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ABSTRACT

The larval development of Portunus sanguinolentus consists of 4 zoeal and 1 megalopal stages before
meramorphosing into first crab instar.  During the study period the larvae were exposed to optimum environmental
parameters (Salinity 35 ±1‰, pH 8.2±0.1, temperature 27±2°C and photophase 14 hours light and 10 hours
darkness).  First and second zoeal stages required a minimum duration of 3 days to moult to the next stage, where
as third and fourth zoeae required a minimum of 2 days to metamorphosing to the next stage.  First crab appeared
after 6 days from megalopa. The larvae required a total time of 15-18 days for successful completion of larval
development from zoea I to first crab. During the study period all the larval stages were fed with rotifer
(Brachionus plicatilis) and Artemia nauplii (OSI Brine shrimp eggs, USA) ad libitum.  All the 4 zoeal, megalopa
and first crab stages were extensively and legibly described, illustrated and compared with other known species
of Portunus.
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Introduction

Larval development of brachyura generally consists of a series of planktonic zoeal stages, and an intermediate
larval form, the Megalopa. These larval stages are responsible for the perpetuation and distribution of the species.
Crab larvae are virtually found in all estuaries, backwaters and marine environments, and form an important
component of plankton. Characterization of these larval forms are species specific, and identification of these larvae
as components of plankton had been a major problem, the difficulty being the lack of taxonomic tools for reliable
identification. Most of the earlier studies on larval development of Brachyura were based on reconstruction from
plankton. The procedure usually involved was to obtain the first zoea hatched from the female in the laboratory
and rearing the larvae as for as possible. 

Much work remains to be done in the field of larval growth, and such holds great import for the eventual
economic exploitation of crustaceans. Studies on laboratory rearing of the larval stages of crabs, in recent years,
have been steadily growing. Laboratory rearing studies, in addition to providing positive identification and accurate
description, also provide basic information regarding number of larval stages and their moulting frequency
(Costlow, 1965). The urgent need for such studies, especially on commercially important species, is obvious. The
importance of these life cycle studies as a basis for understanding brachyuran phylogeny and for evolving a
satisfactory classification system need not be over emphasized.

In India, P. sanguinolentus is caught commercially and a study of its larval development and growth will be
useful for its future farming. Earlier Indian and foreign works on the description of the different larval stages are,
laboratory hatched zoea I (Naidu, 1955), zoea I from plankton (Chhapgar, 1956), laboratory reared 4 zoeal stages
and megalopa (Kurata and Midorikawa, 1975), first 3 zoeal stages from laboratory culture (Terada, 1979). Except
by Kurata and Midorikawa (1975) from Japanese waters, all other works are incomplete and especially in India,
no detail larval description is available except for the first zoea. 
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This paper deals with the complete larval development and larval descriptions of P. sanguinolentus, hatched
and reared in the laboratory.

Materials and methods

Gravid females of P. sanguinolentus with early broods (yellowish orange coloured eggs) were collected from
the Parangipettai coastal waters and retained in separate tanks containing sea water (Salinity - 35±1‰; temperature
– 28 to 31°C; dissolved oxygen was up to the saturation level and photoperiod – 12 L:12 D).  The crabs were
fed with mussel and clam meat once in a day.  Everyday the excess food, excreta and shed out eggs were siphoned
out.  Continuous aeration was given throughout the incubation period and the development of the egg was closely
observed.  The egg colour turn black colour about to hatch.

Newly hatched first zoeae were separated into groups of 10 per glass bowl (55 mm diam. X 50 mm depth)
containing aerated sea water and fed with live feeds [Brachinus plicatilis and Artemia nauplii (OSI Brine shrimp
eggs, USA)] ad libitum.   After 3 hours of hatching, the feeding was started.  The zoea I was fed with rotifer B.
plicatilis; Zoea II to IV were fed with rotifer dominated Artemia nauplii and zoea V and Megalopa were fed with
Artemia nauplii dominated formulated feed.  The feed was given twice a day at 8’ O clock in the morning and
5’ O clock in the evening ad libitum.  Food was changed each day with freshly hatched Artemia nauplii.  Optimum
environmental parameters were maintained throughout the larval rearing (salinity 35±1‰, pH 8.2±0.1, temperature
27±2ºC and photophase 14 hours light and 10 hours darkness). Rearing water was changed every day. The larvae
were examined each day before changing water for the presence of live, dead larvae and exuviae. Samples of each
larval stages and exuviae were preserved as suggested by Thakur (1960) (1:1:18 of glycerine, 40% formalin and
distilled water). 

Drawings were made with the help of camera lucida and measurements were with micrometer eye piece.
Measurements were made by following the method of Wear and Fielder (1985): In zoeal stages – carapace length,
from anterior margin of eye to posterior margin of carapace; rostral spine length, from ventral margin of eye to
tip of spine; dorsal spine length, from junction of spine with carapace to tip of spine; lateral spine length, from
junction of spine with carapace to tip of spine; spine to spine length, from tip of rostral spine to tip of dorsal
carapace spine in the direct line; antennal length, from distal tip of spinose process to the anterior border of the
eye stalk; abdomen length, from median posterior margin of carapace to tip of telson. In megalopa and first crab
– carapace length, from tip of rostral central process to median posterior margin of carapace; carapace width, across
the widest part of the carapace; rostrum length, tip to anterior of orbit in midline; abdomen length, from median
posterior margin of carapace to tip of telson. 

Results:

Four zoeal stages and one megalopa appeared during the ontogeny of portunid crab, P. sanguinolentus under
laboratory conditions. Zoeae are of typical brachygnath type. First and second zoeal stages required a minimum
duration of 3 days to moult to the next stage, where as third and fourth zoeae required a minimum of 2 days for
later to metamorphosing to the megalopa. First crab appeared after 6 days from megalopa, requiring a total time
of 15-18 days for complete metamorphosis from zoea I to first crab. 
The first zoeal stage is described in full detail. Only changes in morphology and setation are described for the
subsequent zoeal stages. In all descriptions setal formulae progress distally. In each stage 25 specimens were
examined. A detailed description of each larval stage is given below.

