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PRESENT STATUS OF COASTAL AQUACULTURE IN BRAZIL

H, Nomura

Faculty of Philosophy, Sciences and Letters of Ribeirdo Pretd
University of Sao Paulo, Brazil

ARSTRACT

Coastal aquaculture in Brazil is concentrated on the rearing of flnfishes (tmﬂlets, snooks and .

mojatras), ctustaceans and moljuscs.

Most of the papars reviewed give only preliminary resulis.

However, good results are being

achieved with the polyculiure of the mutlet Mugll curema, associated with the snook Centropomuy
undecimalis and mojarras Diapterus olisthostomus, D. brasilianus and D, rhombeus, vielding about
1,300 kgf/hafvear with artificial feeditig. Similar type of culture with the mullet M. liza andthesnook .

C. undecimalis yielded about 1,500 kg/ha/year,

The stockings of the fishponds are made with young fishes.

The hypophysation method. which -

was started in Brazil, is not yet boing used in coastal aquaculture. .
Culture of shrimps Penaeis brasiliensis, P. paulensis and P, monodon is in pmm:n;as. _ .

Good concontrations of mussels Perna perna and Mytella falcata and aysters Crassosived brasts
Hanma and C. rhizophorge ate found in some ateds, but there is no commercial cultwe. The Pacifio
oyster Crassostrea’ gigas- was recently introduced in gouthern Brazil. : e

INTRODUCTION

THE ESTIMATED number of inhabijtants is more
than 110 millions in Brazil. It is natural that
such population cannot survive by ingesting
only animal protein of bovine origin, which is
not cheap, In this way great pzrt of the popu-
lation needs other sources of animal proiein,
mainly of fishes, crustaceans and molluscs
either harvested from wild and / or raised
through agquaculture,

BRiEr HISTORICAL ASPRCTS

‘Fish” culture in Brazil was started jn 1882,
with the introduction of carp Cyprinus carpio
in Rio d& Janeiro, In Sao Paulo State it was
started in 1893, but officially only in 1904
(Nomura, 1976), with the same species.

1

In November (2, 1932, the governineni.
created the ‘Comissac Técoica de. Pisoie,
cultura do Nordeste’ . (Northeastetn FEishe,
culture Technical Commissicn). It fitst Dirdcs
tor Dr. Rudolph von Ihering and two collas
borators managed {0 induce fish to spawn by
hypophysation (Thering, 1937). This method
that was soon adopted mainly in the United:
States and Russia.

During his wotk in northeastern Braiﬂ ,

- Theting had the opportunity of obsgmng.thg:

rearing of estuarine fishes at Pernambuco
State. In 1932, the yield of the local fishpends
was estimated in 1,400 kg/ha/year (Thering,:
1932), but later on Schubart (1939) found. only;
670 kgfhafyear. At that time one could find:
284 fishponds at Recife, capital of Pernassbwed.

-~ State. - Twenty-one species of fishes WO <
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sent, but only some had commercial value :
snook Centropomus undecimalis, mullets Mugil
liza and M. curema and mojarra Diapterus
rhombeus.

Nomura (1977) presented a brief review of
the cultivation of some marine and some
brackishwater fishes, marine and freshwater
shrimps and molluscs in Brazil. A review on
mullets and snooks was also presented by
Nomura (1978 b).

In this paper the main coastal resources
which have potential for aquaculture will be
reviewed by species.

FisHus
Mullets (Mugtlidae)

Two species are common pat northeastern
fishponds ¢ Mugil liza (formerly known as
M. brasiliensis, according to Trewavas (1950).
Braga (1978) made a morphological comparison
of ike species found along the Brazilian coast.

At present the main fishponds are located a;
Senta Cruz Channel and Igaracau River, at
Itamaracd, Pemmambuco  State,  During
summetr, the degree of salinity becomes higter,
Being 2 handicap to the development of
fishes, Critical months go from December to
February, due to quick water evaporation. The
species reared are eurybaline, but the environ-
ment becomes byperhaline, with salinity vary-
ing from 4382 to 47.41%,, according to
Silve ‘et al. (1969). During winter months
there is a flow of freshwater from the rivers,
which causes a decrease in salinity, tempe-
ratire, transparency of water and dissolved
oxygen, thus increasing its nutritional values,

Age, maturity and parasites of Mugil liza
and M. curema were studied by Schubart
(1936), At the thitd year of life the first- one
reaches 39 to 49 cm in length, while the second
ore, 37 to 41 cm in the same period of time,
The first one spawns at the fourth year of life,

H. NOMURA

and the second one, at the second year, Fecun-
dity of M. curema reaches 300,000 eggs. A
specimen of M. liza reaches 78 cm and 4 kg,
while M. curema of 41 c¢m reaches 710 g.
Through scale reading, Schubart (1936) found
that M. liza teaches 16-20 ¢cm dvring the first
year of life, 26 cm at the second, 32 ¢m at the
third, and 49 cm at the fourth, while M. curema
reaches 29 cm at the second year, 37 cm at the
third, and 41 cm the fourth year. Through
analysis of length frequency distribution curves,
Moura, et al. (1972) found 155 cm and
41 g for the first year of life of M, curema,
28 om and 233 g for the second, and 37.5 ¢m
and 549 g for the tkird year,

From March 1970 to April 1971, experiments
on the rearing of mullets in four fixed neis
and two floatings ones, were made by Silva and
Moura (1972). Monthly growth increment
varied from 0,36 to 2.13 cm.

Two fishponds — one measuring 2,000 and
the cther 2,100 m? —were used for rearing
M. curema (Albuquerque et al, 1978). One
of them received chicken manure, at the rate
of 120 kg/month, and the otber, bovine manure
at the rate of 124 kg/month. The expcriment
was conducted during 11 months. In the first
fishpond the mullets reached 22.2 cm ictal
length and 107 g mean weight, The yield was
367.10 kg/ha/yearand the survival rate, 78.25%.
In the second fishpond, the fishes reached
20.55 om and 84.44 g, The yield was 263.7
kg/hafyear and the survival rate, 71.4%.
Better results were achieved with chicken
manure,

Silva (1975) reared M. curema in some
fishponds at Itamaracd, One of them received
1,140 fingerlings, while another one received
1,400, The lawer was fed with complementary
amount of food. A sample ¢f 20 to 50 fishes
was taken monthly, to be measured and
weighed, After one year the total number of
fishes was counted. The production of the
first fishpond was higbher than that of the
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gocopd. Stomach contenis of those fishes
showed 19 genera of diatomaceae, 1 chloro-
phyceae, 3 cyanophyceae, 1 euglenophyceae,
crustaceans, foraminifera, rotifers, larvae of
molluscs and sponges. Supplementary ration
made out of 5.0% meal flour, 5.0% fish-flour,
40.0% castor-oil tart, 35.0% cotton tart,
15.0%; dried pulp of brewery, 1,100to 1,200 cc
of water for each 6 kg of the components, was
used, in the total of 442 kg during the experi-
ment. It was offered 3 times a week, at the
proportion of 5 to 109 of the biomess, in
the second fishpond. After 12 months, only
127 fishes rested in the first pond, showing a
survival rate of 11.1%, while in the second
one, only 142, with a survival rate of 10.9%.
It is supposed that high mortality was due to
predation, or bad adaptation of the fingerlings
in the ponds. Fingerlings used measured 3 cm
and weighed 3-4 g in the beginning of the
experiment, reaching 25 c¢m and 130-160 g
after one year.

Another experimient was carried out by
Okada and Rocha (1978). They used three
fishponds, stocked with mullets fry for periods
varying from 365 to 463 days. Weight increase
varied from (.18 to 0.47 g/fish/day, while tbe
survival rate varied from 14.50 to 44.66%
and the yield, 124.4 to 413.6 kg/bafyear. In
one of the fishponds there was also M. liza
which yielded 42.3% of the total. No special
food was used.

Polyculture was adopted in some experi-
mental fishpords by Cavalcanti (1977) and
Rocha and Okada (1978). The first suthor
showed that M. liza reaches 1 kg in one year
and that M, curema grows slower. Survival
rates of 70 to 80% were achieved with the
combination of M, curema and Centropomus
undecimalis, and 959 witb M, lize and C.
undecimalis. Without artificial feeding or ferti-
‘ lization, the combination between M. curemao,
C. undecimalis, Diapterus olisthostomus, D,
thombeus and D, brgsilianus, varied from
400 to 800 kg/hafyear, while for M. liza and

o9

C. undecimalis reached 1,050 kg/ha/year and
for M. curema, M. liza and the three species
of Diapterus, 1,100 kg/hafyear. With fertiliza-
tiop the yield varied from 700 to 900 kg/ha/
year for M. curema, C. undecimalis ard the
three species of Diapterus, while the same
combination with artificial feeding varied from
800 to 1,300 kg/ha/vear and for M. liza and
C. undecimalis, 1,500 kg/hafyear,

In two experiments carried out by Rocha
and Okada (1978), survival rate was 1009 for
M. liza in both trials; 86% and 100% for
snook and 100%, for M. curema. Growth
rate in weight varied from 1.06 to 1.20 g/fish)
day for M, liza; 0.43 to 0.93 g/fish/day for
C. undecimalis and 027 g/fish/day for
M, curema. The fishes used only natural food.

Two other experiments were carried out by
Okada et af. (1978). One of the pond was
stocked with 2 M, curema per m2, 1 C. undeci-
malis per 10 m*, and the other one with 2
M, curema per m* and 1 Diupterus brasilionus
per 10 m®. In both experiments a complement
of rice was added. In ome year the weight
increase of M, curema varied from 0.136 io
0.186 g/fish/day, corresponding to a biomass
increase of 1,922 and 2,776 g/ha/day. Weight
increase of C. undecimalis was 0.324 gffish{day,
corresponding to a biomass increase of 100
g/ha/day. For Diapterus brasilianus the increase
in weight was 0.197 gffish/day, corresponding
to a biomass increase of 212.5 g/ha/day. Surs
vival rate of M. curema was 70.72 and 74.62%,
while for C. wundecimalis was only 30.83%
and for D. brasilianus, 100 %,

Maia et al. (1978) conducted two experi-
ments : polyculture of M, liza and M. cirema
in one fishpond, and M. liza and C, undeci-
malis in another, The experiments lasted one
year and the food used was soy-bean bran,
wheat bran, castor-oil bran, dried pulp of beer
yeast and fish-fiour, M. liza, in both experi-
ments, showed an increment of 1.13 and 1.39
g/fish/day, M, curema, 023 g and C. undeci-
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malis, 0.42 g. Survival rate for M. liza was
75.2 and 93.6%, while for M. curema was
75.5% and for C. undecimalis 1007, In the
first polyculture, the vield of M, liza was equi-
valent to 1608.6 gfha/day and for M. curema
1,415.2 gfha/day. For C. undecimalis, the
vield was only 210 gfha/day, while for M. jiza
was 2,872.7 g/hafday., Food conversion was
4.4 and 5.8 respectively.

In nature, mullets feed on algae, mainly diato~
maceae and cyanophyceae, The diatomaceae
are : Amphora, Navicwla, Nitszchia, Pleuro-
sigma, Coscinodiscys, Cyclotella and Melosira ;
cyanophyceae : Anabaena, Chroococcus, Oscil-
latoria and Merismopedia, according to Vascon-
celos Filho and Souza Jr. (1978).

. Pemales of M. curema are more abundant
during September upto December, spawning
from March to August (Couto and Nascimento,
1978).

" All the former experiments were carried out
at Pernambuco State.,

At Alagoas State, experiments were made
by Barros es al. (1978) with M. liza, M. tri-
chodon and M, curema. Three fishponds were
_used,  Qne ofthem was stocked with 1.4 fish /m?,
measuring 110 cm mean length and 155 g
‘mesn weight. In four months they reached
16,1 em and 48.4 g, which means an increase
of 1.4 cm/month. Later on the density was
"changed to 3 fish/m® with fry. Anotber

fishpond received 6 fish/m* and a third one, .

" 10 fish/m®. M. liza of the second fishpond
“teached 2.25 cm/month in four months and
the third one, 2.5 cm/month in two months,
- M. trichodon and M. curema reached 0.5 cm/
. month in one year observation. From 20 cm
on, the increase was almost assintoptic, Both
-species attain smaller length than M. liza,

* From July 1977 to May 1978, Barros and
“ Sitva (1978) observed that the fry of the three
* above species o frulléts are common at Mundad
ddgoon, Their lengths varied from 2 to 5 cm,
‘Which Ate ideal for stocking atthe fishponds.

H. NOMURA

At Rio Grande do Norte State, experiments
were carried out with M. curema by Cruz
(1978) and Cruz and Aravjo (1978). Tanks
used measured 700 m? and 200 m?2, stecked
respectively with 500 and 400 fry. Chicken
food was used in one of them and in the other
bovine manure. Some tanks were maintained
in natural condilions. The fertilization was
made monthly, using 70 kg of manure in the
proportion of 100 g/m2, The experiments
lasted from 12 to 15 months. Feeding and
fertilization were conducted from the fourth
month on. Quantity of food, offered twice
a week, was around 49 of the biomass.
Monthly increment was 14.7 mm with food :
13.5 mm with fertilization ; 11.3 mm in natural
conditions and 8.1 mm in natural conditions
plus periphyton.

According 'to Ramanatban e al. (1978),
natural food of M. curema consists mainly of
unjcellnlar, filamentous green algae, diatoms,
detritus, small pieces of soft vegetable matter,
sand particles and the associated micro-
benthos. ' '

Hypophysation method was not used in the
fishponds, The stockings at the fishponds
were made with youngs measuring 10 to 15 cm,
captured along the seashores,

Snooks (Centropomidae) -

The first attempt to rear snook Centroponus
undecimalis was made by Magalhdes (1931).
He kept 17 specimens in an aquarium of 4,000
litres capacity, from September 15, 1930 to
June 15, 1931, at Sac Paulo State. In the
same aquarium he kept several Astyanax sp.,
a small Characidae fish, which at night were
swallowed by the snooks. Snooks are brackish-

“water species, which tolerate freshwater.

Rearing of snooks was recommended by’
Carvalho (1943). Its natwmal food are made
out of small fishes, such as sardines and ancho-
vies and: shrimps, insects and aquatic Jarvae,



PRESENT STATUS OF COASTAL AQUACULTURE IN BRAZIL

At Pernambuco State, Silva and Vascon-
celos Filho (1972) analysed the stomach con-
tents of C. undecimalis and C. parallelus,
Both feed on fishes and- crustaceans and
rarely on plants, The first species showed
preference for fishes (44%;), while the second
one for crustaceans (55%).

Silva (1977) studied the growth of C. undeci-
malls in a confined environment.

According to Porto and Vrsconcelos Filho
(1978) both species feed on fishes (Atherinidae,
Gobiidae and Gerridae) and crustaceans
{Penaeidae).

Snooks and mullets are also caught at the
fishponds of Soubsra, Bahia State. Such
ponds vielded about 206 kg/hafyear in 1952
(Menezes, 1956).

Mojarras (Gerridae)

The three species common at the ﬁshponds
located in Pernambuco State, were previously
mentioned in association with mullets.

CRUSTACBANS

Shrimps

At Natal, Rio Grande do Norte State, a
project on shrimp culture is being carried out
since April 15, 1973, with the species Penaens
brasiliensts. They have 29 ponds, with depths
varying from 50 cm to 2 m, First mature
females were captured on March 28, 1974
and kept in a well acrated tank of 500 litres
capacity. One of the females was transferred
to an aquarium, containing filtered salt water,
with 359, salinity and 25°C temperature.
BDTA was added in the proportion of 0,01
per g/l. The aquarium was kept in the dark
and spawning occurred at 7 p.m. of March 29,
Eggs were f{ransferred to a hatchery tank.
When_the larvae reached the third nauplius
stage on March 31, theoy were fed with diato-
maceae - Skeletonema costatym. At protozoa

71t

phase II they received Tetraselntis sp. At
mysis  stage they were fed with Artemia salina.
After post-larvae plase the youngs were put
into the ponds (Souza and Monte, 1974),

In 1977, two types of ianks were used for
larval stages (Nomura, 1978a): (1) tanks measu-
ting 5 m X 5 m with 2 m height (Japanese
system) ; (2) cylindrical tanks with 2,400 litres
capacity (American method). For post-larvae,
juvenile and adult stages there are : (1) 1,000 m?
ponds for post-larvae from 1 to 30 days, densi-
ties varying from 100, 150, 200 upto 250
prawns per square metre, attificially fed;
(2) 10,000 to 40,000 square metres ponds for
juvenile and adult stages, with variable densi-
ties, according to the method : (a) extensive—
3 to § prawns per m?®, artificially fed; ()
semi-intensive—5 to 10 prawns per m3, artifi-
cially fed and supplemented with artificial
food in small quantities ; (¢) intensive—I10 to
20 prawns per m?3, artificially fed and supple-
mented with artificial ration, in the proportion
of 5% of its biomass.

The shrimp Pengeus brasiliensis reaches 25 g
in 8 months,

Due to the increase in the number of shrimp,
larvae, there is an interest on algae culture
as food source for those organisms. Rego
(1978) was able to produce large quantities of
Tetraselmis chuii to serve as food for P. brasi-
liensis,

In a shrimp culture, it is necessary to produce
economic food. The diatomaceae Skeleto-
nema costatum and the green flagellate Tetra-
selmis chuii were teplaced. by Saccharomyces
cerevisiae during the zoea stage of P. brasi-
liensis. Three experiments carried out by
Guimaraes {1978) showed that during nauplius
and post-larval stages survival rate was higher
than 909, when Saccharomyces cerevisiage was
served together w:th nauplius of Artemfa
saling,

~ The reproduction of another species, Pengeus
schmitti, was also achieved at that State,
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-In the same State, Perdgeus monodon, native
from the Phillippines, was introduced (Verani
et al,, 1978). Experimental culture was made
in a 100 square metre pond, with 1 m depth
and sandy bottom. The experiment is still in
progress. This species reaches 100 g in 8
months, four times more than P. brasiliensis,
in the same period,

At Rio de Janeiro State, mature females of
P, brasiliensis and P. paulensis were caught
durin g commercial activities in December 1975,
Four spawnings occurred, from which 90,000
larvae were obtained. Most part was thrown
at Sepetiba Bay and small part for feeding
and growth studies at the laboratory (Nomura,
1978 a). :

At Cananéia, Sao Paulo State, both species
were reared upto juvenile phase by Iwai
(Nomura, 1978 a). He replaced Skeletonema
8p. by Phaeodactylum tricornutum with success,

At Florian6polis, Santa Catatina State,
mature females of P, pawlensis were caught on
October 20, 1973, They were kept in an aqua.
rium of 80 litres capacity, For each 10 litres
of salt water, 0.1 g of EDTA was added.
Temperature was maintained at 24°C and the
salinity at 30%,. During the first, second and
third nights, the females spawned. At zoea
stage they were fed with plankton, together
with nauplius of Arfemia salina at zoea 11T
phase. Once a day crab eggs were added
during post-larval stage (Nomura, 1978 a).

MOLLUSCS
Mussels

At Mundad lagoon, Alagos State, thete isa
mussel known as ‘sururu’, Mytella falcata,
which tives in muddy bottom (Nomura, 1977),
Larvae show up in September, floating on the
water, searching places for fixation (Magal-
h3es, 1942). Mean number of individuals

per m® is about 14,000 with mesn salinity of found at Sio Lujs, Maranhjo Staie.
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7%, Barros and Macedo (1967) managed
to rear larvae at the laboratory.

Salinity plays a very important role upon the
life of that mussel. An experiment conducted
by Barros and Macedo (1967) during 40 days,
with 60 mussels, showed that at salinity 0%,
mortality during a week was 51.7%; at 1%,,
60.0%; at 2%,, 20.0%; at 3%, 50%;
at 4%, 0.0%; at 35%,, 1349%; at 36%,,
56.8%. Lethal concentrations were below 2
and above 359 ; best salinity was between §
and 15%/,.

The mussel spawns all year round, more
intensively in February, May, September and
November, Mean density of larvae per square
metre reaches 14,266, Commercial size is
attained in four months. In two months the
males reach 18t mm length and 1397 mg
weight, while the females, 17.4 mm and 148,7
mg.

The productivity at Munda® lagoon reached
12 tonnes per hafyear, but recent statistics
shows a lower yield (Table 1).

TABLE 1. Production of the mussel sururu,
Mytella falcata (1960-1966)

Year Tonnes
1960 3,907
1961 3,199
1962 2,808
1963 1,671
1964 221
1965 723
1966 478+
Total 15,057

Source: SUDEFPE (* January-July),

Recently a new ground of ‘surury’ was
Iy is
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estimated that the stock of adults reached
25,000 tonnes. Scientists are searching for
good places to start the culture of that molusc
{Nomura, 1978 a).

At Cabo Frio, Rio de Janeiro State, the
mussel Perna perna is very common, An
analysis of the stomach contents of 250 mussels
showed abundance of diatomaceae and forami-
nifera ; turbellarian and polychaete larvae
were also found (Fernandes et al., 1978).

In that region an experiment of mussel culture
was carried out by Rafael (1978 a), He used
bamboo sticks (Bambusia vulgarls) under the
form of raft measuring 6 x4 m, with a diameter
of 10 ecm. Those collectors were placed in
July. After 3 to 4 months, when-tho mussels
attain 3 cm length, they were taken out and
kept in polyethelene nets. A quantity of 120
to 140 of those nets were suspended in fattening
rofts. After 5 to 7 months the mussels
reached about 7 cm. Rafael showed that
the largest concentration of mussel larvac was
16,316 per mv and occurred in August 1973,
in plankton collections at Cabo Frio. The
salinity varied from 34 to 36%;,.

At Ubatuba, Sao Paulo State, an experi-
mental culture of Perna perna was conducted
by Ishibashi (Nomura, 1978 a). In an area
measuring 50 cm?, the number of mussels
reached 36, size varying from 33 to 42 cm and
the weight, from 4 to 8 g Mean annual
temperature of the water as 24°C, varying
from 21.2 to 28.4°C. A nylon rope measuring
15 m was used in the experiment. Larvae were
observed from July to September. Later on
they were suspended at 1 m depth, in plastic
nets. It was seen that growth reached 5 mm
per month. In 6 months they measured
45.8 mm and weighed 9.5 g and one year later,
62.4 mm and 202 g. Survival rate was 1009
and the only predator noted was Thals hae-

mastoma.

In a laboratory near Ubatuba, Salomao and
Magalhaes (1978) subjected 400 mussels to
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different salinities, They were caught in water
with 349,  salinity and transferred to 4, 9, 14,
19, 24, 29, 39, 44 and 49%,. In each experi-
ment a total of 10 mussels were kept in aquaria’
with 10 litres of sea-water, 24° + 1°C tempera- :
ture. The water was changed daily, The
mussels were observed at intervals of six hours, -
during 102 hours. The species survives at
19 to 449, salinities, being euryhaline. At 4, ©
9 and 499, salinities, they loose their capacity
of elaborating the byssus and therefore uu.ablo
to fix on a substratum.

In natural beds located at Santa. Guﬁm
State, production wasg the following (Table 2) ¢

TAnLE 2, Mofﬁcmw&:nhp&m B

in naysiral beds (1974-1976)
Years Tonnes
1974 1,485
1975 93
1976 467
Total 2,885

Source ¢ SUDEPE (*First semegter)

Oysters

At Bahia State, an experimental culture of
the mangrove oyster Crassostrea rhizophorae,
was started in 1972 by Santos (1978). Larvae
fixation occur all year round, but with maximum
peaks between April and August (winter)..
Best salinity was observed in zonmes between
tides, Larvae measuring up to 10 mm showed
a daily increment of 0.34 mm § from 10 to 35
mm, increment of 0.26 mm and from 30 to.
70 mm, increment of 0.05 mm. Spat collec.
tors were made with bamboo (stick culture),
exposed at 1.8 m above the zero level. For
fattening stage, tray culture was used. -
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In the analysis of 1,152 oysters, only 0.529%
of hermaphrodites was found ; upto 907, of
individuals measuring 2 cm were males and
changes of sex occurred with oysters measuring
2 to 4 cm (Nascimento ef al., 1978)
Gametes are eliminated during the rainy season
(Nascimento ef al., 1978). The species is not
strictly protandrous ; about 109, develop as
females, without passing through a male
phase,

A small crab, Pinnotheres ostreum, is very
common in oysters measuring from 6 to 8 cm.
It was seen that percentage of flesh in relation
to oyster's total weight is significantly lower in
infested animal when compared with normal
ones, showing that the crab acts as predator
(Nascimento and Pereira, 1978). The oyster is
also attacked by trematodes Bucephalus and the
protozoa Nematopsis (Nascimento, 1978).

The same species is being observed at
Pernambuoo State. Larvae fixation occur all
year round, with maximum at the end of
September and beginning of October. Spaw-
ning occurs in September, when salinity reaches
289, at the surface and the temperature is
around 30°C. Predominance of females was
noted from September to April, and males from
May to July (Nascimento and Travassos,
1978). Maximum mean fixation density was
292 and minimum 73,

. The Pacific oyster, Crassostrea gigas, was
introduced at Cabo Frio, Rio de Janeiro State,
The spats measuring 3 to 4 mm came from
Anglesey, England. At the beginning, after
acclimatization, the spats were kept in wooden
boxes measuring 60 X 60 x 10 cm, covered with
nylon, with 2 mm aperture in the upper and
fower sides. Those boxes were suspended in
rafts measuting '6 X 4 m, with 10 cm diameter
bamboo and blocks of styro-foam, in a place
with 6 m depth, Each box received 200 spats
and was kept at 1.50 m from the surface, In
eight months the oysters attained the commer-
cigl size of 75 mm (Costa, 1978),
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Anattempt to rear Ostrea arboreum was made
in September 1960 at Santos, Sio Paulo State
{Lima and Vazzoler, 1963). Three level
shelves were made and on it, colonial bricks
for larvae fixation were placed. They were
put in three environments : salt water at tide
line ; brackishwater at tide line and at bottom,
The fitst environment made the oysters reach
20 to 8.0 cm in one year ; on the second one,
1.5 to 12,0 cm, and on the third one, 3.0 to
20,5 cm. Fixations upto 700 larvae were
observed in an area of 2,000 ¢cm?®, but good
number was fixed as 10, to allow space for the
development of the oysters.

The region of Cananéia, Sio Paulo Siate,
is ideal for qyster-culture (Wakamatsu, 1975).
This author made experimental culture from
November 1969 to Seplember 1972. Phyto-
plankton-is abundant in that region : Coscino-
discus, Chaetoceros, Skeletonema, Asterionella
and Rhizosoleniz. Salinity varied from 10 to
30%,,, while temperature ranged from 20 to
30°C. In his experiments, Wakamatsu obser-
ved that oysters reach 4 to 7 cm in one year,

A technique for the cultivation of Crassos-
trea brasiliang was developed at Cananéia,
to assist in the re-stocking of the exhausted
natural beds (Akaboshi and Bastos, 1974),
Ten Pecfen shells were used as collectors,
Spats were obtained with collectors made from
100 large oyster shells and placed on bamboo
frames. For selection, the collectors were kept
in the intertidal zone for a period of four
monthg and eventually transferred to growing
lines vertically suspended from buoys or rafis.

Akaboshi and Pereira (1978) continued the
experiments. Test collectors made out of 3
to 5 Pecten shells, perforated by a wire, were
kept at 2«3 m and 7-8 m depth, during three
1o four days. At the surface, oyster larvae
fixation was low and high at the bottom.

Production of oysters from natural beds m
Brazil is given in Table 3,
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TaniB 3. Production of oysfers Crassosirea
brasiliana i natural beds (1072-1975)

Years Tonnes

1972 266

1973 422

1974 _459

1975 238

Total 1,385
- Source : SUDEPE,

CONCLUSIONS AND RECOMMENDATIONS

_ Coastal aquaculture in Brazil consists mainly
on the cultivation of mullets Mugil Jizg and
M. curema, snooks Centropomus undecimalis
and C. parallelus and wmojarras Diapterus
olisthostomus, D. rhombeus and D, brastlianus.
The fishponds at Pernambuco State are the
older ones, but the stockings are made out
only with small fishes measuring 10 to 15 cm
length, captured along the seashores,

It is recommended that similar fishponds

should be built in other northeastern regions . -

as well as in the south, and that fry should be
obtained through hypophysation method,
now used in Israel and Taiwan successfully

ns

. There is no doubt that culture of M. curema
associated with C. wndecimalis and mojarras,
is the best method, yielding up to 1,300 kg/haf
year with artificial feeding. Same type of
culture with M. lizg and C. undecimalis vielded
1,500 kg/ha/vear, which is very high.

It is necessary that scientists engaged in the
culture of mullets and snooks in various regions
should exchange information more frequently
and even working together when necessary to
avoid duplication of efforts,

Studies on the biology of snooks and
mojarras should be encouraged, because little
is known on the subject.

As to crustaceans, best results are being
achieved at Rio Grande do Norte State, whose
scientists were trained by well-known WNorth-
American specialists ; its laboratories are well
equipped.

The stocks of the mussel Mytella falcata
must be preserved at Mundad lagoon, Alagoasg
State. It was once considered the most produc-
tive hectare of Brazil: 12 tonnes/hafyear
(Nomura, 1978 a), but its present yield is very
low, due mainly to industrial pollution,

Culture of the mussel Perng perng and the
oyster Crassostrea brasiliana is in its very
beginning. Commercial culture should be tried
by government clerks or private persons, in

with mullets (Bardach ez ol, 1972). The order to contribute with high and quick produc-
garhe is true for snooks, :, tion of animal protein to the population,
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A REVIEW OF MARINE FINFISH CULTURE IN INDIA
: ITS PROBLEMS AND PROSPECTS*

P.S.B.R. JaMES
Central Marine Fisheries Research Institute, Cochin-682 (18

ABSTRACT

D:tails of various ecosystem; utilised for finfish culture, the species of flshes used, mono-and
polyculture systems adopted, the low cost technology daveloped for culture of various species of fishes
in pens, cages and net impoundments and coastal fish farms development are given,

The culture work in India mainly concerned with milkfish, mullets, Indian sand-whiting and pravns
in mono-or polycultuse systems in sea water ponds. These and other species like rabbit fishes and
groupets are cultored in pens, cages and net impoundments. Details of development of coastal fish
farms with simple mathods of construction, lining of ponds by polythene film to prevent bund erosion
and retention of water against seepage and twrfing of bunds are dealt with,

The paper also outlines the constraints experienced in coltore of finfishes under various systems
and the prospects of further davelopmant of finfish culture in India.

INTRODUCTION

Hrruerro, emphasis on fisheries development
in the country has been on the capture fisheries
sector, with the result highly advanced and
sophisticated technologies are now available
for capture of fishes from diversified environ-
ments, The challenges of providing food for
the ever growing human population, continued
exploitation of land and limited scope for
cultivation of new areas on land and high
investments required to realise marginal increase
in fish production from the seas have led to
greater awareness of the importance of coastal
aquaculture and its vital role in augmenting
fish production, improving rural economy
and providing large employment opportunities,
The concept of blending of capture fisheries

* The data presented in this paper are derived from
various published papers and reports on projecis in
opzration on Anfish culture undsr the Central Marine
Fisheries Research Institute, supplemented by observa-
tions made by the author,

Twith culture fisheries developed by the Central

Marine Figsheries Research Institute not only
provides occupation, but augments the per
capita income of small scale fishermen who
operate indigenous craft and gear which still
contribute to greater part of marine fish
production. The concept would also create
a sense of involvement and participation by
the fishermen in the sea farming techniques
evolved by the Institute in recent years.

Commercial culture of some species of
marine fishes was carried out traditionally in
India, especially along the coasis of Kerala,
Goa and West Bengal (Pillay, 1949, 1954; Saha
etal, 1964 a, b; Pakrasi et al, 1964; Gopi-
nathan and Dani, 1973). But these have been
small-scale ventures without much technologi-
cal innovations. Production rates have been
poor since practically no management practices
were applied in such culture operations. How-
ever, such experiments have demonstrated the
possibilities of successful salt water fish farming,
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With the recent thrust for aquaculture deve-
lopment, more serious attempis are being made
1o increase fish production by  developing
suitable technologies for culture of marine
- fishes in inshore waters as well as lagoons,
backwaters, brackishwater lakes and estuaries
in the country. The present paper reviews
briefly the traditional culture of marine fishes
in Indiz, recent research and development of
technology for coastal aquaculiure for various
species of fishes, problems and prospects of
salt water fish culture in India.

TRADITIONAL CULTURE OF MARINE FISHES

Traditionally, culture of sea fishes has been

practised in low-lying estuarine and coastal
areas, subjected to tidal influence, The tidal
flow is controlled by siuices, Most of the
areas in Kerala and Goa where such methods
are employed are seasonal, others being peren-
nial, Although a variety of fishes are cultured
by this method, emphasis has been on the
culture of prawns which fetch higher unit
valns, Mullets (Mugil spp.) and milkfish
(Chanos chanos) are the most important fishes
extensively cultured by this method. Other
fishes which are commonly found in such ponds
include Stolephorus spp., Thryssa spp., Etroplus
spp., Ambassis spp., Gerres spp., Lates cal-
carifer and Tachysurus spp. In West Bengal,
‘mullets and cock-up (Lates calcarifer) are the
important fishes cultured, in addition to
prawns, Eels, cyprinodonts, ‘gobies, Hisha
sp., Setipinna sp., Thryssa sp., Ambassis sp.,
Therapon sp., Scatophagus sp. and other
estuarine fishes are also recorded from these
ponds (Pillay, 1954). Chacko and Mahadevan
‘(1956) and Evangeline (1967) dealt with pros-
pects of culiure of the milkfish in and around
Rameswaram Islands and at the brackish-water
ﬁsh farm at Adyar (Madras) respectively,

Culture practlccs are similar in all the areas.
There. is no selective stocking in the ponds.
Fish and prawns are allowed to enter the ponds
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with tidal flow. No artificial feeds are given.
The method is simple in that the fishes and
prawns are kept in the ponds for varying periods
of time. Therefore, there is considerable inter-
seasonal variation in production, George
(1974) estimated the average annual prawn
production in the seasonal and -perennial
ponds in Kerala at about 900 kg/ha and
840 kg/ha respectively, However, fish produce
tion data are not availabk., In Goa, fish pro.
duction is about 1,300 kg/ha and prawn produc-

‘tion about 2,00) kg/ha annually (Gopinathan

and Danj, 1973), In the bheris of West Bengal
fish and prawn production was stated to be

110-170 ke/hafycar (Piliay, 1954).

RESEARCH ON THE CULTURE OF -
MARINE FISHES

The coastal lagoons, estuaries, backwaters
and mangrove swamps . offer an immense
potential for mariculture within the country,
In order to utilise the vast stretcles of low
lying. areas along the east and west coasts of
India which lie fallow at present and also
to utilise the coastal areas for production of
fish by culture methods, experiments on finfish
culiute have been conducted at Mandapam,
Tuticorin, Narakkal (Cochin), Calicut and
Mangalore. Monoculture and polyculture
experimenis have been conducied in salt pans,
pens and ponds in coastal areas, in cages

floated at sea and in plasticpoolsand tubs with

running fresh water facility in the laboratory,

"The abundant, naturally gecurring seed resot-
ces of commercially important species of

fishes and prawns have beer used in these
experiments. Attempts have also been made
to produce quality ceed by hypophysation,

Culture of fishes in salt pans

- Experiments were conducted to culture the
milkfish Chanos chanes and the mullet Liza
macrolepis in salt pans at Tuticorin, Four
ponds of ait area of - 23x15 m. each with-a
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depth of 0.6x<1.0 m were utilised for this
purpese. The pond: were provided with
wooden sluices for regulation of tidal flow.
In the ponds, surface temperature ranged from
24 to 31°C, salinity from 34 to 379, dissolved
oxygen from 3 to § mljl and pH varied around
8.0. Plankton volume was poor, zooplankton
being dominant, Studies indicated distinct
differences in the hydrobielogical factors of
small ponds and larger ponds, the former being
generally more productive than the latter.

