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Emerita emeritus is an abundant species in Bengkulu coastal waters, but
the knowledge of its reproductive biology is poor. The present study was
conducted to elucidate the reproductive aspects of ovigerous female E.
emeritus, including fecundity, egg volume and reproductive output. This
study was conducted between January 2015 and January 2016 in Bengkulu
coastal waters, Indonesia. Samples were collected manually using shovels
and hands. The results showed that ovigerous females occurred every
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INTRODUCTION

southern part of Java Island), hippoid crabs are the target of
intertidal fishery.

Indonesia is rich in terms of crustacean biodiversity,
including hippoid crabs. Current researches show that there
are at least seven species of hippoid crabs in Indonesia,
i. e. Emerita emeritus, Hippa adactyla, H. admirabilis, H.
marmorata, H. ovalis, H. celaeno and Albunea symmista
(Mashar et al., 2014; Ardika et al., 2015; Mashar et al., 2015;
Wardiatno et al., 2015a,b). In some parts of Indonesian
coastal waters (e.g. Bengkulu, Sumatra Island and Cilacap,
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Generally crabs live by burrowing themselves under the
substrate in the swash zone of intertidal sandy areas (Sarong
and Wardiatno, 2013; Wardiatno etal., 2014). In their habitat,
hippoid crabs have ecological values, such as contributing
a significant secondary benthic production (Subramoniam
and Gunamalai, 2003) and serving the trophic level (Lercari
and Defeo, 1999; Hubbard and Dugan, 2003; Hidalgo et al,,
2010). They are also useful for humans as nutritious food
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source (Santoso et al., 2015) or as an indicator species of
polycyclic aromatic hydrocarbons pollution (Dugan et al., 2005).
The distribution of the seven species of Indonesian hippoid
crabs is revealed by Wardiatno et al. (2015b). Emerita
emeritus occurs mainly in the Indian Ocean, both in the
west coast of Sumatra and in the south coast of Java. It
lives sympatrically with the other two hippoid crabs, i.e.
Hippa adactyla and Albunea symmista (Mashar et al., 2014;
Wardiatno et al.,, 2015b). Research on biological aspects
of Indonesian hippoid crabs has been published, i.e. their
occurrence and distribution in Indonesian coastal waters
(Ardika et al., 2015; Mashar et al., 2015; Wardiatno et al.,
2015a,b), habitat characteristics (Sarong and Wardiatno,
2013; Wardiatno et al., 2014), allometric growth (Mashar
and Wardiatno 2013a,b; Muzammil et al., 2015), monthly
abundance fluctuations (Mashar et al, 2014) and
biochemical contents (Santoso et al., 2015). However, none
of the studies were related to the reproductive biology.

The present study was conducted to elucidate the
reproductive aspects of E. emeritus, including fecundity,
egg characteristics and reproductive output. In addition,
comparison with other crustaceans is discussed.

MATERIALS AND METHODS

Study area

Individuals of E. emeritus were collected in the sandy
intertidal zone along Bengkulu coastal line, Sumatra Island
(Fig. 1). Samplings were conducted once a month between
January 2015 and January 2016. Collections were made by
digging the sand using a shovel, and the emerged ovigerous
crabs were caught by hand. The collected crabs were put
into individual plastic bags and preserved by 70% alcohol for
laboratory work. Surface water temperature was measured
as temperature was proved to correlate with egg production
in previous researches on hippoid crabs (see Defeo et al.,
2001; Defeo and Cardoso, 2002).

%00 10000 10500 1090

oo

D Bengkulu

%'00E 10000 10500 1000

5008,

21 s —— iometers
5| o s0t00 200 300 400 <

Fig 1. Map of Sumatra Island, Indonesia. Sampling site is
indicated by the red rectangular
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Specimen treatments

In laboratory, prior to egg detachment from pleopods, total
length (TL: from anterior carapace margin to posterior region
of telson; Fig. 2 a) and carapace length (CL: from anterior
to posterior carapace margin; Fig. 2 b) was measured with
digital calliper to the nearest 0.05 mm.

Fig 2. Total length (a) and carapace length (b) measurements
of Emerita emeritus

Egg related work processes and treatments followed
Hernaez et al. (2008). The total egg mass was detached
from pleopods of ovigerous crabs and three subsamples of
100 eggs each were separated and then dried for 48 h at
65°C together with the remaining egg mass. Afterward, the
weight of each subsample and the remaining egg mass were
measured by an analytical balance to the nearest 0.1 mg.
Egg weight and total egg number were calculated according
to the following equations:

E =S/100 oottt (1)
NE = OMVE ..ottt (2)
with E = egg weight, S = average weight of subsample, NE =
total egg number; OM = weight of total egg mass.

In this study, egg development was classified into three
stages (Stage I-lll) following Wehrtmann (1990). For
calculating egg volume, 20 eggs from the egg mass Stage
| were taken and the width and length of each egg were
measured under a microscope equipped with a calibrated
ocular micrometer. These data were used to calculate egg
volume (EV) according to the formula proposed by Turner
and Lawrence (1979) for oblate spheroids:
EV=1/6(axb?xm)

where “a” represents length, and “b” width. The reproductive
output (RO) was estimated using the formula developed by
Clarke et al. (1991), i.e. dry weight of the entire egg mass is
divided by dry weight of the female without eggs.