First Zoea (Fig. 1, A):

Carapace length varies from 0.46 to 0.55 mm and abdomen – telson length from 1.09 to 1.24 mm. Eyes are
sessible. The first abdominal segment bears a short seta on its dorsal surface.

Antennule (Fig. 1, B): 

Short and possessing a conical shape. At the tip it bears two long aesthetes of equal length and two short setae
which are unequal.

Antenna (Fig. 1, C):

With a long spiniform process bearing two long rows of short spines. Exopod is short with a single segment
bearing two unequal setae at its distal region.
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Mandible (Fig. 1, D): 

Is small structure with broad cutting edges.

Maxillule (Fig. 1, E): 

Protopod is unsegmented with coxal and basal endites. Basal endite with five setae which are sparsely plumose.
Coxal endite with six setae. Endopod 2 segmented and bears 7 long plumose setae. 

Maxilla (Fig. 1, F):  

Maxilla with bilobed coxal and basal endites; unsegmented endopod and a broad scaphognathite.
Scaphognathite bears 4 long plumose setae along its outer margin. Each lobe of the coxal endite with three
plumose setae. Each lobe of the basal endite bears three plumose setae of varying length. Endopod carries five
terminal and two sub-terminal setae. Some of the setae are long and plumose. 

First Maxilliped (Fig. 1, G): 

Protopod broad, bearing seven short setae along its inner margin. Endopod five segmented bearing 1-1-1-2-5
setae counting from proximal to distal segments. Exopod unsegmented carrying 8 long plumose natatory setae at
the terminal portion.

Second Maxilliped (Fig. 1, H): 

Protopod is broad, bear two to three short setae along its inner margin. Endopod four segmented bearing 0-1-2-
5 setae starting from the proximal segment. Out of the five setae on the distal segment two are more than three
times longer than the rest. Exopod unsegmented bear 8 long plumose natatory setae at its distal end.

Abdomen (Fig. 1, I): 

Five segmented and a telson. Second and third segment bear on either side a short lateral knob. The knobs
on 2nd segment are larger and directed anteriorly, while those on 3rd directed posteriorly. The posterior margin of
the abdominal segments overlaps the next segment. Third, fourth and fifth segments bear a pair of lateral spines
at their distal margin, which are directed towards the caudal region.

Telson (Fig. 1, J): 

Typical forked telson, each fork bearing a spine at its inner and outer margin. Inner margin of each fork bears
three long serrated setae. 

Colour:

Larvae yellowish brown in colour. Yellow and reddish chromatophores present on the carapace. Eyes are black
in colour. The very same pattern was present in all subsequent zoeal stages. 

Second Zoea (Fig. 2, A):

Carapace length varies from 0.74 to 0.79 mm and abdomen-telson length from 1.46-1.54 mm. Eyes are stalked.
Pair of medium short setae present on the dorsal surface of the first abdominal segment.

Antennule (Fig. 2, B):  
Number of aesthetes increased. On the distal side it bears five aesthetes and one setae.

Antenna (Fig. 2, C):

Elongated protopod two long rows of short spines as in the previous stage. Endopod bud has further developed.
Exopod bears distally two unequal setae as in the previous stage.
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Mandible (Fig. 2, D): 

More developed than the first zoeal stage and bears corrugated ridges of thickened cuticle.

Maxillule (Fig. 2, E):

Coxal endite with 6 and basal endite with 10 to 11 setae which are sparsely setose. Endopod two segmented;
proximal segment with single seta and distal segment with 7 setae.

Maxilla (Fig. 2, F): 

Coxal endite bilobed, each lobe carrying 3 setae. Each lobe of the basal endite with 5 to 6 setae. Endopod
unsegmented, bear four terminal and two subterminal setae. Scaphognathite bear seven plumose setae along its outer
margin. In addition to these the dorsally directed process bears three plumose setae.

First Maxilliped (Fig. 2, G): 

Basipod broad, bearing 10 to 11 setae along its inner margin. Endopod bears 2-2-2-2-5 setae counting from
the proximal to distal segments. Exopod is with 8 long natatory plumose setae at its distal end.

Second Maxilliped (Fig. 2, H): 

Basipod with 4 to 5 setae along its inner margin. Endopod bear 1-1-2-5-5 setae counting from the proximal
segment. Exopod is with 8 long plumose natatory setae at its distal region. 

Abdomen (Fig. 2, I): 

Same as that of the previous stage, except for the development of a pair of median setae on the dorsal surface
of the first abdominal segment. Abdominal segments 3-5 have more distinct lateral spines.

Telson (Fig. 2, I): 

Developed a pair of short plumose setae at the inner median margin of the caudal furca. Other structures are
same as that of the previous stage.

Third Zoea (Fig. 3, A):

Carapace length varies from 0.82 to 0.89 mm and abdomen-telson length between 2.06 to 2.24 mm
respectively. Dorsal surface of the first abdominal segment has 3 median short setae. And segments from 2-6 with
a single median setae on the dorsal surface. Rudimentary buds of the thoracic appendages are developed behind
the second maxilliped.

Antennule (Fig. 3, B):  

Antennule is as in zoea-II but larger. Aesthetes are arranged in two groups; a terminal and a sub-terminal
group. The former consists of 4 long aesthetes and one seta and the latter 2 smaller aesthetes.

Antenna (Fig. 3, C): 

Has further developed, endopod has become as long as the exopod.

Mandible (Fig. 3, D): 

Is as in zoea-II stage except that few prominent teeth developed on the cutting edges.
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Maxillule (Fig. 3, E): 

Coxal endite bears 7 setae, of which few are setose. Basal endite with 11 to 12 setae, of which, some are short
and few are setose. Endopod two segmented. Proximal segment bears 2 setae which are sparsely plumose. Distal
segment is with 4 long terminal and 2 long sub-terminal plumose setae. Basipod of the maxillule bears two
plumose setae on its outer margin. 

