding has evolved in response to time-limited opportunity for fertilization, existing in several crustacean species. The complex mating systems as well as the symbiotic
way of living with other marine invertebrate species may be
the harbinger of communal living and social formation in
some of the attractive coral-living caridean shrimps of the
tropical waters. The present review analyses the possible
evolution of various sexual systems as well as mating
tactics that promote the evolutionary formation of social
systems, which qualify certain crustacean species to eusocial conditions, found and characterized only in social
insects (Wilson 1975).
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2.

Sexual systems

Crustacean sexual systems incorporate various reproductive
modalities with gonochorism (separate sex) as the common
mode. All other sexual systems including a wide variety of
mixed-sex hermaphrodites, along with species with parthenogenetic fertilization constitute alternative sexual systems
in Crustacea (table 1). The occurrence of diversified sexual
systems in crustacean taxa has an underlying relevance to
different modes of sex determination, which ranges from
heterogametic to polyfactorial to environmental sex determination (Bull 1983). As in plants, sex determination is seldom
dictated solely by an individual’s genetic constitution per se
(Avise 2011). Instead, in several species of crustaceans, the
individuals’ gender is a complex genetic and epigenetic
outcome of physiological and developmental processes that
activate or repress multiple male-specific or female-specific
genes during ontogeny (Charniaux-Cotton and Payen 1985).
3.

Gonochorism

Gonochorism describes sexually reproducing species in
which individuals have one of at least two distinct sexes.
Individual sex is genetically determined and does not change
throughout lifetime. Genetic sex determination systems are
those in which the development of one sex or the other is
triggered by the presence or absence of one or more critical
genetic factors. Crustaceans exhibit different modes of genetic sex determination such as male and female heterogamety. Different types of male heterogamety are known in
Crustacea, with Xo present in branchiopods, isopods and
copepods, XY males in copepods such as Tortanus gracilus,
several decapods and in the isopod Anisogammarus
anandalei. X1X2O is known in ostracods and X1X2Y is
found in the decapod Cervimunida princeps (Legrand et al.
1987). On the other hand, female heterogamety is represented by WZ chromosomal pattern with examples of the
anostracan Artemia salina (WZ), and the isopodan superspecies Jaera albifrons (W1W2Z).
4.

Hermaphroditism

Hermaphroditism is a condition in which an individual produces both male and female gametes, either sequentially or
simultaneously. Many groups of malacostracan crustaceans
exhibit this type of sexual system in which both male and
female sexual characteristics are found in a functional way
throughout their reproductive life. A true hermaphrodite or
euhermaphrodite is thus an animal that produces ripe sperm
and ova at the same time and in which distinct male and
female secondary sexual characters coexist or do not exist
(Clark 1978). Examples for simultaneous hermaphroditism
J. Biosci. 38(5), December 2013

in crustaceans are the sessile thoracican barnacles. Other
examples are found in cephalocarids (Charniaux-Cotton
and Payen 1985), notostracans (Ghiselin 1969),
concostracans (Sassaman and Weeks 1993), as well as the
burrowing thalassinid Calocaris macandreae. The primitive
cave-dwelling remipedes such as Speleonectes benjamini
and Godzilliognomus frondosus are also found to be simultaneous hermaphrodites (Yager 1991). All the simultaneous
hermaphrodites except the notostracans practice cross
fertilization.
4.1

Sequential hermaphroditism

Different crustacean species however exhibit a range of
hermaphroditic conditions. The most common form of hermaphroditism is the sequential hermaphroditism, a sexual
system in which the sexes are functionally separate and
morphologically distinct, but an individual produces both
male and female gametes at different periods of its life.
There are two types of sequential or successive hermaphroditism, viz., protandry and protogyny. Typically, protandric
and protogynous forms do not exhibit the characteristics of
both sexes simultaneously. They are usually either male or
female at a time with a very brief transitional state, called
‘intersexual’ during the change-over phase.
4.2

Protandric hermaphroditism

Functional protandric hermaphroditism, referring to a sex
change from male to female, is described in various species
of certain decapod infraorders, such as Caridea
(Hippolytidae and Pandalidae), Thalassinidae (Axiidae) and
Anomura (Hippidae), as well as in three suborders of
Isopoda, namely, Flabellifera, Epicaridea and Oniscidea.
Wenner (1972) proposed a size-related sex ratio for crustaceans to explain anomalous growth pattern, in which a close
overlap between males and females in the mid size classes
would predict a sequential hermaphroditism. While early
workers used this method to suggest sex reversal in decapods, direct observations on both secondary and primary
sexual characteristics during the ontogeny of the organisms
indicated a vast number of sex changers in malacostracans.
An estimate on the number of sex changers in crustaceans
has revealed a total of 105 reported hermaphrodites, of
which the decapods alone accounted for 74. Among the
decapods, the caridean prawns dominate the list, having as
many numbers as 59 (figure 1). Caridean shrimps, belonging
to the family Hippolytidae, comprise some of the marine
species that possess some specialised sexual and mating
systems, after their evolutionary adaptation to specialized
habitat niches in the tropical coral reef environment. In an
earlier review, Bauer (1986) also reported that out of the 32
decapod species, 26 are caridean shrimps. Obviously,
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Table 1. Different types of sexual systems in crustaceans

carideans are the most extensively described hermaphroditic
crustaceans in the literature. Incidentally, they occur in various forms, giving valuable insights into the evolution of this
interesting sexual system in the whole of invertebrate

species. Interestingly, the tropical islands of Andaman and
Nicobar abound with a variety of ornamental caridean
shrimps, inhabiting the coral reef niches, displaying
specialised sexual and mating systems (figure 2).
J. Biosci. 38(5), December 2013
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Figure 1. Percentage distribution of hermaphroditism (including all types) in Crustacea. Craidean shrimps exhibit maximum percentage
and types of hermaphrodites among decapods. Other than decapods, only isopods and amphipods dominate in the possession of
hermaphroditic species.

Figure 2. (a) Rhynochocinetes sp (gonochoristic-mating system unknown), (b) Stenopus hispidus (Pair-forming monogamy), (c) Thor
amboinensis (Partial protandric hermaphrodite). Underwater photograph courtesy Dr G Dharani, NIOT.
J. Biosci. 38(5), December 2013
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4.2.1 Variations in the protandric hermaphroditism in caridean
shrimp: Protandric hermaphroditism has been recorded most
frequently in caridean shrimps (Bauer 1986). Earlier workers
on caridean shrimps described them as protandrous, in which
individuals first mature as males and then, with increase in size
and age, change sex to females. Subsequent studies
nevertheless indicated several variations existing in this
sexual system of protandry (figure 3). For example, in
species such as Pandalus platyceros and Pandalopsis dispar
(Butler 1964, 1980), as well as Lysmata seticaudata (Dohrn
and Holthuis 1950), all individuals in the population are
reported to transform from males into females. Conversely,
in other protandric carideans, a variable proportion of the
population mature as primary females without passing
through a male phase (Fréchette et al. 1970; Noël 1976;
Charnov et al. 1978; Butler 1980; Boddeke et al. 1991;
Bergstrom 1997). In other species such as Thor manningi, of
the family Hippolytidae, the population is composed of 50%
primary males and 50% protandric hermaphrodites (Bauer
1986). Yet again, in the alpheid species, Athanas
kominatoensis (Nakashima 1987), the population consists of
both primary males and sex changers; whereas, in species like
A. indicus, a mix of primary females, primary males, and sex
changers are found (Gherardi and Calloni 1993). Outside the
caridean shrimps, this kind of ‘partial hermaphroditism’ has
been described in the anomuran crab Emerita asiatica
(Subramoniam 1981).