Results of stocking indicated a growth rate
of 20 mm in two months for milkfish., During
the same period the mullet L. macrolepis,
35 to 45 mm in length and average weight of
0.25 g attained a size of 60 to 100 mm and
weight varying 12 to 49 g, In an year, the
latter species attained a size of 295 mm and a
weight of 220 g. Rice bran and groundnut
oil cake were used as artificial feed, Polycul-
ture experiment with Pengeus indicus, C. chanos
and L. macrolzpis in the ratio of 3:1:1
respectively indicated that growth rate of
individual species was encouraging, though
production and survival of mullets was poor
due to large scale depletion of original stock,
natural mortality and heavy predation by
crabs, snakes, eelsand birds (flamingos, pelicans,
and storks). Details of recent polyculture
experimenis and their results are given in
Table 1. Without much complicated manages
ment procedutes, culture of fishes such a-
mullets and milkfish with production rates
upto 587 kg/ha per annum were made possible,
The serious constraint for culture of fish in
the vast salt pan areas appears to be the preda-
tion by birds mentioned above. In pond:
constructed in the salt pan area at Tuticorin
a production of 850 kg/hafyear was obtained
for the same fish (Nair er @l,, 1975). In the
salt pans, Milkfish, 155-246 mm (52-96 g),
average 205 mm (73 g) had shown an increase
of 35 mm/month ; mullets 165-23¢ mm (55-
112 g), average 193 mm (78 mm) had shown
an increase of 15 g/fmonth, There was better
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growth in weight for mullet, P. indicus 121 min
(136 g) showed a growth of 13 mm (2.5 g)
per month. Finfishes showed better growth
than prawns. Fishes were fed on rice bran,
oil cake, fish meal and tapioca powderat 1: 10
ratio (body weight). Phytoplankton in the
ponds included Thalassiosira, Nitschzia, Pleuro-
sigma, Oscillatoria and Coscinodiscus. Zoo-
plankton consisted mainly of calanoid cope-
pods. Salinity in the ponds varied from 35.14
to 38.62%, and dissolved oxygen 3.8 to 4.7
ml/l. Predatory fishes included Polynemus
and Elops which were eradicated by fishing.

Culture of fishes in pens

For culture of fish in pens, a suitable bay-like
site was selected in the coastal area of Gulf of
Mannar,adjacent to CMFRI jettyat Mandapam
Camp, To prevent direct wave action on the
pen, a crescent shaped barrier (57.9 m) made
up of casuarina poles (4.9 m length and 0.2 m
dia) was erected, The veitical poles were
braced by means of bolts and nuts to hori-
zontal poles. Granite siones were laid along
the outer arnd inner sides of the barrier to
prevent wave action and siltation.

The pens were made up of double layered
bamboo screens (Thaities), the outer layer
made of bamboo splits of 9 mm thickness and
an inper layer of 5 mm thickness, These
were firmly joined together by iron straps.
Each screen was 3min length and 3min height,
Three screens were joined together to form
on¢ side. The pen was square in shape and
covered an area of 81 sq. m, Tar was applied
upto a height of 0.5 m from the bottom of the
screen and over it kriside was painted, The
screens were strengthened by wooden reapers
(3 m length’ 0.2m breadth and 13 mm thick)
by fixing them horizontally on either side of
each screen at (.6 m interval, In addition,
two tunners (3 m Jength and 0.1 m width)
were fixed to screens at 0.6 m intervals and
these ran on all four sides of the pen, The
pen was supported by each side by 15 casuatina



Tame 1. Details of polyculture experimenis at Tuticorin

No.of fish Sizerange A Mo, of Sizerange  Average  Survival Rate of
Dateof stockedand andmode length t!'mn;) Date of fishes and mode lengilk (mm) rate (%)) production
Species stocking  weight (k) (mmy) & weight harvested of fish and wei ~ per hectare
: (em) and weight harvested  (kg) of
L, macrolepls May[June*78 2062 2.55 40 17-3="79 402 297-331 314 19.5 325
(1.3) (33-45) 0.8) (&4) (310-325) 210)
C. chanos April '78 200 4045 42 17-3-'79 94 324-400 346 49 190
©.16) 0.8) (2) (340-350) (268)
P, indicus May/April 12096 40-60 51 17-3-'19 979 135-187 160 8 76
78 (11.9) 09 . {19.5) (150-165} {20
TaBLt 2. Details of experiments on pen culture at Mandapam
Date of No. of fish Size of fish Date of Size of fish Growth, per Increase in
Species stocking stocked at st:octinf and observation obscrvation month (mm)  average weight
mean size (mwm) (mm) (gm)
Mogil spp. Mar, *77 3,288 2(()3-2) 60 June *77 87 18 0.8-15
€, chanos Mar. *77 7 aod.g)o June 77 27 50 3-77
Feb.'78 80 46-108 Mar. *77 26 47 4-110
{(84)
June *T8 80 26 Sep. 78 380 51 110 - 448
TABLE 3, Details of experimenis on pen culture ar Tuticorin
g Date of Nﬁ(;iz of Sizg ranpge % Date of Mean Mea;ttu | Amage Avged:agc
pecies stocking and mean wei observation size wei ength per  weight per
stocked (min) (mum) m) month (mm) month {gm)
Mugil spp. May'T? 300 14-33 0.29 Dec, *77 190 1,809 23 26
May *77 100 15-36 0,20 Oct. *77 169 590 29 18
26)
C. chanos May *77 200 26-66 089 Qct.*T7 30 240 50 48
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poles. The reapers, runners, screens and casua-
rina poles were firmly attached to one another
by bolts and nuts. The screens were joined
together at the corners witk a wooder pole
4 m in height so that no gaps were left at the
corners. The depth of water in the pen ranged
from 1.2 m at low tide to 1.8 m at high tide.
The bottom was mostly sandy. Sca water
freely flowed in and out of the pen through
the screens.

In the year 1977, salinity inside the pen
ranged from 23.75 to 35.00 %, dissolvedoxygen
from 1.40 to 5.78 milfl and oxvgen values
were very low during June (1.70 mi/l) and
July (1.40 ml/) when Trichodesmium bloom
occurred in the sea. In 1978, salinity ranged
from 3336 to 36.72%,, dissolved oxygen
from 2.34 to 5.25 ml/l and pH from 7.2 10
3.0, o

collected from Chinnapalam creek and tidal
pools at Pamban, Pillaimadam and Athan-
karai Estuary were utilised for experiments in
the pens. Minced fish meat and oil cake
paste in equal proportions were fed once 3
day in the morning at & rate equal to 1/10
of body weight of fish, The feed was kept
in an aluminium tray (0.5x0.5x0,2 m) which
was fixed at the centre of the pen in such a

way that the tray was just above the low tide

water level, The fishes also fed on natural
food like algae, phyto and zooplankfon avai-
lable in the pen. Details of experiments and
the results are given in Tabie 2,

At Tuticorin four pen:, each of 20X10 m .

(200 sq. m) made up of split bamboo screens
were constructed, The sticks of the screens
were interwoven with synthetic twine, The
screens were erected in the bay supported by
casuaring and teak poles. The bamboo screens
were supported at regular intervals by casuarina
or teak poles of 3 to 4 m lengih and also driven
into the sea bed to sufficient depths. Props
were also provided on -all the sides to prevent
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the pens from falling down due to strong winds
and currents,

The depth of water in ihe pen ranged from
0.75 to 1.60 m with a slush of about 10 to
20cm. Salinity ranged from 31.00 (o 35,00,
dissolved oxygen from 7 to'8 ml/l and pH
around 8.0. Plankton inside the pens consis-
ted of Oscillatoria, Pleurosigma, Nitszchia,
rintinnids, copepods etc. The details of the
experiments are given in Table 3.

At Mandapam, the grey mullet ¥V, seheli
was stocked in association with C. chanos
at'the stocking rate of 500 each/81 m? (62,000/
ha) in a pen made up of palmyra leaf stalks
and erected in the coastal waters of Palk
Bay. The average size and weight at the
time of stocking were 352 mm (0.5 g) for
V. seheli and 66.4 mm (6.2 g} for C. chanos.
In the pen, the average size and weight increase

Fingerlings of the milkfish and the mullets: recorded for ¥. seheli were 22.6 mm (9.6 ¢)

in 30 days, 51,1 mm (14.5 g) in 60 days and
73.8 mm (18.5 g) in 90 days, On tne cther
hand, C. chgnos showed an average size and
weight increase of 25 mm (4.3 g), 46.8 (8.0 g),
$1.9 mm (27.9 g) and 120.3 mm (48.4 g} in 30,
60, 90 and 120 days respectively, Thus, the
average monthly growth increments for
V. seheli and C. chanos were 24.6 mm (6.2 g)
and 30.1 mm (12.1 g) respectively,

The results indicated that the growth rate of
mullet has been better in the pen in coastal
waters when compared to that obtained in the

- ponds although Bardach efal. (1972) mentioned
-that most Indian mullet ponds are fertile

enough to provide fairly rapid growth. Simi-
latly C. chanos also showed good growth in the

pen than in the ponds.
'

During the above experimeng, apart from
the natural food available in thelpen, artificial
feed composed of rice bran agd groundnut
oil cake mixed in equal proportions in the
form of a paste was given. It was observed
that mullets accepted the supplgmentary feed
readily. . o
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Attempts to culture Sillago sihama (5 to 8
¢m) in bamboo screen pen (182 sq.m) in the
estuary at Mulky near Mangalore were not
successful since the fish escaped through the
gaps at the bottom caused by tidal action.

Pond culture

Results of experiments undertaken in 1950’s
on the culture of the milkfish by the Ceniral
Marine Fisheries Research Institute at Manda-
pam were given by Tampi (1967). Despite the
poor quality of the soil, meagre organic content,
low putrieat Jevel and hypersaline conditions
for most part of the year, production of milkfish
wag of the order of 450 kgfha/year. Elsewhere,
experiments were conducted with milkfish,
mullets and the Indian sandwhiting S. sikama.
The milkfish stocked in ponds along with
prawns at a density of 3,000 fingerlings per
hectare at Narakkal (Cochin) without any
artificial feed grew from 45 to 450 mm (average
weight, 420 gms) in a period of 4§ months,
yielding a harvest of 435 kg/ha with a survival
rateof 60to 70%. Yields upto 2,500 kg/hectare
in 9 months have boen obtained through poly-
culture of fish and prawns. They fed actively
on the blue green alga Anabaena. Culture of
fish for longer durations of over five months
indicated that the growth rate levelled off afier
six months, :

Manoéu!mre

At Mandapam, the grey mullet L, vaiglensis,
the seed of which is available in plenty in the
area was stocked in a sea water pond at the
stocking density of 1,125/225 m?® (50,000/ha).
At the time of stocking, the size ranged from
35 to 77 mm with an average size and weight
of 58 mm and 3.3 g. Measurements were
taken at an interval of 30 days to minimjze
mortality due ‘to handling. The average size
increased to 65.4 mm (5.5 g), 78.3 mm (7.9 g),
712 mm (8.1 g), 78.6 mm (3.3 g), 80.2 mm
(3.5 g) and 82.5 mm (9.2 g) during 30, €0, 90,
120, 150 and 180 days respectively, Thus, an
average growth increment 74 mm (2.2 §),

2
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20.3 mm (4.6 g), 19.2 mm (4.8 g), 20.6 mm
(5.0 g), 22.2 mm (5.2 g) and 24.5 mm (5.9 g)
for 30, 60, 90, 120, 150 and 180 days was
obtained for the species. An overall monthly
average growth cf4.1 mm (0.98 g) was recorded,

Polyculture

At Mandapam, grey mullets L. macrolepls
and V. seheli were stocked in association with
C. chanos and P, indicus at the stocking rate of
600, 100, 1,000 and 300/450 m* (13,000, 2,000,
22,000 and 7,000 / ha for L. macrolepis,
V. seheli, C, chanos and P, indicus respectively),
The average size and weight shown by each
species at the time of stocking were 60,5 mm
(5.4 g) for L. macrolepis, 32.6 mm (1.0 g) fo:
V. seheli, 61.4 mm (2,6 g) for C. chanos and
34 mm (0.3 g) for P. indicus. The average

.size and weight increase shown by each species

in 60, 90, 120 and 150 days period were 43.7
mm (4.6 g), 54.5 mm (7.5 g), 58.2 mm (13.6 g),
and 67.1 mm (24.6 g} for L. macrolepis;
23.8 mm (7.4 2), 352 mm (3.4 g), 622 mm
(134 g) and 83.9 mm (24.6 g) for C. chanos;
29,8 mm (1.1 g), 42.1 mm (1.6 g), 44.5 mm
(2.7 g) and 47.2 mm (3.1 g for P. indicus
respectively. The reed of V. seheli was added
to the stock during May 1979 only because of
the non-availability of the fry in April, The
average size and weight increase recorded for
the above species were 19,9 mm (3.5 g), 4 mm
© 9, 659 mm (140 g) and 76.6 mm (290 g)
during 30, 60, 90 and 120 days respectively,
Thus, an average monthly growth rate of 13.4
(49 g), 16.8 mm (49 g), 94 mm (0.6 g)and
19.2 mm (7.3 g) was recorded for L. macro-
Iepis, C. chanos, P, indicus and V. seheli respec-
tively. The results indicate that C, chanos

"showed better growth, followed by V. sekeli,

In another experiment, V. seheli (29-44 mm)
was stocked with C. chanos (31-59 mm} and
Sillago sthama (24-48 mm) at the stocking

‘rate of 750/450 m? each (17,000/ha). The
-average size and weight at the stocking time
for V., seheli, C. chanos and 8. sthama were
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33.9 mm (0.4 g), 45.6 mm (1.1 g) and 31.00mm
(0.2 g) respectively. After 30, 60, 50 and
120 days, the average size and weight increase
shown by these species were 25. 44 mm (5.1g),
37.1 mm (5.8 g), 53.1 mm (8.8 g} and 63.3 mm
(12.3 g) for V. seheli; 35. 6 mm (3.9 g), 61.5
mm (117 g), 729 mm (17.0 g) and 82 mm
(20.5 g) for C. chanos and 22.1 mm (2.8 g)
346 mm (3.8 g), 38 mm (5.4 g) and 45. 8 mm
(7.8 ) for S. sihama. Thus,theaverage monthly
growth increments for the species were found
to be 15. 8 mm (3.1 g) for V. seheli, 20.5 mm
(5.1 g) for C. chanos and 11.4 mm (1.9 g)
for S, sihama respectively., In this experiment,
C. chanos showed better growth than in the
first experiment, whereas V. seheli showed good
growih in the first experiment, Perhaps it
may be due to the stocking density which was
lesser for V. seheli in the first experiment and
for C, chanos in the second experiment,

Seed resources at Mandapam

In order to study the divrnal variationsin the
occurrence of mullet seed, collections were
made with a drag net once in a fortnight 3 to
6 days after the full moon and new moon days
from August 1978 to July 1979 and also
2-3 days before full and new moon days from
August 1979 to October 1979 ir addition to
the regular collections made on other days at
Theedai near Mandapam along the Palk Bay.

The data indicate that the seed of the grey
muliet Liza vaigiensis (10-90 mm) dominate
the collection with Liza macrolepis (15-107 mm)
and Valamugil seheli (15-95 mm) occurring in
fewer number occasionally., Other species of
fishes which occurred along with mullets include
Therapon sp. 20-30 mm total length ; Hemi-
rhampus sp. 17-123 mm; Chanos chanos 40-125
mm ; Allanetta sp. 12-85 mm ; Sillago sihama
12-80 mm ; Tachysurus thalassinus 27-81 mm ;
Nematolosa nasus 2090 mm ; Lejognathus
brevirostris 30-40 mm; gobids 30-40 mm ;
belonids 80-102 mm ; Gerres sp. 14-84 mm ;
Megalops sp. 19-55 mm and Plotosus sp.
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21-65 mm, Prawns were fepresented by
Pengeus indicus 25-30 mm total length and
Metapenaeus burkenrodi 30-50 mm.,

Quantitative studies revealed that greater
quantities of seed were available in August,
November 1978 and January, February, May
June and July 1979 than in other montbs,
Better collections could be made during early
morning and late night hours than at other
times, Abundance of seed wasobserved usually
an hour before the high tide reached its peak.
It was found that tidal streams, pools and adja-
cent lagoon areas are suitable spots for collec-
tion of seeds al the receding high tide,

Attemipts were made to culture the Indian
sandwhiting Sillago sihama at Mulky near
Mangalore. Fingerlings, 45 to 80 mm were
found abundant in the upper reaches of
Coondapur Estuary from October. 1,800
fingerlings (20-100 mm) released in experimental
ponds at Mulky (0.2 ha) in Jaouary were
harvested in May when the length varied from
70 to 229 mm and weight from 3.5 to 995.0 g.
The rate of recovery was about 25,. Experi-
ments were conducted in the induced breeding
of the fish with pituitary extracts of fresh water
and marine cat fishes. The fish responded to
the treatment and in many cases, vary nearly
oozed the eggs. On ome occasion, it sponta-
neously released the eggs in an experimental
plastic pool. Attempts to fertilise the eggs,
however were not sncoessful. Two sets of ex-
periments were conducted on jnduced breeding
of Sillago in September 1979, Fish (228 mm)
readily released eggs whep held in hand by
jerking its body. Astempts to fertilise the
eggs were not successful. 500 fingerlings (50-60
mm) of the milkfish were released in the ponds
at Mulky in May 1979, By September, the
fish attained a size ranging from 244 to 262 rm
and weight varying from 100 to 120 g,

At Calicut, fish culiure experiments were
conducted in eight polythene lined ponds of
the size 15 X 8 X 1} metres (7 ponds) and
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20 % 8 % 0.5 metres (one pond). Sea water
was pumped into these ponds. Salinity in the
ponds ranged from 0.5 to 64.1 ppt ; dissolved
oxygen 0,25 to 7.6 ml/l and surface temperature
25 to 45°C, Fish meal was used asg artificial
feed,

463 fingerlings (15-17 mm) of M. dussumleri
stocked at the rate of 90,000 per hectare in
Qotober 1977 attained a size of 110 mm in
seven months. Artificial feed at the rate equal
to 1/10 of body weight was given, Good
growth of Microcystis and phytoplankton
production were observed. '

In another experiment, 240 fingerlings of
M. dussumieri (10-12 mm) and 5 Chanos
chanos (14-17 mm) were stocked in one pond
in January 1978. By May 1978, M. dussu-
mieri attained a length of 132 mm and weight
0f29.9 g. Chanos attaired a Jength of 300 mm,

Cage Culture

Culture of anchovies at Vizhinjam (Trivand-
rum) by suspending nylon net cages from rafts
in the Bay had shown that all species sustain &
very high ibitial mortality which decroased
thereafter, Stolephorus buccaneeri was found
to be relatively hardier than all the other species.
These experitnenis are aimed at supplementing
the resources of bait fishes for tuna live-bait
fisheries of the Lakshadweep islands.

At Mandapam, experiments have been desig-
ned to investigate the possibilities of culturinga
few species of economically important marine
fishes in suitable low cost cages suspended in
coastal waters, Cages (1.5 X 1.0 X 1.0 m and
1.0 X 1.0 X 1.0 m) were fabricated out of nylon
netting, bamboo splits and palmyra stem splits,
The cages had been kept tied to casuaring
poles such that they may rest on the sea bottom
at a depth of about 0.75 m at low tide, in
coastal waters of Palk Bay.

Rabbitfishes (Siganmus canoliculatus  and
S, javus), groupers (Epinephelus tauvina and
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E. hexagonatus) and the Indian sandwhiting
Sillago sihama were cultured in the cages from
March 1979 to October 1979 when the Palk Bay
remained calm,

The initial sizes of S. canaliculatus ranged
from 78 to 120 mm (7.5 to 24.0 g) and the
stocking density was 60 nos./sq. m. In the
case of S, javus reared in two cages, the size
range was 67 to 90 mm (5,52 t0 13.0 g) with a
stocking density of 200 nos./sq. m in one cage
and 87 to 117 mm (11.5 to 32.3 g) with &
stocking density of 160 nos./sq. m in another
cage. The fishes were fed on artificial feed
made out of scaweed, prawn heads, fish meat
and rice bran mixed in equal proportions.In
another combination of feed, fish meat and
tice bran were substituted by fish meal and
groundnur oil cake, For S. canaliculatus
the average giowth increment per month was
found to be 8.5 mm (3.1 g) and for S. javis
it was 5.6 to 6.2 mm (2.0to 3.4 g),

The initial sizes of E, tauvina and E. hexago-
natus were 173.0 to 354.0 mm (80.0 to 580.0 g)
and 2240 to 3000 mm (1900 to 380.0 g)
respectively. They were stocked together in a
cage at a density of 13 nos./sq, m, The fishes
were fed with chopped trash fish. Average
growth per month was 19 mm (87.3 g) for
E, 1guving whereas E. hexagonatus did not
show any consistant growth pattern.

The initial size of S. sihama was 63.0 to
95.0 mm (2.8 to 6.0 g). The stocking density
was 70 nos./sq. m., The fish was fed with fish
meal and groundnut oil cake mixed in equal
proportions, The average growth increment
per month was 10.0 mm (1.6 g).

The results of the above experiments indicated
that, of all the species cultured, E. tauving
registered good growth per month and the
yield had been 2-5 times in 6 months, The
survival rate was 739, Therefore, this species
appears to be ideal for cage culture in coastal
waters. Howsver, during the present investis
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gation, juveniles of this species could not be
collected in large numbers for extensive culture.

Of the four types of cages used, those made
up of nylon netting were found to be better
in respect of durability, cleaning and resistance
to fouling, They are also light and easy to
handle, The palm leaf stalks and bamboo
splits had become soft due to leaching in sea
water and they were found to be highly suscep-
tible for attacks by fouling organisms, The
G.1. wire mesh got rusted and yielded at places,
Another problem encountered in cage culture
was the entry of predatory fishes like Therapon
sp., in larval and juvenile condition. They not
only compete for food with the species cultured
but also injure them as they grow, thus leading
to certain amount of mortality.

Running water cultsre

The eel Anguilla bicolor has been successfully
cultured in running fresh water, The estuaries
and coastal areas of Tamil Nadu have been
surveyed for the occurrence and distribution
of glass eels and elvers of this species. As a
resuls of this survey, 47 collection centres have
been identified and they were classifiedaccording
to the abundance of the young ones of the e¢l,
A special etver collection net has been designed
for their collection, Good collections of elvers
are usually obtained at night and the best season
for collection has been found to be from Octo-
ber to March, although they could be collected
in smaller quantities at other times as well, The
young ones thus ccllected were transported
over long distances in oxygenated plastic bags
and wooden frames with bolting silk bottom
without any appreciable mortality. Elvers
could be alive in oxygenated plastic bags for
about 24hours at room temperature (30-31.5°C).

Culture experiments were conducted in
plastic pools (3’ and 12’ dia.) and in rectangular
tufflite tanks 1.2 (L) X 0.75 (W) x 0.75 (H) m],
‘The size of elvers at the beginning of the
‘experiments is usually around 10 cm, which is
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also the common sizes at collection from
nature. Fresh water circulation is provided to
all tanks. Experiments on conversion effi-
ciency of seven types of feeds have shown that
clam meat, silverbellies and mixed fish gave
higher conversion ratio (6 : 1) when compared
to other feeds, Differential growth pattern of
individual eels in experiments is a common
phenomenon which recessilates periodic sorting
out of the eels according to their sizes,

Results of the experiments on the growth
of eels indicated that elvers 120 mm in length
and a weight of 2.1 g attained a length of
200 mm and weight of 48 g at the end of
first year. The average lengths at the end of
the second and third years were 324 and 420 mm
and weights 123 and 177 g respectively. The
rings fouttd on the scales of the culiured ecl
were not annugl in nature. A total weight of
elvers of 6.2 kg at the beginning of the experi-
ments increased to 20, 30.8 and 44 kg a¢ the
end of first, second and third years respectively.
The annual survival rates were 87, 44 and 399,
for the firse, second and third years respectively.
Percentage increase in total weight was found
to be higher in bigger than ir smaller tanks.

In order to conserve fresh water, an experi-
ment was designed to culture eels in recycled
water, Anoutdoorcementtank (6X 3 X 1 m)
with natural bottom - was constructed, By
sluice gate arrangement, the bottom water
was drained by gravitational flow and passed
through gravel, stones, charcoal and sand
filters, 'The filtered water was allowed 10 settle
in a settling tank, The clear water from the
settling tank was made to overflow into an
ox'dation pond from where the water was
pumped up into a small overhead tank and
fed into culture tank by pipe line arrangement.
Thus, the recycled water was re-used again
and again after filtration and oxidation,
Once a week, about one-third of the total
quantity of the water in the culture tanks was
replenished with fresh water, The eels were
fed in a shaded area by suspending a fray
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with the feed, so that the tray just touches the
surface of water. The ecls crawl over to the
tray from all sides, take in mouth fulls of the
feed and slip backinto the water. The prooess
is repeated till the eels are satiated and return
no more to the tray, although enough feed
may be present in the tray., This method
- ensures maximum utilization of feed and abso-
hately no waste by dissipation into water. The
water could also be maintained uncontaminated
from left over parts of food for longer periods
of time. The feed is made into a paste com-
posed of minced fish (silverbellies), rice bean
and ofl cake in 2:1:1 proportion with 0.2%
multivitamin, The eels- were fed daily once
with a ration ranging between 5 to 10% of
their body weight., The resulis showed that
the total weight had increased from 9 to
417 kg in about 5 months (August 78 to
January '79) and average weight from 43 to
232.8 gms indicating an increase of 4309
of the initial weight, The net production rate
works out to 2,15 kgfsg. m in five months.
The gross food conversion ratio was 1:4
and the survival rate 98.56%.

CoASTAL FisH FARM DEVELOPMENT

Tampi (1960) discussed the first reeults of
marine fish culture experiments at Mandapam,
The poor and porous sojl in the area are largely
responsible for inhibiting the fertility of the
ponds, The. biological productivity has been
found to be low. Tampi (1960) also discussed
the advantages and disadvantages of estab-
lishing a marine fish faim in the area.

The significance of application of compdast
manure in increasing the biological productivity
of saline waters has been discussed by Pillai
(1955). Pillai (1956) analysed the mud from
these regions and pointed out that the surface
layers are relatively rich in organic matter and
nutrients, However, below this rich surface
layer, almost pure sand is found which isnot
suitable for retention of water as well as for
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construction of strong bunds. Further, because
of this loose nature of bunds, the inner sides
of bunds cave in at water level, constantly
damaging the bunds, Heavy rains in monsoon
months (October to December) also damage
the bunds because of the loose sand,

Udaya Varma et al, (1963) studied the chemjoal
conditions existing in the experimental ponds
at Mandapam. The results revealed the lack of
several factors conducive for a balanced growth
of animal and plant communities. They indi-
cated that wide fluctuations in salinity often
reaching hypersaline conditions, combined with
very low concentration of essential putrient
salts and their Jack of regenerstion or replenish-
ment are some of the main reasons for the low
level of biological productivity. Artificial man-
uwring (with super phosphate, 16.5%) had
resulted in the increase of production from
0.106—0.122 gm/m® to 0.95% gm/m?® in one
pond and from 0.609 gm/m® to 1.725 gm/m?®
in another pond.

Taking all the factors analysed in earlier
studies (Tampi, 1960 ; Udaya Varma es dl.,
1963) into consideration, a recent study of the
development of small experimental fish farm
in the same area has been initiated, The objec-
tives of thig experiment are to construct a
viable farm using various techniques and
locally available raw materials to secure the
bunds, present erasion and caving in of soil.
Initially, sea water was pumped into ponds
both during day and night by diesel pumps to
maintain a depth of about 0.75 m in all the
ponds,

For preliminary observations, portions of
some bunds ofthe'ponds were turfed with locally
available grass on the inner and outer sides as
well ag on the top. After one year it was
found that the grass had well established in
spite of lack of water for about eight months,
This indicates that with proper planning and
careful setting it should be possible to keep
the bunds intact, Qbservations are needed to
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study the effect of wave action inside the pond
due to rough weather and whether the turf
grags would survive in the sea water.

Alarge pond, 60 X 40 m has been lined with
polythene film op the inner sides of the bunds
from the bottom of the pond to a height of
about 2 m above which the bunds were turfed
with grass, The top and outer sides were
also turfed. Provision was made on the top of
the bunds to drain off rain water by a mediun
channel by giving slope from either side. This
system had prevented caving in of inner sides
of the bunds because the force of waver is felt
only on the polythene film, However, when
strong winds prevailin the area from November
onwards, it was found that waves developed

- in the pond and hit the bund on the windward
side with the result that chunks of the bund
inside the lining have been found to fall down,
leaving hollow spaces which make the lining
beat about and bring down more of soil,
Further experiments to overcome this problem
are needed,

At present, the ponds-are supplied with sea
water through pumping. This is found to be
costly, It is proposed to supplement this
facility by erecting a few wind mill pumnps,
taking advantage of high winds prevailing in
the area throughout the year. '

In a long range development programme
proposed by the Central Marine Fisheries
Research Institute for culture of marine fishes
in the area, the occurrence of seed of commer-
cially important fishes {mullets, milkfish, Sillage
etc. and prawns) is an added advantage.
Besides, the accessibility of the place by road,
sea and its proximity to raii road communication
provides facilities for transport of fish and
fish seed., The large quantities of seaweeds
and sea grasses washed ashore along the
Guif of Mannar coast can provide a rich
organic manure for increasing the low fertility
rate of the ponds. Once a suitable technology
is developed for the construction and mainte-
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nance of ponds in the coastal area, it should be
possible to utilise the vast low lying areas
along the coast to produce fish and fish seed
in large quantities.

PrOPLEMS IN THB CULTURE OF
MARrRmE FisHey

Tampi (1967, 196%) and Sekharan (1976)
outlined the problems and possibilities of
culture of marine fishes in India., The major
problem in culture of marine fishes in India is
that of locating suitable sites for culture. The
straight coast line without many indentations
does not provide suitab'e sheltered areas and
calm conditions for erection of structures like
pens and cages ip coastal waters, On the
other hand, there are extensive stretches of
Tow-lving areas along both east and west
ooasts which get flooded with sea water during
cettain periods of the year. These could form
suitable areas for development of fish farms,
Though occurrence of seed of a number of
commercially importart species of fishes is
known at several places, precise qualitative
and quantitative assessments, seasonal abun-
dance, diurnal variaticns and related environ-
mental data are still lacking which are essential
for embarking on large scale culture of sea
fishes. Tre Central Marine Fisheries Research
Institute had jnitiated this study recently in a
few regions and extensive data have already
been collecied,

Marine fish culture experiments so far had
been restricted to only a few species Jike the
mullets and mitkfish, but recently, studies have
been extended to other groups like groupers,
rabbitfishes and the Indian sandwhiting.
There is need to identify more species with
faster growth rates for culture wunder suitable
conditions, Experiments are now being con-
dincted in several situations using artificial
feeds like the conventional feeds (combination
of rice bran, oil oake and fish meal) as well as
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pelleted feeds, dry and wet feeds using locally
available raw materials, This development
has to go a long way to standardise artificial
feeds keeping in view the nutritional require-
ments of various species and the economics of
preparation of such feeds,

Breeding and artificial propagation of marine
_ fishes is still a big techrological challenge in
this country, with only a record of limijted
success in the breeding of mulleis. Attempts
are currently under way to breed the important
species of mullets, milkfish, Indian sandwhiting
and the pearlspot. Studies on the parasites
and diseases of marine fishes and development
of control measures for the same are ip yrgent
need, for very few observations have so far
been made in this field up till now.

CoNSTRAINTS IDENTIFIRD DURING:
RECENT RESEARCH IN CULTURE OF
MARINE FISHES

Although pioneering efforts were initiated by
the Institute in the year 1972, a large scale
thrust was given to aquaculture research prog-
rammes jn 1977, to develop suitable technology
for the culture of fishes, crustaceans, molluscs
and seaweeds. Considerable progress has been
achieved and the work is being intensified to
perfect the simple techniques already developed.

Mariculture and coastal aquaculture methods
are beset with several problems in the field,
depending on local environmental conditions,
Pens have been erected for the first time in the
sea at Mandapam. Some constraints were
ohserved in the construction, maintenance and
operation of pens. The constant impact of
strong winds, the force of waves, the effect of
tidat flow and currents have to be reckoned
with. The materials used for construction
deteriorate with time due to action of seg water
as well as the damage caused by boring and
fouling organisms.  Silting, acoumulations
and decomposition of wastes in 'and around
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the pens creates changes in hydrological condi-
tions. Experience gained so far indicates
that bamboo screens do not last for more than
a year in the sea and the casuarina poles may
serve the purpose only for about 2 years,
both of them deteriorate faster due to fouling
and wear and tear due to action of waves and
winds.

One of the major problems encountered
in the operation of the pens at Mandapam was
the large scale accumulation of sea grasses in
and around the pen during the south-west
monsoon period (May to September). The
hydrogen sulphide gas released by the decom-
posed sea grass polluted the sea water and
brought down the dissolved oxygen content
thereby causing mortality of fish. Blooms of the
blue-green alge Trichodesmium were also
observed during the above months which
also caused mortality of fish inside the pens,
These difficulties could be overcome by carry-
ing out culture work in the Gulf of Mannar
from September to May when calm condition
prevail in the sea and no effects of
pollution of the type mentioned above
could be found. Maintenance work could be
attended to during the 1est of the period.