Maxilla (Fig. 3, F): 

Each lobe of the coxal endite bear 3 setae of which one is stout.  Basal endites, each bear 6 to 7 setae of
which some are plumose. Endopod is unsegmented bears 4 long terminal and 2 sub terminal setae. Scaphognathite
further developed, bear 18-20 plumose setae at its outer margin.

First Maxilliped (Fig. 3, G): 

Is longer than that of the zoea-II. Basipod broad, bear 10-12 setae along its inner margin. Endopod bears 2-3-
2-2-6 setae counting from the proximal to distal segments. Exopod bears 9 long terminal and 2 long subterminal
plumose natatory setae. 

Second Maxilliped (Fig. 3, H): 

Basipod with 5 to 6 setae along its inner margin. Endopod bears 1-1-2-5-6 setae counting from the proximal
to distal segments. Exopod with 4 long terminal and 6 long sub-terminal plumose natatory setae. 

Abdomen (Fig. 3, I):

Is 6 segmented and lateral spines on 3-5 segments are longer. Median setae on the dorsal surface of first
abdominal segment increased to 3, and the segments from 2 to 6 develop a single spine on its median dorsal
surface. Abdomen develops paired pleopod buds at the ventral posterior end of the second to fifth segments. 

Telson (Fig. 3, I): 

Grows well distinct and other characters are same as that of the previous stage

Fourth Zoea (Fig. 4, A):

Carapace length varies from 1.03 to 1.12 mm and abdomen-telson length between 2.67 to 3.11 mm. Biramous
bud of third maxilliped has developed. First pereiopod bud with well developed chela. Second to fifth pereiopod
buds show clear signs of segmentation. Second to sixth pleopod bud developed. Exopod of some pleopod buds
are with short non-plumose setae. Dorsal surface of the first abdominal segment has 4 short setae in a median
transverse row and all the other abdominal segments bear a pair of setae each. 

Antennule (Fig. 4, B): 

Bears aesthetes in two tiers. At the terminal end it bears 4 aesthetes and one seta. Next group of aethetes are
placed sub-terminally. Development of endopod is indicated as a small bud.

Antenna (Fig. 4, C): 

Larger than that of the zoea III. Endopod has become longer than that of the exopod.

Mandible (Fig. 4, D):

Size has increased than the previous stage. Mandibular palps indicated as small bud.
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Maxillule (Fig. 4, E): 

Coxal endite with 12-14 setae and basal endite with 15-17 setae. Some of the setae on the basal endite are
stout and sparsely setose. Distal segment of the two-segmented endopod is with 4 long terminal and 2 sub-terminal
plumose setae. Proximal segment on the inner margin bears 2 plumose setae. Outer margin of the basipod carries
two short plumose setae.

Maxilla (Fig. 4, F): 

Scaphognathite expanded bearing 30 to 33 plumose setae along its outer margin.  Number of setae on the coxal
and basal endites increased.  Each of the coxal endite bears 4 to 5 setae and basal endites with 8 to 10 setae.
Endopod carries six plumose setae of which two are placed on the inner margin towards the middle region.

First Maxilliped (Fig. 4, G): 

Size has increased. Basipod broad and bear 12-14 setae. Endopod segments bearing 2-2-2-2-7 setae starting
from ischium. Exopod has 4 long terminal and 8 long sub-terminal plumose natatory setae.

Second Maxilliped (Fig. 4, H): 

Size has increased than the previous stage. Basipod with 6 to 7 setae along its inner margin. Endopod bear
1-1-2-6-6 setae counting from the proximal segment. Except for the increase in the plumose setae other
characteristics remain unchanged. Exopod bears terminally 4 and sub-terminally 9-10 long plumose natatory setae.

Pereiopods (Fig. 4, I and J): 

First pereiopod bud with well developed chela. Pereiopods 2-5 starting segmentation.

Pleopods (Fig. 4, K): 

Second to sixth pleopod buds developed. 

Abdomen (Fig. 4, L): 

Median setae on the dorsal surface of the first abdominal segment increased to 4. Median setae on the rest
of the abdominal segments increased to 2 from second to sixth segment. Pleopod buds on abdominal segments 2
to 6 are well developed. They are large and biramous except for the fifth pair that is uniramous.

Telson (Fig. 4, L): 

All structures are similar to the Z-III except for the development of an additional short seta at the inner margin
of caudal furca.

Megalopa (Figs. 5 & 6):

Megalopa (Fig, 5, A) are very similar to that of other portunids. Rostral spine present. Eyes project as far as
the lateral margin of the carapace. 

Carapace length including the rostrum varied from 1.81 to 1.93 mm and the breadth 1.22 to 1.35 mm.
Abdomen six segmented with dorsoventrally flattened telson. Abdomen length (including telson) varied from 1.38
to 1.43 mm. Total length including rostrum varied from 3.06 to 3.28 mm. 

Antennule (Fig, 5, B): 

With 3-segmented peduncle and two ramii. Basal segment of peduncle is bulbous. Inner ramus two segmented.
Terminal segment bears 3 distal and 1 inner lateral setae. Outer ramus 5-segmented, proximal segment without
setae or aesthetes. Second to fourth segments bear 17-20 aesthetes. Distal segment bears two plumose setae. 
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Antenna (Fig, 5, C): 

Is elongated and 12 segmented. Proximal segments are comparatively larger, and bear simple setae. Eighth
segment bears 4 setae on its distal margin. Distal segment is with 4 setae. And few setae present on the almost
all the segments except 4th ad 5th. 

Mandible (Fig, 5, D): 

Is reduced to a simple cutting edge. Bears a 3 segmented palp. Distal segment of the palp is broader and
carries 12 to 14 short plumose setae.