4.3

oogenesis in the medullar region. During the female phase,
the oviduct is also fully formed. At the same time, the vas
deferens contain fully mature spermatozoa, and the male
secondary sexual characters are retained in a functional
way, suggesting that these hermaphrodites at this stage could
behaviourally participate as males in the mating process.
Since the oocytes are fully mature and the oviducts are
functional, these hermaphroditic individuals can also act as
females simultaneously (Hoffman 1972). This kind of simultaneous hermaphroditism originating from a previously male
phase has subsequently been described in another caridean
genus Lysmata and rechristened as protandric simultaneous
hermaphroditism (PSH) (Bauer 2000). PSH has been defined
as the sexual pattern, in which individuals first mature as a
male and, with increasing size, it moults to a simultaneously
hermaphrodite or ‘euhermaphrodite’, which can reproduce
both as a male and female without self fertilization. Unlike
strict protandric carideans, Lysmata PSH retain reduced male
gonadal tissues and ducts, and are able to mate
nonreciprocally as males as well as to reproduce as females.
Thus, Lysmata species are functional simultaneous hermaphrodites, although most reproductive efforts are devoted to
embryo production and incubation (Bauer 2007). PSH is the
only sexual system present in all species examined so far
under the genus Lysmata (Baeza 2008). Bauer (2007) has
predicted a change in the environment would have caused
the transition from a protandric Lysmata ancestor to the
extant PSH species of Lysmata.

Protandric simultaneous hermaphroditism:

An interesting aspect of the sex reversal in the deep sea
prawn Pandalus platyceros is that, at the completion of male
phase, the vas deferens and the seminal vesicle are filled
with mature male gametes. This is followed by the degeneration of all the testicular elements in the cortex of the
ovotestes which is precisely followed by the onset of

Figure 3. Showing percentage distribution different types of hermaphroditism in caridean shrimps. PH (46%) is the dominant form
of hermaphroditism in carideans. PSH (22%), followed by SH
(18%) are the next dominant types. PG (10%) is comparatively rare
in crustaceans.

4.4

Protogyny

Protogyny refers to the organisms that are born female and at
some point of their life span change sex to males. The
occurrence of protogyny is associated with three features,
low mobility of females, low abundance of males due to
mortality, and intense competition among males for access to
females. In this sexual system, the relative fitness of male
increases faster with age than it does for females (Charnov
1993). In Crustacea, Isopoda are the only order in which
both forms of sequential hermaphroditism occur. Whereas
the protogynous isopods are free-living, the protandrous
isopods are mostly parasitic. In a survey of 63 sexchanging species in Crustacea, Brook et al. (1994) found
11 species (17%) were protogynous. Indeed, protogyny is
the reproductive norm in several isopod taxa. In these isopods, in which males guard their mates, older and larger
males probably have a reproductive advantage over smaller
males by virtue of an enhanced ability to thwart competitors
(Abe and Fukuhara 1996). Protogyny generally arises when
small males are prevented from mating with females by
larger males, making it advantageous to become male when
a competitive larger size is reached (Warner 1988).
J. Biosci. 38(5), December 2013
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Ecological and evolutionary importance of sequential
hermaphroditism

Sequential hermaphrodites that change sex as a normal part
of their life history occur in a wide range of taxa among
Crustacea. By far, protandrous hermaphroditism is the most
prevalent form among other sexual patterns in as much as the
adaptive significance of this system could be easily explainable. In most species, the size and age of the individuals are
positively correlated, as the crustaceans tend to grow continuously during their lifetime. Warner (1988) posited the
size advantage theory to explain the adaptive significance of
sequential hermaphroditism in crustaceans. This theory predicts that sex change is favoured by natural selection when
an individual reproduces most efficiently as one sex when
young or small, but as the other sex, when large and older.
Depending on the biology and ecology of a particular species
males might have the reproductive advantage when small
and females when large, in which case protandry could be
favoured by natural selection. Conversely, in many other
species, individuals might maximize their fitness by functioning as females when small or young but as males when
larger and older, in which case protogyny will be favoured.
In explaining the size advantage hypothesis further, sex
allocation theory relating to the energy cost of reproduction
should be considered. Charnov (1979, 1982) refined the
size-advantage hypothesis, and predicted qualitatively the
optimal timing of sex change within the overall theory of
sex allocation. According to him, the optimal age of sex
change t is that which maximizes the product F(t)×M(t),
where F(t) is the fitness gained through female function
and M(t) is the fitness gained through male function.
Sex allocation is defined as the distribution of an organism’s resources to male versus female function (Warner
1988). Hence, sex allocation has great relevance in the
production of egg versus sperm in hermaphrodites, thereby
influencing the direction and timing of gender switching in
the sex changers. Male gametes are usually small and numerous relative to those of females, and female gamete
production often entails energy-demanding activities such
as production and storage of yolk in eggs for embryonic
nutrition and larval development. An example to illustrate
this point is found in the Lysmata shrimps. In L.
wurdemanni, the size of sex change from the smaller male
phase (MP) to the larger simultaneous hermaphrodite female
phase (FP) is variable. Below a certain minimum size, individuals are MPs and cannot function as females because they
do not have the energy resources to produce the large yolky
eggs typical of caridean shrimps. Therefore, most MPs do
not change sex until they are larger in size. Bauer (2002)
further observed that a delay in sex change in L. wurdemanni
could also be due to the high abundance of FPs in the
population to increase the opportunity to mate as a male.
J. Biosci. 38(5), December 2013

Timing of sex change and growth rate of hermaphrodites
at latitudinal populations of pandalid shrimps such as
Pandalus borealis has been well worked out (Charnov
1979; Bergström 2000). From the American coastal region,
age or size at maturity and sex change of southern populations is roughly earlier (smaller) than that of northern populations. Such a latitudinal pattern of the life history variation
could be caused by latitudinal differences in water temperature and growth rate. Furthermore, Charnov and Hannah
(2002) indicated that the timing of sex change in the
pandalid shrimp population is a flexible response by individuals to local conditions. Notwithstanding, some
protandrous shrimp do not change the timing of sex change
in response to local environmental conditions (Bergstrom
1997). Equally intriguing is the fact that in some shrimp
species a proportion of the population matures directly into
the other sex, whereas other individuals never change sex
because favourable conditions do not arise.

5.