Experience at Mandapam where a pen was
constructed in the Palk Bay out of pzlmyra
stalks and sliced palmyra stem pieces indi-
cated that due to action of waves on the sides
of the pen, especially on the eastern side, the
silt js heaved up and accumulated inside the
pen. Such a phenomenon was not noticed in
the case of net impoundment which was erected
in the vicinity. However, ir the case of net
impoundment, crabs have been found to make
holes in the net upto water level in certain
months, Another problem in this case was
fixing of the net securely to the sea bottom
without gaps. For this purpose, two feet long
bamboo pegs were driven into ses bottom at
every one metre interval fixing the net tightly
to the bottom. This method has been found

- satisfactory,
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Among the different cages used, cages with
nylon nettings, though cosilier, scem to be
more suitable than others in view of their
durability, lesser weight and easiness in clea-
ning. Palm leaf stalks and bamboo splits
become soft and decay in sea water though
they are less expensive. They have been
found to be highly susceptible for fouling,
The G.I. wire mesh corrodes quickly and hence
not found suitable,

Although initial growth, survival and produc-
tion rates were very encouraging for a number
of species, experiments for longer duration and
in larger areas have to be conducted to obtain
matketable sizes for commercially important
species. The stocking and feeding rates have
to be standardized, However, the various cons-
traints already identified in the several experi-
ments conducted so far have to be taken into
consideration in future work,

PROSPRCTS

Based on the studies so far conducted on the
culture of matrine fishes in India, it has become
clear that there is vast scope for coastal agua-
culture of finfishes, crustaceans and molluscs
because of the avzilability of vast stretches of
water suitable for this purpose, The extent
of estuarine and brackishwater areas in ihe
country is estimated to be about 2 million ha.
While only a few species of finfishes have been
experimented with so far, there are possibilities
of finding out other species for culture under
suitable conditions. Promising growth rates

have been found for species of mullets, milkfish
and groupers. Since a breakthrough had not

P.S.B. R,

JAMES

yet been made in the breeding o marine fiskes,
culture of these species is still dependent on
naturally available seed resoutces. In this
context, detailed assessments of seed resources
of commercially important species are needed
to boost up culture of the same. Intensive
culture of marine fishes in confined systems like
ponds, pens or cages calls for studies on the
parasites and diseases of cultivable species and
methods of control for maintaining fish in
healthy cenditions, reducing mortality and
increasing fish production. The valuable
experietices 8o far gained indicate the possibi-
lities of culturing a variety of marine fishes
in widely different salt water environments
and the problems that have to be solved for
improving the technology already developed,

Preliminary studies conducted on the fisheries
potential and productivity of brackishwater
areas, lagoons and coastal fish ponds indicated
vast scope for converting such areas into snitable
fish farms for production of fish, prawns and
molluscs. Once the low cost technology for
coastal farms is developed, it should be possible
to reduce the cost of production and also utilize
the abundant seed resources and organic water
for production of fish, Therefore, it may be
concluded that there is great fiture for marine
finfish culture in India. The immense pros-
pects of mariculture/coastal aquaculture are
however, linked with a strong research base,
availability of trained personmel, facilities for
education and training, development and exten-
sion, Planred organisation of these activities
would lead to significant strides in coastal
aquaculture development which in turn could
play a key role in natioral and rural ecoromy,
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STATUS AND PROSPECTS OF FISH FARMING IN GOA

A, H. PARULEKAR AND X. N. VERLENCAR
National Institute of Oceanography, Dona Pauwla, Goa-403 004

ARBSTRACT

1In Goz, aguaculture is being practised from time immemorial. The methods of fish culture used
are traditional and involve composite culture of wild stocks. Despite the ignorance of modern
mzthods of aquaculture, the fish farmers of Goa seem to know many relevant facts empirically from

their experience,

Brackish water ponds ate used to serve several purposes. Some of the “ponds are used for fish
culture exclusively; some for salt pan-cum-fish culture, while others are used for paddy-cum-prawn

culture.

Relevant information on the indigenous methods of cultivating common species, their annual

yield and economics of aguaculture are discussed

fish farming in Goa,

INTRODUCTION

Tue UnioN TERRITORY of Goa (between Latitude
14°54' and 15°48'N and Longitude 73°41’
and 74°20°E) lies along the west coast of India.
It has a total area of about 3,611 sq. kms,
It is bourded on the north by Maharashira
and on the east and south by tte Karnataka
State. The continenta! shelf area off Goa
measuring about 9,984 sq. kms upto 200 m
depth, is repottedly rich (Rao and Dorairaj,
1968) in living resources and the average
annual marine fish landing is about 24.000
tonnes (1965-78). The population of Goa is
about 0.9 million and fish forms an important
part of food for about 909, of the population,
Due to high variability of marine fish caiches
a good demand for any type of seafood exists
in Goa. The scarcity of fish necessirates the
exploration of other avenues of fish production
and the foremost of this is the coastal aqua-
culture,

The coastal aquaculture, in a traditional way
has been practised in Goa from times imme-

in the paper with reference to future prospects of

morial, but its present state is poorly known
and, hence, it was felt necessary to summarise
the relevant information for knowing the ‘ state-
of-art’ and for working out the feasibility of
coastal and brackishwater fish farming in Goa.
The present survey was carried out between
May 1977 and June 1978,

Grateful thanks to Dr. 8. Z. Qasim, Director,
National Institute of Oceanography for taking
personal interest in this survey and also for
giving useful comments on the manuscript.

SCOPE AND ARBA

The coastline of Goa is about 104 km long,
The estuarine and freshwater wetlands are
250 sq. km. The Goa Coast (Fig. 1) is full of
creeks, estuaries and backwaters formed by
seven rivers, viz,, Teracol, Chapora, Mandovi,
Zuari, Sal, Talpona and Galgibag. A number
of brackishwater fish farms, locally known as
‘agar’ are used in a traditional way, for fish
and shrimp culture. The total area of the
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brackishwater ponds is estimated to be about
200 hectares. Individual pond varies from
0.16 to 4.5ha, in area. Such ponds are mainly
confined to Bardez, Tiswadi and Salcete Taluks
(Table 1), Besides, the existing ponds, there
are vast arcas of mangrove swamps, disused
paddy fields and salt pans, which can be utilised
for fish farming, '

MeTHOoDS oF FisH CULTURE IN GoOa

Traditional methods involving composite
culture of wild stocks are in vogue. Despite
the complete jgnorance of scientific methods
of fish farming, the fish farmers scem to know
many relevant facts, especially by peactical
experience.

The brackishwater ponds are used to serve
different purposes. Some of the ponds are
exclnsively used for fish culture ; others for
galt pan-cum-fish culture (locally known as
‘ mitache agar’) while some others are wsed
for paddy-cum-fish culture, known as * khazan *
land fish culture,

Permanent fish farms

These farms (Pl I A)of varying dimensions
are generally situated close to the estuary or
adjoining the tributary of a river, They are
characterised by denmse mangrove vegetation
in the surrounding area. Such ponds are
bounded by mud embankments and streng-
thened with lateritic boulders (Pl. I B). The
flow of water, in and out, of the pond is regu-
lated by sluice gates, fitted with wooden planks
(PLIC). '

Stocking of the farm is undertaken in the
months of May-June, Sluice gaies are kept
open, thus allowing the free exchange of water
which largely depends upon the tidal condi-
tions. Tidal inflow allows the entry of fish
and prawn larvae into the pond. The larvae
continye to grow and by September-OQctober
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they make attempts to move out of the pond.
At this time, the water level in the pond is
regulated by allowing the exchange of water
only during the spring and neap tides. To
prevent the escape of fish and prawn from the
pond, fine mesh nets are used in the sluice gate.
Small branches of trees are also planted in the

74" v

Scale
1:40,0000

b -

qad

L=

g 0 T4
Fig. 1. Map of Goa showing Taluks and Rivers.

pond for providing shelter to fish. These
twigs also help in preventing poaching. The
harvesting is undertaken from February to
April and is mainly done by nets fixed at the
sluice gate, but at times, drag nets or cast nets
are also used. Permanent fish ponds are few
in number (Table 1) and are mostly located in
Salcete Taluk (Fig. 1), : :
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Salt Agar

Such ponds serve a dual purpose of both
salt and fish production (Pl. I D). During the
monsoon season (June-September), the salt
pans are inundated with brackishwater by
regulating the inflow of water through the
sluice gate. By the end of Aungust, the sluice
gate is closed and the fish is allowed to grow
inside the pond till December, when the pond
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and hence, more attention is paid to salt
producticn,

‘ Khazan' Lands

Similar to salt ‘agars’, ‘khazan' lands
also serve a dual purpose of fish and paddy
cultivation. A preliminary account of khazan
land fisheries of Goa, has been given by
Gopinath and Dani (1973).

TauLe 1, Some detalls of fish farming in different parts of Goa

Annual  Annual Number of persons
Taluk Location of farms Number  Area fish Salt employed
of (mY)  production production
farms kg) kg) Part time  Full time
Canacona  Mashe, Painginim and
Galgibag 5 5,000 150 e 8
Saloate Betu!, Assolaa, Durga,
Panchwadi, ete. 50 1,23,000 5,500 44,000 46 18
Tiswadi Santan to Siridao ;
Sant Inez to Merces ;
Ribandar to Panaji ;
Chorao Island, ete. 101 3,380,100 13,700 81,300 115 30
Bardez Nerul, Ords, Verem, Arpora,
Candolim, Siolim, etc, 56 2,15,000 4700 1,12,500 100 20
Pemem Kerim, Mandrem, Morjim,
Malpem, cic. 11 800 50 e 15 2

is completely drained out in preparation for
salt production. The harvesting of fish is
done within 3-4 days, by nets fixed at the sluice
gate, On one of the sides of the pond, a
wide but shallow (about 0.5 m depth) channel
(P1. 1 E) is dug for maintaining fish larvae,
which serve as stock for the next season.

The ponds are completely sun-dried and
small rectangular pans are prepared, The
water during springtides is then taken in for
the extraction of salt from February to May.
The crystallization of salt cubes largely depend
upon weather conditions, dry weather being
more favourable. In such farms, the fish
production is considered as a secondary crop

These are low lying wet lands, along the tidal
marshes and are protected from inundation by
embankment (locally known as ‘bandh’) of
mud and lateritic boulders. Inflow of water
is regulated through a sluice gate, called as
‘manas’,

Paddy cuitivation is undertaken only during
the monsoon season and after the harvesting
in  October, these fields are used for fish and
shrimp cultivation. Thus, fish farming may be
either :

(@) Secondary crop of fish after harvesting
of paddy.

: Or
(b) Continuous fish cultyre all the year round,
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In such wet lands, fish and shrimp seeds are

allowed to enter, by regulating the flow of
brackishwater through stuice gates, The young
fish and sbrimp grow along with the paddy.
In the region, where paddy is grown, deep
dykes (Pl. I F) are dug in which fish can
remain when the paddy field is to be drained
during the bharvesting,

Paddy-cum-fish culture in Goa, has declined
to a large exient, because of the prevailing
statutory regulations, which restrict the intake
of saline water into the fields for fish cultivation.
Also for such * khazan ' Jands, a special salt-
resistant variety of paddy kown as ‘korgut’
is used, The high yielding varieties of paddy
do not seem to grow well in such environment.

CoMMON CULTIVATED Speciss

Different varieties of fish and shrimp larvae
enter the pond in the monsoon season along
with the tidal inflow. The prawns are mostly
Metapengeus monoceros, Pendeus monodon
(locally known as * Waghi’) and P. indicus.
Important species of fish are mullets (Mugil
cephalus and M. parsis—locally known as
(‘Sevtali’), milkfish (Chanos chanos—locally
known as ‘ Gholshi’), pearlspot (Etroplus
suratensis—locally known as ‘Kalundra’) and
bhekti (Lates calcarifer—locally known as
‘Chanyak’). Species of lesser importance are
*Tamboshi® ~ (Lutianus sp.), *Kharchani’
(Gerres sp.) and *‘Banoshi’ (Themus sp.).
Large numbers of predatory species, like
Thergpon jarbua, grow in the farm. Simi-
larly, ‘bhekti’ also a highly carnivorous
species is detrimental, especially to shrimps.
These predators are generally removed by
angling or netting,

The species composition is almost similar in
all the three categories of fish farms, but in
‘khazan® type of fish farming, prawns are
dominant,
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HARVESTING—SEASON AND METHODS

Time of harvesting varies with the type of
fish farming, In permanent fish farms, harves-
ting is generally undertaken from February-
May. Prawn fishing is generally done at
night, by using a cast net and a lantern.
Fishing lasts for about 4-8 days during the
full moon and new moon phases, It also
depends on the local demand for fish, Drag
nets are also used. Thistype of net is pulied
all along the pond by 5-6 persons, For night
fishing, sometimes gillnets are used in gddition
to cast nets.

A conical shaped net is fixed at the main
sluice gate for the capture of fish and prawn,
when the water gets drained with the ebb flow.

The harvesting of fish from salt ‘agars’is
generally done in  December. The wateris
either drained or pumped out and the fish is
trapped ecither by cast nets or drag nets.

Though the paddy-cum-fish culture has been
less popular these days, the fish growing in the
network of channels traversing the ‘ khazan'
lands, are caught by fixing the conical nets at
the sluice gate, The nets are fixed mainly
during the night and during the receding tide.
Total quantity of fish caught at one time
varies from 1-25 kg,

‘ToraL YIBLD

The estimates of fish and salt production
are based on the information collected from
the local operators engaged in fish farming
and extraction of salt. It seems that about
50 tonnes of fish is harvested from djfferent
fish farms and sluice gate systems in Goa,
Incidentally, this is only about 0.1% of the
total marine fish landing in Goa. However,
it should be noted that most of the production
figures given by individual fish farmers are
underestimates, as most of them are rather
reluctant to disclose the actual figures,
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Tanie 2. Cost benefit analysis of fish farming alone In Goa (Case Study)

Area of farm H 3 hecta.res
Number of fishing days :
Quantity of fish caught/day  : 40208
Total catch (40 x 80) kg
Cost of catch (at Rs. 7 per kg. )
Expenditure Ras,
{g) Labour
(i) Part-time (6/day at Rs. 10 for 80 da%rs) oo 4,800,00
(ii) Full-time (1 at Rs, 250 per month for 12 monhs) .+ 3,000,00
(» Other expenses— jncluding maintenance, unforeseen, nets, etc. 1,000,00
(¢} Annuallease charges .. 2,100.00
Total - 10,500.00
Returng
(i) Gross Profit (Cost of catch—~Expenditurc) . 11,500.00
(ii) Profit per hectare - 3,833.00
Rate of returns
(i) Cost of Froductlon o 10,900.00
(ii) Value of produce o 2240000
{iii) Gross profit .. 11,500.00
{iv) Profit margin .. 100%;
Tavie 3. Cost benefit analysis of salt-cum-fish farming In Goa
Area of farm ¢ 10.5 hectares
Number of fishing days :t 46
Quantity of fish caught/day : 700 lqu
Total catch t 3,50
Cost of catch
{at Rs, 5 per kg) : Rs, 17,500
Ingome from salt {12,000
bags at Rs. 4 per bag) : Rg, 48,000
Total income Rs. 17,500+
Rs. 48,000) t Rs. 65,500 R
8.
Expenditure
(@) Labour charges
(i% Part-titne (50%; of total income from salt) e 24,000.00
(ii) Full-time (2 at Rs, 250 per month for 12 months) . 6,000.00
(p) Other expenses—including maintehance, pump, charges,
unforegeens, nets, ete. e 2,000,00
(¢) Annuallease charges (25 % of total salt ingome) o 12,000.00
L e
Total 44,000.00
—t——
Refurns
(i) Qross Profit (Total income—~Total expenditure) oo 21,500,00
{ii) Profit per hectare - 2,150.00
Rate of returns
(i) Cost of production o 4400000
(ii) Value of Produce .. 65,500,00
tii) Gross Profit e 21,500.00
ilvg Profit margin . 41.7%
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The total salt production is estimated to be
about 2,13,000 bags (I bag=50 kg). The
brackishwaier ponds are owned by landlords
and are given on short lease to an interested
party. In the case of salt agar, } of the total
salt produced is given to the land owner, in
liew of fees for the lease, In the case of fish
ponds, the terms of lease generally depend on
the size and production of the pond. A fish
pond of 1 ha fetches about Rs. 200-300 per
annum from the lease,

EconoMics OF FIsH FARMING

The cost-benefit analysis for a productive
fish farm and salt agar, has heen attempted
and shown in Table 2 and 3 respectively.

It can be seen (Table 2) that both direct and
indirect cost of a fish farm of 3 ha are relatively
high (Rs. 3633/ha), but in spite of traditional

methods of fish farming, the rate of returns’

is also fairly high (1009%). 'Therefore, by
adopting proper management techniques (hat-
cherjes, nurserics, fattening ponds, compounded
diet, etc.), there is a good scope for improving
the yield and thus increasing the profitability.

As seen from Table 3, the cost of production
in a salt pan-cum-fish farming, is high and
consequently the profit margin is rather low
(47.7%). Thus, though undertalen by tradi-
tional methods, the fish pond farming is more
profitable than the ‘ agar * farming. At present,
more than 400 persons are engaged in fish
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farming in Goa, and since it is done as a family
business, it becomes quite economical,

PROBLEMS AND PROSPRCTS

Fish farming in Goa is being practised on
non-scientific lines at present. No special
attention is being paid for improving the stock
of the cultivable species and hence the success
or failure entirely depends on the availability
of larvae from the natural sources, No proper
measures are being underiaken for contirolling
predation by carnivores and infection by

_different vectors is quite common. Poaching

is another serious problem and for small fish
farmers, it is not possible to make a full-time
watch and ward arrangement. Such problems
are forcing many of the traditional fish farmers
of Goa to shift to salt production, where the
problems are not so acute and the profit is
steady.

In a recent case study of fish farming in Goa
(Matondkar, 1978), the high productivity
potential of fish farming has been demonstrated,
The scope for the expansion of coastal aqua-
culture in Goa appears to he quite good, as
there are vast stretches of low lying wet lands
adjoining the estuaries and mangroves. There
are also a number of sheltered bays and coves,
which can be put to proper use. These arcas
when brought under scientific management
can produce substantial quantities of animal
proteins besides providing the much needed
vocational opportunities to a large number of
coastal population.
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BRACKISHWATER FISHERIES IN ANDHRA PRADESH
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Brackishwater Fish Farm, Andhra Pradesh Fisheries Corporation Limited,
Kukinada, India

ABSTRACT

Andhra Pradesh on the east coast of India with a coast line of about 900 km has about two lakh
hectares of brackishwater areas. Considerable quantities of fish and exporiable varieties of prawn
are being harvested from backwaters, low lying areas that get inundated during high tides and other
imponndments, although no scientific culture is practiced in these water bodies. With (he global and
national awareness for aquaculture, particularly for prawns, brackishwater culture technology deve-
lopad within the state coupled with technology borrowed from other Institutes, conversion of brackish
water araas for agquaculture is going on commercial lines. Aguaculture in brackishwater has been

accepted as a paying profession and industry,

INTRODUCTION

ANDHRA PRADESH on the east coast of India
has a coast line of about 900 kms, spreading
over the 9 coasta) districts from Itchapuram
in Srikakulam District in the North to Pulicat
Lake in MNellore District in South. Major
rivers like the Godavari and the Krishna and
a number of minor rivers and rivulets besides
innumerable drains and itrigation systems
empty into the Bay of Bengal. The Godavari
and Krishna Estuaries with rich mangroves,
the lagoons and backwaters of Srikakulam
and central delta area of Bast Godavari District,
Pulicat brackishwates lake and the innumer-
able drains called ¢ Upputerus * are well known
for their rich brackishwater fisheries. The
extensive marshy mangrove of the Koringa
reserve forest of the Godavari estuaries spreads
over an area of about 25,000 ha. ‘The man-
grove swamp on Krishna estuary has an area
of 27,500 ha, 'The total extent of saline swamps
in Andhra Coast is estimated at about 2.0
lakh hectares (Report of NCA 1976). In
Kakinada Bay the tides are semidiurnal, the
maximum spring tides being 1.8 m and lowest

tides 0,18 m (Bhavanarayana, 1975). Hydro-
biological and faunistic survey of Godavari
estuarine systems carried out by the Zoology
Department, Andhra University has brought out
interesting data (Final Report, 1965). The
chief commercial species of prawns of Godavari
Estuaryare P, indicus, P. monodon, Metapengeus
monoceros, M. affinis, M. dobsoni and M.
brevicornis. Prawns oceur practically through-
out the year (Ganapati and Subramaniam,
1966). '

The author is grateful to Shri M. S. Sanjeeva
Rao, Chairman, Andhra Pradesh Fisheries
Cerporation Ltd. for his keen interest in the
development of brackishwater farming, He
is thankful to the successive Directors of
Fisheries Shri S. Nagaraja Rao, Skri P. P.
Williams and Shri 8, Banerjec and Joint Director
of Fisheries Shri M. Venkateswara Rao for their
valuable support in the development of this
field of study. The author is indebted to
Dr. 8. N, Dwivedi, Director, Central Institute
of Fisheries Education for his constant en-
couragement in carrying out the work. The
author is also indebted to Shri K. H. Alikunhi
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for initial guidance. Acknowledgements are
- due to the staff members of Brackishwater
Fish Farm, Central Institute of Fisheries Edu-
cation for their cooperation, -

_ 'TRADITIONAL CULTURE

The traditional system of ‘ Brackishwatér
fish culture’ consists of allowing the young
fish and prawns entering these waters to grow
for sometime to be fished thereafter. The
seeds of fishes like Chanos chaomos, mullets,
Megalops, Elops, Lates as well as prawns are
found extensively in the estuaries, backwaters
and swamps of Andhra Coast (Chandraigh,
1972), Of these, the cultivable species like
milk fish and mullets used to be collested from
brackishwaters, transported and stocked in
fresh water tanks for culture during 19408
to 1960s all along the coast, Tummalapenia
and Qolempalem in Nellore District for mullets,
Kalingapatnam in Stikakulam District, Ganga.
varam in Visakhapatnam District, Mulapet
in East Godavari Distriet etc., for Chanos
were well known localities in this respet
(Nagaraja Rao, 1977). The survey of brackish
water areas, swamps and impounded waters
by a team of workers including the author,
along the eoast revealed that the eultivable
species of mullets, milkfish, Lates, Megalops,
the tiger prawn and the Indian prawn which
get stranded in the impoundments grow to
good size. Specimens measuring upto 17.0
em of Indian prawn and 23.0 ¢m tiger prawn
are recorded, besides fishes of marketable size,

SCIENTIFIC APPROACH IN RECENT YBARS'

The Andhra Pradesh Fisheries Depaitment
has construgted an Estuarine Fish Farm at
Kakinada in 1962 by converting a swampy
.mangrove area. This Farm has subuquontly
been developed by Central Institute of Fisheries
Education as their Bracknmwator Fuh Cultm
Field Training Centre. . oY

3
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Systematic culture practices have been taken
up at this Farm, Surveys for finding out
fish and prawn seed resources have been cone
ducted all along the Kakinada (Coramandel)
Coast, It was established that considerable
quantities of seed of cultivable varieties of
prawns like P, monodon, P, indicus, M. mono-
ceros and M. dobsoni as well as fry of Chanos
ahanos, mullets including Mugil cephalus and
small quantities of Scatophagus argus, Megalops
cyprinoides, Eleutheronema tetradactylum and
Elops saurus are available. Their occurrence
and seasonal abundance have been reporied

(Dwivedi and Reddi, 1976). The availability

of the young ones at different ¢ollection grounds
in Junar periods has also been reported {Reddi,
1977, -

The prenmcnts carried out at the farm in
polysulture of Chanos chanos, Mugil cephalus,
other mullets and prawns, particularly P.
manodon and P, indicus have shown a record
production of 2,220 kgs (1,960 kgs of fish and
260 kgs of prawn) per hectare per annum
(Dwivedi and Reddi, 1976) (Table 2). Different
spesies of fish and prawn have grown from fry
size at the farm, Chagnos grew to 37.5 cm
(380 g), 54.5 em (1.7 kg) and 71 em (3.0 kg)
at the end of Ist, 2and and 3rd year respectively,
The grey mullet M. cephalus grew to 37.6 cm
{550 g) in the first year and to 57.8 ¢m (3.0 kg)
it two years and nine months. 'The fish has
attained sexual maturity at the end of second
year. Lates calcarifer gréw to 30,5 cm (500 g)
in the first year and to 75 ¢m (6.1 kg) in three
and “half years, This fish attained sexual
maturity during the third year, Of the exporte
able varieties of prawn seeds stocked in ponds
at 2.0 to 3.0 cm size, P, monodon grew to 25.0
e (150 g) in 8 months, while P. indicus grew
ta 22.0 ¢m (100 g) in one year (Dwivedi and
Reddl,. 1977) A few specimens of P. monodon
in the ponds attained a size of 26.8 cm (200 g)
m 10 months (Reddi, 1973 , 1977). :

. Yatious pmblenm encountered during the
culfuto - were  eventually solved. The main«
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tenance of water level in ponds was achieved
by wsing sand filled polythene bags as bunds
across the channels (Reddi and Choudhury,
1975). The entry of predators was prevented
by placing basket traps at the entranoe of feeder
canals to the ponds, Crabs were netted out
using a special bait (Reddi et al., 1972, 1973,
1974), 'The fish and prawn seed from
Kakinada were successfully transported by
train and road to Bombay, Goa, Cochin and
Madras and by air to Andamans,

The Andhra Pradesh Fisheries Corporation
eventually plans to convert 50,000 ha of
brackishwater area into fish farms in the State
(Sanjeeva Rao, 1978). Brackishwater Farming
has already been taken up in Visakhapatnam
and Kakinada with the assistance under Small
Farmers Development Agency. A few private
individuals in Krishna District, West Godavari
and Nellore District have also constructed some
ponds in private lands where culture of fish
and prawn has already been initiated.

PRAWN AND Fisti CULTURB IN SALT PANS

It is estimated that there are 10,000 ha of
salt pans (8,000 ha licensed and 2,000 ha un-
licenced areas) lying all along the Andhra
Coast from Poondi and Naupada in the North
to Tada in the South, The first stage reservoirs
could be utilised for fish and prawn calture
for a major part of the year without detriment
to salt production by making suitable adjust-
ments, Most of the salt pan reservoirs could
be utilised in the lean season when salt
is not manufactured.

It is a common experience that considerable
fish and prawn are being harvested from the
first stage reservoirs of the salt pans, where the
galinity does not generally increase beyond
35%,. Some of the well managed reservoirs
of salt works are being sold in auction for fish
and prawn for considerable amounts, The
culture of brackishwater fish and prawn taken

b. v. REDDL

upin Sri Krishna Salt Works in Visakhapatnam
during 1977-78 has shown the technical feasi-
bility and economic viability, During the
4 months culture period from December 1977
to March 1978 the fry stocked have grown to
15.0-20.0 em, 17.0-18.0 em, 25,0 cm, 20.0 cm
and 28.0 cmin the case of P. monodon,
P. indicus, C, chanos, M. cephalus and Lates
respectively. ‘The District Administration
has granted assistance to fishermen and other
weaker sections for taking up brackishwater
farming in salt pan areas besides converting
new grounds into fish ponds,

The successful prawn and fish farming in
salt pang at Patharlagadda by utilising under-
ground saline water (Rao and Raghavulu,
1979) opens a new avenue particularly to small
and marginal farmers in brackishwater
farming,

CROPPING PATTERN AND PLAN OF HARVEST

It is proposed to have two to three crops for
prawns and one or two for fish in a year,
Prawn seeds are available almost found the
year, and those of the cultivable varieties of
fishes in two seasons. As the Andhra Coast
was hit by severe cyclones in 1977 and 1979,
the months of May and November are now
considered as cyclone prone months, In
view of this, the ponds could be harvested just
before these months, so that there is no loss or
only minimum loss of the harvest,

CONCLUSION

Brackishwater farming has been accepted
as a paying profession and viable industry in
Andhra Pradesh, With the acceptance of the
concept of rural development in India as a
means for generating employment potential,
for producing food and for earning foreign
exchange, brackishwater farming is taken up’
seriously in Andhra Pradesh alongwith the
other regions of the country,
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FINFISH SEED RESOURCES OF VELLAR ESTUARY
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ABSTRACT

The estuaries, backwaters and mangroves act as nursery grounds for a variety of finfish and shellfish
and hence they are the idea)l grounds for the collection of fish seeds for aquacnliural practices,
A study was conducted for a period of one year from June 1976 to May 1977 from two stations on the
seasonal abundaace, disteibution pattern and potentiality of the cultivable finfish seed resources of
Vellar Estuary (Lat, 11°29° N ; Long 79946’ E). The observations revealed that this natura) nursery
is one of the richest grounds for the fry and Angerlings of the principal cultivable fishes viz. mullets
Mugil cephalus, Liza dussumieri and L, macrolepis and milkfish Chanos chanos. Juveniles of mullets
occurred throughout the year in large quantities. Fry of C, chapos was abundant during the month
of May, but its occurresice was notable from March to June and September (0 November, Seeds
of pearlspot Etroplus suratensis were available in appreciable number from October to January.
During northeast mongoon and the post-monsoor months meagre numbers of juveniles of giant.
pavch Lates ealearifer were noticed. Stray incidence of fry of ten-pounder Flops saurus was recorded
only during the months of September and October, A brief account on the juveniles of leiognathids,

clupeoids, carangids and sciaenids has also been incorporated.

INTRODUCTION

IN Inpia the harvest of fishes can be further
enhanced to a greater extent by culture practices
of suitable cultivable species of finfish and
shellfish, One of the pre-requisites to aug-
ment the fish production through the unutitised
or underutilised areas of about 2 million ha
stated to be suitable along the Indian Coast
(Jhingran and Natarajan, 1973) is the avai-
lability of fish seced in required quantities.
Along the east coast of India a number of
perennial rivers empty their run-off and give
rise to a number of estuaries, backwaters,
mangroves, coastal swamps, lagoons, deltaic
marshes and iidal flats and inlets which act
as nursery grounds for a variety of young ones
of finfish and shellfish per se the ideal seed
collection grounds, A thorough knowledge on
the availability of fish seed in an estuarine
ecosystem is essential as it is directly related to

the successful implementation of fish farming
practices of both brackish and marine waters,
The present investigation was therefore under-
taken to obtain information on the finfish
seed resources of Vellar Bstuary (Lat. 11°29¢
N; long, 79°46' E), Porto Novo (Fig. 1),

We are thankful to Dr. R. Natarajan,
Director, C.A.S. in Marine Biology, Porio
Novo for suggestion and encouragement, to
Dr. K. Ayyakkannu for his help in obtaining
material and to the U.G.C., New Delhi for the
financial support,

HYDROBIOLOGICAL CONDITIONS OF THE
VEBLLAR ESTUARY

Vellar Estuary is formed by the river Vellar
before joining with the Bay of Bengal at Porto

Novo along the Coramandel Coast, 'The river
uth is open, having connection with the sea
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throughout the year. ‘The area of the estuary
has been calculated as 262 ha (Venkatesan,
1969). 'The tides are semidiurnal type with an
amplitude of 1-1.5 m. 'The width of the
estuary is about 200 m and the mean depth is
about 2.5 m. Based on vertical gradient of
salinity, Vellar Estuary is demarcated into
marine, gradient, tidal and freshwater zones
(Ramamoorthi, 1954), The estuarine sedi-
ment is muddy mixed with sand and shell
fragments and is rich in organic matter har-
bouring dense population of bacteria and other
organisms such asJpolychaetes, copepods and
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Pig. 1. Map of the Vellar Bstuary showing the

losation of the stations.

Salinity plays a major role in the distribution
of floral and faunal elements of this estuary
(Chandran et al., 1978). The average monthly
salinity of the surface water from June 1976-
May 1977 during high and low tides have been
provided in Fig. 2. The value of primary
production (440 mg C/m¥/hr) and biomass
of heterotrophic  bacterial  population
(470 x 10% cells/ml), phytoplankton (182.3 X
107 cells/ms) and zooplankton (8.6x10¢
organisms/m?¥ estimated by Thangaraj et al.
(1978) show that the Vellar Estuary is highly
fertile.

Species of seaweeds Chagetomorpha sp.,
Engeromorpha clathrata, E. compressa, Gracils
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laria sp., Halophila ovata, Pedina sp. and
Acanthophora spicifera are common in Vellar
Estuary,

Rich fishery of finfishes, prawns, crabs and
edible motluscs is prevalent throughout the
year, The dominant finfish groups are
Teiognathids, clupecids, mullets, carangids,
flatfishes, catfishes, glass perchlets, sciaenids,
milkfish, eels, giantperch and grunters.

MATERIAL AND METHODS

Weekly collections were made from two
stations selected in the marine zone (station 1)
and gradient zone (station 2) of Vellar Estuary
(Fig. 1) for a period of 1 year from June 1976 to
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Fig. 2. Average monthly salinity during
June 1976 - May 1977,

May 1977 b)r using a shore seine of the mesh
size 4 mm covering an area of 25.7 m¥/haul.
Four hauls, iwo in high tide and two in low
tide wereTmade, The total number of hauls
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during high tides and low tides in a month,
was treated separately and the average number
of seeds per haul was computed for comparison.
Fry and fingerlings belonging to the primary
cultivable species of fishes such as mullets
Mugil  cephalus, Liza dussumieri and
L. macrolepis, milkfish Chanos chanos, pearls
spot Etroplus suratensis, giantperch Lates
calearifer and ten-pounder Elops saurus were
sorted out for their numerical abundance,
The number of juveniles of other commercially
important fish groups such as lejognathids
clupeoids, carangids and sciaenids occurred
along with the cultivable groups of fishes were
also considered for estimating the annual seed
production of this estuary. The terms fry,
fingerlings and juveniles are used as cited by
Jhingran (1975).

SEED RESOURCHS

Table 1 shows the average monthly abundance
of finfish seeds in Vellar Estuary. Number of
seeds per haul was more throughout the year
during high tide collections from both the

N. JAYABALAN, G. 8. THANGARAJ AND K. RAMAMOORTHI

stations (station 1 and 2). JYanuary recorded
maximum availability of seeds (327/haul) of
finfish in station 1 and (222/haul) in station 2
during the high tide. During low tide also the
maximum value was observed during January.
The minimum number of seeds was obtained
in the month of August during low tide and
high tide from both the stations studied. Rest
of the months recorded notable fluctuations
in abundance,

Mullets

Mullets contribute a good fishery throughout
the year in Vellar Estuary. Reddy (1977) has
recorded 15 species of mullets from Porto
Novo waters representing 7 genera namely
Mugil, Osteomugil, Valamugil, Rhinomugil,
Rajamugil, Liza and Ellochelon. The major
contribution is by the species M. cephalus,
L. dussumieri and L. macrolepis. Fry
(20-40 mm) and fingerlings (50-80 mm) of
mullets could be collected in most part of the
year but the abundance varies during different
months (Fig. 3).

TasLE 1, Average number of finfish- secdsthaul in the Vellar Estuary during 1976-1977

Month & Yoar Station 1 Station 2
High Tids Low Tide High Tide Low Tide
Tune 1976 ) 127 [ 64 9% 33
July . 122 54 n 33
Augmst .. 75 52 71 28
September e 182 9 9% 41
October . 152 92 115 50
November 152 85 86 4
" Decetnber e No Collection
January 1977 27 165 22 8l
February 246 133 180 70
March . 136 7 126 75
April . 145 100 90 55
‘May . 160 69 123 5t
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Station 1 recorded higher number of seed
all the time than station 2 and the highest
number (76/haul} was collected in the month
of January. The lowest value (4/haul) was
from station 1 duwing November and from
station 2, during October. The availability

21 3_

4 J A S
1976

Fig. 3. Period of ocourrence and abundance of
mullet seeds in the Vellar Estuary,

(4) Station 1 hightide, (5 Station 1 low tide.
{c) Station 2 high tide.  (d) Station 2 low tide.
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of mullet seed was high during January and
February at station 2, ‘Throughout the period
of investigation high tide collsctions showed
maximum availability than the oollections
during Tow tide. The best time for the cols

M5

lection of mullet seed is during the high tide
when the sea water incurscs into the estuary,

Milkfish

The period of ocourrence of Chanos fry
and fingerlings in Vellar Bstuary starts during
March and terminates at June (first season)
and from September to November (second
season). The numerical abundance was high
(36/haul) during the high tide from station 1
in the month of May.

d
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¥ig. 4. Period of occurrence and abundance of
milkfish seeds in the Vellar Estnary.