Maxillule (Fig, 5, E): 

Coxal and basal endites are unsegmented. Coxal endite bears 5-6 setae distally and 8-11 setae along the lateral
border of which the inner lateral setae are relatively longer than the rest. Basal endite has 18-20 setae of which
5-7 are stout. Endopod 2-segmented. Proximal segment is with 5 and distal segment and 3 setae. 

Maxilla (Fig, 5, F): 

Both coxal and basal endites bilobed. Each lobe of the coxal endite bears 5 terminal and 4 lateral setae. Each
of the basal endite carries 10 to 12 setae on which few are stout. Endopod reduced. Scaphognathite bears 62-65
plumose setae along its outer margin.

First Maxilliped (Fig, 5, A): 

Coxal and basal endites unsegmented, both endites are expanded bearing a number of sparsely plumose setae,
which serve for mastication. Coxal endite bears 12-15 short setae. Basal endite bears 25-28 short setae. Endopod
unsegmented slightly expanded and bear 4 setae at its distal margin and 2 setae on the lateral side. Exopod 2
segmented and distal segment bears 6 terminal setae.

Second Maxilliped (Fig, 5, B): 

Endopod 5 segmented. Distal two segments have a flattened shape each bearing 7 to 9 plumose setae. Exopod
2-segmented, distal segment smaller than the proximal, bears 6 terminal setae. 

Third Maxilliped (Fig, 5, C): 

Well developed. Endopod 5-segmented, first segment is more flattened bearing 16 to 19 and second segment
8 to 10 setae, respectively along its inner margin. Distal segment bears six setae (two of which are longer than
the rest) at its distal margin and 4 setae sub-terminally. Exopod 2-segmented, proximal one longer than the distal
one bears 6 terminal setae. Coxopod bears a well-developed epipodite and a gill. 

First Pereiopod (Cheliped) (Fig, 5, D): 

5 segmented and well developed. All segments bear few short setae, their number is maximum on propodus.
Ischium and carpus bear one short and stout spine. 

Second to Fifth Pereiopods (Figs, 5, E to H): 

They have well-developed endopods. Endopods have 5 segments. Basipod of the second pereiopod bears a
spine on its inner surface.  All segments of the endopod bear few short setae, their number is maximum on the
last segment.  One of the inner setae on the propodus of second and third pereiopods is longer than the rest, a
character which is absent in the 4th pereiopod. Dactylus of the fifth pereiopod slightly flattened bearing at its distal
inner margin 6 to 7 long, hooked, modified setae. Abdomen bears 5 pairs of pleopods.  
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Pleopods (Figs, 5, I to L): 

First abdominal segment has no pleopods. Second to fifth pleopods are almost similar in structure. Exopods
bear 15 to 20 plumose setae. Endopod is short bearing 3 to 4 modified setae distally.

Uropod (Fig, 5, M): 

It is uniramous, bearing 10-13 plumose setae. Basipod of the uropod bears one long setae at its inner margin.

Crab Stage (Figs. 6 & 7):

Megalopa metemorphoses to crab instar-1, (Fig. 6, A) the carapace width varied between 2.8-3.6 mm. It
resembles an adult crab; margin of the carapace serrated with 9 anterolateral spines. Pereiopods well developed
with setae, especially on the propodus and dactylus of the fifth pair of legs. 

Carapace (Fig, 6, A): 

Laterally inflated, surface with numerous simple setae. Frontal region flat with 27 unequal lobes and 10 spines.
Anterolateral border with 8 small and 1 large teeth. Eyes large, projecting laterally.

Abdomen and Telson (Fig, 6, B): 

Six somites with simple setae. Telson semicircular, with 7 plumose setae.

Pereiopods (Figs, 6, C and D): 

Chelipeds massive, unarmed, equal, shorter than walking legs, gape of chelae with small teeth. Second to
fourth pereiopods elongate dactyls with spiny tip. Fifth pereiopods dorsoventrally flattened, with numerous long
plumose setae on propodus and dactyl. 

Antennule (Fig. 6, A): 

Peduncle 3-segmented, enlarged basal segment with 15 plumose setae, middle and distal segments with 6, 3
setae respectively. Lower ramus 3-segmented, with 1, 2, 4 plumodenticulate setae. Upper ramus 7-segmented, with
0, 6 aesthetascs, 6 aesthetascs plus 2 simple setae, 4 aesthetascs plus 1 simple seta, 0, 1 aesthetasc plus two simple
setae, 1aesthetasc plus 1 simple seta.

Antenna (Fig, 6, B): 

Peduncle 3 segmented, with 10, 4, 2 plumose setae. Flagellum 8 segmented, with 0, 1, 4 plumose, 1
plumodenticulate, 3 plumodenticulate, 1 plumodenticulate, 3 plumodenticulate, 2 plumodenticulate plus 1 simple
setae. 
Mandible (Fig, 7, C): 

With a middle tooth; palp 2-segmented, with 1, 11 plumodenticulate plus 1 plumose setae. 

Maxillule (Fig, 7, D): 

Coxal endite with 19 plumodenticulate setae. Basal endite with 5 plumodenticulate cuspidate, plus 14
plumodenticulate setae in two tiers. Endopod 2-segmented, with 4, 3 plumodenticulate setae. 

Maxilla (Fig, 7, E): 

Coxal endite with 6, 7 plumose setae. Basal endite with 9, 13 plumodenticulate setae. Endopod naked.
Scaphognathite with 73 marginal plumose setae plus 15 simple setae laterally on the blade. 
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First Maxilliped (Fig, 7, F): 

Coxa with 19 plumodenticulate setae in two rows. Basis with 46 plumodenticulate setae. Endopod irregular,
with 22 plumodenticulate setae. Exopod with 6, 8 plumose setae. Epipod with 22 proximal plus 15 distal
plumodenticulate setae. 