Androdioecy

Androdioecy is a sexual system in which the populations
consist of males and hermaphrodites. This rare but specialized
sexual system has been documented in Crustacea in
Branchiopoda and Cirripedia. Androdioecy is present in
Notostraca and Concostraca among branchiopods. In the
concostracan genus Eulimnadia, the hermaphrodites lack
clasping appendages for mating and thus can only selffertilize or mate with males (Sassaman and Weeks 1993;
Weeks et al. 2005). Eulimnadia texana is an androdioecious
species coexisting with hermaphrodites of two phenotypically
similar but genetically different types: ‘amphigenic’ and
‘monogenic’ hermaphrodites. Males of E. texana have a higher
mortality rate than hermaphrodites, but enhanced male mating
opportunities increases the male lifespan. Hermaphrodites produce primarily female gametes, with only a limited portion of
the ovotestis devoted to sperm production (Zucker et al. 2001).
However, the amount of sperm produced is sufficient to fertilize all of the hermaphrodite’s eggs if a male is unavailable to
supply sperm (Zucker et al. 1997).
Notwithstanding, hermaphrodites behave in ways that increased the likelihood of outcrossing. Receptive hermaphrodites are attracted to males when available. Hermaphrodites
will even delay moving their eggs to their brood chambers
when males are unavailable, suggesting that they can extend
their ‘window of opportunity’ for outcrossing when not in the
presence of males (Zucker et al. 2002). In the tadpole shrimp,
Triops (Notostraca), androdioecious reproduction has been
described by Sassaman (1991), and Sassaman et al. (1997).
As in the clam shrimp Eulimnadia, androdioecy in Triops
involves the participation of few males, amphigenic- and
monogenic hermaphrodites. These hermaphrodites produce
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offspring either by crossing with a male or by selfing (GarcíaVelazco et al. 2009).
6.

Intersexuality in Crustacea

The labile nature of sex determination in crustaceans has
resulted in the sporadic occurrence of mixed sex or intersex
individuals in many species of crustaceans. Imprecise sex
determination leads to the production of faulty intersexual
individuals or sex organs and consequently to reproductive
impairment. Intersexuality refers to an individual having
sexual characteristics intermediate between those of a typical
male and a female. It occurs naturally as a transitional phase
during sex change in sequential hermaphroditic malacostracan crustaceans. Thus, intersexuality is common in
certain groups of caridean shrimp (Yaldwyn 1966; Bauer
1986) and anomurans such as Emerita asiatica (=emeritus)
(Subramoniam 1981), as a result of protandrous sex reversal.
But in several gonochoristics, intersexuality has been reported throughout the adult stage.
In general, two phenotypes of intersexuals are reported:
intersex male and intersex female. They however possess sex
characteristics of the opposite sex. Intersexes have been
reported from many groups such as isopods, amphipods,
cladocerans, brachyurans, copepods and decapods. In crustaceans, production of intersexes has been ascribed to both
genetic as well as epigenetic causes including temperature,
photoperiod, parasitic infection and environmental pollutants
that induce endocrine disruption. Because intersexuality is
produced due to alterations in environmental and hormonal
imbalances, as well as by parasitic influences, different phenotypic variations occur, as found in the sergestid shrimp
Acetes sibogae, (Hanamura and Ohtsuka 2003). Array of
mixed sexual phenotypes could also arise due to limited
crossing over between the sex chromosomes in the heterochromatic sex of the clam shrimp Eulimnadia texana (Weeks
et al. 2006). Crustacean intersexes behave and reproduce
either as males or females, but their reproductive output is
always lower than the normal male and female (Charnov
1982). However, for species, regularly occupying habitats
with low population sizes (e.g. branchiopods), intersexes that
can gain ‘reproductive success’ via self fertilization may be
selectively advantageous (Pannell 2002).
Among the gonochoristic decapods, intersexuality has been
reported frequently in a number of genera. As an example, in
the red clawed crayfish, Cherax quadricarinatus, there have
been sporadic reports of intersex individuals with both male
and female genital openings (Thorn and Fielder 1991). They
are genetically female, but morphologically and functionally
male (Parnes et al. 2003). The intersex individuals have both
male and female genital openings, a testis and sperm duct with
attached androgenic gland in the latter half displaying the male
opening, and an ovary containing oocytes, arrested at

previtellogenic stage. Interestingly, there is no vitellogenin
gene expression in the hepatopancreas and the hemolymph is
devoid of vitellogenin (Sagi et al. 2002). C. quadricarinatus
males are homogametic (ZZ) and the intersex individuals are
heterogametic females (WZ). Crosses between intersex individuals and females yielded a 1:3 (male: female) sex ratio
(Parnes et al. 2003). Expectedly, crossing of normal males
with F1females, which were progeny of intersex fathers, produced almost 100% females. Furthermore, Barki et al. (2006)
showed that experimental removal of the androgenic gland
from an early stage juvenile intersex resulted in demasculinization of the intersex and the appearance of female
secondary and primary sex characteristics.
7.

Gynandromorphism in Crustacea

Gynandromorphism is an abnormal reproductive condition in
which both female and male characteristics are displayed in one
and the same individual. Gynandromorphism is otherwise
known as sexual mosaic, with mixed characters occurring
bilaterally. In Crustacea, the rarity of gynandromorphism could
be understood from the records of Hartnoll (1960), who found
only one gynandromorphic form of the spider crab, Hyas
coarctatus, out of 2500 specimens examined. Similarly,
Farmer (1972) identified only one gynandromorphic lobster,
Nephrops norvegicus among 40,000 specimens examined. In
all these forms, division of gonads into testis and ovary was
found to be bilateral, and corresponded to the external secondary sexual characteristics. Both the ovary and testis appear
normal and contain mature gametes. As shown in the blue crab
Callinectes sapidus, the gynandromorphs seem to have mated
as females as well as males, judged from the presence of mature
gametes in their reproductive tracts (Johnson and Otto 1981).
It is generally believed that gynandromorphism in crustaceans has a genetic origin in the form of loss of a chromosome during early embryonic cleavage. Again, if the initial
embryonic cleavage was determinate, a single abnormal
division involving sex chromosomes would be sufficient to
cause gynandromorphism (Charniaux-Cotton 1975).
Imperfect influence of sex-determining factors such as androgenic gland hormone could also result in this sexual
abnormality. Gynandromorphism however differs from intersexuality in that the latter either is a passing phase in
sequential hermaphroditism or achieved by environmental
sex determination or sex inversion due to parasitisation.
8.

Evolution of mating systems and behaviour

In many marine invertebrates such as echinoderms, annelids
and cnidarians, external or broadcast fertilization is the rule,
favoured by the seawater medium that could support prolonged
gamete survival, fertilization and early development. This
J. Biosci. 38(5), December 2013
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primitive mode of fertilization does not require body contact of
the male and female in bringing about gamete fusion and the
subsequent parental care for the developing young ones.
Though crustaceans are primarily aquatic in origin and,
world-wide in distribution in every conceivable marine environment, broadcast fertilization has never been evolved in any
species. This is not to say that penaeid shrimps are not freespawners, but they only release their already fertilized eggs into
the sea water for direct development. The rest of the crustaceans
however brood their eggs attached to their body in one way or
the other. Also, they display elaborate courtship behaviour
before mating to bring about gamete fusion and fertilization.
Morphological constraints such as the atypical, non- motile
spermatozoa might be the main impediment in the evolution
of external fertilization in marine ancestral crustaceans. As a
consequence, a variety of sperm transporting mechanisms have
evolved in the marine as well as terrestrial crustacean species
(Subramoniam 1993).
9.