(a) Suation 1 high tide,
{c) Station 2 high tide.

(b) Station 1 low tide.

(d) Station 2 low tide.

Comparatively, station 1 had more number
of milkfish seed. The seed was more abundant
during the high tide than low tide period. At
station 2, seed was not encountered during



46
low tide excepting the months of April and
May (Fig. 4).

Pearlspor

Etroplus suratensis occurring .in  brackish
water can bz easily acclimatized to freshwater
(Tampi, 1974). The occurrence of fry
(1540 mm) and fingerlings (45-30 mm) was

/ HAUL
"y

NC "OF SEEDS
L-

'

[ T S T W
DJFMAM
1977

Fig. 5. Period of oosurrence and abundance of
pzarl-spot seeds in the Vellar Estaary.

(a) Station 1 high tide (6) Station 1 low tide,
(c) Station 2 hightide.  (d) Station 2 low tide.

recorded from Qctober to February in Vellar
Estuary. In station 1, this species was totally
absent during Febroary but occurred inVless
numbers in station 2 only during high tides.
There was not much difference in .numerical
abundance of seed observed-in various- months
and tides - (Flg ) C -
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Giant perch .

The giant-perch Lates calcarifer forms a
minor fishery of this estuary. The occurrence
- of fingerlings was moderately high in number
during Novemb:r and low during the months
of October, Janvary and February, Col-
lections made in the rest of the period lacked
this species (Fig. 6).
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"R |
M A M
1977

Fig. 6. Period of occurrence and abundance of
giant.perch seeds in the Vellar Estuary.
(a) Station 1 high tide.
_(b) Station 1 low tide.
¢} Station 2 high tide.
(&) Station 2 low tide,

Ten-pounder

Fry of Elops saurus (20-25 mm) occurred
only during the months of September and
October in meagre numbers, In most part of
the period of study, fry and fingerlings wery
n.ot enoou,utered (Fig. 7). .. o
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Tasrk 2. Seasonal abundance of juveniles of miscellaneous groups of fishes in the Vellar Esmary during '

1976-711 (average numbersthaul)

_ Leiognathids Clupeoids Carangids Sciaenids
Station 1 High Tide Low Tide High Tide Low Tide High Tide Low Tide High Tide Low Tide
June 1976 41 28 30 16 5 - 3 2
July 38 31 28 8 16 7 - —
August 29 21 18 n 4 3 2 1
September 98 68 23 1 9 4 4 3
October 48 39 25 17 13 g 3 3
November 5 23 34 25 9 3 -5 4
December - No Collection
January 1977 138 39 65 2 24 12 2
February 86 st 6 39 19 6 — -
Match 4 29 39 18 3 — 1 —
April 57 34 a1 2 8 7 2 1
May 77 22 27 19 12 8 — 1

'TABLE 3. Seasonal abundance of juveniles of miscellaneous groups of fishes in the Vellar Estuary

during 1976-1977 (average numbersthaul)

Station 2 Leiognathids Clupeoids e Carangids Sciaenids
High Tide Low Tide High Tide Low Tide High Tide Low Tide High Tide Low Tide
June 1974 28 17 22 10 - — — -
July 29 18 16 5 6 2 — —
August 14 8 28 12 4 — 1 -
Sepletber 48 2 16 6 3 1 3 1
October 39 14 13 5 8 5 4 2
November 3t 16 18 9 3 —_ s o~
" December No Collection
January 1977 76 22 53 16 14 ki 3 —_
February 55 27 39 13 11 4 1 —_
March 33 21 4% 25 3 i 1 -
April % 2 27 15 - ~ ~ -
36 19 29 18 L ~— -
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Miscellaneous groups

Juveniles of the commercially important
fishes of the families Leiognathidae, Clupeidae,
Bngraulidae, Carangidae and Sciaenidae were
found to occur in large quantitics during the
present investigation. Pre-monsoon, monsoon
and post-monsoon months recorded higher
number of young ones of these groups. The
leiognathids are represented by 14 species in
Porto Novo waters, but only a few species
support the fishery in the estuary, They are
Leiognathus splendens, L. equulus, Leiognathus
8p., Secutor insidiator and 8. ruconius,
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Fig. 7. Period of vecurrence and abundance of

' ten-poundar seeds in the Vellar Estuary.

(o) Station 1 high tids,
(5) Station 1 low tide,
() Station 2 high tids,

Juveniles of L. splendens are abundant through-
out the year. Other fish seeds like Caranx
spp., Carangoides malabaricus, Nibea soldado
and Dayscidens albida alo encounter in
appreciable numbers. 'The  commonest
clupeoids are Stolephorus spp., Hilsa ilisha,
Raconda russeliana, Coilia dussumieri, Thryssa
spp. and Sardinellz spp. (Table 2 and 3).

N. JAYABALAN, G. S. THANGARAJ AND K. RAMAMOQORTHI

REBLATIVE ABUNDANCE OF FINFISH SBEDS

The annual percentage composition of fish
seeds belonging to different groups available
from both the stations during high tide and
low tide is given in Table 4. From the data
available it is evident that station 1 supports
more number of cultivable finfish seeds, parti-
cularly mullets, The abundance of mullet
fry and fingerlings in station 1 may be due to
the higher organic matter derived from the
trash fish and prawn peelings dumped in the
nearby places from the commercial trawlers
and prawn peeling centres. 'The reason for
the occurrence of more number of Chanos
fry in station 1 may be due to the presence
of rich algal flora which supplement the fry in
feeding, The distribution pattern of young -
ones of E. suratensis, L. calcarifer and E. saurus
is almost similar in’ both the stations. Fry
and fingerlings of all cultivable species were
more during high tides than low tides.
Juveniles of leiognathids ranked first in both
the stations all the times, Clupeoids occupied
second position in station 1 but in station 2
mullets out numbered them. Carangids closely

- followed by milkfish were in fourth and fifth

places respectively in station 1. But in
station 2 during low tides pearl-spot represented

TABLE 4. Percentage composition of finfish seeds
in the Vellar Estuary during 1976-1977

Fish Station 1 Station 2
B TTHieh  Low High  Low!
Tide Tide Tide Tide

Leiognathids 38,54 4217 3229 3530
Clupeoids 21.87 2175 2385  24.03
Mullets 2050 1972 2595 26,88
Carangids 669 580 446 358
Milk fish [647 417 42 17
Pear] spot 241 274 344 [645
Giantperch .. 132 183 266 1.43
K Sciaenids . 121 153 141 054
Ten pounder . 0.20 1.72 .

0.99




FINFISH SBEED RESOURCES OF VELLAR ESTUARY

with more number of seeds than carangids
and milkfish. The contribution towards the
total production of seeds was meagre by giant-
perch, sciaenids and ten-pounder.

ScoPE FOR FINFISH FARMING IN
Porro Novo REBGION

Vellar Estuary supporis a rich potential of
seeds of cultivable fishes. But there is no well
organised commercial harvest of seeds for
cultural practices. The full utilization of
available natural seed resources for farming in
confined areas will benefit not only the
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entreprencurs economically but also the con-
sumer nutritionally. The practice of seed
collection may also provide job for a number of
poople of this area. There are good infra-
structural facilities to transport the seeds
immediately to farming sites without any delay
for stocking. Since Porto Novo region con.
sists of fertile backwater and luxuriant
mangrover forests the culture practices can be
sucoessfully implemented in the adjoining low
lying area also. The cost of labour is also
cheaper and the seed potential is highly suffi-
cient to start with the farming of finfishes
in this region.
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OBSERVATIONS. ON THE SEASONAL ABUNDANCE OF LARVAE AND
JUVENILES OF SOME PERCOID FISHES ENTERING INTO LAKE PULICAT

G. RamMaMoHANA Rao, K, RaMaN, K. V. RAMAKRISHNA AND M., KALIYAMURTHY

Madras Research Cenire, Central Iiland Fisheries-Research Institute,
110, Perambur High Road, Madras-600012

ARSTRACT

Based on shooting net collections made at the mouth of Pulicat Lake over a period of three years,
the seasonal abundance of farvae and juveniles of some percoid fishes viz. Silflago sihama, Gerres spp.,
Therapon jarbua, Ambassls gymmocephalus, Lutianus sp., Leiognathus sp. and Siganus javus has been
studied. Of the large variety of fish larvae that get recrvited into the lake, percoid fishes form 30 to
50%.  Their entry into the lake was generally more during the first half of the year, peaks being in
Yanuary and May. The effect of tide, diurnal changes and lunar variation on their recruitment has
been discussed. Influence of temperature and salinity on their abundance also has been studied.
Importance of recrujtment studies in predicting the commercial catches and augmenting the seed

supply for culture ventures is emiphasised.

- INTRODUCTION

WitH the increasing interest in brackishwatep
fish culture, a quantitative assessment of the
stocking material in an area and knowledge
on their availability in relation fo space, time,
tide and lunar phases are essential, Keeping
this in view, investigations have been done on
the availability and abundance, acclimation
and transport of fish and prawn seed from
Pulicat Lake. Detailed description of the
morphometry of the Lake Pulicat, fish and
fisheries and ecological characteristics have
been discussed by many workers (Chacko
et al., 1953 ; Narasimha Rao, 1971 ; Krishna-
murthy and Rao, 1970 ; Raman et al, 1975)

Subrahmanyam and Rao (1968) and
Prabhakara Rao (1970, 1971) have studied the
seasonal abundance of prawn and fish larvae
in the Pulicat Lake. Gopinathan et al. (1974)
and Kalivamurthy e# al. (MS) have examined
the availability of prawn and fish larvae in the
lake in relation to environmental charac-
teristi¢s ; while Rao and Kaliyamurthy (1974)

discussed the abundance and distribution of
juveniles of beloniform fishes in the lake.

Ramamohana Rao et al. (MS) gave a detailed
account on the ingress of larvae of some clupeid
fishes into Lake Pulicat. 'The present paper
deals with the seasonal ingress of larvae of
some percoid fishes in relation to time, tide
and lunar phases.

The authors are highly indebted to Dr. V. G,
Jhingran, former Director for the keen interest
evinced in the study and to Dr, A, V. Natarajan,
Director, Central Inland Fisheries Research
Institute for the kind encouragement. They
are grateful to Shri B. B. Pakrasi for critically
going through the manuscript and suggesting
improvements,

MATERIAL AND METHODS

Collections were made both at Jow and high
tides of day and night on all spring tides (full
moon and new moon days) by operatinga Mid-
napore type shooting net (Jhingran, 1965) at
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the lake mouth, The collections were made
uniformly for one hour on all occasions and .
the larvae collected were segrogated and identi-
fied upto species wherever possible and
expressed as number/hour/net. As a result of
construction of dams over the rivers which
are sources of freshwater influx into the lake
and due to failure of monsoon, the lake mouth
remained closed for periods varying from 3 to
6 months from 1972 to 1974, Hence the col-
lections could be made only during the periods
when the lake mouth was open and the data
presented pertain only fo such periods, The
abundance of perch larvae in relation to tide,

diurnal variations and {unar phases were dis-
cussed from the data collected during 1972,

whereas for the purpose of describing the
scasonal abundance data oollected dunng all
the three years were used, -~ -

In the present communication 7 important
percoid fishes that were recorded from the lake
are taken for study.

OBSERVATIONS

A. Seasonal abundance .

The seasonal abundance of larvae of all
the seven percoid fishes in the lake durmg the
years 1972 to *74 is depicted in Fig. 1. -~ -

Ambassis gymnocephalus

The tiny post-larvae of Amm ‘2ymno-
cephalus (usually Sto 8 mm size) were always
seen in good quantities in the, shooting nef

collections throughout the period of investi-

gation. This species was more abundant in
the collections of 1972 than in *73 and *74.
April to June was found to- bz the best petiod
when the post-larvae of this species - were
observed in large quantities.

Therapon Jarbua

Post-larvae of Therapon jarbua also were Gerres spp.
available throughout the pemod pealr. being

in April-June.

L

d

73

Sillago sihama

. Post-larvac and juveniles of Sdiago s:hama
were available throughout in the ebllections.of
1972 and 1974 whereas they were recorded
only during January-March and May in the
year 1973, But, ¢onsidering the total number
collected, the year 1973 was found o rank first,
They were gonerally seen in good quantities
during March-April except in the year 1973
when the peak was in January.
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F!g. 1. Seasonal abundanceof perch larvae (pementage)
durmgthe years 1972-'74 _
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Recruitment of this spec-es Was very good

.throughout the _period in -all. the 'years naxi-
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mum being in the year 1972. They were
generally seen in large numbers during January
(1973), February (1974) and March (1972),

Siganus sp.

Recruitment of this species was continuous
upto June in the year 1972, During the later
two Yyears it was present only for a few months
(Januvary to March and May in 1973 and
January to April and July in 1974). Peak ocour-
rence was however in March (1972 and 1973)
and April (1974).

Lelognathus sp.

The small post-latvae and juveniles of silver-
hellies were always recorded in the collections
throughout the period of investigation. Two
peaks of occurrence were noticed one during
January-February and the other in April-May.

Lutianus sp.

The post-larvae of Lutianus sp. were poorly
represented in the collections. They were
recorded during March to June and August in
1972, peak being in March. In the remaining
two years they were present only in a few
numbers during January to April,

B. Lunar periodicity _

The average numbers of perch larvae col-
lested during full moon and new moon days
(irrespective of tides) from January to
September 1972 are shown in Table 1,

Postlarvae of Ambassis gymnocephalus were
generally present in more numbers during
new moon days except in the collections of
January, March and May, while those of
Therapon jarbua were more in numbers in full
moon collections during July-September, the
overall maxima being on new moon days.
Sillago sihama did not show any clear varia-
tion in relation to lunar periodicity, the
number of larvae collected being more or less
uniform on full moon and new moon days
the latter however showing an edge over the

G. RAMAMOHANA RAO AND OTHERS

former, As far as Gerres spp. is concerned
out of the 9 months of collections , full moon
collections dominated in 4 months, while
those of new moon recorded numerical
supetiority during the remaining period and
in the total numbers colleoted. The post-
larvae of Siganus sp. were totally absent in
the full moon collections and those of Lelog-
nathuy sp. were more numerically in new moon
collections except in March, April and
September. ZLutianuy sp. though very few in
numbers were always more in the new moon
collections, When the total number of larvae
collected during full moor and new moon are
taken into account, the new moon collections
showed numerical superiority over full moon
collections in all the cases,

C. Tidal periodicity

The average numbers of perch larvas col-
lected during low tide and high tide during
the period January-Septeniber *72 were separa-
tely compiled (Table 2) with a view to studying
the variations in respect of tide. From the
table it could be seen that except in one instance
(Ambassis gymnocephalus in April) the collec-
tions of all the species were numerically more
during high tide,

D. Diurnal variations

The collections made on all spring tides
were sogregated as day and night collections
with a view to identifying the best time for
collections in respect to dial changes. The
average numbers of larvae collected during
day and night from Jan. to Sept. *72 are shown
in Table 3.

Post-larvae of A. gymmocephalus, T. jarbua,
8. sthama and Gerres spp were more in the
day collections while Siganus sp., Leiognathus
sp, and Lutianus sp,, were more in night col-
lections, When the total number of all the
groups together is considered the collections
made during day showed numerical superiority
over night collections,



Tasre 1. dverage mumbers of perch larvae collected during full moon and new moon from January to Seprember 1972

Moath A.gymnocephalus T. jarbua S, sthama Gerres spp. Siganussp,  Leiognathussp.  Letianus sp.
FM. NM. FM. NM. FM, NM. FM. NM, FM. NM. FM. NM. FM. NM,

January 84.0 420 03 0.5 2.0 20 250 7.0 — 0.3 0.3 5.0 —_ _—
February 1.0 13 23 12.3 0.3 43 20 11.3 — 18.3 03 1103 — —_
March 234 100 1.3 33.0 107 2.0 21,0 1510 _— 4713 163 0.7 10 10.3
April 280 6052 — 17.8 25 5.0 0.3 49.5 —_ 0.2 i7.3 13,5 - 188
May 596.3 5360 1.3 -7.0 43 20 258 15.5 — 38 43 1235 0.5 L5
June 1.0 3008 — 70.5 - 0.5 0.3 18.0 —_ 38 0.5 54.5 - 0.5

+ July 12.3 54.8 16,8 13 0.3 10 23.0 23 —_— — — 3.0 _— —
| August 18.8 213 58 4.0 0.5 25 24.5 355 —_— —_ 0.3 6.3 - 0.3
%0 45 20 2.5 - - 41,0 290 —_ —_ 6.0 — — —_

SBHSI QI00¥Ad WOS JO STUNFANS ANV EVAYYT 40 SONVANNEY TYNOSVES
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EB. Abundance in relation to salinity and
temperatire

The total number of perch larvae collected

during different months in 1972 along with the

corresponding salinity and surface water tempe-

rature values at lake-mouth are shown in Fig. 2.
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Fig. 2. Number of perch larvae collected during
1972 with correspondent salinity and surface
Wwater temperature values,

Larval abundance showed a major peak in
May and a minor one in September. The
salinity values showed a gradual increase from
January to Avugust and a slight fall during
Sepiember and the water temperature values
showed two peaks, one during April and the
other in August. The peak occurrence of larvae
coincided with high temperatures (29.3 and
28.7°C in Aprit and May) and moderately high
saline conditions (36.4 and 36.6% in April
and May). During the period of high salinity
(bzyond 37.5 %) an inverse relationship bstween
Jarval abundance and salinity could be seen.

F. Larval abundance in relation to commercial
fishery

The total number of perch larvae collected

during the years 1972-'74 and the commercial

&. RAMAMOHANA RAO AND OTHERS

landings of perches for the years 1974-'76 are
shown in Table 4. The larval abundance was
at its maximum during '72 followed by 73
and "M, Considering ihe fact that the young
ones may require about 2 years to enter the
exploitable segment of fish populations, the
larval index of a4 particular year was compared
with the commereial landings of the third year.
Thus the landings of 1974 were more than the
later two years perhaps indicating that it may
be possible to predict the catches based on
larval collections, In the present study this
correlation could be seen to a limited extent,
but not strictly in a proportionate way.

Discussion

It has already been pointed out by the authors
in an earlier communication (Ramamohana
Rao et al., MS) that due to the closure of
Lake mouth for varying periods from 1972
to '74 the larval ingress was considerably
affected. Recruitment during 1972 was com.
paratively better than the other two years.

Of the important groups that contribute
to the lake’s fishery, perches generally rank
thitd or fourth accounting for nearly 7 to
10% of ihe total catches. When the total
number of larvae collected was considered,
perch larvae formed 33.9%, 51.49% and 63.0%
in 1972, *73 and *74 respectively,

From Fig. 2 it iz evident that excepting
Lutianus sp. and Siganus sp., all the perches
were continuously available in the collections
with minor variations in the peaks. In general
the collections of perches were better during
March-June period.

From the study on lunar periodicity, it was
observed that new moon collections showed
numerical superiority over that of full moon
collections. ‘The authors in their earlier com-
munication (Ramamohana Rao et al, MS)
have found that in case of clupeid larvae also
the collections of new moon were better than
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TABLE 2, Average munbers of perch larvae coliected during low tide and high tide from Jamsary to Seprember 1972

Montx Aﬁmeflb%m Lj';mg T. Lf%. ar1”“"1'1"31'. L(?Te.”“ Hr. L%Mﬁ'f"r. Mo M}';s.%. Lr?'li‘am Br.
January 260 1000 -_ 0.8 1.0 30 20 300 — 0.3 0.5 4.8 -_ —
February 0.3 20 — 143 - 46 03 200 03  18.0 — 1106 - —
March 47 287 1.0 383 60 137 197 1523 07 466 3.3 137 30 143
April 5648  68.5 03 115 0.3 1.3 08 495 — 02 1.3 293 — 183
May 28 11295 2.5 58 0.5 5.8 03 420 - 3.8 13 1265 1.0 1.0
June 03 2016 — 705 - 0.5 — 183 — 38 03 5438 — 0.5
July 08 663 — 185 0.3 1.0 — 303 — — —_ 3.0 -— —
Augast 03 398 — 98 - 3.0 — 600 - - 03 6.3 0.3 -
September — 95 —~ 305 — — — 700 - - — 6.0 — —

TanLe 3. Average numbers of perch larvae collected during day (D) and night (N) from Jamuary 10 September 1972

Moath A, gygmocepb%!us %jarwa S]; siharmN Gg‘res sppﬁ Sgwm 911:»}.‘I Idof;mm s}?t Ll]gl‘m SFI’(I
Janaary 90.0 360 — o8 1.0 3.0 80 240 - 03 35 1.8 - -
February 1.0 16 5.0 97 06 40 30 173 17 156 256 850 —_ -
March 1.4 220 27 367 110 37 600 1120 03 470 63 107 05 163
April 388 5943 180 175 5.3 23 458 45 — 02 135 173 05 183
May 1086.5 457 2.3 6.0 438 15 158 265 1.0 28 105 1173 08 1.3
June 1900 118 663 43 0.3 03 120 63 20 18 280 270 0.5 -
July 64.8 23 165 2.0 0.5 08 303 - - — 08 22 - -
August 28 113 43 55 1.5 15 265 335 - - 05 6.0 - 03
Septembe 7.6 8.0 50 255 - — 495 205 - — 60 - — —

STHSIA QIOOYAd HWOS 40 SHIINHANT ANV BYANVT 40 BONVANNEY TYNOSYES
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full moon, Chacko and Mahadevan (1956)
and Prabhakara Rao (1971) also have observed
a similar trend in case of chanos post-larvae,
When the tide and time are considered, it was
found that the collections made during day
time at high tide are generally better though
in a few instances the night collections were
slightly more (Table 3). This is in conformity
with the observations made on clupeid larvae
by Ramamohana Rao et gl (MS). When
the tables on lunar variations and diurnal
variations (Tables 1, 3) are examined together
the behaviour of Siganus sp., Leiognathus sp.
and Lutianus sp. stands out in conirast with the
general trend of other genera, They were
distinctly abundant during the dark periods
viz, new moon and nights, indicating that they
are shunning light. Balan (1963) has observed
very good catchés of L, bindus during fogey
nights and also during dark phase of the moon
when shoals reveal their presence by lumini-
scence in the surface and sub-surface waters,
In the case of L. jomesi and L, brevicornis,
Venkataraman and Badrudeen (1974) have
noted that the proportion of the smaller ones
was greater in night catches than in the day
catches and vice versa in the case of larger
ones, They have also inferred from the data
that the silverbellies stay at the bottom during
day time and a good propottion of them
migrates to the surface and sub-surface waters
at night. 'This again points to the probability
of their avoiding light. It is also worth men-
tioning in this context that specimens of
Siganus oramin when kept in aquaria try to hide
near the corners avoiding light, Similarly
it has been commonly observed that among
the oyster trays set one above the other in
boxes fixed in the lake, more numbers of
perches such as Lutignus sp., Siganus sp.,
Epinephelus sp., Scatophagus argus etc. are
found in the lower most trays which are
obviously cut off from light, However, this
has to be confirmed with further detailed studies
on the behaviour of juveniles and adults of
these genera.

G, RAMAMOHANA RAO AND OTHERS

The average number of larvae collected
during different months along with the salinity
and temperature values when plotted (Fig, 2)
showed that the peak occurrence of larvae
coincided with high temperatures (29.3 and
28,7°C) and moderately high salinity,,values
(36.4 and 36.6 %) in April and May. When
the salinity crossed 37.5%,, the larval ingress
appeared to be poor, perhaps indicatling an
inverse relationship beyond this point.
Prabhakara Rao (1971) also has observed
inverse relationship between salinity and
occurrence of chanos fry beyond a certain
limit. While correlating the abundance of
clupeid larvae with salinity Ramamohana Rao
et al, (MS) have mentioned that ‘when the
salinity rises nearer to the upper limits of
tolerance the larval abundance is not much in
evidence’, These were in general agreement
with the present observations. The obser-
vations that Jarval ingress was associated with
high temperature alsa is in corroboration with
the studies made by Prabhakara Rao (1971)
on Chanos larvae and Ramamohana Rao ef al.
(MS) on clupeid larvae,

The possibility of predicting future catches
based on larval index was mentioned by
Subrahmanyam and Rao (1968), Prabhakara
Rao (1971} and Ramamohana Rao er al, (MS).
Wi.ile Subrahmanyam and Rao (1968) and Rao
(1970) have used the larval data of a given
year to predict the catches of the subsequent
year, the authors in their earlier communication
on clupeid larvae (Ramamohana Rao ef a4l
MS) have mentioned that the larval index of a
particular year reflects the trend of commercial
catches only in the third year giving allowance
of nearly 2 years for the young ones to enter
the commercial fishery. This trend, as far as
clupeid larvae were concerned was clearly seen,
but in case of perches it was not so well pro-
nounced. From Table 4 it can be seen that
the total number of larvae were more in *72
than the other two years, Similarly the perch
landings of *74 were more than the subsequent
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TARLE 4, Total Number of perch larvae
collected diw ing 1972-74 and commercial
landings of perches during 1974-76

Year No, of Year Landings
larvae (tonnes)
1972 1767 1974 83.285
1973 594 1975 67.337
1974 871 1976 44.092

years, 'The low catches in *76 in spite of at
slight increase in the larval index in *74 might
be explained as due to the influence of several
~ other factors than recruitment in the earlier
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years. For instance, the severe drought condi-
tions prevailed in the region during 1975 have
caused mass mortality of a large variety of
fishes in the lake, thereby bringing down the
landing figures of 1976 (Raman er al., 1981).

From the experience of workers from variouns
countries it is now well known that many of
the perches are amenable to culture, It has
also been found possible to transport the young
ones without much mortality for stocking
purposes. Hence the observations set forth in
the present communication will be of immense
use when culture practices are taken up ont 2
large scale,
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OBSERVATIONS ON THE LARVAE AND JUVENILES OF SILLAGO SIHAMA
FROM THE PULICAT LAKE

M. KALIYAMURTHY

Central Inland Fisheries Research Institute,
110, Perambur High Road, Madras-600012

ABSTRACT

A description of the larval and juvenile stages (8.2 to 69 mm) of Sillage sikama is given.

The

seed availability in the Pulicat Lake, their collection, acclimation and transportation are presenied.
Fry of 5, sthama preferred live diets like microcrustacea, tubificid worms and larvae of mosquito and
chironomids in the laboratory. Better growth and cohversion were obtained when fed with tubificid

worms in freshwater at lowet stocking densities.

INTRODUCTION

SILAGG SIHAMA is a commercially important
food fish of the Pulicat Lake. It contributes
to the extent of 349 to the perch production
of the lake. Because of its good taste and res-
torative properties it commands higher price.
Int recent times this species has been considered
for culture in freshwater and saltwater areas
(Ramamurthy and Dhulkhed, 1975; James
et al., 1976; Kartha, 1978 ; Kalivamurthy,
1979).

Knowledge of the diagnostic features of the
seed of any cultivable species is essential for
greater success in aquaculture, Information
available on the eggs and larvae of Sillago
is mainly due to the works of Gopinath (1946},
Chacko (1950) and Uchida er al. (1958),
In this paper some developmental stages of
S. sihama is presented based on the material
collected from the Pulicat Lake.

'The author is gratefnl to Dr. A. V. Natarajan,
Director, for his keen interest in this work and
constant encouragement. He is thankful to
Shri B, B. Pakrasi and Shri K. Raman for
kindly going through the manuscript and sug-
gesting improvements,

MATERIAL AND MEBTHODS

Larvze and juveniles were collected with a
velon screen drag net and 0.5 m diameter
organdi cloth tow net. This study is based
on the specimens preservedin 5% formalin,
Alizarine preparations were made to study the
ossification of bones and for vertebral count,
Vatious morphometric dimensions were
measured using a calibrated ocular micrometer,
Regressions of body proportions were computed
for all variables and graphically represented.

OBSERVATIONS AND Discussion

Description

A selected series of developmental stages
are described and only salient diagnostic fea-
tures are illustrated with the aid of a camera
lucida. '

8.2 mm stage (Fig. 1a) ; This i3 the smallest
size in the present collections. Body is elon-
gated and laterally compressed. Depth of
head is greater (1.3 mm) than that of the body
(1.1mm). Lower jaw is slightly longer and
mouth is upturned. Minute teeth are present on
both jaws, Head is 4.3 in tolgllength and other
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Fig. 1a,b, Larvae of Sillago sthama, a- 8.2 mm ; b= 9.5 mm tota) lengths; c¢-g. Young stages of . sthama
¢c-133mm;d-157mm: ¢ 18.0mm; f-204 mm and g- 24.4 mmand h-j. Head region of javeniles
of §. sthama. h- 35 mm ;i- 45.7 mm and §- 69 mm,

" body proportions are given in ‘Table 1.
" Pectorals are rounded. Spines on the dorsal
fin are weak and about nine are discernible.
Tn the second dorsal, one weak spine and thir-
teen rays are countable. Ventral fins are not

visible. Anal fin is with thirteen rays and one

spine. Caudal has about seventeen rays which
are not clearly segmented or branched. About
20-22 postanal and 13-14 preanal myotomes
are visible and are arranged in a zigzag pat-
tern. A pigment spot is present at the base of
each anal ray and this dotted line extends
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beyond the rays to the end of caudal peduncle,
A few chromatophores were seen at the base
of caudal fin rays and on the sides of the caudal
peduncle. A streak of chromatophores is
seen at the midventral side of the body from
pharynx to near anus,

9.5 mm stage (Fig. 1b): First dorsal is
with eleven spines, the last few are very small,
Second dorsal has 18 rays and anal 20, As
in the previous stage the pectorals are
rounded. Ventrals make their appearance as
small pointed buds. Minute teeth are noticed
on both jaws, Caudal has 17 faintly segmented
rays of which the middle ones are branched.
The streak of chromatophores seenon the mid
ventral side of the body becomes more or
less a continuous line.

13.3 mm srage (Fig. 1c) & Ventral fins are
developing. Pectorals are rounded and about
18 rays could be counted. First dorsal spine
is shorter than the second. At the base of
each anal ray one pigmented dot is seen and
also a few at the ventral side of the caudal
peduncle, Caudal fin has 17 rays. 'The
characteristic opercular spine makes its
appearance as a small notch at the posterior
margin of the opercle, A pigmented line js
seen at the ventral side of the body from near
pharynx to anus. Headis 4.3 in total length
(Table 1).

M. KALIYAMURTHY

15.7 mm stage (Frg. 1d) © Ventral fin is well
formed and the first ray is elongated reaching
near anus, The opercular spine is clearly
visible, Pectorals become pointed and longer.
Lower jaw ig slightly longer, Scales are visible
on the body. Each scaleis 0.3 mm in diameter
with 4-5 circuli and three ctenii (Fig. 1 d).
Height of the body becomes greater than head
(Table 1),

18.0 mm stage (Fig. 1) ;' All the spines of
the first dorsal fin are lengthened. Pectorals
are pointed. Caundal fin is well formed and
lunate in shape with 17 segmented rays of
which the middle 14 are branched. Some
chromatophores appear on the snout and
head. A few pigmented dots are seen at the
base of the dorsal spines and rays. Seven gill-
rakers are present on the lower arm, one in the
angle and three on the upper arm, The gili-
rakers are long and smooth,

204 mm stage (Fig. 1f) 7 General body
shape is more lke that of an adult. Snout
is slightly pointed. More chromatophores
appear on the head and snout. A few pig-
mented spots appear at the base of spines and
rays of the dorsal and anal fins, Dorsal fins
are pigmented, Gill rakers (7414-3) are
unarmed.

TABLE 1, Body proporiions of Sillago sihama ar different sizes (mumber of times in total lengih)

Character

pText Fig. Numbers

1a 1b ic 1d Ie 1f 18 th li 1j
Totallength (mm) .. 82 95 133 157 180 204 244 350 457 690
Body length L12 113 133 118 116 115 1,15 I8 118 106
Head length 43 45 44 43 44 4S5 42 44 39 40
Head height 63 68 .71 70 12 66 19 85 86
Body height 74 73 62 15 65 61 65 82 19 69
Snout length 134 160 162 171 157 . 157 126 1863 98
Eye diameter 136 150 149 148 141 143 137 164 146 133
Caudal peduncle 136 160 139 148 148 143 144 169 184 173
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24.4 mm stage (Fig. 1g) : Bodyis slightly
rounded and all the fins are with full compli-
ments of spines and rays, Fin membranes of
dorsals and anal are dotted with pigmented
spots. Tip of the caudal fin is darker, More
chromatophores appear on the head and
snout. Gill rakers are well developed and
spines appear on them.

35 mm stege (Fig. 1h) : More pigmenta-
tion is observed on the upper half of the body,
The outer edges of the scajes are darker,
Lateral line is clearly visible. Below the
lateral line about seven groups of pigmented
blotches are seen in a row. Snout becomes
more  pointed and longer. Eye becomes
slightly oblong and body more deep near the
origin of the first dorsal (Table 1).

45,7 mm stage (Fig. 1i) - Above the lateral
line body becomes more dark and lower side
pale creamy in colour. A silvery bandappears
along the sides of the body. Smnout bacomes
further pointed and longer. Mouth projects
downward. Eye is oblong. At this stage it
resembles an adult in general appearance.
Length of head is 3.9 in total length (Table 1).
Caudal peduncle becomes more slender.

69 mm stage (Fig. 1j} :* Head length is 4.0,
its height 8.6 and body height 6.9 in fotal
length (Table 1). Head and body assume
adult form. Body becomes more deeper
and rounded near the origin of first dorsal,
All the fins get the adult colouration. Upper
jaw is slightly longer than the lower.

Changes in the body form: Four selected
parameters namely eye diameter (A), body
height (B), snout length (C) and head
length (D) were faken into account to study the
changes in the morphometric features. All
these characters showed linear relationship
with total length of the fish, For each mm
increase in total length eye diameter showed
an increase 0f 0.096 mm, body height 0.124 mm,
snout length 0.11 mm and head length 0.263 mm
(Fig. 2). The corresponding equations for
these relationships are given below,
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Aooon.. ¥ = — 0463 4 0.096 x
B........ y = — 0.682 -+ 0.124x
Conn... Y = — 0.764 +0.110x
D........ y = — 0.604 4 0.263 x

Within the size range studied, the head length
was greater in higher length groups than in
lower groups (Table 1). Eye becomes slightly
obleng as the fry grew in size. In bigger fishes
Day (1878) had reported that eye diameter
becomes smalfer as the length of the fish
increases.

Feeding habits

" Young ones in the size range of 13-37 mm
were found to have fed exclusively on plank-
tonic organisms like copepods and occasionally
on tintinnids. Earlier observations on the
food of fry of this fish (below 40 mm) in the
Pulicat Lake (Krishnamurthy, 1969) also showed
that they preferred mainly copepods and
occasionally mysids, prawn larvae and other
crustaceans, At this stage the mouth is up-
turned and the lower jaw is longer (Fig. 3 a-¢).
From 45 mm stage onwards (Fig. 3 d-f) the
snout becomes pointed and long as mentioned
earlier. The upper jaw becomes longer and
the mouth opens downward, At this size
range they switch over to benthic feeding
habit. Fingerlings (41-100 mm) have been
reported to feed chiefly on polychaetes, though
copepods, mysids and other planktonic orga-
nisms were also consumed in negligible quanti-
ties (Krishnamurthy, 1969). In the laboratory
the fingerlings showed preference to tubificid
worms over other live diets like microcrusta-
cea, larvae of mosquito and chironomids and
earth worms.

