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Abstract: This study was carried out to estimate the fecundity during oviposition period, describes and
illustrates the major embryonic and larval features of the development of Portunus pelagicus under
cultured conditions. The results showed that the fecundity estimates range from 148,897.64 to
835,401.32 eggs with brood size highly correlated to carapace width (CW), carapace length (CL), body
weight (BW) and egg batches weight (EBW).  The complete embryonic development of the blue
swimming crab P. pelagicus was described based on morphological features observed in live eggs.
Periods of development was defined in steps of 12 to 24 hours each and in relation to the time of
embryonic development.  Eight periods were described and illustrated for P. pelagicus.  Embryonic
development from recently spawned eggs (egg-mass appeared yellow and compact) to hatching lasted
8 days at 28-30oC. The larval stages include four zoeal stages and one megalopa.  The megalopa
moulted to the first crab instar.  The zoeae and megalopa were very similar to those of other portunids.
The duration of each of the first two zoeal stages were 3-4 days, the following two stages 2-3 days, and
the megalopa 3-4 days, reaching the first crab stage in 15- 18 days.
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INTRODUCTION

The study of fecundity of any species is important
to have a full understanding of its biology and
population dynamics.  The fecundity is a general term
used to described the number of eggs produced by
individual female[19].  Fecundity or reproductive
potential can also be defined as the number of ova
sheded during a particular spawning season[31].  The
number of eggs contained in the ovary of fish is
termed the individual, absolute or total fecundity[27].
Fecudity can be defined as the number of ripening egg
in the female prior to the next spawning season[4].
Lastly fecundity is defined as the number of maturing
eggs in the ovaries before spawning[5].

Fecundity of crabs varies from species to species
and also varies within the same species due to
different factors such as age, size, nourishment,
ecological conditions of the water body etc.  Variation
in fecundity was primarily a reflection of variation in
the size of the crab at maturity. Brachyuran show a
great diversity of embryonic development, especially

owing to a significant variation in egg size[17].  In
brachyuran crabs, female incubate their eggs, which
remain attached to the pleopods, from spawning to
hatching.  The incubation period varies with species
and temperature[12]. The blue swimming crab,
Portunus pelagicus is the major marine crab species
distributed throughout the coastal margins of the
tropical regions of the western Indian Ocean and the
Eastern Pacific[20].  Though it is caught commercially,
a study on its fecundity, embryonic and larval
development under culture conditions is not available.
The aims of this study were as follows. 1) To estimate
the fecundity of the blue swimming crab, Portunus
pelagicus during oviposition period under culture
conditions and to establish mathematical relationship
between fecundity and carapace width, carapace
length, body weight and weight of eggs ovipositon. 2)
To describes and illustrates the major embryonic and
larval features of the development of Portunus
pelagicus,  hatched  and reared in the laboratory which
will be useful for seed production and farming in the
future.
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MATERIALS AND METHODS

Non berried female, with mean body weight
(BW) of 73.60 to 268.30 g and carapace width (CW)
of 102.25 to 140.58 mm, were obtained from their
natural habitat in Port Dickson.  After being
transferred to laboratory, they were disinfected with
100 ppm formalin for 30 min before placing in
maturation and hatching tanks.  Non-berried females
were randomly stocked in nine units of 1 m3

cylindrical black plastic tanks at maximum density of
three crabs per tank. Tanks were provided with
substrate of around 15 cm thick sand and adequate
aeration. The crabs were maintained in constant water
depth of 25-30 cm with salinity of 30-32 ppt, pH 7.77-
7.96, temperature 26-27oC, and O2 7.00-7.30 ppm.
Each crab was provided with a shelter made of PVC
pipe: 13 cm in diameter and 40 cm in length, to serve
as refuge during molting and attack by fellow crabs.
Fresh bivalve mollusks were given as food daily at
1700-1800 h, and uneaten food was removed every
morning.

Mother crabs were monitored for spawning twice
weekly and berried females were held individually in
300L circular fiberglass tanks having similar
environmental conditions for incubation and hatching
of eggs. The water quality in the incubation tanks was
maintained using a flow-through system (2L/min) and
gentle aeration.  Sample of ova from each ovigerous
crab was removed every 24 h.  Examination of freshly
removed (living) eggs was done using optical
microscope (25 x magnifications).  Eggs were placed
in seawater using excavated slides, and embryo
morphology, growth, and yolk-tissues proportion were
observed in at least 10 embryos in lateral and frontal
views.  Color changes were also annotated.  Diameter
of eggs (at least 50 eggs) was measured to nearest
0.01 mm with a micrometer objective.  When the egg
become  deep grey in color, the mother crab was
transferred to transferred to a separate aquarium for
observation and rinsing before being placed into
rearing containers. 