Second Maxilliped (Fig, 7, G): 

Endopod 5-segmented, with 3, 11, 3, 7, 13 plumodenticulate setae. Exopod 2-segmented, with 9, 7 plumose
setae.

Third Maxilliped (Fig, 7, H): 

Protopod with 15 plumodenticulate setae. Endopod 5-segmented, setal formula 48, 20, 17, 10, 9
plumodenticulate setae. Exopod 2-segmented, with 17, 6 plumose setae. Epipod with 15 plumodenticulate setae
distally plus 14 plumodenticulate setae proximally. 

Colour: 

Carapace with black spots. Whole crab yellowish orange in colour.

Fig. 1: P. sanguinolentus (Herbst), first zoea. A, whole animal, lateral view;B, antennules; C, antenna; D,
mandible; E, maxillule; F, maxilla; G, first maxilliped; H, second maxilliped; I, abdomen with telson.

Fig. 2: P. sanguinolentus (Herbst), Second zoea. A, whole animal, lateral view; B, antennules; C, antenna; D,
mandible; E, maxillule; F, maxilla; G, first maxilliped; H, second maxilliped; I, abdomen with telson.
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Fig. 3: P. sanguinolentus (Herbst), third zoea. A, whole animal, lateral view; B, antennules; C, antenna; D,
mandible; E, maxillule; F, maxilla; G, first maxilliped; H, second maxilliped; I, rudimentary thoracic
appendage; J, abdomen with telson.

Fig. 4: P.sanguinolentus (Herbst), Fourth zoea. A, whole animal, lateral view; B, antennules; C, antenna; D,
mandible; E, maxillule; G, first maxilliped; H, second maxilliped; I – J, rudimentary thoracic appendages;
K, abdomen with telson.

Fig. 5: P. sanguinolentus (Herbst), megalopa. A, whole animal, dorsal view; B, antennules; C, antenna; D,
mandible; E, maxillule; F, maxilla.
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Fig. 6: P. sanguinolentus (Herbst), megalopa. A, first maxilliped; B, second maxilliped; C, third maxilliped; D,
first pereiopod; E, second pereiopod; F, third pereiopod; G, fourth pereiopod; H, fifth pereiopod; I–L,
second to fifth pleopods, respectively; M, uropod.

Fig. 7: P. sanguinolentus (Herbst), First crab instar.  A. whole animal, dorsal view; B, Abdomen and telson; C,
First pereiopod; D, Fifth pereiopod.

Fig. 8: P. sanguinolentus (Herbst), Appendages of first crab instar. A. antennules; B, antenna; C, mandible; D,
maxillule; E, maxilla; F, first maxilliped; G, second maxilliped; H, third maxilliped.
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Table 1: Comparison of zoeal and megalopal characters of P. sanguinolentus and P. pelagicus from two sources (zoea I to megalopa of the
current study compared with zoea I to megalopa of P. pelagicus from Josileen and Menon, 2004).

Feature Present study (P. sanguinolentus) Josileen and Menon, 2004(P. pelagicus)
ZOEA I

Carapace length 0.46 to 0.57 mm 0.44 to 0.54 mm
Abdomen – telson length 1.09 to 1.28 mm 1.07 to 1.23 mm
Antennule 2 aesthetes + 2 setae 2 aesthetes + 2 setae
Antennal exopod 2 setae 2 setae

Maxillule
Coxal endite 6 setae 6-7 setae
Basal endite 6 setae 5 setae
Endopod 7 setae 7 setae

Maxilla
Coxal endite 3,3 setae 3,3 setae
Basal endite 3,3 setae 3,3 setae
Endopod 5+2 setae 4+2 setae
Scaphognathite 5 setae 4 setae

First Maxilliped
Basis 6-7 setae 6-7 setae
Endopod 5 segmented 5 segmented

1-1-1-2-5 setae 1-1-0-2-5 setae
Exopod Unsegmented Unsegmented

8 setae 8 setae
Second Maxilliped

Basis 2-3 setae 2-3 setae
Endopod 4 segmented 4 segmented

0-1-2-5 setae 1-1-2-5 setae
Exopod Unsegmented Unsegmented 

8 setae 8 setae
Abdomen 5 segmented 5 segmented
Median setae 1 seta 1 seta
Telson 3 + 3 setae 3 + 3 setae

ZOEA II
Carapace length 0.74 to 0.79 mm 0.72 to 0.77 mm
Abdomen – telson length 1.49 to 1.58 mm 1.46 to 1.54 mm
Antennule 5 aesthetes + 1 setae 5 aesthetes + 1 setae
Antennal exopod 2 setae 2 setae

Maxillule
Coxal endite 6 setae 6 setae
Basal endite 10-11 setae 9-10 setae
Endopod 2 segmented 2 segmented 

1,7 setae 1,6 setae
Maxilla

Coxal endite 3,3 setae 3,3 setae
Basal endite 5-6, 5-6 setae 4-5, 4-5 setae
Endopod 5+2 setae 4+2 setae
Scaphognathite 10 setae 10 setae

First Maxilliped
Basis 10-11 setae 9-10 setae
Endopod 5 segmented 5 segmented

2-2-2-2-6 setae 2-2-0-2-5 setae
Exopod Unsegmented Unsegmented

8 setae 8 setae
Second Maxilliped

Basis 4-5 setae 3-4 setae
Endopod 5 segmented 5 segmented

1-1-2-5-5 setae 1-1-1-5-5 setae
Exopod Unsegmented Unsegmented

8 setae 8 setae
Abdomen 6 segmented 6 segmented
Median setae 2 setae 2 setae
Telson 4 + 4 setae 4 + 4 setae

ZOEA III
Carapace length 0.82 to 0.89 mm 0.79 to 0.87 mm
Abdomen – telson length 2.06 to 2.24 mm 2.02 to 2.21 mm
Antennule 4+2 aesthetes, 1 setae 4+2 aesthetes, 1 setae
Antennal exopod 2 setae 2 setae
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Table 1: Continue
Maxillule