Mate guarding

Mating behaviour in crustaceans has evolved around the
precept that moulting in the adult female is an intervening
factor for reproductive activities. In many malacostracan
crustaceans, female reproduction alternates with reproductive activities in such a way that mating and egg-laying are
relegated to postmolt condition. In these species, mating in
the post moult condition is a physiological necessity, as the
gonopores will be accessible to intromittent organs during
mating only in soft-shelled condition. Since moulting females are vulnerable to predation, they need physical protection, which is offered by the males that seek fresh-moult
females for mating. As a result, a new behavioural trait,
namely pre-copulatory mate guarding by the males has
evolved in many crustacean taxa, in which moulting precedes mating. Since the spawned eggs are attached to the
pleopodal hairs in the ventral sternum to allow brood development, in many cases, precopulatory mate guarding has
been extended to post-copulatory guarding of the brooding
females, thereby providing paternity assurance for the
guarding male (Grafen and Ridley 1983). Thus, mate
guarding has emerged as the central behavioural component
in crustacean reproduction.
In Crustacea, precopulatory mate guarding is commonly
found in decapods, amphipods, and aquatic isopods. In a
typical example of the blue crab, Callinectes sapidus, the
male finds and carries a pubertal female under its body in a
cradle position during mate guarding. The male continues to
hold the female in this position until the female moults, when
the guarding male copulates with the female, in a fresh moult
condition (Jivoff and Hines 1998). The male may prolong
the mate guarding after mating and oviposition or leave the
female immediately after copulation, as the case may be. In
J. Biosci. 38(5), December 2013

intertidal hermit crabs, belonging to the genera Pagurus and
Diogenes, the males possess unequal chelipeds, which are
used for fighting with other males during mate guarding
(Asakura 2009). The caridean shrimps are primarily swimmers, and have not evolved prolonged, elaborate behavioural
interactions before copulation. However, typical mate
guarding has been reported for Macrobrachium spp.
(Ra’anan and Sagi 1985) and the rock shrimp
Rhynchocinetes typus (Correa et al. 2003). In these species,
dominant males guard females before and after copulation,
preventing smaller males to access the female during her
receptive period. The dominant males possess strongly developed chelipeds which are employed in intrasexual fights during which dominants displace subordinate males that attempt
to mate with the receptive female.
In peracarids, female receptivity to copulation starts at the
parturial moult, when the exoskeleton is soft. The receptivity
ends with oviposition following copulation, when the
oostegites start forming the external egg pouch, closing the
access to ovipores (Jormalainen 2007). Thus, precopulatory
guarding for male isopods ensures their presence at the
moment of receptivity for copulation. Furthermore, the occurrence of post copulatory guarding in isopod species such
as Thermospheroma baltica is viewed as a paternity assurance against sperm competition (Jormalainen and Shuter
1999). Precopulatory mate guarding is prevalent among marine isopods, but not terrestrial isopod species. Just as in
isopods, the opportunity to mate and fertilize eggs is limited
to the period after the female’s moult in amphipods. In
precopulatory mate guarding of the freshwater amphipod,
Gammarus, males are positioned dorsal to the female and
grasp the female’s integument with prehensile thoracic appendages called gnathopods (Sutcliffe 1992). Males hold the
females in this way until the female moults, when the ova are
passed into the female’s external brood chamber, where they
are fertilized by the guarding male. Males discontinue
pairing soon after fertilization.
Recently, Thiel (2011) has examined the evolution of sociality in peracarid crustaceans. In isopods, amphipods and
mysids, sociality has evolved via two principal pathways, the
parasocial road (aggression of conspecific individuals) and the
subsocial road (parents caring for offspring). The benefits of
such group living include better growth rates as well as protection from environmental hazards like stressful conditions
and predators. The costs of group living are increased resource
competition, cannibalism and disease/ parasite transmission. In
between the two types of group living in the peracarids, the
evolution into higher social behaviour could be expected only
in the parent offspring group, as they represent closely related
family members. Further social evolution by way of kinship
relationship is however restricted, as no case of overlapping
generations (offspring starting to reproduce in the presence of
reproductive parents) has been reported (Thiel 2007).
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Another important determinant to influence the development of mating behaviour such as mate guarding in crustacean species is the habitat protection by the males to
overcome predation. Specialization of mating associations,
as necessitated from this physiological and ecological adaptiveness, has also resulted in advanced social formation of
community living as well as eusocialization, primarily in
aquatic environments, in contrast to those conditions found
in terrestrial (social insects) and subterranean mammals like
African mole rats (Wilson 2012).
From an evolutionary perspective, the type of mating
behaviour in a species is a product of sexual selection for
increasing the reproductive success. As for the crustaceans,
sexual selection, which arises from intraspecific competition
for mates, takes the form of sexual phenotypes such as the
large claws in gonochoristic forms (e.g. fiddler crab Uca
sp.), whereas in the hermaphroditic taxa, it is evidenced as
elaborate courtship and copulatory behaviours. Thus, the
assumption of a particular mating system in a population
depends mainly on the reproductive potential of a particular
male, facilitated by its access to females as well as the
female’s choice of the opposite sex. Nevertheless, different
types of mating systems have evolved independently in
different taxa in response to environmental conditions to
which the animals have adapted to live and reproduce.
10.

Types of mating associations

Briefly, mating systems directly refer to the reproductive
tactics, which vary widely among crustacean species.
Mating systems in Crustacea could be brought under three
general categories of mating associations such as (1) males
may search for or attract individual receptive females that
they defend directly from other males, (2) males may defend
resources that females require for breeding or survival and
mate with the females associated with these resources and
(3) males may compete in ways that maximize the rate they
encounter females, but neither defend females nor the resources (Christy 1987). In decapods and many other species
with diverse competitive modes, the contest for mating opportunities may be female centred or resource centred; but in
caridean shrimps, pure mate searching or ‘scramble competition’ is predominant.
11.

Pure searching

‘Pure searching’, a term coined by Wickler and Seibt (1981)
is a male mating tactic, common in many caridean shrimps,
living in congregation in the coral reef niches. Males are
continually on the prowl for a receptive female and when
one is encountered, she is copulated with minimum
premating interactions, before the male is set off to search

for another receptive female. This kind of promiscuous mating system is comparable to the ‘encounter rate polygyny’
described for the fiddler crabs (Christy 1987). Bauer (2004)
considered that pure searching is the primitive mating system
in as much as the males make no investment in guarding or
protecting the female beyond spawning. The males are
nonterritorial, highly mobile species with high population
densities, as found in schooling species such as pandalid and
crangonid shrimps. The males are small in size and do not
develop sexually dimorphic features such as large chelipeds.
They do not show any aggressive behaviour towards other
males, but scramble for obtaining the receptive females by
recognizing the receptive females that secrete an odorous
metabolite in the urine (Bauer and Abdalla 2001).
Receptive females could be obtained easily during mating
season because of high population density and high frequency of spawning in these caridean shrimps. Hence, these
conditions favour the evolution of a pure searching, rather
than a female-guarding strategy by males.
12.