To estimate fecundity, the total number of zoea
larvae produced was estimated from six, 50 mL
aliquot water samples taken from the hatching tank[25].
The newly hatched zoea,  and unfertilized eggs were
counted from the sample and fecundity was calculated
using the formula[25]:

F = HZ + UFE

Where F = fecundity, HZ = total number of the
newly hatched zoea, UHE =  t o t a l  n u m b e r  o f
unfertilized eggs

After hatching, healthy, actively swimming larvae
were stocked at a densities 30 first zoea stage 3/L into
48 cylindrical plastic larvae rearing tanks at 28-30oC,
under continues light intensities of 3000-3500 lx.
Light was provided by Luma standard 35 W
fluorescent daylight tubes installed in the cover of
each tank and measured at the water surface.  Sea
water (30 ppt), obtained from the coastal region of
Port Dickson was filtered through a series of cartridge
filter (10 and 5 µm) before being used.  Each tank was
supplied with gentle aeration to maintained all larvae
and food in suspension.  The oxygen concentration
was always above 6.0 ppm, salinity was constant at
28-30 ppt, and pH was maintained above 7.80.  

At day  1,  Z1  were fed with combination of
micro-alge Nannochloropsis oculata (5x103 cells/mL),
rotifers Brachionus plicatilis (5 ind/mL) and Artemia
nauplii   (5    ind/mL).   A   combination   of  rotifers
B. plicatilis (5 ind/mL) + Artemia nauplii (5 ind/mL)
and Artemia nauplii (10 ind/mL) alone were given in
the Z2 and Z3 to first crab stage, respectively.  The
larval development were observed under dissecting
microscope before they were preserved at each stage
with 4% buffered formalin for two days and then
changed to 75% alcohol for long term storage.  The
total number of larvae preserved for each stage was
about 200.  The data of embryonic and larval
development are analyzed descriptively.  The
relationship between fecundity and carapace width,
carapace length, body weight and weight of eggs
ovipositon were analysed using statistical computer
software, SPSS version 13.0, for significant
correlation between them. 

RESULTS AND DISCUSSIONS

Fecundity: The estimated mean number of egg
batches produced by female crabs in different sizes
after hatching under laboratory conditions, ranged
from 148,897.64 to 835,401.32 eggs/batch.  Minimum
fecundity was found in a berried female crab having
carapace width (CW) of 102.25 mm and body weight
(BW) of 73.6 g while the maximum fecundity was
found in a berried female crab having carapace width
of 140.58 mm and body weight of 268.3 g.  The
average fecundity was 766,651.30±57,192.33 eggs for
a  berried  female  crab with a mean carapace width of
141.04±1.12 mm and body weight of 251.73±14.86 g
(Table 1).

Relationship between Carapace Width (CW) and
Fecundity (F): A total of 25 berried female crabs of
102.25 to 140.58 mm carapace width range were
measured  for  determining  carapace width-fecundity
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Table 1: Fecundities of 25 berried females blue swimming crab, P. pelagicus, with their respective carapace width (CW), carapace length
(CL), body weight (BW), and egg batch weight (EBW).

Brood-stock Carapace width Carapace length Body weight Egg batch weight Fecundity
(Bst) (CW) (mm) (CL) (mm) (BW) (g) (EBW) (g) (F)
1 102.25 44.15 73.6 14.5 148897.64
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 102.25 45 79.3 13 165223.39
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 102.25 46.75 84.3 12.5 181547.42
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 110.5 45.5 84.8 14.27 184377.79
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 108.87 47.2 94.5 12.1 202931.11
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 109.23 47.67 99.1 20 219818.61
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 115.8 50.78 100.6 26.6 265370.77
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 111.94 51.78 117.3 13 296195.89
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 116.37 52.17 120.4 12.5 307911.34
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 106.39 51.92 126.4 19.9 312735.23
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11 116.37 52.17 133.2 29.6 400592.79
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 113.74 54.27 145.8 24.1 455129.56
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
13 118.35 55.32 145.8 23.7 457201.38
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 126 54.75 146.6 16.5 399121.61
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15 117.65 54.23 148.7 28.5 470836.17
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
16 114.73 52.23 149.6 24.7 472420.92
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
17 125.5 59.06 175.4 31 470703.61
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
18 131.8 60.11 184.4 57.9 639416.07
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
19 134.69 61.29 186.8 27.9 521533.43
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 125.99 59.53 189.9 35.2 513738.76
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 135.31 60.01 193 23.81 560190.47
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
22 135.31 60.01 209.1 35.2 589447.06
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
23 139.73 64.69 228.1 30.6 677531.41
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
24 142.81 65.26 258.8 42.2 787021.18
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 140.58 66.38 268.3 61.5 835401.32
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 141.04 65.44 251.73 44.77 766651.3
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S.E. 1.12 0.61 14.86 11.04 57192.33 
S.E., standard errors.