Coxal endite 7 setae 7 setae
Basal endite 11-12 setae 10-11 setae
Endopod 2 segmented 2 segmented

2, 4+2 setae 4+2 setae
Basis 2 setae 2 setae

Maxilla 
Coxal endite 3,3 setae 3,3 setae
Basal endite 6-7, 6-7 setae 4-6, 4-6 setae
Endopod 5+2 setae 4+2 setae
Scaphognathite 18-20 setae 17-18 setae

First Maxilliped
Basis 10-12 setae 6 setae
Endopod 5 segmented 5 segmented

2-3-2-2-6 setae 1-2-0-2-6 setae
Exopod Unsegmented Unsegmented

9+2 setae 8+2 setae
Second Maxilliped

Basis 5-6 setae 1-2 setae
Endopod 5 segmented No clear data

1-1-2-5-6 setae
Exopod Unsegmented Unsegmented

6 + 4 setae 6 + 4 setae
Abdomen 6 segmented 6 segmented
Median setae Segment 1 has 3 setae, rest have a single seta 2 setae on 1st segment only
Telson 4+4 setae 4+4 setae

ZOEA IV
Carapace length 1.03 to 1.12 mm 0.98 to 1.06 mm
Abdomen – telson length 2.67 to 3.11 mm 2.61 to 3.03 mm
Antennule 4+4 aesthetes, 1 setae 4+4 aesthetes, 1 setae
Antennal exopod 2 setae 2 setae

Maxillule
Coxal endite 12-14 setae 12-13 setae
Basal endite 15-17 setae 15-16 setae
Endopod 2 segmented 2 segmented

2, 5+2 setae 4+2 setae
Basis 2 setae 2 setae

Maxilla
Coxal endite 4-5, 4-5 setae 4-5, 4-5 setae
Basal endite 8-10, 8-10 setae 7-9, 7-9 setae
Endopod 5+2 setae 2+2+2 setae
Scaphognathite 32-35 setae 30-32 setae

First Maxilliped
Basis 12-14 setae 10 setae
Endopod 5 segmented 5 segmented

2-3-3-3-7 setae 2-2-1-2-6 setae
Exopod Unsegmented Unsegmented

8 + 4 setae 8 + 4 setae
Second Maxilliped

Basis 6-7 setae 4 setae
Endopod 5 segmented No clear data

1-2-2-6-6 setae
Exopod Unsegmented Unsegmented

9-10 + 4 setae 8 + 4 setae
Pereiopods 1st with well developed chela, 1st with well developed chela,

2nd to 5th starts segmentation 2nd to 5th starts segmentation
Abdomen 6 segmented 6 segmented
Median setae Segment 1 has 4 setae, rest have 2 setae Segment 1 has 4 setae
Telson 4 + 4 setae 4 + 4 setae

Megalopa
Carapace length 1.81 to 1.93 mm 1.69 to 1.81 mm
Carapace breadth 1.22 to 1.35 mm 1.16 to 1.31 mm
Abdomen length 1.38 to 1.43 mm 1.31 to 1.35 mm
Total length 3.06 to 3.28 mm 3.00 to 3.2 mm

Antennule
Peduncle 3 segmented and basal is bulbous 3 segmented and basal is bulbous 
Inner ramus Unsegmented Unsegmented

4+1 setae on terminal segment 3+1 setae on terminal segment
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Table 1: Continue
Outer ramus 5 segmented 5 segmented

2nd -4th bears 17-20 setae and 2nd -4th bears 15-18 setae and 
distal segment has 2 setae distal segment has 2 setae

Antenna 12 segmented and bear 11 segmented and bear setae
setae on almost all segments on almost all segments
Mandible

Palp 3 segmented 3 segmented
Distal bears 12-14 setae Distal bears 11-12 setae
Maxillule

Coxal endite 5-6 distal setae 4-5 distal setae
8-11 lateral setae 8-10 lateral setae

Basal endite 18-20 setae 17-20 setae
Endopod 2 segmented 2 segmented

with 5 and 3 setae each with 3 and 1-2 setae each
Basis 5-6 setae No setae

Maxilla
Coxal endite 4+5, 4+5 setae 1-3+3-4, 1-3+3-4 setae
Basal endite 10-12, 10-12 setae 9-12, 9-12 setae
Endopod Reduced Reduced
Scaphognathite 62-65 setae 58-60 setae

First Maxilliped
Coxal endite 12-15 setae 11 setae
Basal endite 25-28 setae 23 setae
Endopod Unsegmented Unsegmented

4+2 setae 2+2 setae
Exopod 2 segmented 2 segmented

0-6 setae 0-5 setae
Second Maxilliped

Endopod 5 segmented 5 segmented
1-4-0-9-9 setae 1-3-0-7-8 setae

Exopod 2 segmented 2 segmented
0-6 setae 0-5 setae
Third Maxilliped

Endopod 5 segmented 5 segmented
19-10-7-7-10 setae 16-7-7-7-10 setae

Exopod 2 segmented 2 segmented
0-6 setae 0-5 setae

Coxopodite With well developed gill and Epipodite With well developed gill and Epipodite
 and later bears 9 setae and later bears 7 setae

First Pereiopod (Cheliped) 5 segmented and all bear short setae 5 segmented and all bear short setae
Second to Fifth Pereiopods Endopods well developed Endopods well developed

Basipod of 2nd pereiopod bears a spine. Basipod of 2nd pereiopod bears a spine.
All segments bears few short setae All segments bears few short setae.