Female-centred competition

Female centred competition takes many forms in Crustacea.
It varies from intense aggressive fights over females to brief
male-male aggressive interaction, and from prolonged mate
guarding to mating, without attending the female longer than
necessary for copulation. Among decapods, male-male aggressiveness is well known in crayfish and lobsters, whereas
mate guarding behaviour is exhibited extensively in
brachyuran crabs as well as the amphipods. In the crayfish,
males are always dominant over the females by possessing
larger chelae, indicating that the size differences between
male and female chelae are due to selection for fighting
ability. Furthermore, male-male agonistic interactions are
more intense than are male–female or female-female interactions. Size variation in chela-to-carapace ratio in male and
female accounts for differences in hierarchical position of
the sexes.
Furthermore, reproductively active males are more aggressive than their non-reproductive counterparts, and maternal females are aggressive than are males and nonmaternal females. In the family Cambaridae, the males have
alternating reproductive morphologies, with a reproductive
form (form I) and a non-reproductive form (form II). Form I
males have larger chelae relative to body length than do form
II males. Hence, form I males are always dominant over
form II males, even when males have similar carapace
lengths (Guiasu and Dunham 1998). In addition, form I
individuals exhibited a higher level of aggression toward
form II individuals. Similarly, reproductive status also alters
the dominance order in the intraspecific competition within
males. Hence, female maternal crayfish (with brood carrying
unhatched eggs or first instars larvae) showed more
J. Biosci. 38(5), December 2013
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aggression toward males and non-maternal females than did
the non-maternal female crayfish (without developing
brood). Such differences in the reproductive status of both
males and females also formed a determining factor in the
social hierarchy of the crayfishes.
13.

Resource-centred competition

Resource defence in crustaceans usually involves some type
of refuge such as burrows, crevices or cavities. A wellstudied example for the defence of breeding burrows is
found among the semi-terrestrial fiddler crabs, belonging to
Uca species. In the American species, the males defend
burrows to which they attract females for mating and in
which females breed. The receptive females search for mates
and breeding burrows, by leaving their own burrows. Mate
choice is indicated when the female stays in a male’s burrow,
and the male guides the females into its burrow by waving
the enlarged major claw. After the female entered the burrow, the male plugs the entrance. The copulation takes place
underground, and the female ovulates, and the fertilized eggs
are attached to her abdominal appendages. The female will
stay in an enlarged terminal chamber of the burrow for about
two weeks until she releases her planktonic larvae. The
males then leave the burrow in search of another female.
Sexually receptive females respond sequentially to visual
and acoustic courtship signals of several males before choosing their mates. However, the final female choice appears to
be based primarily on the quality of the burrows, defended
by males as breeding sites. Thus, male defence of breeding
sites arises when females require access to specific microenvironments in order to breed successfully and when they are
unable to create or defend such sites themselves. Females
have to do foraging effectively for egg production, whereas
males could afford to expend energy in finding and guarding
females, in addition to building burrows for females to
breed. Anisogamy and the economical way of producing
enormous numbers of male gametes could underscore this
conflict of interest in the breeding behaviour of male and
female fiddler crabs. Male’s competitive ability is largely
determined by size. High population densities coupled with
female mobility and breeding site requirements have led to
the resource-defence behaviour in males of Uca species.
They are also best examples for polygynous mating strategy.
In general, in these species, sexual selection favours males
that increase their mating rate by decreasing the time they
spend with each female. For example, the male Uca
pugilator can mate with up to three females in a single
breeding cycle while at the same burrow in separate incubation chambers (Christy 2007).
Contrary to this pattern of female searching, in many of
the Indo-Pacific Uca species, it is the males that search for
mates among nearby female burrow residents. Courtship
J. Biosci. 38(5), December 2013

may not include male claw waving, but includes tactile
stimulation and seismic signals transmitted through substratum. The pair usually mates on the surface at the entrance of
the female’s burrow, and the female subsequently breeds
alone. Many of the species with this type of mating is
relatively large and live at low densities in muddier sediment
in the mid to upper intertidal zone (Nakasone and Murai
1998).
14.

Alternative mating strategy

The occurrence of different male morphotypes has also been
reported in other crustaceans such as the isopods, amphipods
and selected caridean shrimps. Mating of these male phenotypes is considered as alternative mating strategy. For example, the marine isopod Paracerceis sculpa, which breeds
inside the spongocoel, has three genetically discrete male
morphotypes, α-male, β-male and γ-male (Shuster 1992).
The largest α-male possesses elongated uropods and defends
harems within the spongocoel. The smaller β-male resembles
females in morphology and size and invades the spongocoels
by mimicking the behaviour of females. The γ-male is tiny
and secretive and invades the harems by stealth. Although
the mating potentialities of the three male morphs are same,
the relative fertilization success among them varied significantly. If the spongocoel contains only one female, the αmales could effectively defend and mate with it, in the
presence of more β-male or γ-males. However, when more
females are present in the spongocoel, the success rate of
mating of both β- and γ-males increased, even in the presence of α-male. Thus, the aggregation of females in the
spongocoel allowed the coexistence of both β- and γ-males,
creating a mating niche for these subordinate male morphs.
On the contrary, in the Macrobrachium rosenbergii and the
rock shrimp Rhyncocinetes typus, the three distinct sexually
mature male morphotypes represent successive stages in the
developmental pathway of adult males. In crustaceans,
moulting facilitates easy transformation of morphotypes.
In M. rosenbergii, three morphotypes, viz., Small Male,
Orange Clawed, and Blue Clawed morphotypes coexist
within the population. These morphotypes develop sequentially from the Small Male to Blue Clawed males which
represent the dominant mating type. The developmental
expression of phenotypic plasticity in Macrobrachium is
sensitive to changing social environmental cues in such a
way that males adjust their mating phenotypes in response to
the changing social environment (Shuster and Wade 2003).
In a similar way, R. typus males become mature first as the
female-like ‘typus’ morphotype, which then develop into the
‘robustus’ type. While the robustus males are the dominant
mating type, the subordinate morphotype exhibit a sneak
mating by rapidly attaching his spermatophore to the female’s sternum, even as the dominant male is trying to
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defend the female from takeovers by other males (Correa
et al. 2003). In another instance, alternative mating strategies
have also occurred in the partially protandric alphid shrimp,
Athanas kominatoensis, living in symbiotic relationship with
purple sea urchin (Nakashima 1987). There are two male
morphotypes (small and larger ones) present in the population. Whereas the small males changed sex in the spring
season, the larger males remained males throughout their
lives. Larger males are often found with a female, not tolerating other larger individuals of the same sex to cohabit the
host. On the contrary, smaller males were accepted as cohabitants in the same sea urchin host. This allowed the small
males to sneak mating with larger females.
15.

