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[ The paper contains o brief review of the sludies ca the life
histories of Indian species of prawns chiefly belonging to the lfamily
Penaeidae. References to similar work carried out outzide India are
furnished where significant variations have been obszerved. The three
main larval stages viz, Nauplius, Protozoea and Zoea (Mysis) and their
important characteristics, including modes of locomotion, are described.
The post-lerval development of one gpecies that has been studied In
detail {Metapenneus dobsoni) is indicated in outline. Some aspects of the
bionomics of these prawns, especially breeding and migration, are also
briefly dealt with in view ol their relevance in their life cycle.

An outline of the life histories of some Palaemonid prawns of
both fresh water and marine habitats is added at the end and the need
for well planned investigations in regard to species of such economie
vilue as Palaeman carcinus (Macrobrachium rosenbergii) 1s indicated |

The term “Prawn” according to a deci-
gion of the Indo-Pacific Fisheries Council
(1955) should be applied anly to the 3 families
Penaeidae, Palaemonidae and Pandalidae.
All other decapods with fully developed
abdomen and natatory appendages, whether
commercially important or not, are to be
referred to as “shrimps’. The vast majority
of prawns caught in our commercial fishery
belong {o the first family Penaeidae and their
biclogy in consequence has stimulated more
extensive investligations than that of the

others, Il should however be recognized that -

Palaemonidae alzo includes several species
that provide waluable fisheries in different
types of environments ; fresh water, brackish
water (estuaries and back-waters) and the
sea and interesting data relating to thelr
fishery and biclogy have been collected, This
paper is written with the limited object of
furnishing a Lrief review of the results of

investigations bearing on some agpects of
their biology, chiefly their life histories,
Similar studies have been carried out in other
countries also, notably America, Japan, and
Austrelia, some of them long before they
were started in India. In broad outline, sc
far as i5 known, the life cyeles of prawns
of the family Penaeidae [ollow the szame
pattern irrespective of their geographical
distribution and any one that is fully known
may be chosen to elucidate it, This review
therefore, iz bared primarily on Indian work
and references to that on foreign species
wotld be made only where significant varia-
tionz or striking structural peculiarities have
been obzerved.

Historical

The general course of penaeid develop-
ment from Nauplius to Mysis was traced in



considerable detail by some of the earliest
workers in the. figld such as F. Muller and
Claus. They did not know, however, with
what genera they were dezling, az it waz not
poszible to establish their identity by linking
them with their parents. The publications
of many of the later authors (Brocks, Bate
and Stephenzen) have also not been guite
sgatisfactory in this respect either for lack
of illustrations or for the brevity or obscurity
of their language., Among the papers pub-
lizhed upto about 1924 Gurney (1924) reports
that “ the only Penaeid larvae which are re-

cognisable with certainty are those of
Gennadaz and Solénocera ™,
The comparatively recent works of

Hudinaga (18#35), Heldt (1938) and Pearson
{1939) have made a remarkable improvement
in the situation and we have now excellent
accounts of the life historles of several
epecies, Japanese, European and American,
Dekin (1938, 1840) and Morriz and Bennet
(1951) have added to this list the two Aust-
ralian species Penaeus plebejus and Meta-
penaens magterrii, Gurney, who has made
a life-long study of the development of
Decapod crustaceans has, among his nuimerous
contributions on the subject, dealt with the
larvas of M, stebbingi (1827) and Sicyonia
and Penaeopsis (1942), Among Indian species
the life history of M. dobsoni has been fully
worked out (Menon, 1951) and some larval
stages of P, tndicus have been deseribed a
few wyears earlier (Menon, 1937).- Notes on
post=-larvae of several other commercial
species will be found in a number of contri-
butions from the C.M.F.R.I. dealing with
their bionomies and fishery. So also a number
of papers on the development and other as-
pects of the biology of practically all
American epecies have come out since the
publication of Pearson's studies. Two-of the
most recent of them are Dobkin'z (1961) on
P. duorarum, the pink shrimp and Renfro
and Cook's (1862) on Xiphopenaeus Kro-
treri, the seabob of American waters,