Abdomen 6 segmented 6 segmented 
Pleopods Absent on 1st segment Absent on 1st segment
Endopod 3-4 setae 3-4 setae
Exopod 18-21 setae 15-20 setae
Uropod Uniramous bear 10-13 setae Uniramous bear 11 setae

Basipod bears 2 long setae on inner margin Basipod bears 1 long seta on inner margin
FIRST CRAB INSTAR

Carapace width 2.8-3.6 mm 2.0-2.5 mm
Anterolateral spines 9 spines 9 spines

Discussion:

The larval phase in P. sanguinolentus comprises of four zoeal and one megalopa stage. The megalopa
metamorphosed to the first crab instar. According to reports of several workers on most of the portuninae crabs,
the number of zoeal stages varied between 4-7. Josileen and Menon (2004) reported 4 zoeal stages and a megalopa
in P. pelagicus. Contrasting to the above study, Soundarapandian et al. (2007) reported 5 zoeal stages and one
megalopa in P. pelagicus. However, Greenwood and Fielder (1979) observed that P. rubromarginatus have only
3 zoeal stages and one megalopa, which is quite unusual amongst portuninae species. Many workers have reported
the existence of five zoeal stages in S. serrata and S. tranquebarica, and each zoeal stage spanned for 3-5 days
(Ong, 1964; Brick, 1974; Haesman and Fielder 1983; Marichamy and Rajapackiam, 1984, 1992; Marichamy, 1996;
Anil, 1997; Kathirvel et al., 1997; Thirunavukkarasu, 2005). Costlow and Bookhout (1959) observed 7 zoeal stages
in a closely related species, American blue crab C. sapidus. Complete larval development of Cancer magister, C.
irroratus and C. gracilis has been reported by Poole (1966), Sastry (1970), Charmantier and Charmantier (1991)
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and Ally (1975) respectively. All the three species have 5 zoeal stages. Similarly, 5 zoeal stages were reported in
estuarine edible crab, T. crenata (Krishnan and Kannupandi, 1990; Godfred et al., 1995). The number of zoeal
stages observed in the present study is in conformity with the works of Kurata and Midorikawa (1975).

In the present study the total duration of the larval development varied between 15-18 days. The first and
second zoeal stages spanned for 3-4 days each, third and fourth stages for 2-3 days each and megalopa 6-7 days.
The first crab instar emerged between 15th and 18th day. Joseleen and Menon (2004) reported that each zoea of
P. pelagicus took 2-4 days to metamorphose to the subsequent stage. However, Greenwood and Fielder (1979)
observed that the megalopa stage in P. rubromarginatus was reached in a minimum of 10 days after hatching. 

The morphological variations encountered in the developmental stages of portunids may be intrinsic. Within
the Brachyura, the number of zoeal stages found in various species ranges from 2 to 8. Only within the Portunidae,
do any species occur with more than 5 zoeal stages. For this reason it is considered to be the most primitive family
within the Brachyura. Variability in the morphology of zoeal stages seems to be rare in species with only a few
stages and more common in species with many larval stages. Costlow (1965) suggested that the morphological
variability found in the zoeal development of portunids is associated with the primitive nature of the family.
Morphological variability may give the larvae the flexibility to survive and complete development over a wide
range of rates of morphological development. 

Variation in the number of larval stages and duration of larval sequence within a species is due to
environmental factors, laboratory induced factors and inherent variability (Rabalais and Gore, 1985). Intercalated
stages are a response by a larva to adverse conditions involving food deprivation, temperature, salinity and
pollution (Kurata, 1968; Goldstein, 1970; Lumare and Gozzo, 1972; Rochanaburranan and Williamson, 1976; Goy
and Provenzano, 1978). Lim et al. (1986) suggested that the causal factors for determining the number of zoeal
stages vary with environmental, ecological and genetic influences. 

Variation in the number of zoeal stages is the result of non-uniform rates of internal growth coupled with a
more or less regular moulting cycle (Provenzano, 1968). Moulting and morphological development are controlled
separately in the larval development of crabs (Costlow, 1965). The endocrine system which controls the
development of the morphological features may be responsible for the “extra stages” and “combined forms”
(Costlow, 1965) or inter stages (Goldstein, 1970). The fact that the variability is limited to the latter stages may
be due to a gradual decline in secretary activity of the endocrine mechanisms rather than an abrupt cessation of
activity (Costlow, 1965). Egg size and amount of nourishment available for the larvae may influence the number
of zoeal stages (Heegaard, 1948, ’66). 

Variability has been reported within the developmental stages of Crustacea representing many specific groups:
Cirripedia – extra naupliar stages (Ishida and Yasugi, 1937); Euphausids – skipping of larval stages (Fraser, 1936);
Natantia – skipping of larval stages (Broad, 1957); Reptantia – variations between individuals of same stage
(Lewis, 1951); Anomura – variability among larvae (Boyd and Johnson, 1963; Rees, 1959); Brachyura, extra zoeal
stages (Costlow and Bookhout, 1959; Porter, 1960). In Brachyura, there are variabilities in (1) the number of zoeal
stages, (2) the morphology of zoeal stages, (3) the number of setae on appendages. Variations in setation counts
have been reported for many appendages in the larvae of the same zoeal stage. Left-right asymmetry in setal counts
has been reported by Goldstein (1970) in Macropipus marmoreus. Since setal counts are used to differentiate larval
stages, and to distinguish and compare species, the variability found here raises serious questions about the
usefulness of such counts to distinguish stages or species (Gonor and Gonor, 1973). 

In the present study, the newly hatched larvae were in first zoeal stage only and no pre-zoeal stage was
observed. However, Campbell and Fielder (1987) opined that in P. sanguinolentus, the occurrence of prezoeae
increased when eggs were hatched at salinities below the oceanic salinities that this species normally encounters
in nature. They also confirmed that the inconsistent occurrence of mortalities in commercial portunids associated
with prezoeae indicates an integral weakness in the larvae themselves, or that environmental conditions were
suboptimal at time of hatching. Naidu (1955) described early and late stage zoeae of P. sanguinolentus, but
prezoeae were not mentioned. Prasad and Tampi (1953) distinguished a pre-zoeal stage in the larval development
of P. pelagicus, however, most of their larvae were weak and died during zoea I. They also point out that these
larvae assume all the characters of first zoea in the course of about two hours and they could not rear the larvae
more than twenty hours in the laboratory. Kurata and Midorikawa (1975) did not mention prezoeae in their
descriptions of P. pelagicus and P. sanguinolentus larvae. Similar observations were made by Joseleen and Menon
(2004) in the larvae of P. pelagicus. Yatsuzuka (1962) acknowledged the existence of substages in his study of
P. pelagicus larvae. 