Types of mating systems

An important factor that influences the form of animal mating systems is the availability of breeding females. Female
crustaceans generally produce less number of energetically
expensive eggs and hence become the limiting resource in
reproduction. Conversely, males produce numerous lessexpensive gametes to be available for reproduction throughout their reproductive life. Therefore, the ratio of sexually
receptive females to sexually active males (the operational
sex ratio) is crucial in the structuring of mating system in a
given crustacean species. Briefly, mating systems refer to the
procedure used in finding and securing a mate, the number
of mates an individual acquires, the type of pair bonds, and
the nature of parental care. The basic mating systems in
Crustacea are monogamy, polygamy, mate guarding and
pure searching. As given in the table 2, there are many
subdivisions within these systems.
15.1

Monogamy

In reproductive terminology, monogamy is described as a
mating system in which an individual reproduces sexually
with only one partner of the opposite sex. As against the
common belief that monogamous mating system originated
from the male’s involvement in brood care, monogamy is
widespread among Crustacea, where the males do not participate in brood care. While monogamy is practiced in
several crustacean taxa such as stomatopods and isopods,
this sexual system has reached an advanced level in the
decapod caridean shrimps, living in symbiosis with other
marine invertebrates as well as certain crab species that live
in peculiar symbiotic/ parasitic relationship with echinoderms. Heterosexual pair formation normally occurs in crustaceans after the males engage in mate-guarding, when the
female is close to moulting or spawning a new batch of
unfertilized eggs. The mate guarding males may abandon
the females soon after the eggs are fertilized. However, in
pair-bonding species, males cohabit with females,
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independent of their reproductive status or of the stage of
development of the brooded embryos. Some of the welldocumented examples for the stable pairing and individual
recognizing of each other mate include the banded shrimp
Stenopus hispidus (Zhang et al. 1977), the scarlet cleaner
shrimp Lysmata debelius (Rufino & Jones 2001), and the
harlequin shrimp Hymenocera picta ( Wickler and Seibt
1981). Monogamous pair formation is also common in several species of snapping shrimps such as Alpheus angulatus,
A. heterochaelis, A. armatus and A. roquensis (Bauer 2007).
In addition to these symbiotic crustacean species living in
special habitats, free-living species such as stenopodid
shrimps inhabiting rocky sub tidal zones and many alpheid
shrimps living in rock crevices or in burrows of their own in
mudflats and other soft bottoms are known to practice this
mating system. The monogamous mating systems described
above nevertheless exhibit a number of generalized features.
The monogamous shrimps are territorial, and cooperatively
defend their habitats against other conspecific or nonconspecific individuals. Thus, the mating system of these
species is also termed as ‘resource-defence monogamy’. In
addition, the monogamous pair always chooses larger partners; with male preference being adaptive, as the female size
is positively correlated with fecundity in shrimps. For females, sharing a host with a large male would result in
indirect benefit (good genes) or direct benefits (increased
protection against predators or competitors).
15.2

Social monogamy in the symbiotic shrimp Pontonia
margarita

Wickler and Seibt (1981) distinguished two types of monogamy among animals: i) social monogamy, meaning togetherness of two heterosexual adults as a social system; ii)
sexual monogamy in which an individual reproduces sexually with only one partner of the opposite sex. In general,
social monogamy has evolved in animal groups such as
birds, in which shared parental care has a contributory role
in the formation of such sexual behaviour (Lack 1968).
However, in Crustacea, social monogamy has evolved in
the absence of bi-parental care, but the evolution of this
behaviour has been occasioned with two other important
criteria such as territorial cooperation and the extended mate
guarding by the male, the latter being unique to aquatic
crustaceans. The diversity of pair-forming mating systems
is especially high among the marine crustaceans that exhibit
environmental adaptation to suit symbiotic living with a
variety of marine invertebrates such as corals, sea anemones,
molluscs and sponges.
Pontonia margarita, a symbiotic shrimp, dwells as heterosexual pair in the mantle cavity of the pearl oyster
Pinctada mazatlanica (Baeza 2008). Since the males inhabit
host individuals with a single female for a long period of
J. Biosci. 38(5), December 2013
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Table 2. Mating systems in crustaceans
Type of mating system
1. Monogamy
Social monogamy

Persistent pairs
Sequential pairs
Eumonogamy
Monogyny and
Eusociality
2. Polygamy
Polygyny
Polyandry
Polygynandry

3. Aggregational
mating by neotenous
males

Characteristics
Each male and female has only one mate
Social monogamy refers to the exclusive mating
of one male with one female. This mating bonding
is usually sustained through one mating season or
could extend throughout the adult life of the
individuals.
Males seek out, remain with and provide parental
care for isolated, synchronously receptive females
After mating with one female, the male leaves the
cavity after the female spawns and seeks out for
subsequent females in a serial manner.
This is true monogamy. The male and the female
form a cooperative pair to inhabit and guard a
burrow together.
Only a single reproductive female with eusocial
colony organization having strong reproductive
skew
A mating system in which at least some individuals
have multiple mates. Four subtypes are recognized
under polygamy.
Particular males may have multiple mates, but each
female typically has only one mate.
Particular females have multiple mates but each
male has only one mate
Members of both genders typically have two to
several mates each. Promiscuity is an extreme
form of polygynandry in which each male and
female has many mating partners.
Several neotenous males cling on to the ventral
region of the female, depositing spermatophores
at a time.

time covering one or several reproductive cycles, this mating
system is considered to be monogamy. However, it has not
been determined whether the males and females have a
single sexual partner during their entire lifetime. P. margarita shows low sexual dimorphism in body size and weaponry; this is in contrast to polygamous crustaceans, where
competition for receptive females is strong. Sexual selection
of this nature may not be necessary in P.margarita, because
of the low intensity of sexual selection, characteristic of
monogamous mating systems. Smaller size of the male partner is advantageous for the female in that more food resources could be available for egg production. Social
monogamy found in the shrimp P. margarita also lessens
the high risk of predation away from their hosts.
15.3

Species

References

Stenopus hipsidus
Pontonia margarita.
(Caridea)

Johnson (1969)
Baeza and Thiel
(2007)

Spongicola
levigata.(Stenopodidae)
Gonadactylus bredini.
(Stomatopoda)

Hayashi and Ogawa
(1987)
Shuster and Caldwell
(1989)

Hemilepistus reaumuri.
(Isopoda)

Wickler and Seibt
(1981)

Synalpheus neptunus
neptunus (Alphidae)
Synalpheus regalis(Alphidae)
Pandalus sp.(Caridea)

Duffy (2007)

Uca paradussimieri
(Brachyura)
Rhyncocinetis typus.
(Caridea)
Uca lactea (Brachyura)

Murai et al. (2002)

Emerita asiatica (Anomura)

Duffy (2007)
Charnov 1982

Thiel and Hinojosa
(2003)
Kim et al. (2004)