Breeding .
Fenaeid prawnz have so far been observed
to breed only in the 'sea, Metapendgeus
mstersii is an exception since It spawns in
the coastal lakes (Tuggerah) of New South
Wales, Australia. Even there two other
epecies P pelbejus and M. maeleayi, which
normally occur together with the former pazs
out into the open sea for maturation of gonads
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antl breeding. Excepi for acecidental catches
of a few larvae in the backwaters, probably
carried in by tidal currents and wind, no
evidence has been obtained of their breeding
in such waters in this country also. Eggs
and larvae have been obtained in good
numbers in the plankton only from the sea.
Mature males of M. dobsoni have been caught
from the backwaters of Kerala and elsewhere
and mature ones of both sexez of M, brevi-
cornis were obzerved in the lower Sunderban
area (Rajyalakshmi, 1961). In regard to all
other speciez hardly any specimen of either
sex with the gonads well developed or nearly
g0 haz been captured from such environ-
ments,

Spawning Ground

The location of the spawning grounds in
regpect of depth or distance from the coast
goeme to vary with the adult size and habits
of the parents. Small species like M. dobsoni
and Porapenaecosis stplifera, which shoal in
comparatively shallow coastal waters, also
gpawn there. Egps and larvae of both have
been collected in large numbers upto about
12-13 fathoms; beyond this they are few
and are seldom present in offshore plankton.
Direct evidence in regard to the spawning
grounds of other species from larval distri-
bution iz unsatisfactory, but the distribution
of adult females with fully ripe ovaries may
provide Indirect evidence, Calches of the
veszels belonging to the Government of India
Off-shore Fisheries Station at Cochin made
in 20-25 fathoms have occasionally included
numerous fdult females of M, monoceros and
P, indicuz with fully developed ovaries,
Recently George and George (1964) have re-
ported the discovery of & concentration of
mature M, monoceros in 25-30 fathoms off
Cochin (757 were females) on a bottom
of sand and silt, This together with the
abzence of their larvae in inshore waters do
certainly prove that they liberate their eggs
in deeper offshore waters. Australian and
American workers have come to similar con-
clusions in respect of the spawning grounds
of P. pelbejus and P. setiferus. Trapping
experiments, followed later by trawling trials,
have revealed the existence of females of
P. carinatus, the largest Indian sea prawn,
with mature ovariez in 65-75 fathoms off
New South Wales in Australia {Racek, 1939).
It may prove useful to the industry and to
fishery biologists if similar experiments are



undertaken off the west and east coasts of
India too.

Breeding Perled

The breeding period is fairly extended In
the case of M. dobsoni — from November to
March. P. stylifera breeds from October
to December, In regard to the larger
P. indicus two periods, October-November
and May-June, have been observed along
the c¢oast of HKerala. On the east coast
{Madras) Subrahmanyan (1863) has reported
that the species breeds most actively in May,
July, August and September. M. brevicornis
spawns twice a year, March-April and July-
August (Rajyalakshmi op. cit),

Eggs

Eggs of Penaeid prawns are shed in the
sea unlike those of other groups which re-
main " attached to the abdominal appendages
of the mother until they hatch., They sink
down . and are therefore demerzal. Eggs of
gome species lilke M, dobsoni are buoyant and
are easily stirred up by disturbances caused
by currents and waves so that large numbers
of these eggs are sometimes caught in two
nets, Eggs of this species, most of which
were in late stages of development when
caught were spherical and measured from
0.35-044 mm. in diameter, No other eggs
have been obtained and hence characteriztics
of other Indian species are yet unknown.

Larval Stages — Nauplius

The eggs hatch rather quickly, 12-13
hours after spawning and the tiny creature
that emerges is called the MNauplius. It has
a pearshaped unsegmented body with a
couple of short setae at the posterior end.
A median eye at the {front end is guite often

visible, It has 3 pairs of limbs, the first
of which is wunirsmous and the other
biramous. Mouth and anus are not deve-

loped and the larva therefore doez not feed,
nutrition being obtained from the yolk that
is present within the body cells making the
animal opague.