Seed resotirces

Fry and fingerlings of this species are avail-
able in good quantities in the Pulicat Lake
almost throughont the year with a peak in
January to April period (Rao et al., MS).
This may be due to its prolonged breeding
habit (Krishnamurthy and Kaliyamurthy,
MS). Inthe Chilka Lake also it has an extended
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Pig. 2a. Regressions of eye diameter and body height on total length of S. sthama and b, snout length

and head length of total length.

breeding season and the sced is avaifable from
October to June (Jones and Sujansinghani,
1954 ; Kowtal, 1976). Round the year avail-
ability with a peak in June has been reported
from the South Kanara Coast (Ramamurthy
and Dhulkhed, 1975). In the Gangolly Estuary
seed is available during January-February
period (James ez al., 1976).

Collection

Post-larvae and fry can be collected by
fixing a Midnapore type of spawn collection

net (Jhingran, 1975) against the tidal current
near the mouth of the Pulicat Lake. For
advanced fry and fingerlings, velon screen drag
net and small meshed konda valai are used in
sandy marginal areas and ditches exposed
during low tides, James et al. (1576) have re-
ported that scaring the fish with a scare line
and production of sound in the bag of the net
are effective methods of seed collection.

Transportation
Fry and fingerlings are transported in open
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Fig. 3 a-f Mouth structure of larvae and juveniles of S, sthama: a. 133 mm; H. 31 mm; ¢ 37 mm;
d 45mm; ¢ 57mm and f. 69 mum in total lengths.



764

plastic buckets, earthen pots and plastic hags
in fish carriers without oxygen packing for
shorier distances by road lasting upto 3 hours.
Ramamurthy and Dhulkhed (1975) have
transported 400 fry in two fish cans of 35 ltr,
capacity over a distance of 100 km in 33 hours
without much mortality. Transportation of
30 fry in 6 lir. of water in oxygen filled plastic
bags was found successful (James er al,
1976).

Acclimation

Sudden transfer of young ones from
brackishwater to freshwater or 509 brackish-
water led to heavy mortality (James er al,
1976). Gradual lowering of salinity spread
over a period of one week appears to be the
best method of acclimation (James et al,
1976 ; Kaliyamurihy, 1979), By this way fry
and fingerlings have been acclimated to fresh-

M. KALIYAMURTHY

water and rearcd for several months in plastic
pools,

Culture

Under yard conditions better growth
(9.5 mm/month) and 100%, survival were
obtained when fry were cultured in freshwater
than in 20 and 30%, saltwater. Similarly
better growth was oblained at very low stocking
densities than in crowded conditions. Fry
and juveniles showed preference to tubificid
worms which gave best growth, conversion
(8.4-10) and survival, Juveniles of this species
were found to be cultivable either singly or in
combination with other species in cages fixed
in the Pulicat Lake. In a small brackishwater
pond (0.05 ha) at the stocking density of
2,000/ha, the growth of the fingerlings was
9.0 mm/month. In Mangalore area Sillage
was reported to grow to 200 mm in seven
months (Kartha, 1978).
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STUDIES ON DIURNAL VARIATIONS IN THE QCCURRENCE OF GREY
MULLET SEED AT MANDAFPAM

P. 8. B. R. James, V. 5. RENGASWAMY, A. RAYU AND G, MOHBANRAS
Central Marine Fisheries Research Institute, Cochin-682018

ABSTRACT

In order to study the diucnal variations in the ocourrence of mullet seed, collections were made
with a drag net onee in a fortnight 3 to 6 days after the full moon and new moon days from August
1978 to July 1979 and also 2-3 days before full and new moon days fromt August 1979 to October
1979 in addition to the rogular collections made on other days, at Theedai near Mandapam along the
Palk Bay.

The data indicate that the seed of the grey mullet Liza valglensis (10-90 mm) dominate the collec-
tions with Liza macrolepls (15-107 mm) and Valamugil sehelf (15-95 mm) ocourring in fewer numbers,
occasionally. Other species of fishes which occurred along with mullets include Therapon sp., 20-30
mm total length ; Hemirhamphus sp., 17-123 mm ; Chanos chanos, 40 to 125 mm ; Aflanetta sp., 12-85
mm; Sillago sihama, 12-80 mm ; Tachysurns thalassinus, 27-81 mm ; Nematalosa nasus, 20-%0 mm ;
Lelognathus brevivosirls, 30-40 mm ; gobids, 30-40 mm ; belonids, 80-102 mm ; Gerres sp., 14-84 mm ;
Megalops sp., 19-55 mm and Plotosus sp., 21-65 mm, Prawns were represented by Pemgeus indicus
(25 to 30 mm total length) and Metapenaens burkenrodi (30 to 50 mmy,

Quantitative studies revealed that greater quantities of seed were available in Augnst and November
1978 and January, Fobruary, May, June aud July 1979 than in other months, Better collections could
o made during early morning and tate night hours than at other times, Abundance of seed was ob-
served usually an hour bafore the high tide reached its peak. It was found that tidal streams, pools

and adjacent lagoon areas are suitable spots for collection of seed at the receding high tide,

INTRODUCTION

AQUACULTURE received considerable afttention
throughout the World in recent years because
fish production cannot be increased by depend.
ing on capture fisheries only. Finfish, crusta-
ceans and molluscs are now cultured in several
countries, some of them very extensively and
others on moderate or small scale. Of about
20 species of finfishes cultured at present, the
fishes of the family Mugilidae are cultured
mostly on small scale and in a few cases on
large scale in several countries, especially
in south-cast Asia. Although efforts are heing
made on the artificial propagation of mullets
in a number of countries, the fry or fingerlings
used in culture are still collected from natural
waters, In India, attempts have hitherto

been made to culture Mugil cephalus, L. tade
and L. dussumieri and more recently, expeti-
ments were initiated by the Central Marine
Fisheries Research Institute at Mandapam
Camp and Cochin, both on artificial propa-
gation and culture of various species of mullets,
especially M. cephalus, Liza vaigiensis, L. parsia
and Valamugil seheli. Since large scale culture
of mullets still depends on naturally available
stocks of seed, it was found necessary to assess
the mullet seed resources in the area. From
earlier observations, it is known that young
ones of mullets and of other commercially
important species and prawns are abundant in
the Pillaimadam lagoon and adjacent coastal
areas (Tampi, 1959; Lutber, 1967). How-
ever, details of occurrence of various species,
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their seasonal abundance and diurnal varia-
tions are not known. Therefore, a detailed
study of the diurnal varjations in the occur-
rence of mullet seed had been undertaken and
the results are presented in this paper.

MATERIAL AND METHODS

For this study, collections of mullet seed were
made in the sea, tidal stream and lagoon area
at Theedai along the Palk Bay side, 3-6 days
after the new and full moon periods from
August 1978 to July 1979 and 2-3 days before
the new and full moon periods from August to
October 1979 in addition to the regular col-
lections made once in a fortnight from August
1978 to April 1979. For the purpese of cel-
lections, each diurnal period of 24 hours was
divided into four equal periods of 6 hours
duration, Collections were made one hour
before and after the high and low tides reached
their maxima. The gear employed was a
drag net made of nylon mosquito netting of
the size 8 m in length and 2.5 m in breadth, with
a cod-end like portion measuring 3 m in length.
Bach haul covered a distance of 10m. Samples
were analysed quantitatively and qualitatively,
Data on salinity, oxygen and temperature
were also collected,

OBSERVATIONS

During the month of August 1978 seed of
the mullet Lize vaigiensis ranging from
30-35 mm were obtained, along with few
numbers of those of L. macrolepis, of the size
range 50-165 mm, Good numbers of
L. vaigiensis were obtained during the new
moon period late in the night and early in the
morning. In September, the collection was
very poor in the new moon period but in the
full moon period, good numbars of L, macro-
lepis of the size range 50-98 mm were obtained
in the early morning (high tide). During
Qctober, more seed of L. vaigiensis of the size
17-80 mm were obtained during full moon
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period. In November, a good concentration
of mullet seed of the species L. vaigiensis was
noticed both in the new moon and full moon
period, having a size range of 10-65 mm,
They were abundant in the ¢arly morning and
night during the new moon period and in the
evening during the full moon period, In
December, occurrence of seed was very poor
and also the collection was very difficult both
in the tidal stream as well as along the shore
due to the rough condition of the sea.

During January 1979 large number of seed
of L. vaigiensis (18-80) and L. macrolepis
(17-55 mm) occurred. The abundance of the
seed was more during early morning and night
hours in the full moon period. During the
month of February also, good nuinber of seed
of L. vaigiensis and L. macrolepis were col-
lected from the tidal stream in the early morning
and evening in the new moon period and
L. vaigiensis alone in the night on full moon
period, During the month, the sizes varied
from 14-82 mm and 15-55 mm for Z.. vaigiensis
and L. macrolepis respectively. In March,
the seed of L. vaigiensis were obtained in good
numbers in the evening in the new moon period
and early morning in the full moon period.
The size range of seed obtained during the
month was [5-72 mm, On the other hand, in
April better collections were obtained in the
early morning in both new moon and full
moon periods though small numbers were
obtained in the noon and evening. During
May, good numbers of seed of L. vaigiensis
of the size range 12-90 mm were collected in the
early morning of new moon and full moon
periods. Particularly in the full moon period,
the other three collections were also betier,
During the month, a small number of seed of
V. seheli of the size range 3341 mm were also
obtained in the new moon period. The seed
of L. vaigiensis, L. macrolepis and V. seheli
were obtained in large numbers in  June,
Their occurrence was more in the receding
high tide in the early morning in both the
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pariods. The size ranges obtained for the
species during the month were 1590 mm,
31-105 mm and 32-91 mm for L. vaiglensis,
L. macrolepis and V. seheli respectively. The
seed of L. vaigiensis were distributed equally
in both new and fult moon periods. On the
other hand, seed of L. macrolepis and V. seheli
were obtained in large numbers only during
the full moon period. In July, good collections
of sead of L. vaigiensis were obtained especially
during the early morning (high tide) and night
in the full moon period. Seed of L. macrolepis
and V, seheli were also obtained in few numbers
during the month. The size ranges of seed
obtained were 15-82 mm, 35-107 mm and
3495 mm for L. vaigiensis, L. macrolepis
and V. seheli respectively.

From Angust 1979 onwards, the collections
were made 2-3 days before the new and full
moon periods and also an hour before the
peak high and low tides, in order to sce whether
there is any variation in their cccurrence. In
August, L. vaigiensis ranged in size between
32-82 mm; L. macrolepis, 50-105 mm and
V. seheli, 59-92 mm, In September, the size
ranges were 12-75 mm, 103-105 mm and
42-48 mm for L. vaigiensis, L. macrolepis and
V. seheli respectively ; in October, the sizes
of the three species were 15-81 mm, 73-107 mm
and 4595 mm in the same order. During
September more seed were obtained in the new
moon period whereas in October 1979, more
seed were obtained in the full moon period.
In general, the collections were not encouraging
from August to October 1979, From these
observations it could be inferred that the
occurrence of seed was more during 3-6 days
after the new moon and fuil moon than 2-3
days before the new and full moon periods.
Tt was also inferred that one hour period before
the highest high tide and fowest low tide is not
suitable for seed collection.

Along with mullets, other species of fishes
such as Therapon sp., 20-30 mm; Hemirhamphus
sp., 17-123 mm ; Chanos chanos, 40-125 mm ;
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Allenetta sp., 12-85 mm; Sillago sihama,
12-80 mm ; Tachysurus thalassinus, 27-81 mm ;
Nematalosa nasus, 20-90 mm ; Leiognathus
brevirosiris, 30-40 mm ; gobids 30-40 mm ;
belonids, 80-102 mm ; Gerres sp., 14-8¢ mm ;
Megalops cyprinoides, 19-55 mm ; Plotosus sp.,
21-65 mm and prawns represented by Pengens
indicus, 25-30 mm and Metapenaeus burkenrodi,
30-50 mm were also found to occur. Young
ones of Sillago sihama ocourred during October
1978, June, August, September and October
1979 with peak abundance during August,
September and October 1979 in the fuil moon
period with peak occurrence in April, the night
collection during the month being composed
exclusively of C. chanos in the tidal stream and
lagoon. Allanesta sp., occurred throughout
the period with peak abundance in August and
September 1979 both in the full and new moon
periods.  However, its occurrence was
restricted to coastal waters only, few of them
entering the tidal stream, M. cyprinoides was
recorded during the months of June, September
and October 1979 with peak abundance in
October 1979 with equal distribution in both
the new and full moon periods. Young ones
of N. nasus occurred in August 1978, June, July,
August, September and October 1979 with
peak abundance in October 1979, both during
new and full moon periods. T. thalassinus
was obtained in fewer numbers in the tidal
stream during April, June, July, August and
September 1979, But in the full moon period
in October 1979 good numbers were obtained
in the noon (high tide). 'Their occurrence was
restricted in the muddy areas only. During
day time, schools of cat fish seed were observed
in surface water. Gerres sp, occurredin all
the months with peak abundance during June
and August 1979, Among prawns, M.
burkenrodi seed were obtained in most of the
months with peak abundance during August
1978, June and Qctober 1979 during the new
moon period. Good numbers could be col-
lected in the early morning hours and at night,
They were more abundant in the tidal stream
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and Jagoon than in coastal waters. Their
numbers gradually decreased during day lime.
The month-wise, species-wise data for the new
and full moon periods and also for the periods
between new and full moon periods are given
in Tables 1 to 6.

DiscussioN

In West Bengal, drag nets or dip nets are
used for capturing mullet seed. In Taiwan,
two types of gear are used to catch the mullet
fingerlings, a small floating drag net in deeper
water, and a smail beach seine in shallow
water (Chen, 1976), In the present studies, a
stanndard drag net made of nylon mosquito
netting was used throughout the period.
Sarojini (1958) and Luther (1967) stated that
collections of mullet fry were richest during the
period 4-6 days after the full and new moon
period. Results of the present jnvestigation
are also in agreement with their view and in
addition, it was also noticed that an hour
before the high tide reaches its peak, good
number of fry entered the tidal stream and also
congregated near the shore line. Even then,
collections were possible at the receding high
tide only. Jhingran (1975) stated that mullet
seed can best be collected from shallow pits,
dug up in the intertidal zone. 'The receding
tide invariably leaves behind a large crop of
mullet fry in the pits. In almost all seed col-
lection studies high tide collections were better
than those made during low tides {Bhanot,
1971).

Observations during August, September and
October 1979 revealed that abundance of mullet
seed was more during 3-6 days after the full
and new moon period than 2-3 days before and
also that one hour before the peak high and
low tide is not suitable for seed collection.
It was observed during the present studies,
the mullet seed which entered the area at high
tide remain in the tidal siream and lagoon at
low tide, making the collections easier at low
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tide, This observation is in agreement with
the earlier findings of Pillay (1949) who stated
that the high water brings in numerous fry
ranging from three quarters of an inch to 2
inches size and when the tide recedes, a good
number of them remain in the burrow pits and
pools.

It was also noticed in the present investi-
gation that abundance of mullet seed depends
on the peak breeding season of the particular
species. 'The seed of V. seheli appeared in
large numbers during June, July and August
1979. Agdults of the species in advanced stages
of maturity appeared in the commercial catch
from April onwards in this area. In the case
of L. vaigiensis, the seed ocourred in good
numbers over a prolonged period from May
to September 1979, This may be a result of
the prolonged spawning of the species with
peak spawning immediately prior to May.
The observations also indicate that the growth
rate of this species appears to be slower when
compared to other species of grey mullets.
Similarly, the seed of L. macrolepis occurred in
good numbers throughout the year except in
few months, showing that the spawning season
of this species is also prolonged.

Luther (1968) found that the seed of
L. vaigiensis occur in the coastal and adjacent
areas of the Palk Bay and Gulf of Mannar
during November-February, But the present
studies revealed that the seed of the above
species were obtained throughout the years;
with peak abundance during August and
November 1978 and June and July 1979.
Tampi (1959) stated that although the occur-
rence of mullet is a regular feature throughout
the year, there is a noticeable abundance
from December to March and again in June
and July. The present observations revealed
that one or the other species appeared in the
collections throughout the year, From the
observations made on the commercial catches
in the area, it was found that the adults of



TaBLE 1. Month-wise occurrence (uanberihaul) of seed of L. vaigiensis during new and full moon periods

3-6 days after the full moon and new moon periods

2-3 days before the full and
Iiew moon periods

Month and year Aug. Sep. Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sep. Oct. Total
1978 1978 1978 1978 1578 1979 1979 1979 1979 1979 1979 1979 1979 1979 197
New Moon
Size range (mm) 3085 21-62 5058 1465 3365 23.80 1482 15.72 2872 2090 2190 1582 3568 1275 2381 1290
High tide (EM) 43 13— 150 5 15 62 3 4 M 150 42 1 67 36 1001
Low tide (N) . 26 4 - 4 - 4 2 15 16 6 19 20 1 - 19 15
High tide (E) i — = = = = 15 6 & 3 3 M 23 5 4 — 21
Low tide (N1} 197 3 3 126 — 23 = 36 1 - 19 2 3 - — 314
Full Moon
Size range (mm) 31-81 28-82 17-80 1035 3651 1857 25-57 21-68 26-75 1275 1577 2675 3282 1674 1573 1082
Hightide M) .. 78 — . 16l 6 1 57 18 52 70 131 i34 135 16 — 5 864
Low tide (N) .. 58 2 3 7 — 14 — 13 35 33 34 4 14 1 36 295
High tide (E) L1 - - w 3 30 2 = = 58 6l 9 5 12 50 34
Low tide (N0 .2 5 24 = = 4 56 - 10 31 — 200 5  — 56 454
Total 739 27 191 392 9 203 225 188 176 335 441 494 47 87 202 3756
EM : Barly moming: N:Noon; E:PEvening; Nt : Night

JATINW ATID JO HONHYUNIOO HHL NI SNOLLYIUVA TYNYUNIJ
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TABLE 2. Month-wise occurrence (mumberihaul) of seed of L.macrolepis during new and full moon periods

36 days after the full and new moon periods 23 days before the full and
new moon pericds

Month and year Aug. Sept. Oct. Nov., Dec. Jan. Feb. March April May June July Aug. Sep. Oct. Total
1978 1973 1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 1979 1979 1979

New Moon
Size range (mm) .. 50-105 60-102 92 S - —~ 1555 34-103 75-84 105 81-105 35-76 50-105 103-105 73-105
High tide (EM) - 74 18 — —_— — — 58 3 1 1 4 — 2 1 2 142
Low tide (N) I ¥ 1 - - = = 7 - - 1 y — 1 2 31
High tide (E) e — 8 —_ — — — 46 9 —_ — — 2 —_ — — 65
Low tide (Nt) . — —_ — — —_ —_ —_ g — —_ 2 — — —_ —_— 10
Full moon
Size range (mm) .o 93.103 5098 — - —_ 17-55 — 51-64 7390 — 3198 65-107 1G5 —  102-107
Hightide EM) .. 4 46 — — — 63 — 3 3 — 7 7 _ - s 203
Low tide (N} .. 4 2 - = = 2% = = = = 125 Y
High tide (E) - - — — - - 25 — — — — —_ ~— 1 — - 26
Low tide (Nt) N —_— — — — 56 —_ —_ —_— —_ 26 10 —_ — - 92
Total .. B0 86 i —_ — 170 104 30 4 1 130 30 3 2 9 630

EM : Early moming; N :Noon; E:Evening; Nt : Night.

oLL
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TABLE 3. Month-wise occurrence (mumberihaul) of seed of V. scheli during rew and full moon periods

3-6 days after the full and new moon periods 2-3 days before the full and
) new rnoon periods

Month and year Aug. Sep. Oct. MNov. Dec. Jan. Feb. March April May IJu;ne July Aug.: Sep. Oct. Total
1978 1978 1978 1978 1978 1979 1979 1979 1979 1979 1979 197% 1979 19719 1979

New Moon
Size range (mm) R — — 41 —_— 15-44 — — — 3341 3259 5595 D0 4248 —
High tide (EM) e = —_ — — — - — — 4 7 24 2 9 — a
Low tide {N} e — — — 1 — 3 —_ - —_ 1 — 20 —_ —_ — 2%
High tide (E) R — —_ — - — — — — 2 - —_ — — —_ 2
Low tide {(Nt) - - — — — —_— - —_— — - - — ° — 5 — 14
Full Moon
Size range fmm) .. 4042 — — -36 3841 — —_ — — —_ 3291 3480 5592 42- 4595
High tide (EM) R -_ — —_ 1 — — — - - 22 43 22 — 10 98
Low tide (N) o= - - - - - — - — — H 3 —_ - — 13
High tide (E) e — — — 1 3 — — — —_ —_ 3 —_ — 1 —_ 8
Low tide {Nt) . 6 — — - — — —_ —_— — — — 7 10 — —_ 23
Total . 6 — —_— 2 4 6 —_ -— — 7 42 106 34 15 1 232

EM : Early morning ; N :Noor; E:Evening; Nt : Night.

IHTINA ASED 10 SINFIINIO0 THL NI SNOLLYIUVA TYNYNIA
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TABLE 4. Pooled data on the occurrence (numberlhaul) of seed of L.vaigieusis, L. macrolepis and V.seheli daring new and Jull moon periods

L

Liza vaigiensis L. macrolepis V. seheli All the species combined Gt?;?
Nature of the tide NM* FM Total NM FM Total NM FM Total New moon Full moon
High tide (EM) .. 1001 864 1865 142, 203 345 49 98 147 1192 1165 2357

(55.70) (44.15% (49.65) (57.25) (53.14) (54.76) (54.44) (69.02) (63.36) (55.78) (46.96) (51.04)

Low tide (N) . 156 205 451 31 61 92 25 13 38 212 369 581
(8.65) (15.08) {12.01) (12.50) (15.98) (14.60) (27.78) (9.15 (16.38) (9.92) (1487 (12.58)

High tide (E) - 211 3 555 63 26 91 2 8 10 278 378 656
UL (7.5 (1478) (26.21) (6.81) (1445) 2.22) (5.63) (@31 (13.01) 1524y (1421

Low tide (N1) . 431 454 885 10 % 102 14 23 37 455 569 1024
(23.94) (3200 (23.56) (4.04) (2407 (16.19) (15.56) (16.20) (1595) (129 (R93) (@17

Total . 1799 1957 3756 248 382 630 50 142 232 2137 2481 4618

* NM : New moon ; FM : Fall moona,
EM : Early morning; WN:MNoon; E:Evening; Nt: Night.

SYHHHIO ANV SHNYI ¥ 4 'S 'd



TABLE 5. . Occurrence (number{hanly of seed. of L. vaigiensis, L. macrolepis and V.seheli between full and new moon periods

Name of the species | Aug. Sep. Oct. Nov. Dec. Jan, Feb. March April  Total
: 1978 1978 1978 1978 1978 1979 197¢ 1979 1579

L. vaigiensis
Size range (mm) .. 2077 3813 38-80 12-88 18-68 17-88 17-68 13-81 25-75
High tide (EM) . 356 18 63 168 3 108 168 58 107 1630
Low tide (N) . 16 4 13 13 — 35 i 3 11 106
High tide (E) 22 -3 13 — 3 37 9 9 18 202
Low tide (Nt} . - 296 21 50 176 — 21 51 116 20 731
" Total . 690 46 139 357 6 201 239 186 156 2078
L. macrolepis
Size range (mm) . — — 63-93 — — 6190 2363 36.98 7093
High tide (EM) .. — - 6 — - 49 39 6 i 101
Low tide (N) . —_ — 3 — — 13 - 4 b) 2
High tide (E) . - — 3 — — 2 - 1 — 26
Low tide (Nt} . — — 37 — - 36 24 6 _— 103
Total . — — 49 - — 120 63 17 3 252
V. seheli .
Size range (mmy . — - — 15-32 - 16-28 — —_ - -
High tide (EM) . - —_ — 3 - 3 — — — 6
Low tide {N) .. R —_ — 1 —_ — - — — 1
High tide (E) . - - — — — - - — -— -
Low tide (N§) .. — — - 3 - 1 — — —

. Total . = - — - 12 = 4 - = - 16

LFTINW ADID 40 SONHNIN000 FHL NI SNOILVIIVA TYNINIa

EM : Early moming; N:Noon; E:Evening; Nt:Night.
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TABLE 6. Occurrence {numberfhanl) of other pisk

seed during new cnd full moon periods

Name of species Aug. Sep. Oct. Nov. Dec. Jan. Feb, March April May June July Aug. Sep. Oct.
1978 1978 1978 1978 1978 1979 1979 1579 1979 1979 1979 197¢ 1979 1979 1979
Sillago sihama 28-584+ — 15441 20-830 — — —_ —_ —_— 15-36 3877 — 12-38  12.35  14-39
(52)* 49 19 \78) )] 25) W9 (358)
Allanetsa sp. 15-81 21-60 13.48 16-72 — 12-56 26-68 16-32 ~— 3275 30-80 3085 15-70 12.60 16-24
@51 52y (62) 35) (10 3 Uy 60) (1200 (75) (558) c165) (150}
(Ferres sp. 21-35 19238 — 1628 — 15-32 2148 1945 — 2167 2673 3384 2663 1574 1475
141y  (148) ) 5) @ U3 4 ¢y @2y amm a8 (73)
Tachysurus thalassinus 3168 — 48.76 — 61-74 — — — 6368 —_ 6777 2755 65-T4 68-75 65-81
. ) (18} 4] (15) @ (5) (8) (6) (10)
Megalops cyprinoides —_ - -_— —_ — —_ —_— —_ —_ — 4855 —_ — 3035 1955
(6 a6 (43)
Hemirhamphus sp. 122 —_ — —_ —_ — —_ -— - —  89-114 5320 80-120 37-90 17-123
) &y 2D Gy 2y 228
Nematalosa nasus . - — 2099 — — —_— - -— — 6090 42-60 50-83 5365 — —
© G 33 @1 O
Chanos chanos 112 _— —_— —_ —_— — -_— _ 40-80 70-110 120-125 — _ —_ —_
) 200 an 3
Plotosus sp. — —_ — —_ — — — — — — — 35465 — — 21-31
(45) (3%
Therapon sp. L M2T — 22-36 2129 20-30 20-28 — 2529 — 2330 21-29  25.30  23.27  20-29
&) an @ ®& © 3) ©® @ & O ©)
P, indicus -— — — — e 2530 — — -— —_— —_ —_ —_— — -—
U6)
M. burkenrodi . 042 — ‘33-40 30-35 2 — 3033 — —_ 30-35 3148 30-50 3245 3450 30-50 3644
(251) 42y (35 35 {106) (615) (B50) (150 (73) U9 (1147
+ Size range (rem) ; * Total number ; -— No occurrence.

bLL
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V. seheli were caught between Piligimadam to
Thenithurai area along the Palk Bay near
Mandapam. Consequently, the diurnal studies
and regular seed collections revealed that the
seed of this species were also obtained in large
numbers in the same area,

During the present investigations, large
number of mullet seed were obtained during
the months of August and November 1978 and
January, February, May, June and July 1979,
Their distribution was more or less equal in
both new and full moon periods. It was also
found that the tidal stream and the lagoon are
suitable areas for mullet seed collection at
the time of receding high tide, Moreover,
the seed which enter these areas at high tide
remain there till the next high tide, providing
opportunity for intensive collections. Early
morning and night hours were found to be the
most suitable times for obtaining large collec-
tions, Collections were also possible at low
tide during day time, The present investi-
gation also revealed that the variations in the
occurrence of mullet seed in this region are
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not related to Ilunar periodicity but are
influenced by the tides since the regular seed
collection also showed good numbers of mullet
seed in all the months. Prabhakara Roao
(1972) stated C. chanos, Elops saurus and
mullet fry exhibit diurnal periodicity in abun-
dance. The present studies also indicate that
there are diurnal variations in the occurrence
of mullet seed as better collections were ob-
tained during the early morning and late night
hours than during day time, There were no
significant variation in their distribution bet-
ween new moon and full moon periods.
During the present studies, it was observed
that seed of Mugil cephalus werenot obtained
throughout the period.

Along with mullet seed, seed of large number
of other commercially important fishes and
prawns were also obtained in most of the
months, Of these, the occurrence of seed of
C. chanos, S. sihama, T, thalassinus and prawns
is noteworthy. The seed of these fishes and
prawns could be made use of for large scale
culture in the area,
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' OBSERVATIONS ON GROWTH, SURVIVAL AND PRODUCTION OF GREY
MULLETS MUGIL CEPHALUS (LINNAEUS), LIZA PARSIA (HAMILTON)
AND LIZA TADE (FORSSKAL) IN A COASTAL LOW SALINE
POLYCULTURE POND

S. M. Prrar, P. K. GHosH, T. RAJYALARSHMI* AND A, K,_ROY S

Kakdwip Research Centre
Central Inland Fisheries Research Institute
Kakdwip-743 347, West Bengal

ABSTRACT

Theee species of Indian grey mullets Mugil cephalus (Linnaeus), Liza parsia (Hamilton) and Liza .
* tada (Forsskal) were cultured with fresh water carps, milkfishes and prawns in & 0,25 ha coastal low
saling pond at a combined stocking density of 5,300/ha, at the Bakkhali fish farm in lower Sunderbans, = .
The percentage of mullets in the total stocking was 17.43. During a culture period- of 374 days
M, cephalus, L. parsia and L, tade registered a daily growth of 0.5 mm/1,313 g, 0.2 1_11.11_1}0.069 gand 0.4
mmy0.298 g respectively. The survival rate of the mullets was 80.89 and the total survival'of the - -
fishes and prawns was 64.36%. The net production of 141.544 kg/ha/374 days contfibuted by mullets. . .
accounted for 10,8 in the total net production of 1,306.94 kg/ha/374 days. The growth and survivalef .=
the groy mullets have been discussed in relation to the physico-chemical and biological parameters of .
the culture pond. ; _ B

INTRODUCTION - Kong (Lin, 1940). According to Hora and
L * Nair (1944) mullets grow faster in freshwaters.
I\/!.fULL._BTs_. are et_m}fhah.nc in nature_ and are ‘ Grey mullets form an important constituent
widely distributed in seas and estuaries of the | iy myiyicuiture stocking practices i freshwater
tropics erid subtropics. As a most suitable ¢ .40 10 Ching (Lin, 1955), Israel (Yashouv,
group for large scale fish farming in brackish- 1972 ; Pruginin et al., 1975) and In-d_i?a' @013

water Jimpoundments (Gopalakrishnan and "-‘an d Chacko, 1947 ; Pillay, 1949 ; Chakrabatty

Ghosh, 1976), mullets have been increasingly
used in &ystems of monoculture, mixed culture
and polyculture. Among the 26 species of
Indian grey mullets (Day, 1878) only Mugil
cephalus. - (Linnaeus), Liza fede (Forsskal),
Liza parsia (Hamilton), Mugil cunnesius (Day)
and” Rhinomugtl corsula (Hamilton) have been
recorded from the Hooghly-Matlah estuarine
system (Pillay, 1954).

Carps have been culiured along with grey
mullets in brackishwater ponds in Hong

Vet al, 1976).

Culture of carps in association with- grey
mullets in low saline ponds. is in vogue in
deltaic Sunderbans of West Bengal.. - Jhingrar
et al. (1970) pointed out the possibility 6f
polyculture -of freshwater: carps, brackish-
water fishes and prawns in coastal fow saline
ponds and experiments on this line were
carried out by Pakrasi er al. (1975). 'The
present study deals with the performance and

* Present address :  Cenfral Inland Fisheries Research Institute, Barrackpore.
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contribution of three species of Indian grey
mullets Mugil cephalus, Liza parsia and Liza
tade from a coastal low saline polyculture pond.

We are gratefui to Dr, V, G. Jhingran, the
former Director and Dr. A. V, Natarajan,
Director-in-Charge, C.I.F.R.L, Barrackpore for
their interest in this investigation and to
Mr. D. D, Halder, Officer-in-Charge for pro-
viding facilities, Our thanks are also due to
Mr. D. Sanfui for his help in chemical analysis.

MATBRIAL AND METHODS

Polyculture of freshwater carps, brackish-
water fishes and prawns was carried out in a
0.25 ha low saline pond at the Bakkhali fish
farm of the Central Inland Fisheries Research
Institute, situated in Henry’s Island in lower
Sunderbans., The seed of Catla catla, Labeo
rohita and Cirrhina mrigala were procured
locally and that of Hypophthalmichthys molitrix
was obtained from the Pond Culture Division,
Cuttack, C.LF.RI. They were reared in
nursery ponds of 0.02 ha each for stocking in
the culture pond. The stocking material of
muilets M. cephaius, L. parsia and L. tade,
milkfish Chanos chanos and tiger prawn
Penaeus monodon were collected from creeks
by operating Midnapore-type spawn collection
net and also from intertidal pits using hapa
nets. The seed of brackishwater fishes were
acclimated in brackishwater ponds for a fort-
night and then transferred into 0.06 ha low
saline rearing ponds.

The stocking pond was prepared in the month
of September 1977 by applying mohua oil
cake at the rate of 200 ppm to eradicate all the
unwanted fishes and other organisms. On
12-10-1977 the pond was stocked at the rate
of 5300/ha with freshwater carps, brackish-
water fishesand prawns in theratio of78 : 20 : 2,
The stocking density of mullets alone was 924/
ha. The percentage of mullets in the total
stocking was 17.43. The pond was manured

m

with raw cow dung at the rate of 5,000 kp/ha
and fertilized with urea and superphosphate
at the rate of 480 kg/ha each alternately at
fortnightly intervals. '

Supplementary feeding with mustard oil cake :
rice bran : wheat powder (1:1:1) was done
attherate of 3% ofthetotal biomass, Monthly
sampling was made to assess the growth of
the stocked species. Plankton analysis was
carried out at fortnightly intervals, Water
analysis of the culture pond was done on
weekly intervals using standard methods (A.P.
H.A., 1965). The pond was harvested on
22-10-1978.

RESULTS

The growth, survival and production of the
three species of grey mullets are presented in
Table 1.

The pond was stocked with Indian and exotic
carps (@ 4,134/ha), mullets (@ 924/ha), milk-
fishes (@ 136/ha) and prawns (@ 106/ha).
The respective species-wise break-up of stock-
ing density of M. cephalus, L. parsia and
L. tade were 172/ha, 548/ha and 204/ha. The
average length and weight of the mullets at
the time of stocking were, M, cephalus—135.5
mm/23.2 g, L. parsie—101.7 mmf9.0 g and
L. tade—69.0 mm/8.0 2. In 374 days of culture
M. cephalus, L. parsiaand L, tade have attained
an average size of 362.8 mm/5144 g, 163.9
mm/34.9 g and 233.4 mm/f119.6 g respectively
and their respective growth increments were
observed as 227.3 mm/491.2 g, 62.2 mm/259 g
and 1644 mm/116.6 g. A daily growth of
0.6 mm/1.313 g for M, cephalus, 0.2 mm/
0.069 g for L. parsia and 0.4 mm/0.298 g for
L. tade was obtained during the culture period.