Subramoniam
(1977, 1979)

stayed close to their female partner, whereas A. armatus frequently left their females to find and mate with solitary females. Knowlton reasoned that lower predation pressure in the
A. armatus would have allowed males to wander from their
anemone shelter and their female partner to become polygynous. True to its promiscuity, the male A. armatus has bigger
snapping claws and more colourful uropod spines than do
males in A. immaculatus. These variations found in A. armatus
could be correlated to the heavy competition for solitary females. Conversely, high predation pressure in the habitat of A.
immaculatus would have favoured a ‘forced’ sexual fidelity in
the males of this shrimp.
15.4

Mate guarding to social monogamy in Alpheus
angulatus

Social monogamy in the snapping shrimps

Knowlton (1980) studied the social monogamy of two Alpheus
species, A. armatus and A. immaculatus, which live symbiotically outside of their sea anemone host, Bartholomea
annulata. She observed that the males of A. immaculatus
J. Biosci. 38(5), December 2013

Sexual selection of male mate guarding behaviour may play a
pivotal role in the evolution of social monogamy as demonstrated by Mathews (2003) in Alpheus angulatus. A Y-maze
experiment testing for distance chemical communication
showed that males of A. angulatus were attracted to water
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treated by exposure to premoult females and engaged in precopulatory mate guarding. Males also preferred to pair with
females closer to sexual receptivity (premoult condition),
when offered a chance, suggesting that chemical cues emanating from the premolt females alone elicited mate-searching
behaviour in the males. The males responded differently to
water treated with both intermoult females as well as premoult
males, suggesting that males use different chemical cues to
gather information about a conspecific’s gender and moult
status. Negative response to another male’s signal leads to
high levels of aggression in intrasexual encounters and at the
same time could have given way to pairing behaviour in
intersexual encounters (Nolan and Salmon 1970). However,
ecological factors such as population density and sex ratio
might have played important roles in the temporal extension
of mate guarding to social monogamy in these burrowdwelling snapping shrimps.
Understandably, selection of mate-guarding behaviour
became a selective force towards the advancement of social
monogamy in the caridean shrimps, unlike other socially
monogamous animals such as birds and mammals, where
other behavioural factors such as biparental care as well as
territoriality would have been the driving forces to the origin
of social monogamy (Lack 1968; Kleiman 1977).
15.5

Social monogamy and eusociality in sponge-dwelling
snapping shrimp Synalpheus

Eusociality, the apex of animal social organization has been
defined to have three characteristics: overlapping generations, reproductive division of labour, and cooperative care
of young (Wilson 1971). Eusociality has been well recognized only among social insects and the African mole-rats
(Jarvis et al. 1994; Alexander et al. 1991). Recognition of
eusociality in crustaceans inhabiting aquatic environment is
rather recent with the life style description of spongedwelling alpheid shrimp species, belonging to the genus
Synalpheus (Duffy 2007). Yet another group of crustacean
in which eusociality has been reported is the socially breeding Bromeliard crab, Metapaulias depressus (Diesel and
Schubart 2007). Combined traits of extended parental care
for directly developing young, as well as inhabiting and
defending a well-maintained nest favour the evolution of
advanced social life in this crab species.
The alpheid genus, Synalpheus, are species-rich and, most
species belonging to the monophyletic ‘Gambarelloides
group’ , are obligate inhabitants of sponges, living their
entire lives within the host and feeding on its tissues or
secretions (Rios and Duffy 1999). Understandably, such
symbiotic living of the sponge-dwelling Synalpheus shrimps
have given origin to a diversified social organisation that
ranges from heterosexual pair forming, typical of the family
Alpheidae, to eusocial species living in colonies of hundreds
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of individuals with a single breeding queen. Social monogamy, in which adults live in heterosexual pairs in a common
burrow and defending it cooperatively, has been reported in
many alpheids, including many Synalpheus species. In these
forms, female receptivity is restricted to a short period in the
post molt stage and hence, mate guarding of mate is invariably practised (Mathews 2003). The next level of social
monogamy, in which several to hundreds of pairs cohabit
in a host with multiple females breeding, has also been
reportd in synalpheus species such as S. longicarpus and S.
brooki (Erdman and Balke 1987; Duffy and Macdonald
1999). Evidently, social monogamy, which fosters formation
of close kin groups and providing opportunities for longterm cooperation among individuals in maintaining and
defending the common shelter, could form the forerunner
to the evolution of eusociality in sponge-dwelling synalpheid
shrimps (Duffy 2007). Four such eusocial species, namely,
S. regalis, S. filidigitus, S. rathbunae and S. ‘rathbunae A’,
comprise a single clade within the gambarelloides, as also
supported by phylogenetic evidence (Morrison et al. 2004).
Two other eusocial taxa, S. chacei and S. ‘paraneptunus’ fall
outside the gambarelloides group, suggesting additional origins of eusociality in the Synalphius family (Duffy and
Macdonald 1999).
The eusocial shrimp, S.regalis has the largest colony
containing 350 individuals with only a single breeding female, the queen. In the colonies of S. regalis, reproduction is
restricted to the single queen and a small number of male
mates (Duffy 1996). The queen also lacks the characteristic
snapping claw, and bears two minor chelae, as found in
juveniles. The presence of minor chelae in the queens has
also been reported in two other eusocial species, such as S.
rathbunae (Chace 1972) and in S. crosnieri (Banner and
Banner 1983), suggesting that the queens in these eusocial
species do not aggressively dominate other individuals and
may be protected by them. These eusocial shrimps have
direct development, and hence the offsprings never leave
the sponge nest and remain with the parent shrimps.
The offsprings delay reproduction on their own, while
increasing reproduction of their parents. The colony members of S. regalis also exhibited behavioural differentiation
among classes of individuals. The large subadults with their
powerful chelae defended the colony against intruders,
allowing the juveniles and the queen to feed and grow
unmolested (Toth and Bauer 2007). These helper subadults,
whose reproductive potentials are suppressed by an unknown mechanism, are analogous to the worker honey bees,
which are functionally sterile (Amdam et al. 2003). This
altruistic behaviour of the offspring in maintaining and
protecting the colony of S. regalis is explained by the
Inclusive Fitness Theory, advanced by Hamilton (1964).
This theory holds that kinship plays a central role in the
origin of social behaviour, and hence called kin selection
J. Biosci. 38(5), December 2013
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theory. In essence, it says that the more closely related
individuals in a group are, the more likely they are to be
altruistic and cooperative. Hence, the species that formed
such groups are meant to evolve into eusociality. Inclusive
fitness is a product of kin selection, the means by which an
individual influences the reproduction of its collateral relations, such as siblings and cousins.
According to Wilson (2012), the first conceivable stage in
the origin of eusociality, entailing altruistic division of labour, is the formation of groups within a freely mixing
population of otherwise solitary individuals. In termites,
the colony is begun by a single inseminated queen or mated
pair. The colony grows by the addition of offspring that
serve as non-reproductive workers. The presence of eusocial
alleles among colony members will result in the genetic
relatedness between reproductive parents and the nonreproductive offspring. In social insects, the queen and her
workers have the same genes that prescribe caste and division of labour and hence the colony is viewed as an individual super organism. In the aquatic front, complex social
behaviours and structures including eusociality evolved in
coral-reef living caridean shrimps that have adapted to specialized niches, to which they have depended for both shelter
and food. Evidently, in the shrimps, the defining eusocial
characteristics include (1) symbiotic social living in sponge
which provides shelter and food, (2) mate guarding and
shared resource defence and (3) non-dispersive larvae and
(4) social monogamy. In addition, genetic relatedness among
the colony members of S. regalis, as revealed from allozyme
data, together with demographic evidence of natal philopatry
would further indicate that colonies in this species represent
close kin groups, as necessary prerequisites for evolution
into eusocial condition (Duffy 1996). Social monogamy in
these symbiotic shrimps appears to have been an important
precursor for the evolution of eusociality in sponge-dwelling
shrimp for two reasons: first, in conjunction with direct
development, it fosters formation of close kin groups, and
more specifically, long-term parent-offspring associations.
The second implication of social monogamy is that it provides opportunities for long-term cooperation among individuals in maintaining and defending the shared shelters.
15.6