This nauplius sheds ils skin a number of
times (moults) gradually developing during
the process. In M. dobsoui only 3 naupliar
stages have been observed:; in M. stebbhingi
from the suez Canal also there are only 3
gtages, In the development of M. mastersii,
however, Morris and ‘Bennet (I838) have
described 4 and are inclined to believe that
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the full zeries consists of % stages as in
P, trisuleatus. The number appe:srs to be
very variable (6 in P. japonicus, 5 in all of
the American specles studied) and the time
taken lo complete the whole series is guite
ghort, usually 24-368 hours. The last stage
shows conziderabe advancement over the
first It looks more slender and is semitrans-
parenit and has a shell fold on the dorsal
gide. At the posterior end of the body there
is= a well marked bifurcate telson bearing
7 spines of unequal lengths on each Iobe.
Becides the 3 pairs of appendages possezsed
by the flrst stage biramous rudiments of 4
moare pairs have developed behind them,

Protozoea

The last naupliuz moults into the next
phase in the Ilarval development named
Protozoea, It is quite different in sppearance
and is partly covered on the dorsal side by
a shield or cerapace. On either side of
the median eye there is a colourless rudi-
ment of the stalked cye. Behind the ap-
pendages of the last nauplius all segments
of the thorax are well differcntiated. But
lhe abdomen still remains unsegmented (the
first segment may be sometimes marked out)
gnd is terminated by the caudal fork with
7 setae on each fork. Both mouth and anus
are well developed and the protozoea feeds
actively.

Two more Protozoea stages succeed. In
the third all abdominal segments are formed
and the sixth carries a palr of small bira-
mous wropods, Projecting forwards from the
front end of the carapace there is a rostrum
and quite often supracrbital spines, both
making their appearance in the second stage,
In the third the abdominal segments may
develop median and lateral gpines, The
colourless rudimentary palred éyes of the
first stage become well developed stalked
eyes completely free from the carapace and
have dark corned.

There does not seem io be much varia-
tion in the number of protozoea stages in
the species studied.

Mysis or Zoea

The moult which the last Protozoea
undergoes to change into the Mysis brings
about & profound alteration in the shape
of the larva, which now has an clongated
somewhat laterally compressed Dbody more
or less similar o that of the adult prawn,



In addition te the change in shape the
functional development of the exopodites
of all the thoracic legs and the appearance
of pleopods on the abdominal segments
are some of the other important charac-
teristics of this stage. The abdominzal
segments in some genera as in Gennadas,
may bear prominent spines. The forked
telson of the Protozoea has changed into an
elongated flat plate with almost parallel sides
and a deep cleft on the posterior margin in
the earlier stages, This cleft becomes less
pronounced later and i= obliterated in the
last Zoea, Gill rudiments also develop in
this phase.

The number of Zoeal stages also varies
much, In M. dobsoni, M. stebbingi and
M. mastersii, there are three, In P. trisulcatus,
four stages have been recorded {Heldt, 1938)
while in one of the American species wiz.
P. setiferus only two have been observed.
P, duorarum and P. joponicus also pass
through three Mpysis stages, In Parapenaeus
longirestris (Heldt 1538) the number seems
to be guite large (as many as sixteen).