The survival rate of the mullets was 80.8%;
and the species-wise survival rates were,
M. cephalus—100%,, L. parsia—8695%, and
L. tade—55.5%,. 'The total survival percentage
of the fishes and prawns was 64.369%,. Mullets



TABLE 1. Growth, production and survival of grey puillets from 12-10:1977 fo 22-10-1978
Stocking Initial size Final size Growth increment Growth per day Production
o (kg/ha/374 days)
Species density
' {(nofha) Length  Waight Length  Weight Length  Weight Length  Weight  Gross Net Survival
{mm) g {mny) @® (mm) {g) {mm) () )
M, ce}fhafus 172 135.5 23.2 362.8 5144 227.3 4912 0.6 1.313 106.€20  1u2.628 100
L. parsia 204 1017 9.0 163.9 349 62.2 259 0.2 0.069 8.856 7.20 - 86.9 .
L. tade 548 69.0 8.0 2334 119.6 164.4 116 04 (0.298 36.280 31.8%6 555

8Ll
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have contributed 10.8% in the total net pro-
duction of 1,306,936 kg/ha/374 days and
the total gross production being 1,390436
kgfha{374 days. The gross and net production
of mullets obtained were 151.756 kg/haf374
days and 141.544 kp/ha/374 days respectively.
The individual contribution of the three species
of mullets is given in Table 1,

The depth of the pond was ohserved 1o vary
between 110 to 133 cm during the culiure
period. Water temperature, turbidity, pH,
DO and salinity of the pond water fluctuated
between 23.0 to 34.0°C, 110 to 210 mm, 8.0
to 9.0, 6.0 to 9.6 ml/l and 0.72 to 2.55%,.
The phyto—and zooplankion concentration
varied from 150 to 300 unitsflitre of water and
950 to 1,859 units/litre of water. Anabeena,
Nitzschin, Spiruling, Ankistrodesmus, Chlorella
and Gyrosigma among phytoplankton and
Brachionus, Calancid and Cycloid copepods,
Nauplii larvae and Moina among zooplankton
were commonly observed,

DiscussioN

The results indicate the feasibility of mullet
culture under favourable salinities in association
with carps in coastal low saline ponds. 'The
geow h of mullets was promising and that
of M. cephalus was exceptionally encourag-
ing. Bograd (1955} has stated that M. cephalus
is by far the best species to use as a supplemental
fish in carp ponds because of its superiority
in growth rate,

In this culture experiment, M, cephalus
has attained an average size of 362.8 mm/
514.4 g in 374 days, In brackishwater ponds
at Narakkal, M. cephalus has attained 405 mm
in one year (Alikunhi, 1957). Pillay (1949)
has reported that M, cephalus normally grow
to 400 mm in one year when cultured with
carps. Pruginin ez al. (1975) showed  that
M. cephalus attain a weight of 500 g or more
in one year culture and in nursery ponds the
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fishes reach the weight of 200 g, M. cephalus
was observed to grow to a length of 300 mm
and weight of 260 g in twelve months in brack-
ishwater ponds (2% salinity) fertilized with
superphosphate (Bishara, 1978). In a fresh-
water pond when cultured with carps
M. cephalus attained the size of 343 mm/496 g
in 15 months (Chakrabarty ez al, 1976).
In Chilka Lake this species was reported to
reach 307 mm in one year (Jhingran and
Natarajan, 1969). In Chinese ponds the species
reach the weight of 300 g in one year (Hora
and Pillay, 1962), Pakrasi et al. (1975) have
reported a growth of 426.6 mm/873.8 g for
M, cephalus in 11 months in low saline ponds.
In the present study a survival of 1009, was
obtained for this species as that reported by
Pakrasi et al. (1975). However, in their
subsequent experiment Pakrasi et al. (1975)
obtained only 75.86% survival for this species.

L. parsia showed slower growth compared
to M. cephalus. Pillay (1949) has observed
a growth of 120 to 150 mm for L. parsia in
one year when cultured together with carps.
Hora and Pillay (1962) reported that in 12
months L. parsia attained 150 to 190 mm,
According to Sarojini (1957) L. parsia attain
95 mm jn 12 months, A monthly increment
of 8 mm was reported by Thakur (1970) for
L. parsis in Hooghly Estuary, According
to Pakrasi et al, (1975) L. parsia recorded the
growth of 1961 mm/111.2 g in 11 months
in a low saline pond at Bakkhali, In the
present study L. parsia attained the size of
163.9 mm/349 g in 374 days and showed
a survival of 869%. In two experiments
Pakrasi es al. (1975) obtained 50.19%; and
22.73%, survival for L. parsia.

L. tade exhibited faster growth mnext to
M. cephalys. ‘This fish reached 240 to 250 mm
in one year (Hora and Pillay, 1962). Pillay
(1949) bas reported that L. fade attains 150
to 225 mm in 12 months in freshwater ponds
in combination with carps. According to
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Pakrasi ez af. (1975), L. tade has grown to
286.2 mm/191.0 g in 11 months. In 374 days
of culture, in the present experiment, L. fade
attained 233.4 mm/119.6 g. The fishes have
registered a survival of 55.55J, while that
reported by Pakrasi ef al. (1975) in two experi-
ments were 52% and 71.7%. The mullets
have recorded 80.8 % survival in this investiga~
tion which is far better than that of 33.52%
and 52,349 reported by Pakrasi ef al. (1975).

It is evident from the results that mullets
contributed 10.8% to the total production.
The net mullet production was 141.544 kg/
haf374 days. From two similar polyculture
experiments, Pakrasi ef ¢/, (1975) obtained net
mullet productions of 21774 kg/hafyr and
209.76 kg/ha/fyr,

S. M. PILLAl AND OTHERS

The pond remained turbid for most of the
culture period. As a resnit the plankton pro-
duction was found to be very low irrespective
of fertilization. During summer months, when
the pond water level decreased there were
practically low concentration of fish food
organisms, Although supplementary feeding
was practiced, the slow growth rate of the
mullets was attributed to the low concentra-
tion of natural food. However, the results
of the present experiment indicated the pos-
sibility of mullet culture in combination with
carps on a commercial scale. It hasalso shed
light on the higher survival and encouraging
growth rate of mullets when stocked in Jow
saline coastal ponds in association with
freshwater carps and other compatible
eurvhaline fishes and prawns,
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POSSIBILITIES OF AQUACULTURE OF SILVER POMFRET PAMPUS
ARGENTEUS (EUPHRASEN) ALONG THE BALASORE COAST

5. PaTL
Department of Zoology, Ravenshaw College, Curtack-753 003

ABSTRACT

Balasore Coast in the north-castern part of Bay of Bengal is characterised by a vast stretch of
intertidal zone, Thesilver pomfrets spawn in the offshore regions of the coast and early juveniles oceur
in plenty throughout the foreshore areas, This potential resource of fish seed and the topography of
sea coast open up new vistas for planned coastal aquaculture of silver pomfrets. The nature of the
bottom would facilitate easy construction of stocking ponds in the intertidal flat with jnlets to the sea.
Supplemtentary feeding iz not necessary as the coastal waters are highly productive and rich in zoo-
plankton, Tt is estimated that with a stocking density of 12,500 fish per hectare, the harvest would

record 2,000 kg after the second year.

INTRODUCTION

In INDIAN waters pomfrets which are highly
esteemed as table fish and fetch high vnit value,
are represented by three species, viz. Silver
pomfret (Pampus argenteus Buphrasen), Chinese
pomfret (Pampus chinensis Euphrasen) and
Black pomfret (Formio niger Bloch), The
average annual landing of pomfrets from
India is neatly 20,000 tonnes, constituting
nearly 2.0 per cent of the tofal marine catch.
In spite of their commercial importance very
little attempt has so far been made for augment-
ing their production through coastal aquacul-
ture, ‘The present paper deals with the possi-
bilities of farming silver pomfrets at the edge
of the sea along Balasore Coast,

The author expresscs his deep gratitude to
Dr. E. G. Silas, Director, Central Marine
Fisheries Research Institute, Cochin for discus-
sion and encouragement.

MATERIAL

The present investigation is based on observa-
tions on hydrography, inshore plankton,

fishery and biology of silver pomfrets from
Balasore Coast during 1972 to 1974. Climato-
logical data were collecied from the Meteoro-
logical Department, Poona., Data collected
during the International Indian Ocean Expedi-
tion (1960-65) have been a valuable aid during
the present study,

PHYSICO-CLIMATIC FEATURES OF
BALASORE COAST

Balasore Coast forms the northeastern part
of Orissa State bordering Bay of Bengal
(Fig. 1). It is located between Lat, 20°43'N
and 21° 56'N. The intertidal zone along
Balasore coast is extremely wide and during
ebb tide water recedes to a distance of 2 to
3 kilometres exposing an extensive flat. The
coast experiences semi-diurnal tide with an
average tidal range of 2.5 metres.

The climate is decidedly tropical being largely
governed by the monsoons. The northeast
monsoon is established in November and
persists till February. March and April are the
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transitional months with weak southwest
monsoons. By May, the southwest monsoon
becomes fully established and persists till
Qctober, Of the two monsoons the south-
west monsoon is stronger and blows with a
maximum speed of beaufort 7 or even more.
- The coast is invariably hit by cyclonicstorms,
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HYDROGRAPHY

Hydrography of the northern part of Bay
of Bengal is largely influenced by the river
system opening into it. Rivers large and smali,
like Subarnarekba, Panchpara, Budhabalang,
Kansbans and Dhamra empty into the Bay
along Balasore Coast. The months of Ganga

T
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Fig. 1, Map showing Balasore Coast,

the incidence being high during the transi-
tional months of April and October<November.
The- annual rain fall recorded at Balasore
varies from: 1,134 mm (in 1574) to 2,481 mm
(in. -1971) the bulk of precipitation -coming
from Southwest monsoon,

also discharge huge quantities of freshwater
to the north of the coast. The annual range
of salinity varies between 22.0 to 33.09,
whereas the temperature fluciuates between
24.8°C to 29.5°C. off Balasore. The heavy
inflax of nutrient laden freshwater, has
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made the coast highly productive. Highest
productivity (exceeding 500 mgC/m3/d) has
been recorded from the Orissa Coast int the
Bay of Bengal during the International Indian
Ocean Expedition (Krey and Babenerd, 1976)
and high density of copepod (9,000—27,000
per haul) has been observed in the offshore
region (Kasturirangan ef al, 1970). 'The
inghore waters are also rich in phytoplankton
as well as zooplankton (Prasad, 1968 ; Pati,

1977).
RusourcEs oF Fisu Feep

One of the basic requisites for any sucoessful
aquaculture programme is the availability
of fish-seed in large scale and the coastal
waters of Balasore poses no difficulty in this

8. PATI

tide and trapping them as the tide recedes.
The net is a characteristic feature of the inter-
tidal zone of north Orissa and West Bengal
Coast and is extensively used along the seashore
of Balasore and Midnapore districts. The
early juveniles of silver pomfret (Fig. 2) can
be collected with scoop nets and transferred
directly to the stocking tanks.

Besides direct collection of fry from natural
sources, procurement canalso beeffectedthrough
artificial fertilization. Mito and Senta (1967)
have successfully raised larva of silver pomfret
measuring 4.10 mm in total length from Seto
Inland Sea through artificial fertilization, Such
larvae can be reared in nursery tanks with
appropriate planktonic food and can be
utilised for seed.

Fig. 2. Early juveniles of Silver pomfrst from Balasore Coast,

respect. The coast is noted for its pomfret
fishery and silver pomfret contributes to neatly
239% of the gillnet catch (Roy and Roy,
1974). The coastal water is the spawning
ground of pomfrets (Pati, 1978) and spawners
are available in the offshore waters from late
February to the end of August. The eatrly
juveniles ranging in size from 2.5 cm (standard
length) onwards are available in plenty in the
barrier nets (Malo-jalo or Bedha jalo) set up
in the foreshore areas . This is 2 contrivance
for enclosing adult fish and fry during high

AQUACULTURE PonDs

The intertidal zone along Balasore Coast
is made of alluvial sand and is firm enough
for the parking of light vehicles. 'This peculiar
topography would enable the construction
of aquaculture ponds directly on the intertidal
flat with inlet to the sea provided with sluices
{Fig. 3). Each pend would be surrounded
by~ raised embgnkments or.-concrete: bunds
with gates guarded by wire netting to allow
inundation during high tide. An additional
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enclosure has to be set above the embauk- -

ments to prevent escape of fish from the stock-
ing tank during spring tides and cyclonic
surges. Between two rows of -culture tanks,
a gap has to be provided for collection of fry
during receding tide from barrier nets. This
would function in the same principle used in
the indigenous method. A deepér tank would
be necessaty on the seaward side for the over-
wintering of silver pomfrets. Where creeks
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ANNUAL HARVEST

Silver pomfret grows to a size of about
12,5 cm (standard length) after the first year
and weigh nearly 100 gms, At the end of
the second year the fish attains a size of 18.0 cm
and a weight of 200 gms. ‘The male matures
after reaching a size of 13.0 cm and females
matute at a size of 16.0 cm standard length.
Thus, both males and females mature after the
first year (Pati, 1978) and attain marketable

Fig. 3. Diagrammatic layout of the aquaculture ponds in the intertidal zone,

are available, the same may”be modified for
stocking purpose with inlets to the sea.

The pattern of tide being semidiurnal, the
influx of sea waterrich in phyto and zooplank-
ton into the ponds would occur twice a day
and supplementary diet would not be necessary.
Even if the tanks are 2.5 metres deep, the
fishes would be exposed to a water column
of nearly 5.0 metres during high tides. Silver
pomfeet is carnivorous, feeding chiefly on
zooplankton and occasionally on phytoplankfon
(Pati, 1978). Copepods are the favourite
food organism of this fish and the coastal
waters are rich in these zooplankters.

size at the end of second year. Therefore,

‘stocking of alternate series of ponds during

successive vears would be necessary to ensure
harvest from at least fifty per cent of the ponds
each year. One hectare of aquaculture pond
can be stocked with 12,500 early juveniles
and with 80 percent survival, the harvest
at the end of second vear would yield 2,000kg
of silver pomfrets. This stocking rate has
been followed by Tang (1970) in  milkfish
for coastal culture in Taiwan.

DiyscussionN

Coastal aquacuture is still in its infancy
in India and farming the edge of the sea has
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not yet gained momentun in the country.
The subcontinent with its vast coast line
extending over 5,650 kms has great potentia-
lities for coastal aquaculture. Farming of
selected commercial species in the coastal
belt would not only augment production, but
also improve the economic conditions of the
country. Since tidal inundation is the main
source of water supply in coastal aquaculture,
adequate information regarding tidal amplitude
and cyclonic surges are necessary for proper
management, For construction of aquacul-
ture ponds appropriate design for elevation,
foundation and sluice have to be workead out
int detail. In addition, the material for fencing
like nylon neis, steel webbing and bubble
fence are some of the problems which specialist
engineers have to solve,

Pillay and Shaw (1949) were able to rear
young pomfrets in fresh water in cemented
tanks at Kodinar (Gujarat) for a short duration,
Pati (1978) was able to acclimatise young ones
of silver pomfret and chinese pomfret in
brackishwater aquaria with negligible morta-
lity, Available data indicate that Balasore
Coast with its vast intertidal zone and abundant
seed resources is an ideal site for pomfret

8. PATI

culture. The fry can be directly procured
from the foreshore area, or can be raised
through artificial fertilization. Supplementary
feeding would not be necessary as the coastal
water is rich in zooplankton. These fishes
mature after the second year and ripe specimens
from nature can be utilized for artificial
fertilization and raising of fish seed on a large
scale. 'The coastal waters being the spawning
ground of pomfrets, captivity may not even
inhibit spawning in the stocking tanks. But
for achieving this end further experimentation
and investigation wonld be necessary,

The initial investiment would be for the
construction of aquaculture ponds and en-
closures, while the management would entail
Tecurring expenses, As the marketable size
is attained after the second year, stocking
should be properly planned to get regular
supply during each year., With a stocking rate
of 12,500 per hectare, the production after the
second year would be of the order 2,000 kg
which is highly promising, As the fish fetches
high price and has export potentialities, coastal
aquaculture of the species can equally be
tried with success in other parts of the subcon-
tinent, where fry are available,
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ON THE DEVELOPMENTAL STAGES OF SCATOPHAGUS ARGUS (LINNAEUS)
(SCATOPHAGIDAE : PISCES)

M. THANGARAJA AND K. RAMAMOORTHI

Centre of Advanced Study in Marine Biology, Annamalai University,
Parangipetrai-608 502, Tamil Naduy

ABSTRACT

Larvae of Scatophagus argus have been collected from Vellar Estuary, Porto Novo (lat, 11°29°N;

leng. 79° 46’B) and reared in the laboratory. Description of different stages is given.

Seasonal

ocowranes of the larvae in the estuary was recorded for a period of ong year (December 1977 to Novem-
ber 1978) in relation to salinjty and temperature. The feoding habits of the larvae have been ob-
served both from natural and under controlled conditions. The resulis show that 5. argus is sturdy

and suitable for aquaculture practices.

INTRODUCTION

THB SPOTTED SCATS Scatophagus argus (Lin-
naeus), a eurvhaline species found distributed
in estuaries, backwaters and rivers are very
common in Porto Novo waters and preferably
consumed by the local people. Hora (1924),
Weber and de Beaufort (1936), Panikkar
and Mair' (1945), Bal and Pradhan (1946,
1947, 1951) and Nair (1952) reporied on the
larvae of & argus. Venkataramanujam and
Ramamoorthi (1974) and Venkataramanujam
(1975) reported the postlarvae from Porto
Novo. The present attempt on the develop-
mental stages of thisspecies based on laboratory
rearing and larvae collected from plankton
adds some more information. Feeding habits
of larvae, their seasonal occurrence in Vellar
Bstuary and salinity and temperature folerance
ave also reported,

Our thanks are due to Dr. R. Natarajan,
Director and Professor, Cenire of Advanced
Study in Marine Biology, Parangipettai for
his keen interest and encouragement. We
are gratefu! to the University Grants Commis-
sion, New Delhi for financial support. '
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MATERIAL AND METHODS

The postlarvae were collecied from the
Vellar Estuary by plankton net made of holting
silkk No. 10 and also by scoop net and reared
in the laboratory for further development.
Drawings were made by using camera lucida
with specimens preserved in 5% formalin.
The terms post-larvae and juvenile are used
according to Jones (1950).

To study the food preference selective food
items were provided and the resulis were
compared with the gut contents of the larvae
obtained from plankton collection. Juveniles
and adults were also subjected for gut content
analysis,

DgSCRIPTION OF LARVAR

3.0 mm stage (Fig. la)

The body is almost oval in shape, mouth
is terminal. Preanal myotomes are not clear ;
countable postanal myotomes are 12 in number.
The dorsal and anal fin flaps are seen withous
spines or rays and are continuous with the
caudal which has a few rays. Eyes are
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Fig. 1. Postlarvae and juvenile of Scarophagus argus (Linnaeus): a, 3,0 mm, b. 4.0 mm, ¢ 6.0 mm,
d, 10,5 mm, e. 13.0 mm post-larval and £, 43,5 mm jovenile stages.

pigmented as in the adult, Some scattered
stellate black chromatophores begin to appear
below the eyes extending upto the anus ventral-
ly, Another row of same type of chromato-
phores begns to appear just above the anus
leading to the dorsal side of the body as a
curve. Few black stellate chromatophores
lie just above the eyes. The pectoral fin is
like a flap ; no pelvic fins.,

4.0 mm stage (Fig. 1b)

The body is broader, The dorsal has spines
and rays. The anal has rays but not countable,
The caudal is straight with numerous rays,

The pigments are clear as in the previous
stage, but few more chromatophores present
just below the dorsal spines and just above
the anal, 'The pelvic fin is feebly developed,
The rays of the pectoral fin are not clear.

6.0 mm stage (Fig. 1¢)

The arrangement of the chromatophores
is different than the previous stages as follows @
anterior region of the eve with two stellate
black chromatophores and a few stellate
chromatophores on the posterior side; on
the lower jaw two chromatophores ; a group
of stellate chromatophores on the stomach ;
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below the dorsal spine one ; the middle region
of the body with scattered dots and stellate
'chromatophores ; three stellate chromatophores
just above the anal and near the caudal latero-
ventrally two punctate pigments,

Six branchiostegal rays are prominent. Two
rows of opercular spines (4 inner and 6 outer)
appeared in this stage. One of the spines in
the outer row is much elongated. Just anterior
to the dorsal fin a row of twelve prominent
serrations are present on the head. The rays
of pectoral and other fins are clear.

10.5 mm stage (Fig. 1d)

Body is compressed. Head is large and
protected by bony plates and a strong suprasca-
pular spine. Except the single suprascapular
sping;- all the - other opercalar spines of the
previous stage disappear. A strong bony
structure is prominent'in the place of serrations
of the previous stage. The spines of dorsal
and spines and rays of pelvic are reddish
black in colour. All the other fins are
transparent and free from chromatophores.
Chromatophores uniformly spread all over
the body except base of the anal and dorsal
rays. Very minute teeth are seen.

13.0 mm stage (Fig. le)

There is not much change from the 10.5 mm
stage. But along with the uniformly pig-
mented spots there are five groups of
chromatophores on the upper part of the body,
being fore runners of the black patches of the
adult, 'Teeth are highly prominent,

43.5 mm juvenile (Fig. 1)

The black patches of chromatophores spread
all over the body as in adult, Size of the head
gets reduced and the body depth increases.
Bony plates of the head and supra-scapular
spine completely disappear,
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Foob AND FEEDING

In the laboratory, the larvae were fed with
phyto and =zooplankion. The food items

preferred were : phytoplankton Nitzschia sp.,

Thalassiothrix sp., Navicwla sp., Chaetoceros
sp. and Asgerionella sp. and zooplankton
Acartia sp., Oithong sp. and Temora sp. Apart
from these items, the larvae readily accepted
nauplii of brine shrimp and fish meat. The
gut of juveniles and adults had plant matters
such as Halophylla spp., Enteromorpha spp.,
Cladophora sp. and Chaetomorpha sp. Corn-
panson of the gut contents of the larvae from
the natural environment and larvae reared in
the laboratory showed that the Jarvae in natural
condition feed on only phytoplankton while in
laboratory they feed on phyto and zooplankton
and even fish meat. This result reveals that
the species can change jts feeding habits ac-
cording to the availability of food materials.
The larvae thrive well in laboratory condition
without food for more than one week and with-
out changing and aerating the water for longer
period.

RBMARKS

The postlarvae of 8. grgus could be collected
from the Vellar Estuary during November to
January and April to July when salinity and
temperature range between 1.02 and 35.00%,
and 25.5 and 34°C respectively. ‘This shows
that &, argus can tolerate a wide fluctuation
of salinity and temperature, Schools of the
postlarvae are seen in surface waters at the
carly morning hours. During midday they
take shelter under shady places like boat
sides. Unlike other postlarvae of fishes this
can be casily collected by a scoop net, The
larvae always move on the surface water.

The mortality rate is high when the larvae
are of 3-6 mm size but less after 10 mm.

The seed of 8. argus is available not only
in the estuarine enmvirons but also in nearby
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backwaters, mangroves and even to some
extent in freshwater tidal pools of Porto Novo
region. 'The flexibility of feeding habits, wide
fluctuation of salinity tolerance, easy availa-
bility of seed and its sturdiness show its pros-
pects for brackishwater culture. But still great

M. THANGARAJA AND K. RAMAMOORTHI

deal of works remain to be done ; for example,
time of spawning, rate of fecundity, identity
of egg, artificial fertilisation, biochemical com-
ponents etc. Thus it seems that the actual
prospects of its culture is sull in the hand of
future workers.
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PRELIMINARY EXPERIMENTS ON THE CULTURE OF GREY MULLETS
AT MANDAPAM

P. S. B. R. James, G. MoOHANRAJ, V. S, RENGASWAMY AND A. RAIU
Central Marine Fisheries Research Institute, Cochin-682 018

ABSTRACT

The paper deals with experiments on the culture of grey mullets Valamugil seheli, Liza vaigiensis
and Liza macrolepis jn monoculiure and polyculture systems in seawater ponds and a pen erected in
coastal watets at Mandapam,

In 6 monoculture experiment, L. vaigiensis (35 to 77 mm) was stocked at the rate of 1,125/225 m?
(= 50,000tha). In polyculture experiments, mullets (V. seheli, 25 to 40 mm and L, macrolepis, 35 to
80 mm), Chanos chanos (45 to 80 mm) and prawns (Pemaens Indicus, 22 10 52 mm) were siocked at 1he
rate of 100 and 600, 1000 and 300/450 m® (= 2,000 and 13,000 ; 22,000 and 7,000/ha) respectively in
one pond and mullets (V. sehefi, 29 to 44 mm), C. chanes (31 to 59 wum) and Sillago sthama (24 10 48
mm) at the rate of 750 nos, each (w17,000/hia) in another pond. Mullets (V. sehelf, 30 to 43 mm) and
€. chanos {6% to 71.5 mm) were also stocked in a pen (81 sq. m) erected in coastal waters of the Palk
Bay ai the rate of 500 nos. each (= 62,000/ha). The stocks were fed with artificial feed composed of
equa) proportions of rice bran and groundmut oil cake in the form of a paste. The resuits of the

abovs experiments are discussed in the paper.

Atterapts were also made to collect, transport and maintain the adults for the purpose of artificial

propagation by hypophysation.

INTRODUCTION

CuLturg of grey mullets (family Mugilidae)
js gaining rapid popularity. ‘Though milkfish
is the principal species farmed in estuaries and
coastal areas, mullets are more acceptable as
food fishes than the milkfish in many Asian
countries, '

Mullets are cultured in both freshwater and
brackishwater ponds in many countries of the
Indo-Patific region. While in most countries,
culture of mullets is on a smalf scale, they are
extensively cultured in Taiwan and Hong
: Kong. The species cultured in various coun-

" tries include Mugil cephalus, Liza tade and

. L. dussumieri. In Taiwan, mullets are cultured
mostly in combination with other fish species,
Lin (1940) reported on the culture of carps

together with grey mullets in brackishwater

ronds in Hong Kong, The culture of grey
mullets together with Indian major carps,
exotic carps, the milkfish and the prawn in
coastal tanks of West Bengal was reported by
Pakrasi et al. (1975). Fry and fingerlings
are coliected from nature, acclimatized and
stockedinponds. Experiments to breed mullets
under controlled conditions have been con-
ducted in many countries and the first success
in rearing larvae (hatched from eggs produced
by induced spawniog) to fry and fingerlings
ready for stocking was obtained in 1968-69
in Taiwan,

In view of the importance of mullets as food
fishes in the country, a comprehensive study
on the breeding and culiure of mullets was
initiated at Mandapam Camp and Cochin.
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The results of the experiments on culture of
mullets in salt water ponds so far conducted
at Mandapam are presented in this paper.

MATBRIAL AND METHODS

For culture experiments fry and finger-
lings of mullets, milkfish, sandwhiting and
prawns were collected from ‘Thonithurai,
Theedai and Pillaimadam areas (Palk Bay).
In Tajwan 1wo kinds of gear are employed to
catch the mullet fingerl ngs. A small flogting
drag net is used in deeper water and a small
beach seine is used in shallow water {Chen,
1976). In the present studies, a drag net
made out of nylon mosquito net cloth was
used. The seed were transported in fibreglass
tanks and plastic buckets to the culture ponds
successfully with little mortality. Before stock-
ing the seed in the ponds, measurements and
weights were taken for each species by taking
sub-samples. Regular measurements and
weights were taken at 30 days interval, From
these data, the average sizes and weights were
calculated for different periods. ‘The size
of the pond selected for monoculture was 225 m?2
and for polyculture 450 m2. A pen of the
size 81 m® made out of palmyra leaf stalks
was also erected in coastal waters of Palk Bay
for growing mullets, The culture experiments
were catried out from April to October 1979,
Seawater was pumped daily twice into the
culture ponds for maintaining the water Jevel
of about a metre in depth.

For experiments in transportation, main-
tenance and artificial propagation, adults of
L. macrolepis were collected from the stakenet
catch (Kalemkatti valai) at Manoli Island
(Gulf of Mannar) and V. seheliand M. cephalus
from the seine-net catches (Siraivan valai)
near Pillaimadam (Palk Bay). The descrip-
tion and operation of the stakenet (Kaolam-
katti valaf) are similar to the stakenet (Bher
Jaly described by T. V. R, Pillay (1954). Sebas-
tian and Nair (1975) stated that ripe spawners
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of mullets were transported in plastic buckets.
In Taiwan, the mullet breeders are placed in
dark coloured plastic bags filled with sea water
and oxygen and transported {Chen, 1976).
During the present studies, adult mullets were
transported by means of a one metre-square
trangportation cage made out of nylon netting
and PVC frame, as well as in fibreglass tanks
of the dimensions. 75x50x50 cms, to the ex-
perimental site successfully, In the case of
fibreglass tanks, water was changed frequently.
Upto 10 adults could be transported at a time
without mortality. Fish were kept in the
breeding hapas fixed in the sea or released info
the broodstock pond into which sea water was
pumped in daily and were mainfained in
healthy condition. In Taiwan, feeds given in
freshwater polyculture ponds where mullet
are present consist mainly of rige ‘bran and
peaniut and or soybean meal (Chén, 1970).
The fish stock in all the experiments were fed
with groundnut oil cake and rice bran in equal
proportions .in the form of a paste. Injected
fish were kept in hapas of 2X1x1 m in size
and made of synthetic fibre mosquito netting
(Sebastian and Nair, 1975). ~ During the present
studies, experiments were conducted in the
breeding hapas. Acetone dried cat fish (Tachy-
surussp.) pituitary glands were used for hormone
injections. 'The doses were calculated in mg
of gland/kg body weight of the fish, ‘The
hormone injection was- tried even with the .
fish which was in the primary oocyte stage to
see whether any progress in the oocyte develop--
ment occurred, Soon after the injection,
the fish were kept in the breeding hapas.

OBSBRVATIONS

Monocudture

In the mouocultum expenment the grey-.
mullet L. vaigiensis, the seed of which is availa-
ble in plenty around this area was stocked in the -
sea water pond at the stoohng densﬂ:y of
1,125/225 mt. (50000/ha) . At- the time: of
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stocking the size ranged from 35 to 77 mm
with an average size and weight of 58 mm and
33, g  Measurements were taken at an
interval of 30 days to minimise mortality
due to handling, The average size increased
to.65.4 mm (5.5 g), 78.3 mm (7.9g), 77.2 mm
(8.1g), 78.6 mm (8.3 g), 80.2-mm (8.5 g) and
82.5 mm (9.2 g} during 30, 60, 90, 120, 150 and
180 d=ys period respectively. Thus, an average
growth increment of 7.4 mm (2.2 £),20.3 mm
46 g, 192 mm (48 g), 20.6 mm (5.0 g),
22.2 mm (5.2 g) and 24.5 mm (5.9 g) for 30,
60, 90, 120, 150 and 180 days was obtained for
the species. An overall monthly average
growth of 4.1 mm (0.98 g) was recorded.

Polyculture

In Experiment No. I, grey mullets L. macro-
lepis and V., seheli were stocked in association
with C. chanos and P, indicus at the stocking
rate of 600, 100, 1,000 and 300/450 m® (13,000,
2,000, 22,000 and 7,000/ha for L. macrolepis,
V. seheli, C. chanos and P. indicus respectively).
The average size and weight shown by each
species at the time of stocking were 60.5 mm
(54 g) for L. macrolepis, 32.6 mm (1.0 g)
for V. seheli, 61.4 mm (2.6 g for C. chanos
and 34 mm (0.3 g) for P. indicus, The average
size and weight increase shown by each species
in 60, 90, 120 and 150 days period were 43,7mm
(4.6 ), 54.5 mm (7.6 g), 58.2 mm (13.6 g)
and 67.1 mm (24.6 g} for L. macrolepis ; 23.8 mm
(7.4 ), 352 mm (94 g), 622 mm (134 p)
and 83.9 mm (24.6 g) for C. chanos ; 29.8 mm
(1.1 g), 42.1 mm (1.6 g), 4.5 mm (2.7 ) and
472 mm (3.1 g) for P. indicus respectively.
The seed of V. seheli was added to the stock
during May only, because of the non-availa-
bility of the fry in April. The average size
and weight increase recorded for the above
species were 19.9 mm (3.5 g), 4 mm (9g),
65.9 mm (14.0 g) and 76.6 mm (29.0 g) during
30, 60, 90 and 120 days respectively. ‘Thus,
an avérage monthly growth rate of 13.4 mm
(4.9 g), 16.8 mm (4.9 g), 9.4 mm (0.6 g) and
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19.2 mm (7.3 g) was recorded for L. macrolepis,
C. chanos, P. Indicus and V. seheli respectively,
The results indicate that C. chamos showed
better growth, followed by V. seheli.

In the Experiment II, V. sekeli (29-44mm)
was stocked with C. chanos (31-59 mm) and
Sillago sihama (24-48 mm) at the stocking
rate of 750/450 m® each (17,000/ha). The
average size and weight at the stocking time
for V. seheli, C. chanos and 8. sihama were
33.9 mm (0.4 g), 45.6 mm (1.1 g) and 31.0 mm
(0.2 ) respectively, After 30, 60, 90 and 120
days, the average size and weight increase
shown by these species were 25.4 mm (5.1 g),
37.1 mm (5.8 g), 53.1 mm (8.8 g) and 63.3 mm
(12.3 g) for V. seheli ; 35.6 mm (5.9 g), 61.5mm
(11.7 g), 72.9 mm (17.0 g) and 82 mm (20.5 g)
for C. chanos and 22.1 mm (2.8 g), 34.6 mm
(3.8 g), 38 mm (54 g) and 458 mm (7.8 2)
for 8. sthama. Thus, the average monthly
growth increments for the species were found
to be 158 mm (3.1 g) by V. seheli, 20.5 mm
(5.1 @) for C. chanos and 114 mm (1.9 g)
by 8. sihama respectively, In this experiment,
C. chanos showed better growth than in the
first experiment, whereas V. seheli showed good
growth in the first experiment, Perhaps it
may be due to the stocking density which was
lesser for V. seheli in Experiment No. I and
for C. chenos in Experiment No., II.

Pen culture

In Experiment III, the grey mullet V., seheli
was stocked in the pen in association with
C. chanos at the stocking rate of 500 each/81 m?
(62,000/ha). The average size and weight at
the time of stocking were 352 mm (0.5 g)
for V. sehell and 66.4 mm (6.2 g) for C. chanos.
In the pen, the sverage size and weight increase
recorded for V. sehell were 22.6 mm (9.6 &)
in 30 days, 51.1 mm (14.5 g) in 60 days and
73.8 mm (18.5 g) in 90 days. On the other
hand, C. chanos showed an average size and
weight increase of 25 mm - (4.3 g), 46.8 mm
(8.0 g), 81.9 mm (27.9 g) and 120,3 mm (48.4 g)
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in 39, 60,-90 and 120 days respectively. Thus,
the average monthly growth increments for
V. seheli and C. chanos were 24.6 mm (6.2 g)
and 30,1 mm (12.1 g) respectively.