Data analyses

Allometric equation (Y = a X°) was used to show the relation
between fecundity and female size. The equation has
been applied in analogous studies on other decapods (e.g.
Hines, 1991; Corey and Reid, 1991). With this equation, the
relation is isometric if “b” value is about 3 (Somers, 1991).

© The Author(s) 2016. Published by University of Zagreb, Faculty of Agriculture. All rights reserved.
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In their study, Hernaez and Wehrtmann (2007) considered
a negative allometric relation if “b” value is lower than 2.90,
and positive allometric relation if “b” value is higher than
3.10. Spearman rank correlation was used to reveal the
relationships between sea surface temperature and egg
production (stage | only) (Fowler and Cohen, 1992).

RESULTS

A number of 287 individuals of ovigerous female E. emeritus
were collected during the study. The carapace length ranged
from 22.00 to 41.99 mm. The most dominant size of the
ovigerous female was between CL 26.00 and 29.99 mm.
The fecundity range was between 419 and 4572 eggs
(average: 1491 t 46). Fecundity increased significantly in
ovigerous females proportional to the size (Table 1). The
results showed the number of eggs relation to body size
and weight is positive allometric. Based on ANOVA test,
the number of eggs of E. emeritus was significantly different
between stage | and Il, and | and Ill (P<0.1), but not between
stage Il and Il (P>0.05) (Fig. 3). Sea surface temperature
varied seasonally (Fig. 4). The warmest temperature was
recorded in July. Spearman rank correlation showed a non-
significant correlation between egg number (Stage | only)
and sea surface temperature (P> 0.05).

Table 1. The correlation between egg number (only Stage I)
and crab size in E. emeritus population collected
from Bengkulu waters, Indonesia

Equation R R? N

Fecundity versus size
1.log NE =3.748 log CL—2.525
2.log NE=3.5083 log TL—2.7347

0.98
0.87

0.96
0.76

118
118

Note: R= correlation coefficient, R*= determination coefficient, N=
number of females analyzed, CL= carapace length, NE= number of
eggs, TL= total length.
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Fig 2. Number of eggs of ovigerous female Emerita emeritus
from Bengkulu coastal waters, Indonesia
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Fig 4. Sea surface temperature variation of Bengkulu coastal

waters, Indonesia during research period

This study revealed that ovigerous female occurred every
month (Fig. 5), however, the figure illustrates two peaks
of Stage | egg, i.e. in February and June. Following the
occurrence of Stage Ill egg, it showed a time lag about 1 - 2
months between February and April, and between April and
June to develop from Stage | to Stage IIl.
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Fig 5. Number of eggs carried by the ovigerous female Emerita

emeritus of Bengkulu coastal waters, Indonesia

During embryogenesis, volume of eggs increased in each
stage, i.e. stage | was 0.040 = 0.0008 mm?, stage Il was
0.044 £ 0.001 mm3, and stage Ill was 0.054 £ 0.001 mm?3.
The increasing of egg volume was linear with the diameter.
Females inverted on average 5.13, 4.63 and 3.85% of their
dry weight into egg production for Stage |, Stage Il and Stage
lll, respectively (Fig. 6).
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Fig 6. Mean value and standard deviation of reproductive
output with different embryonic development stage
of ovigerous female Emerita emeritus collected from
Bengkulu coastal waters, Indonesia
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DISCUSSION

The crabs of family Hippidae are widely distributed all
over the world (Efford, 1976), and in Indonesia at least
seven species have been reported (Wardiatno et al.,
2015b). It has been a long time since research on egg
production of hippid crabs has received much attention
(e.g. Efford, 1969; Subramoniam, 1977, 1979; Diaz,
1980; Wenner et al., 1987; Defeo et al.,, 2001; Defeo
and Cardoso, 2002). As shown in Table 1 and Fig. 2,
the number of eggs increased with size. It is not an
uncommon phenomenon in crustaceans that female
generate more eggs as their size expands (e.g. Van
Dolah and Bird, 1980; Hartnoll, 1985; Wenner et al.,
1987; Defeo et al., 2001; Defeo and Cardoso, 2002;
Saez-Royuela et al.,, 2006; Cobo and Okamari, 2008;
Hernaez et al., 2008; Verisimo et al., 2011). Size related
egg phenomenon in crustaceans has been an attractive
theme in several species over the last four decades,
such as isopods (Paris and Pitelka, 1962; Lawlor,
1976a,b), mysids (Mauchline, 1973), prawns (Wickens
and Beard, 1974), amphipods (Von Dolah and Bird,
1980), hermit crabs (Bertness, 1981), krill (Denys and
McWhinnie, 1982), copepods (Carter et al., 1983) and
lobsters (Ennis, 1981). The same trend, producing larger
numbers of eggs as they grow bigger, was actually also
revealed by other animals with indeterminate growth,
such as fish (e.g. Love and Westphal, 1981; Baltz and
Knight, 1983).