The mode of locomotion of these three
larval stages Is quite characteristic and may
be briefly referred to here., In both the
Mauplius and Protozoea the antenna is well
developed and biramous carrying feathery
setae on both rami and it is mainly the
movements of this appendage together with
those of antennules that effect locomotion,
aided no doubt by those of the maxillipeds
in the protozoea, At the moult to the first
Myzis stage the antenna changes so much
{the outer branch becomes a long narrow
plate called seale much as in the adult) that
it iz no longer able to function as a loco-
motor organ, The exopoditez of the thoracie
lege however are well developed and tipped
with feathery setae and are therefore able {0
take over this function. When the zoea
metamorphoses into: the post-larval stage 3-4
weeks #fter spawning and the peracopods lose
their natatory exopodites the pleopods of the
abdominal gegments become functional and
are the principal swimming organs. Referring
to this feature Gurney (1942) remarks that
“decapod development may, therefore, be
régarded as made up of four phases of phylo-
genetic significance :

Nauplius | Antennal propulsion

Protozoea [ '

Zoea Thoracie propulsion
Abdominal propulsion

Post-larva
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First Post-larva

The two striking changes which the moult,
at the close of the Zoea stage, effects namely
the reduction or loss of exopodites of the
thoracie appendages and development of setae

-on the pleopods adapting them to take over

the function of locomotion have been pointed
out in the previous para. On the carapace
a conspicuous hepatic spine appears on each
gide, The pleopods, though functional are
still uniramous, The cleft on the posterior
margin of the telson disappears completely
and marginal spines develop on either side
of its hinder half which as in Foea 3, is
NETTOWET.

The subsequent development of the post-
larvae can be traced by collecting later stages
from the plankton of estuaries and back-
waterz Into which they migrate in large.
numberz. Rearing these larvae in suitsble
containers in the laboratory is not difficult.
Thizs method has the advantage that it would
enable one to detect a moult within a few
hours after it has taken place and ascertain
the extent of development that the post-
larva has undergone by the moult. By
adopting this method it was possible to etsa-
blish that the first post-larva of M. dobsoni
measuring about 35mm, in length under-
goes 8 succession of 12 moults before it gets
transformed into a juvenile prawn with
practically all parts showing the adult speci-
fie characters. The rostrum, telson and
pleopods of the early postlarva differ greatly
Irom those of the adult and they have been
obzserved to develop progressively and ap-
proximate more and more clozely to the
adult condition after each moult. The entire
ceries of 12 moults was completed within
the course of about 7 weeks. In the closely
related Australian species M. mastersii
Morris and Bennet (1851) have noted the
rostrum with the full number of teeth
developed when the post-larva is  about
17 mm. in length and the species thus shows
close resemblance to the Indian form.

Habits of Larvae

It has been stated previously that the
eggs of Penaeid prawns are demersal and
that those of some species are buovant to
some extent making it possible fo obtain
such eggs in plankton nets when dragged
at some depth below the surface. The nauplii
hatching out of these eggs, however, soon rise
to the surface and are planktonic in habit.



Swarms of Penaeid larvee, nauplii, protozoae
and Zoeae mostly of the same species may
be occasionally noticed in the plankton,
Though their power of swimming is feeble
and are seen drifting about in the direction
of currents or winds wyet it is believed that
guch swarms imply a certain ability for the
individuals in a swarm to keep together
The first post-larval stage also is planktonic
in habit. In the case of Metapenaeus dobsoni
later post-larvae were guite rare in the
plankton from inshore waters and they were
cobtained in fairly geod numbers only from
the backwaters, It zeems therefore reason-
able to infer that older posi-larvae abandon
their pelagic habit and become benthic. Post-
larvae and early juveniles of the king and
tiger prawns of Australia (species of Penaeus)
swere dredged from bottom as deep as 53
fathoms, and upto 60 miles from the nearest
inlet (Racek, 1853).

Migration cf Post-larvae

It is now fairly well known that the post-
larvae of most Penaeid prawns, so far studied,
migrate into the less saline or brackish
waters of coastal lakes, estuaries etc, very
early in life, Post-larvae of species thal are
supposed to spawn in the high seas far away
from shore also share this habit and pre-
sumably therefore the late larvae and the
earliest post-larvee of such species drift
ghorewards =0 as to make this migration pos-
sible. It is possible that vast numbers of
such fry “ accumulate in perifluvial areas and
at inlets and enter during each ingoing tide
in guite dense patches” (Racek, 1959). In
the Cochin backwaters they have been col-
lected in considerable numbers throughout
the breeding period. Post-larvae of Meta-
pengeus dobsoni entering the backwaters in
this manner mostly measure less than 6 mm,
and those of P. indicus seldom exceed 10 mm.
Metapenaeus monoceros post-larvae are about
the same size as those of Metapenaeis dobsoni.
Among the commercial species of the south-
west coast Parapenaeopsis stylifera does not

seem to have acguired this habit since their.

post-larvae have hardly ever been caught
from brackish water environments.