The overall picture in the above mentioned
experitments indicated that the growth rate
of mullet has been better in the pen in coastal
waters when compated to that obtained in the
ponds, although Bardach et al. (1972) mentioned
that most Indian muilet ponds are fertile
enough to- provide for fairly rapid growth,
Similarly, €. chanos also showed good growth
in the pen than in the ponds. The results
are summarised in Tables 1 and 2.

TaBLE 1. Monoculture of the grey mullets
L. vaigiensis at Mandapam

Mean size Growih
Size range {mm)and increment
Months (mm) mean insize {mm)
weight (g) and weight
{®)
April 3577 58 3.3 N
May 4091 €5.4(5.5) 7422
June 61-105 78.3 (7.9) 203 4.6)
July 50-106 77.2.8.1) 2.2 4.8)
August 50-105 78.6 (8.3) 20,6 15.0)
September 60-106 30.2 (8.5) 222(5.2)
October 60-109 82.5(9.2) 24539

During the above experiment, apart from
the natural food available in the ponds, artificial
food, namely rice bran and groundnut oil
cake were given in equal proportions in the form
of a paste. It was observed that mullets
accapted the supplementary feed readily. The
surface temperature ranged between 27 to
34°C in all the ponds, 'The salinity and oxygen
values ranged between 33 to 35.6%, and 4.18
to 5.16 mill respectively, Simultaneously,
data were also collected from the sea which
indicated that there were no significant dif-
ferences between the values from ponds and sea,
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Transportation and maintenance of adults for
agrtificial propagation

During the present studies, adults of
L. macrolepis were transported from Manoli
island to the experimental site (about 6 kms)
in fibre glass tanks whereas the other species,
V. seheli and M. cephalus were transported
from Pillaimadam area in fibreglass ranks as
well as in the transportation cage mentioned
earlier. It was found that the later method
gave better results in transporting live adults
without injuries. The transported fish were
kept in hapas and in the pond into which sea
water was pumped daily. Those kept in the
pond were found to be healthy and no mortality
occurred. Similarly, keeping not more than
two fish in a hapa in coastal waters showed
good survival, Another problem faced in the
hapa was that, if the hapas were allowed to
remain in the sea for more than a week, un-
desirable dense filamentous algal growth was
found inside the hapas hindering the fiee
movement of the fish. Therefore, keeping
the fish in the pond for experimental work
appears to be a better method than keeping
them in hapas in coastal waters,

Oocyte de veloprment

Puring the present investigations adult
mullets were collected from June to September
1979, Neither gravid females nor milting
males of M. cephalus were encountered during
the period of observation. In the case of
V.seheli and L. macrolepis females were available
in good number but those in the advanced
stages were very few. A total of 12 specimens
of V. seheli, 3 of L. macrolepis and 2 of
M. cephalus were administered with pituitary
hormone to see the progress of maturity. 'The
dosage given for one V. sekeli varied from 0.15
mg to 5 mg, for L. macrolepis it was 0.1 mg
and for M. cephalus 0.15 mg of gland/kg body
weight, However, the fish died within 48
hours after the first injection. There was no
further development of oocytes,
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WYIVANYI LY SIHTINW AgdO 40 TAINLTIND

. Mean size (mm), weight (g)* and growth during various periods Average
. Stocking Sizerange Mean size - monthiy
Species ratefha axstockmg (mm and 30 days 60 days 90 days 120 days 150 days growth
(mm) ® rate in size
2 1 2. 1 2 1 2 1 2 (mm) aad
weight (g)
) Experiment No. 1
L. macrolepis 13,000 35-80 60.5 —_— - 1042 43.7 115 54.5 118.7 582 1276 67.1 134
4 (10} (4.6) a13) (7.6 (19 (13.6) 30 (24.6) 19)
C. chanos 22,000 45-80 614 —_ —_ 342 238 9.6 352 1236 622 1453 839 16.8
2.6) o 74 d2) 949 e 34 Q12 (46 4.9
P, indicus 7,000 22-52 340 — — 63.8 298 76.1 42.1 .18.5 4.5 812 41.2 94
©.3) )] a.n {1.%) (1.6 3) 2.0 (3.4 {3.1) 0.6)
V. seheli 2,000 25-40 326 52.5 199 7.6 4.0 98.5 659 109.2 76.6 -—_ — 19.2
: (L.0) @@’ (3.3 aan ¢o a5 40 GQ) (29.0) {7.3)
Expeviment No. II
V. seheli 17,000 2944 339 59.3 254 71 371 87 53.1 972 633 — —_ 15.8
04 55 S B2 S8 (02 88 Jxn (4ry 3.1
C. chanos 17,000 3159 45.6 81.2 356 1071 61.5 1185 79 1276 820 -_— _— 20,5
(.1) (7.0 B9 (1275 (GLD (8.1 (700 (L6 (20.5) 15.1)
8. sihama 17,000 24-48 310 531 221 65.6 34.6 &9 38 76.8 458 — —_ " 114
0.2 (30 28 @ 68 66 49 e 0B (19
Experiment No. Il Pen culture at sea
V. seheli 62,000 3043 35.2 5738 226 86.3 51.1 109 3.8 _— _— -— —_ 24.6
©s) (01 (6 (15 (43 (19 (18.5) 6.2)
C. clanos 62,000 65-71.5 66.4 914 250 1132 468 1483 81.9 186.74 1203 - —_— 30.1
6.2) 10.5) 4.3 (425 GO (41) 219 (5464 (3.4 {2.n

1. Indicates mean size ¢mm) and weight (g).
2. TIndicates growth in size (mm) and weight ¢g).
* All weights indicated in parentheses.
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RBMARKS

There is virtually no monoculture of the grey
mullet M. cephalusin Taiwan. They arenearly
always reared in the same pond with Chinese
carps and other freshwater fishes (Chen, 1976).
Luther (1967) stated that most of mullet species
show good growth in culture ponds than in the
natural environment. During the present
studies on monoculture, L. vaigiensis was tried
since this species had so far not been tried and
since seed of the species was abundant in the
area, But the results indicated very slow
growth rate for the species. Hence, it may
be stated that this species is not at all suitable
for culture. ' C

In the polyculture Experiment I, the growth
of V. seheli was encouraging. It had shown
an average growth of 19,2 mm (7.3 g)/ month,
which was higher than that of C. chanos
(16.8 mm/month}. On the otherhand, in Experi-
ment II, though mullet showed good growth,
the overall morthly average size-and weight
shown by C. chanos were higher., As was in the

P. S. B. R. JAMES AND OTHERS

case of mullet in Expetiment [, the stocking
density for C. chanos in this experiment was
lower. Perhaps this could be the reason for
its higher growth rate. Comparatively, the
average growih of 24.6 mm (6.2 g) shown by
V. seheli in the pen was more than its growth
in the ponds, This may be due to the availa-
bility of food in natural environment in addition
to the supplementary feed given. Since the
experiments are continuing the momality rate
could not be calculated,

It was observed that rarely, both sexes of the
same species in prime condition were available
(Radhakrishnan er al, 1976). According to
Ching-Ming Kuo et al. (1974), the growth of
the oocyte is accelerated readily from 500
by daily injection of pituitary gonadotropin,
During the present experiment, most of the fish
(V. seheli) had the ova diameter ranging from
0.1 to 0,24 mm and few L. macrolepis had ova
diameter upto 0.4 mm only, The results of the
present experiments revealed that acoeleration
of cocyte development was not readily achieved
in fish having the oocyte diameter below 0.5 mm,
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OBSERVAﬁONS' ON THE EFFECT OF SUPPLEMENTARY FEED ON GROWTH
AND SURVIVAL OF GREY MULLET LIZA PARSIA (HAMILTON) FRY
1IN BRACKISHWATER NURSERY PONDS AT KAKDWIP

N M. CHAKRABARTI, H. C. KarMAKAR AND A. K, Roy

Kakdwip Research Centre, Central Inland Fisheries Research Institute,
Kakdwip-143 347, West Bengal

 ABSTRACT

Rasuits of a s__tatistieall& dasigned experiment conducted to study the effect of fertilization and
supplementary feeding on the growth and survival of Liza parsia (Hamilton) fry (15-25 mm) during nvr-
‘sery rearing are reported. The experiment was conducted in six .02 ha brackishwater nursery ponds

for a period of 50 days at a constant stocking density of 1 lakh/ha,

Three treatments of feeding (o)

control (natural food), (b) rice bran, (¢) prawn meal and rice bran (1: 2), each with two replicates were

tried in the experiment.

All the experimental ponds were treated with both urea and superphosphate

1 : 1} and poultry dropping st 20 kglha_fformisht and 40 kgfha/forwmight respectively,
Maximum average weight increment of 5.244 g was obtained by applying prawn meal and rice

bran containing 27.7% protein which is significantly higher than that of other treatments (P-0.05),
No. significant difference in survival was abserved within treatment (P-=<0.05). However, treatment
C demonstrated maximum average survival of 83.67%. So considering both growth and survival,
prawit meal and rice bran is recommendad as s upplementary feed during nursery rearing of L. parsig.
Growth rate observed under different treatments in relation to the physico-chemical and biological

factors are discussed.

INTRODUCTION

Tue cuLTURE of grey mullets along with other
compatible species of fish and prawn in brack-
ishwater impoundments i$ an age old practice
in deltaic West Bengal. In recent years, greater
emphasis is being laid on scientific brackish-
water -aquaculture in India, to improve the
protein sources as well as employment oppor-
tunities in rural areas. In any selective culture,
a constant supply of nursery reared healthy
fingerlings -is the most essential prereqmmte
Since, stocking densities are lngher in scientific

cultufe systems, natural food alone will not be -

sufficient for the growth of fish and prawn,

Hence studies in formulating suitable feed for
fishes and prawn is more important, which will.
eventually léad to betier. pmduanon. ~Various -

reports are available on the food and feeding
habits of mullets in Indian waters (Bapat and
Bal, 1952 ; Chidambaram and Kuriyan, 1952 ;
Pillay, 1950, 1953; Sarojini, 1951, 1954).
In recent years studles on the acceptance and
efficiency of various supplementary feeds were
tested for different species of mullets (Ghosh
et al., 1975 ; Prasadam et ol., 1976 ; Bishara,
1978 ; Roy et al, 1979). Das et al. (1979)
studied the growth and survival of Liza parsia,
under different stocking densities wirhout any
supplementary feeding. In the present commu-
nication, results of a statistically designed ex-
periment conducted in brackishwater nursery
ponds to evaluate the efficiency of prawn meal
and rice bmn {1 :2) and- rice ‘bran along in
comparison: to natural- food were presented,
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Authors are grateful io0 Mr, D. D, Halder,
Officer-in-Charge, Kakdwip Research Centre,
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tion and providing necessary facilities for the
work, 'Their thanks are due to Mr. P. Ravi-
chandran for going through the manuscript.

MATERIAL AND METHODS

The experiment was conducted on the princi-
ple of randomised complete block design with
two replicates for each treatment in six identical
sized brackishwater nursery ponds each of
0.02 ha, The three different treatments, feed
wsed, their nutritive value and proportion are
presented in Table 1.

N, M. CHAKRABARTI, H. C. KARMAKAR AND A, K. ROY

ha. The collection of fry were made by scoop
netling using hapa, from the intertidal pits
adjacent to Muriganga Estuary, The fry were
conditioned to the lentic environment for a
period of 24 hours in small cages fixed in the
nursery ponds. Stocking of fry was done
a week after the initial manuring and flling of
the ponds, Subsequent repetition of doses of
fertilizers were made at fortnightly interval.

Fifty numbers of samples of fiy were
randomly taken for length and weight measure-
ment, the average length and weight and initial
number of stocking materials from each pond
were recorded. Experiment was conducted
during the months of February—April 1979,
for a period of 50 days. Supplementary feeds

TapLE 1. Summary of food items used in the differenr treatments, their cost and mutrivive value

Cost per  Proximate composition { %4) Fertilizer
Treatment Feed Applied kgin
rupees Protein  Carbo- Fat Ash
hydrate
A Control —_ - - — —  Inorganic and organic
fertilizer applied at uniform
. " rate.
B Rice bran 1.40¢ 134 4.1 2.5 104 Do.
C Prawn meal and rice bran
{1:2) 1.60 217 56.4 2.7 13.2 Do.

The ponds were dewatered and sundried for
about a week, then filled with fresh tidal water
from the feeder canal of the farm, Before
initiation of the experiment, ponds were
fertilised with inorganic fertilizer, urea and
superphosphate (1 :1) and poultry manure
as organic fertilizer at the rate of 20 kgfha/
fortnight and 40 kg/ha/fortnight. The ponds
did not have any direct connection with the
feeder canal and water exchange was done
through siphoning,

The fry of L. parsta {15—25 mm) were
stocked in February 1979 in all six nursery
ponds at a uniform stocking density of 1 lakh/

were supplied at 109 of body weight of the
experimental population and the ration was
given daily during the evening, Feeding rates
were adjusted on the basis of estimated
biomass in different experimental pond based
on fortnightly sampling. Physico-chemical
samples were collected weekly and analysed
as per standard method for the examination
of water and waste water A, P. H.A, (1965).
Plankton samples were collected fortnightly
by filtering 50 litres of water through bolting
silk net from all the experimental ponds for
qualitative and quantitative analysis. At the
completion of the experiment the population
were removed by repeated netting and dewater-
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ing the pond to assess the final growth and
survival of L. parsia.

RHSULTS

Summary of average initial size, average
increment in length/weight and average per-
centage survival for different treatments are
furnished in Table 2.

To determine whether the treatments differed
significantly an analysis of variance was
carried out on average weight increment
for six experimental wmits {Table 3). The
mean increment in weight for treatments
differed significantly at (P<0.05). From
Table 3 it will be seen that treatment C differed
significantly from other treatments indicating
the best mean increment in weight of 5.244 g.
which is greater than the increment in weight
of other treatments but the treatments A
and B do not differ significantly between them-
selves. The differences were evaluated by
criticaldifferences test at 5 % level of confidence,
Standard error of differences of two treatment
mean is 0.4280 and critical difference being
1.8416,

Similarly to determine whether treatments
differed significantly an analysis of variance
was carried out on perceniage survival of six
exparimental ponds (Table 4). The results
demonsirated that there is no significant
difference in percentage survival. However,
maximum average survival of 83.679% was
ohserved with treatment C, followed by treat-
ment B (78.509) and A (68.75%).

The range of physico-chemical factors of
the different treatments during the month
February—April 1979, are given in Table 5,
The rangeof physico-chemical factors in
different treatments were almost same during
the period of observation,

The quantity of plankton (no/litre) available
in different treatment ponds were ; zooplankton
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1059—2002 (A): 14102950 (B); 1352—
2742 (C) ; and phytoplankton 650—1125 (A);
800—1400 (B) ; 600—3200(C). Among phyto-
plankton common genera represented were
Lyngbya sp., Oscillatoria sp., Navicula sp.,
Gyrosigma sp., Coscinodiscus sp. and Synedra
sp., Digptomus sp., Cycleps sp. and their
nauplii, Mysid sp. and Brachionus sp. were
the frequently encountered zooplankters.

DIsCUSSION

Reports on the feeding habits of mullets
are varied and inconsistent., Bapat and Bal
(1952) observed that copepods constitute the
main food of L.parsia in Bombay waters,
Three species of typically estuarine and marine
mullets viz., L. parsia, L. tade and Mugil speigleri
of Bengal were reported to be bottom feeders
and that decayed organic matter, fresh and
decaying algae and diatoms formed their food
(Sarojini, 1954; Pillay, 1953). Chidambaram
and Kuriyan (1952) concluded that mullets of
Gulf of Mannar are primarily plankton feeders,
with occasional browsing habit in the full
grown maullet. Ghosh et al. (1972) studied
the food preference of L. parsia in laboratory
experiments and concluded that the fry, though
primarily a diatom feeder changes over to
zooplankton feeding immediately after entering
into a lentic environment where diatoms are
scarce. Ghosh et al. (1975) observed that the
normal plankton production in brackishwaier
ponds was not sufficient for the growth of
L. parsia fry, unless they are stocked at a very
low rate. Das et al. (1979} in their experi-
ment on nursery rearing of L.parsiu under
different stocking densities, without artificial
feeding observed best survival where the zoo-
plankton density was maximum.

Studies on artificial diet for mullets are
scarce. Yashouv and Benshachar (1967) tricd
pelleted protein rich diets fortified with vitamins
and minerals for Mugil capito. Rangaswamy
(1979) obtained best growth of L. parsia fry
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TABLE 2, Sununary of average inivial lengthiweight, average incremeny in lengthjweight and average percemtage
survival under different treatment during the 50 days experiment

Average initial Meanincrease  Average initial  Mean increase Meal(l jsmval

Treatment length (mm)  in length (mm) weight (g) in wejight (g)
2070 31.76 0,117 o 1.658 68.75
B 19.97 42,66 0.122 3.047 78.80
C 19.30 54,87 3.106 5.244 83.67
TABLE 3, Summary of analysis of variance with weight increment in gm of Liza parsia
Source of variation D.F. Sum square Mean square F Comments
Replicates 1 0.2745 0.2745 1.4984 Not significant
Treatment 2 13.1022 ©o65511 35.9593 Hiéhly significant
Error 2 0.3665 0.1832 —_— —
Total (corrected for mean) 5 13.7432 —_ — —
TABLE 4. Sunimary of analysis of variance with % survival data (Aresin transformed) of L, parsia
Soucce of variation D.F. Suwm square Mean square F Comments
Replicates ' 1 0.3300 0.3300 0.0198 - Not significant
Teeatment ' 2 1097545 54.8772 3.2959 Do.
Error . 2 33,3005 16,6502 - —
Total {corvected for mean) 5 143.3850 — — —

Taswe 5. Range of physico-chemical factors of ponds under control and different treatments during the month of

February to April 1979
Treatment Water Water Salinity D.0. pH Turbidity  Alkalinity .
depth (om) wmpgorégure (opt) (ppm) ' (mm) (ppm)

44.5—57.0 249271 8.67—14.03 5780 8.5—8.8  90—150 125—129
49,5—60.5  247=21.1 _ 9.50—14.80 5.2—34 8.3—8.7 140—18¢  120—134
45,0—=59.8  24.9-265 813—13.33 6.2—9.6 8.1—8.8 " 142—155 i0l—120

=
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with Bengal gram, prawn head and-sago at
2:2:1 ratio. Rathakrishna™ (1979) ~ tried
brackishwater macrophytes as supplemental
feed for mullet fry. Details of thé efficiency
of the diet used by Rangaswamy (1979) and
Radhakrishna . (1979) are not available for
comparative purposes. In: the present study,
two 'locally available ingredients were tésted
and it was observed that the growth rate
obtained with treatment C (prawn meal and
rice bran 1 : 2) were significantly higher (P <
0.05) than treatment B (rice bran) and A
(control), The growth increment and survi-
val under different freatments were 5.244 gf
83.67% (C), 3.047 g/78.80%; (B) and 1.658 gf
68.75% (A) respectively. The crude protein
contents of the feed used under treatment B
was 13.4% and C 27.7%,.

Experiments on nursery rearing of L.parsia
at a stocking density of 12,500 per hectare
with fertilization and supplementary feeding

801

(at 169 of body weight of stocking material)
'w th a proper management method demonst-
rated a growth of increment of 65 mg/day
‘and a survival of 829 (Anon, 1975). In the
present study at a stocking density of 1 lakh/ha
with fertilization and supplementary feeding
(at 10% of body ‘weight of stocking material)
and periodic replénishment of impounded water
with the fresh tidal water, an enhanced daily
growth rate of 105 mgfday with survival of
83.67% was observed, which is higher and
satisfactory comparcd to that obtained in the
earlier experiment (Anon, 1975).

The resilts of the present study show that
prawn meal : rice bran at 1 : 2 ratio is a suitable
feed during the nursery rearing of L. parsia
fry. Generally it can be concluded that 25 to
309, crude protein in the diet is suitable for
L. parsia. Further experiment with other
locally available cheap ingredients are in
progress, so as to develop a still cheaper diet.
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EXPERIMENT FOR OPTIMISATION OF FEEDING RATE AND FEEDING
INTENSITY DURING NURSERY REARING OF LIZA PARSIA (HAMILTON)

"H. C. KARMAKAR AND A, N. GHomH*

Kakdwip Research Centre, Central Inland Fisheries Research Institute;
Kakdwip-743 347, West Bengal

ABSTRACT

Efficient feeding programme in nursory management is an essential roquirement for better survival
and growth. In order to ascertain the rate of feeding per day of Liza parsia and the instaiments for
application a 37 factorial experiment was conducted in the laboratory on the principle of randomised
complete block, The two factors each with three levels, rate of feeding (6%, 12% and 189 of body
weight) and instalment of feeding {one, two and three instaiment/day) were considered for the present

study.

Statistical analysis of the results showed that the difference between the feeding rates were signi-

ficant at 157 level and feed given at the rate of 12 % of body weight had significantly increased the weight,

" The difference between the number of iastalments was not found significant, However, survival rate
was equally well and significantly different in 6% and 12 level of feeding,

INTRODUCTION

MULLBTS comprise one of the most important
group of fishes that contribute to the fisheries
in estuaries, backwaters and ingshore areas.
They are ocultured widely in brackishwater
impoundments in various paris of India.
Since stocking densities are quite high in
nursery ponds, the available natural food is
insufficient. Hence, supplementary feeding be-
comes necessary, The usé of supplementary
feed is not extensive in brackishwater systems
as in freshwater fich culture, The fluctuating
salinity and other physico-chemical fastors
affects the natural food production, Pillay
(1950), Sarojini (1957), Chidambaram and
Kurivan (1952) have realised the necessity of
supplementary feeding in mullet farming.
Very recently, works have been done by different
workers in India on the development of zuita-
ble, supplementary feed. for muliet Liza parsia

*Prosent address: State Fisheries Develo ?m:nt
Corporation, 43, Shakespeare Sarani, Calcmta-l

7

.

(Hamilton) (Ghosh et al., 1972, 1975; Das
er al,, 1979 ; Rangaswamy, 1979 ; Rangaswamy
and Raman, 1979). But, so far, no study
has been done to find out the effect of feeding
rate and feeding intensity on the growth and
survival of [Liza parsia. Hence, an attempt
has been made in this paper to optimize the
feeding and intensity of feeding for L. parsia,
during rate of nursery rearing.

The authors are grateful to Dr. V. G.
Jhingran, former Director, Central Inland
Fisheries Research Institute, Barrackpore for
his keen interest in the work.

MATBR!AL AND MBTHODS

Fr)r of L. parsia (23-27 mm) were collected
from intertidal pits adjacent to Muriganga
Estuary by scooping with hapa nets. Collected
fty were then kept for 3 days in plastic pools
containing estuarine water for acclimatising

- them to captive condition, before the start of

the experiment.
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A 3? factorial experiment on the principle
of randomised complete block design with

two replicates were conducted during 1974. .

The feeding rates were in three levels, viz,,
6%, 12% and i8% of body weight of the
stocked fry. The feeding intensities wete in
3 levels—once in a day, twice in a day and
thriceina day. The experiment was conducted
in 18 glass jars of 15-20 litres capacity, in
3 blocks, The glass jars were filled with 10
litres of filtered estuarine water, Healthy
fry were stocked at 3 nos.flitre. Individual
length and group weight were recorded before

stocking. Water was changed every day.

Finely ground, rice polish was used as the
supplementary feed. As per the design of the
experiment feeds were provided at 6 A. M.,
12P.M.and 6 P. M.

Dead fry were removed every day and rates
adjusted depending on the living fishes, At
the end of 14 days, the fry were counted and
individua! length and weight were recorded.

" For critical analysis of the data, F-test of
analysis of variance, least significant difference
test for pairwise multiple comparison between
means were used,

ResuLrs
 Table 1 represents the average initial weight,

final weight and survival rate of L. parsia
fry- during 21 days experimental period.

- Analysis of variance was carried out with the
increase in weight and the result i presented
in Table 2. Making use of F-test it is found
that the treatment mean is significantly different
at 1% level. The main effect of rate of feeding
(A) is highly significant at 19/ level. But the
‘main effect of intensity of feeding (B) and the
majn effect of interaction (AB) are found to
be non-significant at 59, level. The standard
error of difference between any two feeding
fate ‘means is == 14.80 mg, ‘The least signi-
ficant difference is 32.25 mg,

H. C. KARMAKAR AND A, N. GHOsH

To determine whether the survival rate in
different treatments varies significantly, the
data obtained were transformed by Arcsin
transformation and analysis of variance was
carried out with the transformed data. From
the analysis (Table 3) it was observed that the
main. effect of treatment A is significantly
different (P < .01) and the main effect of
treatment B and the interaction AB are not
significant. From the LSD test it was observed
‘hat the survival rates in both 6% and 129
level of feeding rate were szgmﬁcantly different
than 18 % level,

DiscussioN

Seed of Liza parsia is available in plenty
in Sunderbans and invariably forms one of the
major component jn the culture fisheries.
In high density cultures, the natural food
available in the pond, is insufficient for the
growth of Liza parsia (Ghosh et al, 1975).
Hence supplementary feeding becomes essential
for beiter growth. Providing protein rich
diet definitely  increases the growth rate as
studied by Ghosh et al. (1975) in pond condi-
tions. Understanding of optiimal rate and
intensity of feeding will help to reduce the
wastagée of feed and the pollutional effect
arising out of it. No study in this regard has
been conducted so far; hence no comparable
data are available, This lahoratory experi-
ment, with a view to optimise the rate and
frequency of feeding, is a preliminary attempt,
50 as to get a basic knowledge before trying
them in pond conditions, In the present
case growth observed is not satisfactory
compared to .that of Ghosh et al. (1975) in
pond condition. This may be due to high
stocking dengity of 3 nos.flitre (3000 nos./m?®
or 30,600,000 nog,/ha). But singe this I8
uniform in all the treatments it doesn’t interfere
with the results. . _

From the present observations, it can be
generally concluded that feeding at 129% of
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"'TABLE 1. Details of mean initial ‘weight, mean incredse in weight and mean survival rate of

T e - Ljza parsia under 3% factorial experiment (Mean of two replicates)
Factor
- Injtjal Increase in Survival
Feceding intensity  Feeding rate weight (mg) weight (mg) rate (%)
(No, of times feed (% b
given) : " weight
Once 6 142.8 76.3 88.7
. 12 i42.8 139.5 68.7
18 142.8 68.5 375
6 142,8 330 TLS
- Twice - 12 142.8 139.5 61.2
. L 18- 1428 67.5 312
6 . 428 81.5 87
T+ Thrice 12 - 142.8 140.1 72,5
LT . 18 142.8 504 337

" Tamug 2. Awolysls of variance table for testing gain in welght of L. parsia under 3* fuctorial expertment

Degrees

Sources of variation of Sum of square  Mean square F New F
- : freedom

Replicate 1 2,048.00 2,048.00 2.5433 3.1164
Feeding rate eﬁ 2 18,148.00 9,074.00 11,2685 13,6077+
Intensity of feeding (B) 2 383.00 134,00 0.2409 0.2952
Interaction (AB) 4 1,444.00 361.00 0.4483
Error . B 6,442.00 805.25
New Ervor** .12 7.886.00 65717

Total 17 28,470.00

* Highly signiflcant 1% level.
*+ New Brror = Brror -+ Interaction,

Tanik 3. Aualysis of variance table for testing mean survival rate

Degrees

Sources of Sum of square  Mean square P New P
freedom :

Replicate 1 103.00 103,00

Treatment

Rate of feeding (A) 2 2,681,22 1,340.61 11.8418 16,3969+

bebamee 3 hn g

Errot D) 8 903,70 1321 ’

New Error** 12 981.15 81.76

Total 3.733.(”
* Highly significant at 1% level.

** New Error = Brror 4 Interaction (AB).



body weight of the stocked fry will be the
optimum rate with whatever frequency suitable,

H. C. KARMAKAR AND A. N, GHOSH

since frequency of feeding has litile influence
over the growth and survival of L. parsia fry.
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EVALUATION OF SUPPLEMENTARY FEEDING ON THE GROWTH AND
SURVIVAL OF GREY MULLET LIZ4 TADE (FORSSKAL) FRY '

A. K. Roy

Kakdwip Research Centre, Central Inland Fisherles Research Institute,
Kakdwip-743 347, West Bengal

ABSTRACT

Results of a laboratory experiment on the effect of supplementary feeds on the growth and survival
of Liza tade (Forssal) fry are presented in this communication, The experiment was conducted in
glass jars of 10-20 1 capacity on the principle of randomised complete block design with four replicates
for each of the following trsatments : (A) natural food {zooplankton), (B) fish meal, (C) fish meal
and rice bran (1 : 1), (D) rioe bran, (B) mustard ojl cake and rice bran (1 :1). The analysed crude .
protein contenis of feeds B, C, D and B were 50.0%, 31.5%, 13.0%; and 23.8%; respectively.

Each experimental jar was stocked with five numbers of fry (15-18 mm/60-100 g) at a stocking
density of 1 no./ and was aerated for 8 hours/day. Supplementary foed was applied at the rats of
5-10%; of the biomass. The fry in control jars were fed qd lbirum. In an expetimental period of
twenty-one days, thoe fry from treatments A and B registered the maximum average weight incremetits
of 213 mg and 2(9 mg vespectively, which were significantly different (P<0.01) from that of treatments
C, D aiid B, Fishes from treatments A, C and D showed a percentage survival of 100, 95 and 100
respoctively which were significantly higher (P<<0.01) than that of the other treatments (B and E).

Rate of growth and survival of L. tade fry are discussed.

INTRODUCTION

GENERALLY aquatic species with high marhet
value are cultured intensively using artificial
and expensive facilities and feeds and mullets
fit in this category. Among mullets Lizg
tade has been accepted as the most important
cultivable species in brackishwater aqua-
culture in Sunderbans, Under intensive aqua-
culture practices, where large number of
individuals are stocked in a restricted space,
nutritional deficiencies may arise due to inade-
quate supply of natural food resulting in poor
survival and growth. Hence, supplementary
feeding, appears to be the only other alter-
native to provide sufficient quantity of food in
order to achieve better survival and growth,
Pillay (1953) studied the food and feeding
habits of L. rmde. Roy and Chakrabarti

i (1979) made a preliminary study on the eﬁ'ect
" of supplementary feed on growth and survival
of L. tade. Halder and Roy (1979) studied
the effect of aeration and density on the growth
and survival of L. fade.

The objective of the present investigation
was to test the locally available cheap feeds
for L. tade fry during nursery rearing, under
laboratory conditions, before testing them in
pond conditions.

The author is indebted to Mr. D. D, Halder,
Officer-in-Charge, Kakdwip Research Centre
for constant encouragement and providing
necessary facilities in conducting the study,
He is grateful to Mr. P. Ravichandran for
going through the manuscript and suggesting
improvement. Thanks are due to Mr. P, M,
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Sherif, for bio-chemical analysis of feeds
and D. Sanfui for rendering help in analysis
of physico-chemical parameters.

MATERIAL AND MBTHODS

Liza tade fry (15-18 mm/60-100 mg)
were collected from intertidal pits nearer
Kakdwip Research Cenire by scooping with
hapa nets. Before starting the experiment the
fry were acclimatised to confined environment
by keeping them in a plastic pool for about
4 week,

At the giart of the experiment, estuarine
water was stored in a big plastic pool and the
same water was used during the experiment,
L. tade were reared in glass jars (10-20 litre
capacity) containing 5 litres of water. Each
glass jar was stocked with 5 numbers of fry
and aeration arrangement to all the experimental
units through polyvenyl chloride airpipe system

A. K. ROY

(consisting mostly of Diaptomus sp., Mysids,
Cyclops sp. and Brachionus sp.y was also
tested along with other formulated feeds. Fish
meal tested in the present study was prepared
in the laboratory from the locally available
fish, Bombay duck (Harpodon nehereus).
Feeds were provided in fine powder form.

-Live zooplankton, collected from brackish-

water ponds were provided daily to tce experi-
mental animals on ad libitum basis, Details
of feeds/treatments used in the experiment
with nutritive value and cost are presented in
Table 1. In a statistically designed experi-
ment, it was established that stocking of
L, tade fry at 1 no/l with aerationt of 8 hours/
day is the best combination for good growth
and survival (Halder and Roy, 1979).-.In a
previous unpublished - experiment - it was
observed that feeding at 5-109; body weight
of L. tade fry were sufficient for optimum growth
and survival. So, in the present experiment
a density of 1 nofl, aeration for 8 hrs/day

TABLE 1. Summary of foeds used in L. tade feeding experiment with cost and analysed nutritive valyes

Proximate composition
Feeds Treatments Cost per kg ;
- in Rs. Protein Fat Ash Carbo-
% % % hydrate %]
Zooplankton A - — - - ="
Fish meal B 2.50 50.0 35 124 341
Fish meal and rice bran {1 : 1) C 1.75 31.5 3.0 11,4 T o410
Rice bran D 1.00 13.0 2.5 104 . 741 .
Mustard oil cake and rice bran : ' o]
a:n £ 125 238 50 105 606 -

was made for 8§ hours/day. At the start and
close of the experiment individual length and
group weight of fry for the experimental units
were recorded. Only cheaper and locally
available items of feed such as fish meal, rice
bran, wheat powder and mustard oil cake
were selected and used in the experiment
either individually or mixed with one or more
ingredients, Naturgl fish food, zooplankton

and a feeding rate of 5-10% of bady weight.of
animals were uniformly used for.all the -exs.
perimental units, Feeding rates were adjusted;
with the surviving fishes. throughout -the
experiment period. The feeding experiment
was conducted for a period of 21 days during
August-September 1978,  Fishes .were- fed
daily in the afternoon. . Accumulated faecal
matter .and dirt were rémoved daily..hy
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siphoning. = The quantity of water removed
during cleaning were replaced with fresh and
filtered estuarine water. Water temperature
in all the.experimental units were recorded
daily. Dissolved oxygen and sahmty were
recorded weekly. .

There were five fceds[treatmcnt_s_arranged in
a randomised complete block désign with
four blocks, Thus there were a total of

four glass jars receiving the same feed for

each of the five treatments. Analysis of
variance, co-variance and least significant
difference test were used to evaluate the differ-
ences. among (reatment means (Ostle, 1966).

REsuLTS S
Ranges of temperature, dissolved oxygen
and salinjty during the period of observation

were 27—29°C, 5.0—7.2ml/l and3.75—3.80 ppt

respectively, Variation of physico-chemical

-ratio test was. performed as F =———
- 1130 =0.3007with 1 and 11 degrees of freedom.

809

from 60—100 mg. In order to study whether
differences among final weight reflect feed
effect rather than varying initial weight,
analysis of co-variance in randomised complete
block design was performed under usual
assumptions of independence, normality, homos
genous variances (Table 3), Now let us
denote initial weight as % and increment in
weight as Y., Hy:B =0 was tested i,
the assumed hypothesis that the regression
co-efficient of increment in weight on vatying
initial weight is equal to ze¢ro was tested,
To test the validity of hypothesis, variance
(65852
12758

Since the caleulated value of F = 0.3007 is
less than the tabulated value of Foss a, 11)
= 4.84 so the hypothesis was accepted which
proves that varying initial weight has no eﬂ’ect
on ificrement in weight.