Other workers also have reported `Pre-zoeal’ stage while rearing the crabs in the laboratory; Lebour (1928)
in P. puber; Davis (1965) in C. sapidus, Ong (1964) in S. serrata, Ally (1975) in C. gracilis and Andryszak and
Gore (1981) in Micropanope sculptipes. Sandoz and Hopkins (1944) and Sandoz and Rogers (1944) opined that
the larvae came out as pre-zoeal, only under abnormal conditions, such as low salinities or bacterial and fungal
infection. 
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Knowlton (1974) hypothesized that the zoeal stage has three priorities: 1) stay alive; 2) moult; 3) undergo
growth and eventually metamorphosis. He pointed out that the variability in instar numbers and morphology was
a strong indication of the semi-independent functioning of developmental processes and their differential control
by various environmental parameters. Costlow (1965) listed three general types of variability in crab larvae, viz.,
(1) moulting without any perceptible morphological changes, (2) elimination or skipping of a larval stage while
maintaining same moulting frequency and (3) moult which results in a larval stage, which combines morphological
characters normally attributed to two zoeal stages. 

Extrinsic and intrinsic factors seem to be the causes of variability in crustacean larvae. Extrinsic factors such
as poor rearing techniques, temperature, salinity, diet and habitat have been attributed for such variable features.
Yatsuzuka (1962) observed extra zoeal stage in P. pelagicus, owing to poor rearing techniques. Le Roux (1970)
reported variable number of moults in Palaemonetes varians with different temperatures. “Pre-zoea” occurs in C.
sapidus due to hatching in low salinity (Sandoz and Rogers, 1944). The decomposition of cuticle is little quicker
in the tropics owing to high temperature. The higher temperature must be expected to give a quicker catabolism
of the cuticle and a high salinity may accelerate the decomposition (Heegaard, 1971). In tropics, the reason for
more larval stages may be quicker decomposition of the cuticle due to higher temperature as suggested by
Heegaard (1971). 

According to Bookhout and Costlow (1974) “the larvae within the subfamily Portuninae are so similar, that
it is very difficult to tell species apart other than by examination of minute characteristics of those larvae which
have been cultured from the egg”. 

Further it was emphasized that the identification of larval Portuninae is particularly difficult (Lebour, 1928;
Robers, 1969; Kurata, 1975; Rice and Ingle, 1975a). 

Lebour (1928), while discussing the primitive nature of the Brachyrhyncha larvae, considers Portunus as most
primitive because of the many zoeal stages and the structure of the spine on the telson. Costlow and Bookhout
(1959) and Costlow (1965) also suggest that the morphological variability found in the zoeal development of
portunids is associated with the primitive nature of the family.  

Stephensen (1972) has suggested that P. pelagicus may be divided into Chines and subspecies. The differences
between the setal numbers of various appendages given by Shinkarenko (1979) may be because of the larvae reared
in each study belonged to different subspecies of P. pelagicus from two different distant geographical locations.

The zoeal appendages show wide variety; and the density and size of setae changes in each zoeal phase. The
types of setae and their location on these appendages are similar to those of P. spinicarpus (Bookhout and Costlow,
1974) and can be related to the similar carnivorous diet shown by these two species. The abdomen in P.
sanguinolentus zoea is very important in the capture of prey and also holding the prey against the mouthparts. The
serrated setae in the curve of the telson assist in the abrasion of the prey. Ong (1964) also found that the curvature
of the abdomen aided in catching prey in suspension by the zoea of S. serrata where the abdomen is also used
to press the prey to the mouthparts. The zoea of P. spinicarpus also possesses serrated setae on the median curve
of the telson. The function of the abdomen in prey capture, holding the prey against the mouthparts and prey
abrasion apply in general the same as in other carnivorus zoea.

In the megalopal stage, for capturing prey chelipeds are used rather than the abdomen as in zoeal stage. The
abdomen can no longer assist in prey-capture and holding prey against the mouthparts, as it is reduced in size and
more rigid, bearing the pleopods. The telson is rounded and has lost the serrated setae used for the prey abrasion
in the zoea. The function of holding the prey against the mouthparts in the megalopa is now carried out by the
second and third maxillipeds. The endopods of second and third maxillipeds are large and well armed with several
serrated setae that help the breaking down of the prey. The terminal segments of the second and third pereiopods
of the megalopa bear serrated setae on its inner margin. These pereiopods also assist in holding the prey and prey-
abrasion. The coxal and basal endites of first maxillipeds are well developed with many plumose setae for
collecting and transferring the broken up pieces of food towards the mouth. The mandibular palp also aids in
transferring soft pieces of food into the mouth.

Ong (1964) described the larval stages of S. serrata, which occurs in much of the geographical range of P.
pelagicus, and zoeae of these two species are similar in most respects and to distinguish between them is difficult.
Shinkarenko (1979) reported that the first zoeae of the two species can be recognized in southeastern Queensland
by the number of aesthetes of the antennule; P. pelagicus has two and S. serrata has three. This is in conformity
with the present observations. From the present study it is understood that Scylla zoeae can be distinguished from
P. pelagicus, by the examination of exopods of the maxillipeds and scaphognathite, the number of setae in these
appendages varies considerably. Moreover, these are the easiest appendages to observe or remove and therefore
have the most practical value for identifying the stage and species of zoea.
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