The muddy bottom of such localities con-
taining large amounts of animal and plant
detritus provide optimum conditions for their
growth, After growing for a few months
they pass back into the sea where alone
their gonads can develop and become ripe.
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In Australia both the inward migration of
post-larvae and the seaward migration of
adults have been observed to be subject to
lunar periodicity. Observations made here
have not provided clear evidence for such
periodicity.

It should be stated here that the inward
migration of post-larvae does not neces-
garily imply that it is obligatory for comple-
ting the life-cycle of these prawns. Indeed
there is good evidence to prove that even if’
they remain in the sea they may not perish
and may be able to grow and become mature,
Racele (1959) has referred to the capture of
these post-larvae at great distances from the
shore, where presumably they remain and
grow, Discussing the guestion of this migra-
tion in relation to the American species
P. setiferus Gunter (1861) observes that
“#&mall shrimp are not killed or precluded
by high salinity as if it were polson; they
simply do not do well in it, for reasons un-
known . Post-larvae of Metepenaeus dobsomd
have been reared in sea water under labo-
ratory conditions for several months proving
thereby that high salinity is mot harmful to
them.

Growth Longevity

From what has been said in the preceding
szetion it is clear that the life cycle of most
Penaeid prawns is completed in two types of
environments, Larvae and early post-larvae
are entirely marine in habit. So also the
adults with well developed gonads are found
only in the sea. Older post-larvae and juve-
nileg, however, are abundant in brackish water
environments like coastal lakes and estuaries.
The rich prawn, fisherles of such areas there-
fore owe their existence to this peculiar
habit. It need not therefore be specially
pointed out here that the entire commercial
catch from such localities consists of immature
juveniles, Observations extending over
several years have shown that over 38% of
Metaoenaeus dobsoni caught from backwaters
measure less than 70 mm. in length. Meta-
pendeus monoceros similarly grows to about
100 mm. before they return to the sea and
P. indicis, which occupies the third rank in
the Penaeid population of the estuaries and
backwaters of Kerala rarely grows over 120
mm. in length. The adults of these species
normally reach about 115 mm. 150 mm. and
180-180 mm. in length. The rest of the growth
therefore takes place in the sea.



By combining the results of experiments
and statistical analysis of size data obtained
by measuring random samples of catches it
wag possible to infer that both M, dobsomi
(Menon, 1955) and Metopenaeus monoceros
(George, 1959) live for 3 years and P. styli-
fera, which is about equal to the first species
in size for about 2 years (Menon, 1953},
Metapenaeis brevicornis seems to have a life
span of 3 years in the Hooghly estuarine
systemn (Rajyalakshmi, 1861). The duration
of life of the other species can only be guessed.
Both Metapenaeus dobsoni and P. stylifera
become mature and breed in the first wear
of their life, but Metapenaeus brevicornis,
the adults of which have been reported to
migrate to the lower reaches of the Hooghly
estuary for maturing and spawning, seem to
become mature when they are about 100 mm.
long in the third year of their life,