Monogamy in desert isopod Hemilepsitus reaumuri

The desert Isopod Hemilepistus reaumuri follows a strict
monogamy. The sexual as well as social monogamy is
associated with the guarding of the burrows which are costly
to produce in the harsh conditions prevailing in the desert.
Therefore, the male and the female form a cooperative pair to
inhabit and guard a burrow together (Linsenmair 2007). The
continuous defending of the burrows against intra-and interspecific competitors is achieved by division of labour between the sexually and socially monogamous pair partners
J. Biosci. 38(5), December 2013

and later with the progeny’s participation. Families of H.
reaumuri are strictly closed units. To discern the family
members from aliens, an extremely variable chemical recognition system is used. There is an intraspecific competition
for the burrows which are a prerequisite for reproduction and
survival in a warm and dry environment such as the desert.
The females are semelparous, the offspring cohabit in the
burrow and the male participates in the brood care. Thus
environmental constraints make monogamy the best option
for the male as well.
16.

Conclusion

Crustaceans have colonized all conceivable habitats on the
earth, from hydrothermal vents to hot deserts. Their diversity
of lifestyles and habitats, together with astounding variability in morphology, have led to even greater reproductive
adaptations, giving rise to multiple sexual and social systems. However, the range of sexual modes as well as their
possible evolutionary transitions within primitive branchiopods and the advanced shrimp species have not been fully
understood. Nevertheless, the existence of diverse sexual
systems has placed crustaceans as the best invertebrate model to study the evolution of sexual diversity among the vast
array of invertebrates. The unique occurrence of androgenic
gland to produce the only known invertebrate sex hormone
is another characteristic of crustaceans to give rise to such
varieties of sequential hermaphrodites as well as functional
intersexual and gynandromorphs (Charniaux-Cotton 1975).
The origin and occurrence of several mating systems
correlate well with environmental conditions as well as the
lifestyle, adopted to live and reproduce in the diversified
environmental niches. Accordingly, crustaceans exhibit a
wide array of mating behaviours, which have evolved in
response to special need for protecting the females, which
in many decapod and peracarides, undergo an obligatory
moulting before mating and egg-laying. Thus, the precopulatory mate guarding by the males is considered to be a
characteristic feature in the mating behaviour of most malacostracan crustaceans, and a necessary prerequisite for those
species in which the female receptivity for males is restricted
to a short period of time after the pubertal/reproductive
moult. In a few brachyuran decapods and marine isopods,
the mate guarding has extended beyond copulation and, the
egg-brooding females continue to receive guarding from the
males. Permanent female guarding could very well evolve
into monogamous living in coral-dwelling caridean shrimp.
Many colourful caridean shrimps, living in dense populations in the coral reef niches, seem to have practised a
primitive mating system of pure searching, similar to the
‘scrambled competition polygyny’ of insects, described by
Thornhill and Alcock (1983). Such a mating system is also
similar to ‘encounter rate polygyny’ of fiddler crabs (Christy
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Pure Search
Eg: Heptacarpus pictus

Ancestral Monogamy

Mate Guarding Monogamy
Eg: Alpheus angulatus

Social Monogamy
Eg: Pontnia margarita

Colony Forming Social Monogamy
Eg: Synalpheus sp

Eusociality
Eg: Synalpheus regalis
Figure 4. The possible origin of Eusociality in the caridean shrimps.

1987). Changes in the population density, male mobility,
distribution of resources, and sociality as well as living

shelters could be the selective forces leading to the evolution
of female guarding and monogamy from pure searching in
J. Biosci. 38(5), December 2013
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these symbiotic shrimps (Bauer 2004). From the primitive
monogamous condition, there exist several steps to reach an
eusocial condition in the caridean shrimps (figure 4) In a
different line of evolution, mate guarding has been progressively lost in terrestrial isopods, in lieu of its energy cost in
the land environs as well as the development of long-term
sperm storage mechanism in the female, not requiring mating at each reproductive cycle. Incidentally, the abandonment of mate guarding has led to social monogamy by
cooperative living in burrows, as found in the desert-living
isopod Hemilepistus reaumuri (Linsenmair 2007).
In decapod crustaceans, mating strategy of males also
depends on the timing and duration of female receptivity.
The latter will influence the amount of time a male invests in
staying with the receptive female by defending or guarding
her, or in searching for other receptive females so as to
achieve maximum reproductive success (Parker 1970).
Furthermore, restricted female receptivity caused a malebiased operational sex ratio, increasing male-male competition and the potential for sexual selection. According to
Emlen and Oring (1977) ecological and behavioural potential to monopolise mates is a major element of the mating
strategy of a species. Thus, habitat difference as well as
behaviours needed to survive in them has profound influence
on shaping the different mating systems. For example, the
intertidal graspid crab species, Hemigrapsus sexdentatus
exhibits mate guarding; whereas, in Cyclograpsus lavauxi,
it is absent. Although these two crabs have similar duration
of female receptivity, habitat differences have caused differences in their mating strategies. Interestingly grapsid crabs
moult during intermoult stage (Anilkumar et al. 1999).
Another type of mating in Crustacea revolves around
resource-centred competition among the males. Caridean
shrimps inhabiting the coral-reef niches have evolved different grades of monogamous mating systems. Interestingly,
this social monogamy has given rise to the so-called eusociality, the social organization that has been found only in
some social insects and the African mole-rats (Choe and
Crespi 1997; Jarvis and Bennett 1993). The recognition of
eusociality in the aquatic shrimp species is however recent,
and in fact, EO Wilson, the father of ‘sociobiology’, has
included these alphid shrimps as eusocial invertebrates only
in his most recent book The social conquest of earth, published in 2012. Complex social behaviours and structures
including eusociality have evolved in crustacean species that
have adapted to specialized niches that offer both shelter and
food to the symbionts, such as the alphid shrimps.
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