Number of eggs produced by crustaceans could give
important information on the rate of recruitment in the
population. Information about fecundity grants a better
consideration of the reproductive strategies, dynamics
and evolution of the population (Garcia-Montes et al.,
1987). By seeing the two peaks of stage | egg production
in Fig. 3, it seemed that the population had bimodal egg
production, which is probably followed by bimodality
of the recruitment. However, this pattern must be
proved with the life history study and/or the success
in planktonic larval settlement study. Bimodality of egg
production was also exhibited by other crustaceans, such
as callianassid shrimp (Tamaki et al., 1997; Wardiatno,
2002). Fig. 3 also shows variability in number of
pleopodal eggs. The variability could be influenced by
several factors, such as population, year of breeding,
female size, embryonic development stage and food
availability as well as environmental conditions (Cox and
Dudley, 1968; Wenner, 1977; Fusaro, 1978; Dugan et
al., 1994; Defeo et al., 2001; Defeo and Cardoso, 2002,
Saez-Royuela et al., 2006). Some studies have shown
that seasonal water temperature had a correlation with
the variation of egg production in hippoid crabs (Defeo
et al.,, 2001; Defeo and Cardoso, 2002), but it is not the
case in this study.
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Comparing egg production of other hippoid crab species,
the egg production of E. emeritus is lower than that of
E. brasiliensis. Mean value of the egg production of E.
brasiliensis was 3704 in Urca-Brazil, 6991 in Arachania-
Uruguay and 8287-9099 in Barra del Chuy-Uruguay
(Defeo et al., 2001; Defeo and Cardoso, 2002). Yet, the
mean value of egg production of E. emeritus is under
the range of E. analoga (1386-11937) of northern
Chile (Contreras et al., 2000). Defeo and Cardoso
(2002) suggested a clear morphodynamic effect to the
egg production of E. brasiliensis by comparing its egg
production in a reflective beach and in a dissipative one
in Uruguay. They concluded that E. brasiliensis had higher
egg production in a dissipative beach.

As stated above, the embryonic development stage is
one factor that affected the number of eggs in crustacean
pleopods (Saez-Royuela et al., 2006). The same result is
shown in this study (Fig. 2). The egg production decreases
throughout the embryonic development (Celada et
al.,, 1988; Taugbel and Skurdal, 1990; Reynolds et al.,
1992). As the egg develops, the volume of egg increases,
while the space in the abdomen of the female does not
get any bigger. Therefore the number of eggs should
be reduced. In addition, some other factors may be
behind the decrease or the loss of eggs during the egg
development. Generally brachyuran crabs carry their eggs
attached to the pleopodal setae, making the mass egg
partially exposed. As a consequence, the surface layers
of eggs would probably be susceptible to impairment
from inestimable sources, i.e. strike of pathogens and/
or parasites (Shields, 1991), dynamic subtraction at some
stage when the crab grooms or when the crab is in tense
situations (Norman and Jones, 1993) and long phases of
development that augment egg loss by interacting with
the substrate (Talbot, 1991).

Similar to the pattern of the egg number, the reproductive
output (RO) decreased linearly with the embryonic
development stage (see Fig. 4). By seeing the average
values, the RO is still under the range of some brachyuran
crabs [3-22%] (Hines, 1991), but it is lower than that
of callianassid shrimps [14.9-19.6%] (Thessalou and
Kiortsis, 1997; Hernaez et al., 2008) and that of deep-
sea crabs [16-22%] (Hines, 1988). However, compared to
atyid shrimp Atya scabra with RO 3.6% (Herrera-Correal
et al,, 2013), the RO of E. emeritus is higher.
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SaZetak

REPRODUKTIVNA BIOLOGIJA OVIGERNIH
ZENKI Emerita emeritus (Crustacea,
Decapoda) U OBALNIM VODAMA
BENGKULUA, INDONEZIJA: PROIZVODNJA
JAJA | REPRODUKTIVNI ISHOD

Emerita emeritus je brojna vrsta u priobalnim vodama
Bengkulua, ali je poznavanje njezine reproduktivne biologije
slabo. Ova studija je provedena kako bi se razjasnili
reproduktivni aspekti Zenki E. emeritus, ukljuCujuci plodnost,
volumen jaja te reproduktivni ucinak. IstraZivanje je provedeno
u razdoblju od sije¢nja 2015. do sijecnja 2016. u priobalnim
vodama Bengkulua, Indonezija. Uzorci su prikupljeni ru¢no
uz pomoc¢ lopate i rukama. Rezultati indiciraju konstantnu
pojavu Zenskih matica svakog pojedinog mjeseca. Plodnost
se znalajno povecavala u proporciji sa velicinom. Nije
uoCena korelacija izmedu temperature povrSine mora i
proizvodnje jaja. Plodnost i reproduktivni ishod se smanjio
tijekom embrionalnog razvoja.

Kljuéne rijeci: proizvodnja jaja, embrionalni
hippoidea, meduplimno ribarstvo, Mole rakovi

razvoj,
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