relationship.  Analysis of regression showed that there
was a significant relationship, between the number of
berried eggs and carapace width (Fig. 1).  The number
of eggs per female increased with increasing carapace
width.  The regression equation was found to be linear
and was calculated as: 

F = 140, 44.77 CW – 1,266,438.34 (R2 = 0.8538;
P<0.05)

Relationship  between  Carapace   Length   (CL)
and Fecundity (F): The carapace length-fecundity
relationship was estimated by analyzing measurements
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Fig. 1: Relationship between carapace width and
fecundity of P. pelagicus

Fig. 2: Relationship between carapace length and
fecundity of P. pelagicus.

obtained from a total of 25 berried female crabs of
44.15 to 66.38 mm carapace length (Fig. 2).
Fecundity increased with carapace length.  A
significant linear relationship was observed between
fecundity and carapace length (p<0.05). The estimated
linear equation was:

F = 28,558.78 CL – 1,134,624.37 (R2 = 0.9299;
P<0.05)

Relationship between Body Weight (BW) and
Fecundity (F): Berried females ranging from 73.6 to
268.3 g were used for these studies.  The relationship
between body weight and fecundity is presented in
Fig. 3.  The regression equation was:

F = 3,468.26 BW – 97.966.95 (R2 = 0.9657; P<0.05)

Fig. 3: Relationship between body weight and
fecundity of P. pelagicus.

Fig. 4: Relationship between egg batches weight and
fecundity of P. pelagicus.

Relationship between Egg Batch Weight (EBW)
and Fecundity (F): A total of 25 egg batches of
berried female crab of 12.10 to 61.50 g of egg batches
weight range were analyzed.  The estimated linear for
of egg batches weight – fecundity are presented  in
Fig. 4.  The linear regression equation was: 

F = 125, 59.50 EBW + 94,473.01 (R2 = 0.7213;
P<0.05)

Fecundity refers to reproductive output, which
indicates the number of eggs produced by the animal.
Blue swimming crab produces more than one batch of
egg in one season[21].  Egg production is directly
related to body weight and growth of individual.  The
fecundity of blue swimming crab varied from
148,897.64 to 835,401.32 (102.25-140.58 mm
carapace width and 73.6 -268.3 g body weight).  The
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Table 2: Periods of development in embryos of blue swimming crab, P. pelagicus.
Development Macroscopic Microscopic

Days (D) periods (DP) description description
D-1(Morning) DP-I Dark yellow/orange Immediately after extrusion, egg still undivided, fully filled with

yolk, dark yellow/orange color, and funiculus not spiraled.
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D-1(Afternoon) DP-II Yellow The free region of yolk was visible. Egg totally divided with yolk

droplets of similar size, and embryo not yet defined in lateral
view.  Egg funiculus now spiraled.

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D-2 DP-III Yellowish The free area of yolk was conspicuously larger than period II. Yolk

droplets larger and fragmentation of yolk more evident. In lateral
view, embryo appeared as whitish.

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D-3 DP-IV Brownish Ocular lobes were already visible 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D-4 DP-V Brown Ocular lobes became more evident and dark ocular pigmentation.

Abdominal chromatophores already visible, connected. 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D-5 DP-VI Brown-black Development of chromatophores and appendages were completely

formed. Heart appeared larger and showed beating evident.
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D-6 DP-VII Grey In lateral view, embryo occupied almost all the space within the

egg. Beating heart much more noticeable and cardiac
chromatophore visibled.  Embryo began to move

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D-7 DP-VIII Grey-black  No new sign of growth. The egg was ready to hatch. 
D-8 DP-IX Hatched as first zoea 

Plate 1: Embryonic development of blue swimming
crab, P. pelagicus (Linnaeus, 1785). DP-I,
egg still undivided, fully filled with yolk;
DP-II, the free region of yolk is just visibled;
DPIII, the free area of yolk is conspicuously
larger than periods II; DP-IV, ocular lobes
are already visible.

average of number of eggs was 766,651.30±57,192.33
for a female with an average carapace width of
141.04±1.12 mm and 251.73±148.6 g. This indicated
that blue swimming crab was highly fecund for its
size.  These agreed with the result of Kumar et al.[21]

who   found    that    reported    that   the   fecundity  of
P. pelagicus varied between 651,505 (>95-105 mm
carapace width and 168.99 g body weight) to 761,432
(>125 mm carapace width and 420.55 g body weight).