Palagemonidae

Palaemon and Leander are the 2 genera
of the Palaemonidae the species of which
contribute to the commercial fishery of India,
Species of the former are mostly inhabitants
of fresh water, but some are known to pass
into brackish water of low zalinity presumably
for breeding, Species of Leander are marine,
but ascend into estuarine or other brackish
water areas ¢. g L. styliferus and L. flumini-
cola. Egg-bearing females of Leander species
living in rivers and estuaries are reported to
pass into the sea for liberation of larvae,
L. fluminicolas, however, seems to free its

larvae in estuarine waters (Rajyalakshmi,
1961, Larvae of species of Leander and
Palaemon which have a normal larval

development (in some species of both genera
the development is abbreviated and the
newly hatehed larva is In possession of all
appendages except the uropods as in
P. lamarrei (Rajvalakshmi op. cit) hatch out
at @ stage comparable to the early Mysis
stage of Fenaeids with eyes not yet free from
the earapace, In addition to the head ap-
pendages they have 3 pairs of well developed
biramous maxillipeds and all the sbdominal
segments clearly differentiated. The eyes
become free in the second stage and the
uropods develop in the third, Two more
stages may follow at the end of which the
larva changes into the post-larva,

Several species of Palaemon occur in fresh
water throughout the country, most of which
may be caught in the rcommercial prawn
fishery, Omne species P. carcinus (Macro-
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brachium rosenbergii) is the largest of all,
adults growing upto 1 foot or more in length,
It iz possibly the most Important species
from the point of view of the fishery and
its life' history, so far as known, may be
briefly summarised here. The habit of egg-
bearing females of this species moving into
brackish water when the salinity is low has
been referred to. It has a normal larval
development, the eggs hatching out into a
zoea larva showing all the usual characters
of the Caridean first stage larvae, This and
the following stage have been described as
early as 1938 by Menon, They have been
obtained in good numbers from- the plankton
of the backwaters (Raman 1864). All efforts
to secure later stages, from the backwaters
or rivers by wvarious methods proved fruit-
less, Rearing experiments under laboratory
conditions also did not succeed. Ling and
Merican (1961) have reporfed from Malaya
that eggs hatch in fresh water. It was, how-
ever, found that the larvae survived only
when a quantity of sea water was added.
They have also successfully reared the larvae
in their laboratory for a period of 55 days.
From their brief remarks on the characters
of the larvae towards the close of the ex-
periment it would seem that even then they
were true larvae and had not passed into
the post-larval stage.

The distribution of juveniles of this species
was investigated along the course of one of
the rivers joining the WVembanad lake viz.
the Pampa of Central Travancore (Raman
op. cit), During the months of January and
February small juveniles measuring less than
100 mm. (30-87mm.) were found in quite
good numbers in a stretch of the river zome
10 miles in length around itz confluence with
the tributary known locally as Manimala
river, The river in this stretch iz rather
deeper than in other parts {upto 12 melres)
znd the bottom is made up of loose mud
with plenty of organic detritus. The dis-
covery of this nursery is interesting and it .
is possible that similar ones may occur in the
other rivers and tributaries connected with
the Vembanad lake, Since M. rozenbergii is
one of the species that could be successfully
cultured in ponds the discovery of nursery
grounds establishing the possibility of zecur-
ing adeguate numbers of fry is of practical
importance, A well planned programme of
observations on the same lines along the
course of the rivers or streams connected



directly or indirectly with the Vembanad lake Asgistant Research Officer, Central Marine
seem therefore well worth undertaking. Fisheries Research Institute, Ernakulam, for
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Discussion
(The paper was read by Shri M. J. George)

Shri John P. George wanted to know as to how long does it take for the

hatched eggs to reach post-larvae stage.

Shri George replied that it takes three to four weeks to attain adult charac-

terigtics, Shri Alexander Cherian enguired whether it is mecessary that all the
post-larvae should come to estuary to complete the life history and what happens
if they remain in the sea only.

Shri M, J. George said that very large numbers of these post-larvae are

found to enter the estuaries where they subsequently support a lucrative fishery
of the juveniles. The juveniles are, however, obtained from the very close inshore
waters also in relatively insignificant numbers indicating thereby that they are able
to survive in the sea. Alexander Cherian further wanted to know whether the
* Konchu' (Macrobrachiun rosenbergii) also have to go to sea for breeding. Shri
George answered in negative and further explained that it is a freshwater species;
but it requires slight saline environment for breeding and hence they are found
1o descend to the upper reaches of the estuaries where salinity is not very high.