In the present study, it has been found that the
number of eggs increased linearly with the increase of
carapace width, carapace length, body weight and
weight of eggs oviposition.  These positive significant
correlations between fecundity and carapace width and
body weight agreed with the results of Erdman and
Blake[11] on female golden crab, Geryon fenneri;
Kumar et al.[21] on blue swimming crab, P. pelagicus,
and Kyomo on sesarmid crab, Sesarma intermedia.
The variation in fecundity is very common in crab and
has been reported by many workers like Erdman and
Blake[11]; Hill, et al.[16]; Gray[13]; Melville Smith[24];
Ong,[29]; Pauley, et al.[30].

Egg Development: Viable eggs of P. pelagicus were
spherical, yellowish orange in color and somewhat
translucent, ranging from 0.25 and 0.45 mm (average
0.34±0.038 mm) diameter.  There was a slight
increase in egg size from newly spawned ones to just
prior to hatching.  During development the colour of
egg changed from orange-yellow to dark grey as the
yolk was used up and an outline of the embryo became
visible.  The eyes and pigment spots appeared first,
followed by the outlines of the abdomen and
cephalothorax. Egg development periods are described
in Table 2 and Plate 1, 2 and 3.

Blue swimming crab eggs were spherical, and
bright orange when first deposited, but became
yellow, brown and dark grey before hatching.  The
shape of P. pelagicus eggs were the same as other
marine swimming crab such as blue crab Callinectes
sapidus[16],  mud  crab  S. serrata[25], fiddler crab Uca
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Plate 2: Embryonic development of blue swimming
crab, P. pelagicus (Linnaeus, 1785).  DP-V,
ocular lobes now more evident and dark
ocular pigmentation; DP-VI, development of
chromatophores and appendages are
completely formed; DP-VII, embryo
occupies almost all the space within the egg,
embryo begins to move.

Plate 3: Embryonic development of blue swimming
crab, P. pelagicus (Linnaeus, 1785). DP-IX,
hatching as  first zoea. 

lacteal[36], and mangrove crab Ucides cordatus[32].  The
colour of initially extruded eggs and the changes
observed during development differed greatly from the
four colour patterns reported for other species e.g.
Geryon quinquidens[14,38].  Eggs of this species were
initially red-orange and became brown, purple and
purple and black with further development.  G. fennari
eggs are light purple or burgundy after oviposition and
gradually become dark purple and purple-brown prior
to hatching[11]. Alterations of the color of eggs through
embryogenesis are common in crustaceans[32].
However, some species don’t have color changes i.e.

Plate 4: Portunus pelagicus (Linnaeus, 1785), first
zoea.  a. Whole animal frontal view.  b. Eyes
sessile.  c. Abdomen five segmented plus the
telson. d. Telson forked, with each fork
bearing one inner and one dorsal spine.
Inner margin of each fork bearing three long,
serrated setae.

red eggs in Macrobrachium potiuna and light brown
in M. inheringi  studied by Bueno[7].

The embryonic development of the P. pelagicus
studied herein was very similar and matched the
general embryonic pattern observed in many
brachyuran crabs i.e. hair crab Erimacrus
isenbeckii[26], fiddler crab Uca lacteal[36], mangrove
crabs Goniopsis pulchra and Aratus pisonii[12] and
Ucides cordatus[32].

Larval Development: Only the most prominent
features of the larval development stages were
described in this chapter.  The larval development of
blue swimming crab, P. pelagicus, comprised of four
zoeal stages and a megalopa.  Molting for the zoea and
megalopa took place by split at the dorsal boundary
between cephalothorax and the abdomen.  The
megalopa stage then metamorphosed into crab stage.

At 28-30 ppt, the total duration of larval
development from first zoea to the first crab required
a minimum of 14-19 days.  The first and second zoeal
stages took 3-4 days each, the third and fourth stages
took 2-3 days each, and the megalopa took 3-4 days.
The first crab instars spanned from 15 to 18 days at
the above salinity before it molted into the next stage.

Zoea of all stages possesed a long rostral, a dorsal
spine, and a pair of short lateral spines on the
carapace.  They swam by means of the exopodites of
the first and second paires of maxillipeds, with the
dorsal spines usually directed anteriorly and the rostral
spine ventrally.  There were 3 pairs of setae between
the long telson furce (Plate 4, 5, 6 and 7).
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Plate 5: Portunus pelagicus (Linnaeus, 1785), second
zoea.  a. Whole animal, lateral view.  b. Eyes
stalked.  c. Abdomen as in previous stage.  d.
Telson.  A pair of short, plumose setae on
median margin of cleft part.  Other structure
as in previous stage. 

Plate 6: Portunus pelagicus (Linnaeus, 1785), third
zoea.  a. Whole animal, lateral view. b. Eyes
stalked. c. Abdomen 6-segemented. Paired
pleopod buds at ventral posterior end of
somites 2 - 5.  d. Telson similar to that of
zoea II. 

The eyes of first zoea were sessile and their
abdomen somite consisted of five-segments plus the
telson for second zoea (Plate 4).  The eyes became
stalked in second zoea. A pair of short, plumose setae
on median margin of cleft part could be observed at
this stage (Plate 5).  The abdomen of third zoea
consisted of 6-segments; dorsal surface of first
abdominal somite had 3 median short setae.  The
pleopod buds on the abdomen were well developed
and became biromous on somite two to five (Plate 6),
and uniramous on somite six when the larvae reached
fourth zoea (Plate 7).

Plate 7: Portunus pelagicus (Linnaeus, 1785),  fourth
zoea.  a. Whole animal, lateral view. b. Eyes
stalked. c. Abdomen 6-segemented.  Pleopod
buds  well  developed:  biramous on somits
2 – 5, uniromous on somite 6.  d. Telson
similar to that of zoea III, except for
additional short seta on inner margin.

Plate 8: Portunus pelagicus (Linnaeus, 1785),
megalopa. a. Whole animal, dorsal view. 

The final molt of the fourth zoea was
characterized by a conspicuous morphological change
to megalopa (Plate 8).  Development to this stage
required 11 to 14 days.  The megalopa larva was more
crablike in appearance than the zoea, its carapace was
broader in relation to its length, and possessed biting
claws and pointed joint at the ends of the legs.  It
measured about 1.2 mm width.  The megalopa swam
freely by means of the pairs of pleopods, which now
function for the first time, but generally stayed near
the bottom, usually on its back, and then occasionally
swam close to the bottom in circles.

The megalopa metamorphosed to crab instar I
(Plate 9). At this stage the abdomen was now
completely  curved  beneath  the  cephalothorax  as in
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Plate 9: Portunus pelagicus (Linnaeus, 1785), first
crab instar. a. Whole animal, dorsal view.

adult crab.  The mean carapace width ranged from 2.5
to 3.0 mm.  Margin of carapace serrated, with nine
antero-lateral spines.  The terminal two segments of
the fifth pair of pereiopods were well developed than
in the megalopa stage, and these appendages had
begun to function as natatory legs.

Larval development of the P. pelagicus in the
laboratory was described by Yatsuka[37], Kurata and
Midoridwa[22], Shinkarenko[35] and Josileen and
Menon[18].  P. pelagicus passed through the four zoeal
stages and one megalopa stage before it
metamorphosed directly into the first crab instar.  In
the present study, it was very clear that there were four
zoeal stages and one megalopa, and no results agreed
with the previous findings.

Prasad and Tampi[33] described a pre-zoeal stage
in the larval development of P. pelagicus (as Neptunus
pelagicus) from laboratory-hatched larvae.  However,
in this study the newly hatched larvae did not exhibit
a pre-zoeal stage.  This agreed with the results of
Josileen and Menon[18] on the same species.  Other
authors have also reported a ‘pre-zoeal’ stage while
rearing these crabs in the laboratory including:
Davis[10] in Callinectes sapidus, Ong[28] in S. serrata,
and Andryszaka and Gore[2] in Micropanope
sculptipes.  Sandoz and Rogers[34] suggested that the
larvae only hatch as pre-zoeae only under abnormal
conditions, such as low salinity, or bacterial or fungal
infection.

In the present study, the minimum duration of
first and second zoeal stages spanned 3 to 4 days each,
and the third and fourth stages took 2 to 3 days each
before its molted to next stages.  Many authors have
reported the existence of five zoeal stages in S. serrata
and each zoeal stage took 3 to 5 days[6,15,23,3]. In a
closely related species in Callinectes sapidus, Costlow
and Bookhout[9] observed 7 zoeal stages.  The
complete larval development of  Cancer gracilis and
C. irrotus has as reported by Ally[1] and Charmantier
and Charmantier[8], respectively.  Both species show

five zoeal stages.  In general, the number of zoeal
stages in Portunidae varies between 4 and 7[8]. The
most prominent features of the larval P. pelagicus
described in this study were in agreement with that
made by Josileen and Menon[8] on the same species.
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