TABLE 2. SaWy of initial average lengthiweight, increment in average length|weight, daily increment in
lengthiweight and percentage survival

Initial average

" Increment in a.vvemm Daily avera

h/wei 'wei ment* in length fweight - Survival %
Tresuments b o ey amimg) e i g Survdval %
A 16.25/81.28 C1.551213.006 " 0.36/10.14 __100-
B 15.87/67.25 7.34{219.00a» 0.35/1043 - 908
C 16.05/78.75 5.64/115.00b 0.27)'5.34 953
D 16.35/94.00 4.40/54.75¢ T 0.2112.61 100s
E 16.15/83.75 3.03/28.50¢ 0.14/1.36 F6o

* F:gures wnh the same superscnpt are not significantly different from each other at the P«=0.01 Icml

‘Factors between expetimental units were found
to be nonSJgtuﬁcant

. Results of observatlons like mltml amage
length/weight, average increment- in . length/
weight, daily average increment and percentage
sumval are presented in Table 2.

It was observed that initial average weight
of L: tade inv the experimental .units ranged

- Analysis of variance was done with werght
increment data for all twenty experimental
units to find out statistical difference among

- treatment means and presented in Table 4,

The _result' demonstrated that the weight
increment for treatments differed significantly
at 1% level. The differences in weight incre-
ment beiween any two treatment means were

~evaluated by least significant difference (L.8.D.)
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test, Standard error (S.E.) of difference bet-
ween any two treatment means and L.S.D.
values are -+ 23.07 mg and 50.27 mg respec-
tively. A perusal of Table2 will indicate
that group of treatments A and B demonstrated
best increment in weight which are significantly

A K. ROY

it can be seen that percentage survival for
group of treatments A, C and Dare significantly
higher than that of treatment B which is again
higher than that of treaiment E. But there is
no significant difference in percentage survival
among treatments A, C and D,

TABLE 3. Analysts of co-variance for testing effect of initial weight (X) on gain in weight (¥)

Sum of squares and product Deviations abottt regression
Source of variation of
reedom = Sxy sy SY—(SxuSx® DF.  Mean square
Replicates 3 137.2 -=271.0 691.8 — —_ -
Treatments/Peeds 2 14830 —9706.5 123687.2 — — _—
Experimental exror 12 1275.8 ~i558.5 127699 124300 I 11300

Tance 4, Analysis of variance for testing the significant difference i welght increment among the ireatments

Source of variation of Sum square  Mean square RBaratio
freedom observed

Mean 1 MTH2.05 -— _—
Replicates 3 691,75 230.58 0.22

" Treatments 4 123687.15 30921.79 29.06*
Bxperimental error 12 12776.05 1064.17 —
Total 20 454921.00

* Significant at P < 0.01 level.
higher than that of treatment C which is still DISCUSSION

significantly higher than those of group of
treatments D and E. But the difference in
weight increment between treatments within
the groups is not statistically significant.

Similarly analysis of variance was carried out
with percentage survival data for all the experi-
mental units and presented in Table 5. The
results demonstrated that percentage survival
for treatments differ significantly at 19 level
of significance. S.E. and L.S.D. values are
+ 4.4% and 9.6 % respectively. From Table2

In search of an economical and biologically
viable feed for the fry of L. fade, fish mea)
prepared from Bombay duck, as protein source
was used, because of its local availability.
Bombay duck contributes 26.2% of total
landings from the Hooghly-Matlah Estuary
(Anon, 1975).

Results of an earlier laboratory experiment
indicated maximum daily ingrement (0.22 mm)
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and survival (32 %) when L. fade fry fed with
fish meal containing 30.8% of protein (Roy
and Chakrabarti, 1979). In the present study
with aeration for 8 hrs/day fish meal containing
50.0%; of protein demonstrated daily increment
(0.35 mm) and survival (90%). The possible
reason for better growth and survival in the
present study may be attributed to the use of
better quality of fish meal and or extension of
aeration facilities which helped in supplying
oxygen and expelling metabolites from the
experimental units,

m

growth, generally observed in high stocking
density and limited space experiments,

It can be observed from Table 2 that mean
increment of L. tade, when fed with fish meal
(219 mg) do not vary statistically from plank-
tonic feed (213 mg). Most notable obser-
vations are that full survival was observed
in case of both the feeds viz., planktonic food
(A) and rice bran (D). Rice bran has regis-
tered a very poor increment of 54.75 mg.
Considering both growth and survival, '
planktonic feed can be considered to be the
best food during nursery rearing of L. tade,

TABLE 5. Summary of analysis of variance with percentage survival data

. Degrees :
Sources of variation of Sum square Mean aquare ™ Feratio
freodom *a * observed
Mean 1 170201,25 —_ —
Replicates 3 253,75 84.58 2.18
Treatments 4 1555.00 38875 10,03+
‘Experimental error 12 465,00 38.75
" Total 20 172475.00

* Sigtificant at P «c 0.01 level.

From feeding experiments in ponds, siocking
at 36,250/ha of L. tade fry, daily average weight
increment was observed to range from 32.8-
42,3 mg (Roy and Chakrabarti, MS). In the
present experiment stocking at 1 nofl, daily
average weight increment was observed to
rangs from 1.36-10.43 mg by applying supple-
mentary feed, The poor growth in the labora-

if sufficiently available in the pond. But the
plankton concentrations in well prepared and
fertilised ponds were found to be always in-
sufficient for high density culture (Ghosh
et al, 1975). In such a sgituation, supple-
mentary feeding with protein rich fish meal
(as the one tried in this experiment) would
lead to better growth and survival of L. tade

tory experiments may be due to the stunted fry during nursery reating.
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s éiunmé ON THE EFFECT OF SUPPLEMENTARY FEEDS AND FERTILISATION .
© i ON THE GROWTH AND SURVIVAL OF GREY MULLET LIZA TADE

(FORSSKAL) FRY IN BRACKISI-NVATER NURSERY PONDS
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Kakdw:p Research Centre,-Central Inland Fisheries Research Institute,

"

Kakdw:p-743 347, West Bengal

ABSTRACT

Two sets Of experiments on the nursery rearing of Liza tade fry were conducted, to study the effect
- ————ufsupplementary feeding alone and fartilisation and supplementary feeding, in 0.02 ha brackishwater . .
ponds, at an uaiform stocking density of 36 250,-‘ha and feedmg at 6%, body we:ght oi’ fry for a peuod.

of 74 and 113 days respectively.

Feed materials such as fish meal, rice bran, whea.t powder and mustard oil cake in dlﬂ'erem

oombmatwns were used m the experiments.

'l'hemnch protein content of the tested feeds varied between 16.52 to 20.23 %,

—— The daily growth mcrernent and the percentage survival of mullets in all the treated ponds were
higher by 1.76-5.17 times and 1.33-7.99 times respectively, over that of 18.6 1ig per day and 1033,
-..obtained in. the control experiment wuhout fertilisatjon and fe.odms Enhancement of natural food

production through fertilisation and supplementary feeding led to befter growth rate compared to
supplementary feeding alone, fertilisation alone and without feed and fertilisation. ~ Fertilization
. Siaid feeding with fish medl and rice brad.showed a maximum growth rate (36.2 mg/day) and modorate -

" percentage supvival (33,24 27, but treagment using wheat powder aiso i in ‘addjtion to the’ abowa Tegistered

. andrmmi@mte gowm(SI 9 mg.'day) and highest survival (82.62%). ' A

. . The growth rate and survival of L. tade under different treatment oondmons have been dlscussed
. rf_m rq]a.tioq to the physlco-chemlcal and: bwlogmal factors of the culture ponds

Imnonucrlou

Low o
T e, do-

IN RECENT years, g:eater emphasns is, bemg
laid in brackishwater aquaculture to imprové
the protein sources and employment oppor-
funm.es sin: roral areas. Grey mullets form

!.’{;e mafor component of brackishwater
farmin’g all over the world, Among the grey
m lets ayaﬂable in India, Mugil cephalus,
dizd; .tade, L. trosehelli, L. macrolepis and
Fod pavsia s -aze ‘the cultivable . species,
M.cephalus otie of the fastest growing mullet is
mmvaxlahlc in sufficient guantities in Sunder-
Pk G oe L. tade forms an important
cultivable species in brackishiater fish, farming
in Sunderbans.,

_ Under intensive aquaculture practices, where

large number of individuals are stocked in a

restricted space, nutritional deficiencies may
arise due to inadequate supply of natural food
resulting poor survival and growth. Hence,

the need to find out a combination of efficacious

supplementary feed and fertiliser conducive
for faster growth for this pamcular spct;ies is
highly eSsentla]

Various reports are avallable on the food

and feeding habits of grey mullets (Bapat and

Bal, 1952 ; Chidambaram and Kuriyan, 1952 ;
Pillay, 1950, 1953; Ghosh et -al, 1972).
Experiments have beeu conducted to develop

‘suitable " artificial feed for mulkets (Yashouv
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and " Ben-Shichar, 1967 Ghosh et "dl.; 19715
Prasadam’and Gopinathan, 1976; Roy and
Chakrabarti, 1979), Bishara (1978) studied the
growth of M. cephalus in Egypt by pond ferti-
ligation and: feeding.. Recently. Roy &f ak

(1979) made 'some  prelimina®y ‘studies Gn-

suitable supplementary feeds for the advanced.
fry of L.. tade in brackishwiter ponds at’
Kakdwm But so far no studies have been
madé- o the effect of supplementary feed ag’
well as feriiliser on the growth and survwal
durmg ntirséty stage of L. tade.

ik

G

LA

',rm L Sumniaey offert!h'-ver andﬂ.wd Items wad in different mw’i tade feeding experiments
L m'ﬂl their mrriﬂwm iw
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Thanks are dus to-'Shei' P} M Sherif for Blo-
chemical -analysis -of -kods and -S/sh#i B, B.
Das and D; Sanfi for rendering. htlpm anal’ym
of phymco-chenucal parﬂnemsﬁ

mmm mmM e

Bgei'l fisnts vete condu;‘:ted in four ldentml'
sived brickishiwatér ponds of 0.02 he. 'TWo
sets | of, equrgmcms were, conducted during

" Seplgmber-Novembér 1977 and Ociober 1978

to February 1979 for 74 days _and 113 days
wspectmelyﬁ “The deta:ls of various treat-

bl i 3

’-i-ﬁoximate

L ) ~ Composition of the
S I . mmiBers! - s feed
Bxpernment number Fertiliser Feed applizd treatments i
wsth durauon applisd i . Pro:eln Fat . Ash Carbo-
i T (E - =i L & hydrates
i % % % e
1 Nil Figh meaf? tige B 1745 275 19.83 3997
e o ( ..\). «_":f - &-
Sept.-Kiov. 1977 < Nl “ish maalfgicg bran  C % 230 1504 6604
(74 days) ES'L witeaz ) piiwder
Nil  Pish meal & Wheat . D B3y 217, 1829 60.67
TIULE D L. powder (-+2) (o e
R MR P
e "
LA R Urea &super+:” Nil - -- B adi _— -— e
phosphate (1:1)  (coritral)
2 Do (_FWP& tico F 1745 275, 1983 5997
Oct.1976-Feb. 1979 ' Do.  Fish mealiticebran G 16,52 230 1514 6604
{113 days) ) a,ud wlg}u _
TRARE LESY w2 (1133 — K/ A --
Do. Mustard oilcike and 20. 23 417 1047 63.13
J— ries bran (132) L e
I T rf""l’

'I’h:s pspen 18 an attemﬁt.to stu,dy the clfgpt
of ‘suppleméntary feeding with’ anﬁ w;thﬁqt
feriifisation on tho “growth and .suryival of °
L. tade-fry it Brackishiwater nursery Ponds, -

The authors are gratefiffto Mr. D. D. Halder,
Officersin-Charge, Kakdwip -Resedrch :Centre,
Kakdwip. ‘for. constant . engouragemient::asd.
providing . necesfary. facllities in. condacting
the. study... They .-are -indebted :%o!:.Dry
T. Rajyalakshmi for hélpfd 7 sviggeations:

mcnts teed u.scﬂ p.nd themprp t mmpo-
S.ltloa am prcseﬂtgd in ‘Faﬁle I"'j@%ﬁ .

-Ponds were" pnpmed the wcr
and Sundrymg - bott%m of'the onds Were:
abserved toi'8& stushiy with grey dnd dark’4oif
overed  with’ dettitus, - Fertﬂlsatlon, \ﬁiénevel:
meritiovied; .was -done’ with uréa and’ super-
Phosphaite:- (12 1) - with -afi Hitlal “dese “of
100 ma fouma wnth mommy ldosq of
50 kg/ha, - SR o v @



814

. Water ‘was filled in the ponds through
siphoning, from the adjacent feeder canal and
regular exchange of tidal water was done.
Care was taken to prevent the entry of un-
wanted fish and prawn in the experimental
ponds. Liza tade fty collected by hapa net
from the pits from around the farm were
acclimatised to lentic environment in brackish-

A. K, ROY AND N. M. CHAKRABARTL

Monthly water analysis for pH, dissolved
oxygen, salinity, temperature, fortnightly
water depth and turbidity were recorded
throughout the experimental period. Monthly
plankton samples were collected from all the
experimental ponds by filtering 50 litres of
pond water through bolting silk plankton net
for quantitative and qualitative analysis,

TABLE 2, Summary of stock, harvest, survival and growth increment of L. tade of the experimental ponds

under different freaiments
o Ponds Stock Harvest
Bxperiment No, uncl_ert e v ye 5 Sur;,ival A;nerap dajly
) treatment Average size o, verage size 0, fAcrement
mmfg  stooked mm/g  harvested * g
19.27 ' 63.95
A —— 7 —— 75 10.3  0.33/18.6
1.37 2.75
71.28 .
B Do, 75 et 100 13799 0431423
4,50
1 69.34
c Do 725 —5-;0 360 4965 041328
69,98
D Do, 728 ——— 360 49.65 0.41/35.5
400
24.08 .28
0.125 4.00
9270
2 ) Do, Do, —— 241 3324 0.61/96.2
11.00 H
: 7.8
G Do. Do. «---aﬁw 599 82.62 047/519
74.60
H Do, Do. —;-- 336 7393 0.45/51.9

water nursery ponds for a minimum period of
one weell. The experimental ponds were then
stocked with L. 7ade fry at an uniform stocking
density of 36,250/ha. Adequate number of
samples of fry were taken for length and weight
measurements, Feeds were supplied at 6%
body weight of fry during the week days only
and the daily ration was given during evening.
Feeding rates were adjusted on the basis of
estimated biomass in- different experimental
ponds based on  monthly sampling,

At the end of the experiment L, tade finger-
lings were removed by successive drag nettings
and complete dewatering of all the experi-
mental ponds to assess the survival and growth,

RESULTS
Details of average stocking size, dengity,
average final size, percentage survival and daily
growth increment of L. fade of different experi~
mental ponds under various treatments aye
presented in Table 2, :
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Obeervations on the range of physico-
chemical factors of the ponds under different
treatments are furnished in Table 3. -

§13

It can be observed from Table 4 that
plankton concentration in the fertilised ponds
(E-H) are significantly higher than those inthe
unfertilised ponds (A-D).

Jeeding experiment

Tame 3. chofw:mewtmofmmm&MwsofL tade

 Treatment Salinity

p—

Experiment No. Temperature D.O. Turbidity  Water depth
- (o) O () (oam) (om)
A 29140 2940 8493 8084 26275 A
» 364544 288340 88120 8284 00310 &M
1 C 327554 288340 9296 8032 180210 48
D 32747 290342 80100 3832 200310 7-88
E 1471049 24318 76104 8496 140-200 on
_F 183900 222316 62100 - 8480 136210 . 477
2 G 141164 234320 7684  S4956 40180 n2
H 142:1030 234324 7200 8490

140-150 4172

The range of physico-chemical factors bet~
ween ponds uadereach of experiments (1and2)
were almost same. But the range of factors
Jile temperature and salinity were observed
to be different between experiments (1 and 2)
which is inherent because Experiment 2 was
.conducted till the Ist week of February {e.
during winier season when salinity used to be
higher. But interestingly, the average salinity
and temperature between the ponds were not
differing siguificantly, since during January
and February only the highest vaive of salinity
and lowest value of temperature was obscrved.

Observations on the range of zoo and phyto-
plankton concentration of all the experimental
ponds under different treatments are presented
in Table 4, '

Among phytoplankton Lyngbya sp., Oscil-
otoria sp., Cymbella sp., Nitzschia sp. and
Nuavicula sp. were mainly encountered in the
samples. Diaptomus sp., Cyclaps sp., Mysids
and Brachionus sp. were frequently eacountered
" zooplaniters,

TABLE 4, Sammary of plavkion concentration .
(noll) ist the ponds under diffevent treaimients -
: wedtn L, MMW

Noo . . m - -z“’
1 A . 70.95 . 5080
B 100160 “110-200
c ‘95.165  90-2%0
D 7420 . 130180
B 400-520 -280-340-
F 495.573 400-510
2 G 5504675 290-460
H 330-720 270-550
Discussion

Pillay (1953) studied in detail the food habits
of M. 1ade collected from Matlah Estuary and
reported that the fish is an iliophage ; decayed
organic matters, filamentous algae and diatoms
being the pmdapal food items, It ‘has been
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‘GblerVedithat the nauril sk’ food'prodiiced in “rfient “of - matiral” food production thfough
bracﬁlshﬁam pcctmds are: notrl sufficlent unless fertiligation and supplementary feeding led to
‘they a7¢ Mdeked 4t a very Tow .rate (Ghosh better growth rate-of L: tade-cofipared to sup-
et al., 1972). Tt is wall-known tHat when the plementary feeding alone, fertilisation alone
dcnslf,y of fish populatuon in ppn,cl. dncrease  and without feed and fertilisation. No statistic-
over a certain level, the scarcity of natural food  ally . _,slgmﬁca.nt telationship was  Observed
affects fish growth and suryival and in sugh a  between growth rate of L. tade with each of the

Situgtion supplementary feeds are requirgd for varying physxco-chemxcal factors,

fastegoigrowth and satisfactory survival, In .

Israel, pelleted protein rich diets consisting of mfer;mman ;;‘d df;tﬁig;g ?nﬁﬁx
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ezj-peoi:filstrh L. rg&-arfea cs:;ﬂ ?.t'ﬂml sfafates.iugn "+ M. cephalus -fry’Pliln the pond was to fertilise
yiew € above. y At the present study  with superphosphate. In 180 days nursery
0111)' locally available cheapitems ofsupplement- mnns of M. cgp}m}m fry at a stocking density
ary feeds were selected and tested. - of about 9,090/ha; ‘daily weight increment’ of
ity il § 138'8 lmg Was ﬁbtained (Blm 1918) '"‘In
A"Boilaliof Table 2 Wik idicate st daily e Présent stid

' v, L. MJE; & comr;iratwaiy
Z‘ezht xmb ands ;pgsﬁ.}qﬁ :ﬂg&i ﬂcg “sww «grogeing apecies' stocked: at gbout fdur
dein all the treated - " times-hiher, the daily weigltt incrément dwith
higher by lqﬂ6—5 17 times and 1.33—7.99 . ' feed- and: femtkm mm ‘heiween .51.9-

times—pespectively—over“that 3T 18:6- mg/day h i found . i .
and IO\Mr/obiamedmthe controlexperimental ;36_2 mgfwlue e’ 0 b’ satl btorv
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Tablé:4 it ca.qﬁlﬁc,observed, that the plankton - rice bean-and- wheat powder, (1 123 2) which
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ISOPOD PARASITES OF FISH OF PULICAT LAKE

S. JAYADEV BABU* AND P. J. SANIEEVA RAJ
Department of Zoology, Madras Christian College, Tambaram, Madras-600 059,

ABSTRACT

Of the 50 species of food fishes examined for larger parasites, 9 are infested by four species of
{sopod pacasites of which, Nerocila pulicarensis and Cymothoa krishnat are new to science. The rest,
Nerocila wivistata Blesker and Antlocra longicauda Schioedte and Meinert are new records for Pulicat
Lake. While N, pulicatensis, N. trivittatg and A. longicauda are restricted to one or two hosts,
C. krishnaf oxhibits a wide variety of host distxibution,

INTRODUCTION

PuLicAT LAKB (lat. 13.24°N-13.47°N ; long,
80,02°B-80.16°E) is a large brackishwater lake
with an area of nearly 280 sq. kilometres, It
is situated on the east coast of peninsular
India, opening into the Bay of Bengal at Pulicat
Village which is about 56 kilometres north of
Madras city. It is the second largest brackish-
water body in India and has very rich but
poorly studied fauna. There is no information
on the fish-parasites of this lake and infact
parasites of estuarine fish in India have not been
systematically studied. During the course of
our studies on the fish-parasites from the Pulicat
Lalke, four species of isopod parasites have been
found to infest several species of food-fishes,
Of these, Neroclla pulicatensis and Cymothoa
krishnat are new to science. The remaining
two species, Nerocila trivittata Bleeker infesting
Arius nenga and Anilocra longicauda Schicedie
and Mpvinert infesting Polynemus tetradactylus
are new records for the Pulicat Laks. While
Nerocila pulicatensis, Nerocila trivittata and
Anilocra longicauda ave vestricted to just one or
two hosts, Cymothoa krishnai exhibits a wide
host distribution among the fish of the Pulicat

% Prosent acddress: Department of  Zoology,
§ir Theagaraya College, Madsas-600 021, India, w

Lake, infesting as many as eight different host
fishes,

We are grateful to Dr. N. Krishna Pillai
for confieming our identifications and for offer-
ing his valuable suggestions, The senior
author (S.Y.B.) is indebted to C.S.LR, for the
award of Junior Research Fellowship and to the
authorities of the Madras Christian College
for facilities provided in the Estuarine Biological
Research Laboratory at Pulicat,

Family : Cymothoidae
Genus ¢ Nerocila Leach

Nerocila pulicatensis sp. nov.
(Plate I A, Band Fig. 1 a-j)

3

Material

Seven females were collected from the body
surface of four specimens of Plotosus canius
Hamilton Buchanan, and one from the buccal
cavity of Mpystus gulio Hamilton Buchanan,
The hosts were caught at the Karimanal shores
of the Pulicat Lake.

Female ! Body oblong-ovate and relaxed
(Plate I A). Cephalon subquadrate, wider
than long, anterior margin rounded, posterior
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PLATE 1

Piate 1. A and B. Nerocila pulicatensis sp. nov.: A. Female and juvenile; B. Lateral view showing
marsupium ; C. Female and male Cymothoa krishnai sp. nov, and D. Female Nerocila rrivittata.
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margin trisinuate, BEyes small and sjtuated
in the postero-lateral angles of the head,

First peraconite longer than any of the three
following segments, last segment longer than
any of the preceding segments and about equal
in length to the first segment, Thorax broadest
at the fifth peraeonite. Postero-lateral angles
of only the last three segments produced,
postero-lateral angles of the seventh segment
extending upto the second pleonite. The
epimera of all the segments with the exception
of the first distinctly separated from the seg-
ments. First two epimerites have their posterior
extremitios rounded, extremities of the last four
acutely pointed., 'The epimera do not extend
beyond the posterior margins of the segments,
exocepting the last.

First antenna (Fig. 1 b) eight segmented ex-
tending upto the seventh joint of the second
antenna., Second antenna (Fig. 1 ¢) ten sog-
mented extending upto the end of the first

peraconite.

Incisor and molar of the mandible (Fig. 1 d)
well differeatiated, palp three segmented, first
segment stout and subequal to the second,
third slender with a few apical setae and two
knob like apical processes.

Maxilliped (Fig. 1 g) two jointed, distal
segment with four hooks. First maxilla (Fig.
1 f) with four hooks. Distal portion of second
maxilla (Fig. 1e) bilobed, inner lobe with one
hook and outer with two hooks,

Legs (Fig. I h,i) prehensile, gradually in-
creasing in length and terminating in curved
dactyli. Seventh leg (Fig. 1 j) situated well
apart from the sixth, its dactylus small,

Pleon with five free segments of subequal
length. Lateral angles well marked. Epimera
of first two pleonites prolonged. Pleotelson
as broad as long, somewhat quadrate with
the post-lateral angles obtusely rounded.
Posterior margin fringed with- hairs, Uropods

8 el
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long (Fig. 1j), outer ramus slender, narrow and
longreachinga little beyond the tip of the telson.
Bndopod distally expanded with serrated

_ margins and shorter than the exopod.

Colouration ¢ Body cream coloured with
three dark longitudinal bands, medjan band
extending from the tip of cephalon to the tip
of telson, lateral bands thick extending from the
first peraeonite down ta the peduncle of the
uropod and its rami,

18.0 to 28,0 mm

Dimensions (in mm for an average sized
specimen) :

Total length :

Length of cephalon : 1.5
Width at fifth peraeonite ; 8.0
Length of telson : 4.0

Juvenile : The marsupium of one female
contained 22 juveniles of 3.5 to 4.0 mm length
range, .

Body compact (Fig. 1 a), cephalon broad and

 long. Byes distinct and large occupying half

the portion of the cephalon posteriorly. Peraeon
and pleon well differentiated. Peraeonites
without postero-lateral prolongations. Pleos«
nites free with distinct epimerites, Rami of
the uropod with long setae. Pleotelson broad
at the base and rounded at the free end.

Discussion

The present isopod belongs to the genus
Nerocila Leach by virtue of jts following
characters, Obovate body, sub-quadrate
cephalon with trisinuate posterior margin,
eyes in the postero-lateral angles of the head,

“first and the last peraeonites of equal length,

peraconites with their postero-lateral angles
produced, epimera of the segments well separat-
ed, ten segmented second antenna, two jointed

maxilliped, seventh leg located well apart
from the sixth leg, a broad pleotelson and long
uropod.s. i
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Flg 1 a-j. Nerocﬂa pulicatensis sp nov, : a. Juvenile, b, First antenna, Second antenna, d. Mandible,
‘e. Second maxilla, f. First mamlla, g Maxiiliped, h, PFirst leg, i. chenth leg j. Uropeds, k-v.
Cymothoa krishnai sp. nov.: k. First antenna, |. Second attenna, n. First maxilla,
0, Second maxilla, p. Maxilliped.

Distal segment of maxilliped, 1. F:rst leg, s. Seventh leg, t, First
peraconite, w. Seveiith peraeonits a.nd v. Uropod., & s
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Among the species of Nerocila, N. latiuscula
Dana, comes very close to the present speoies
by virtue of its general body shape. A closer
examination of the two however reveals a
aumber of differences. The. present spce:es
differs from N. latiuscula, in the shape of its
peraeonites. In the former, the postero-lateral
angles of only the last three segments are
produced. Those of the seventh segment
extend upto the second pleonite. Further,
the epimera of all the segments with the excep.
tion of the first, are distinctly separated from the
segments, The posterior extremities of the
first two epimerites are rounded, those of ihe
Jast four are acutely pointed. Third segment
of the mandibular palp is slender with a few
apical setac and two knob like processes,
The distal part of the second maxilla is bilobed,
the inner lobe of which bears one hook and the
outer two hooks. All these aforesaid features
are quite characteristic of the present specics,
They separate it not only from N. latiuscula,
but also from the rest of the known species, in
which all the peraconites have well produced
postero-Jateral angles,

" The characteristic bands on the body and
the presence of hairs on the free borders of the
telson even in the adult, stage, are the two ad-
ditional features of this new species, ntot found
in any of the known species of Nerocila.

Nerocila trivittata Bleelm'

Nerocila trivistata Bleoker, 1857, 9.9,
Nerocila serra Sch & Mein, 1881 (a), p. 17, pl. i.
‘Nerocila serrq Nierstrasz, 1915, p. 14,

Nerocila serra Barnard, 1925, p. 392,

‘Nerocila trivitzara Nierstrasz, 1931, p. 124,

Neérocila trivittata Pillaj, 1958, p. 113, pl IV, Ags, 1-2.
(Plate] fig. D) :

Matenal

One adult funah coﬂected from the buocal
cavity of Arius nenga Bleeker, caught from
Musamam Lock area: of the Pulwat Lah:
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Colouration : Body cream coloured with
three faint longitudinal bands, median band
extending from the tip of the cephalon to the
tip of the telson ; lateral bands less conspicuous
anteriorly, bccommg deeper on the pleon,
peduncle of uropod and its outer ramus.

Total length :  18.0 mm.,

Remarks ; ‘This species agrees in all respecis
with the specimen described by Pillai (1958)
and is a new record for the Pulicat Lake,

Genus : Anifocra Leach

Anilocra longicanda Schioedte a.nd
' Meinert -

- Anilocra longicauda Sch & Mein, 1881 (b), p. 113,

pl. VII, figs 7-3.
Antlocra cauvicauda R:ahardstm, 1910, p. 18 Fig, 17.
Anilocra cauvicanda Hale, 1926, p. 210. Figs, 7 a-i. -

Aniloera longicanda Monod, 1934, p. 12. plm XX,
XXI, XXV AC,

Anilocra longicauda Pillai, 1958, p. 134, pl. VI Flas.
17-19 & pl VI, Figs. 39-48
Material

Two-adult females were found attached to tbe
nape region of Polynemus tetradactylus Shaw,
caught near the mouth -of the Pulicat Lake.

" Colouration » Specimens are olive green
above and reddish below,

Dimensions (m mm of the lar@st speclmen),.

Total length - .90 -
. Length of cephalon = 25 . -

Breadth of fifth peraconite 7.5

Length of telson 7.0

Remarks : 'This is the first record: of thm
specles from Puhcaf Lalne o

Genus : Cynwrhoa Fabnclus _
Cymothoa krishnai sp. nov.  ~ -
_ -(Plate'I Cand Fig. l'k-v)

Material

Thu-teen fcmales -and five males were collected
from seventeen ‘individuals of eight - different
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species of fish caught from different localities
on the Pulicat Lake.

Female ¢ Body short but stout, obovate and
slightly asymmetrical. Cephalon triangular,
with a blunt front, constricted at the antennal
area and slightly bemt inwards. Posterior
border of cephalon convex, with the postero-
lateral angles prominent ; cephalont sunk in the
first peraconite. Eyes very faint,

Antennae partially exposed, first antenng
(Fig. 1 k) stout and eight segmented ; second
antenna (Fig. 1 I) also eight segmented but
slender, terminal segment with short setules,

Mandible (Fig. | m} with a three jointed
stout palp, terminal segment small with a few
apical setules. Incisor and molar less differ-
entiated,

Maxilliped (Fig. 1 p, @) three segmented,
distal segment small with four blunt spines,

First maxilla (Fig. 1 n) with the usual four
hooks. Distal portion of second maxilla
(Fig. 10) bilobzd, inner lobe with one and the
outer lobe with two apical hooks.

Peraconites one to four of sub-equal length ;
first peraeonite (Fig. 1t) narrow and long,
anterolateral parts produced and acute,
posterior margin convex. Second to fifth
peraeonites gradually broadening, their posterior
margins oconvex, that of the fifth less convex,
Peracon broadest at the fifth peraeonite, Sixth
and sevenih short and narrower than fifth,
with their posterior margins concave, seventh
peraconite (Fig. 1 u) with deeply concave
posterior margin, its postero-lateral parts
extending upto the last pleonite, Coxal plates
not extending to the posterior border of
peraeonites,

Legs (Fig. 11, s) prehensile, gradually increas-
ing in length and terminating in curved dactyli.
Seventh 1:g (Fig. 1s) longest with its second
segment long and inwardly produced into a
blunt process. '
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Pleon triangular, immersed in peraeon with
a broad median ridge ; pleonites of subequal
length ‘but increasing in breadth posteriorly.
Telson broader than pleon and about twice
as broad as long, its posterior margin straight,
Peduncle of uropods (Fig. 1 v) inwardly pro-
duced ; ‘wropods shorter than telson, outer
ramus slender and slightly longer than the inner
ramus, both rami with a few plumose apical
setules,

Colouration ; Body uniformly coloured with
dark brown pigment on the dorsal side of
cephalon, peracon, pleon and proximal portion
of telson. '

Total length ;: 12,0 to 32.0 mm

Muaie : Body oblong (Plate I C), sides sub-
parallel, Cephalon triangular and sunk in the
first peraconite. Eyes large and conspicuous.
First peraeonite long, antero-lateral angles
produced. Peraeonites two to three of subequal
length and equal to fifth ; fourth peraeonite
long, its posterior margin straight. Sixth
peraeonite short, its posterior margin concave,
Peraeonn broadest at sixth segment. Seventh
shorter than sixth, its posterior margin arched,
Coxal plates prominent, Pleon narrow and
sunk in the peracon. Teison as broad as Jong
and broader than pleon, Uropods short with
apical setules,

Discussion

This species resembles Cymothoa indica
Sch. & Mein, but differs markedly in the nature
of itz appendages and in the general shape of the
body. In O. indica the body is oblong with -
gides sub-parallel, In the present species, the
body is obovate ; anteriorly the body is very
narrow and posteriorly broadening to attain
its maximum width at the fifth peraeonite,

The acute antero-lateral angles of the first
peraconite, the deeply arched seventh peraeonite
andthe inwardly produced second segment of the
seventh peracopod (Fig. 1s, t, u) are the other
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features which distinguish this species from
Cymothoa indica,

C. indica Sch. & Mein, first desoribed from
Bangkok, Thailand has been recorded by
Chilton (1924), from Chilka Lake where it is
stated to infest the mouth of Gobius giuris,
causing deformation of the host’s tongue.
Subsequently, Panikkar and Aiyar (1937) have
recorded C. indica on Etroplus maculatus, E.
suratensis and Glossogobius giuris from the
Adyar Estuary. Evangeline (1963) has
further reported the occurrence of this parasite,
in the Adyar fish farm, from a variety of hosts,
viz., Etroplus suratensis, Tilapia mossambica,
Macrones gulio, Gobius giuris, Polynemus
tetradactylus, Pomadasys hasta and Sphyraena
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obtusate, 1t is thus clear that C. indica exhibits
a wide geographic and host distribution.

Similarly €. krishnai sp, nov., has been
noticed to be frequently occutring in several
different species of fish of the Pulicat Lake,
viz, Polynemus tetradactylus, Lutjanus johnii,
Lutianus argentimaculatus, Mystus gulio, Arius
nenga, Nematalosa nasus and Chanos chanos,
besides Platvcephalus insidiatrix,

C. indica has been reported to infest the buccal
region and the gill chamber of the host, but
C. krishnai has been noticed to infest several
regions like the chin, nape and pectoral fin
base and the buccal cavity, It has never been
observed to inhabit the gill chamber of the host,

This species is named in honour of Dr. N,

Krishna Pillai, Trivandrum, S, India,
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CASE REPORTS OF DISEASES OF SOME MARINE TELEOSTS,
IN AND AROUND VISAKHAPATNAM HARBOUR

K. SriNivasa Rao, K. UsHa Ran, K. V. 8. JANARDHANA RA0 AND D, MANIEYALA luo
.Departmem of Zoology, Andhra University, Waltair :

ARSTRACT

During the course of routine haematological and biological studies on fishes obtained from Visakha-
- patnam Hatbour and trawl catches from ouiside the harbour, abnormaht:ee in some fishes have

boen observed,

Deviations from normal composition of blood cells were not uncommon under conditions of \

- disease or physiological stress due to environmental perturbatiouns,

In the case of some aberrant

specimens of Elopy saurus, low total RBC count (1.24 million/mm?), reduced haemoglobin content_
(4.85 gm/100 m1) and change in the ratio of total WBC to RBC count from the normal 0.081 to 0,189
indicated anaemic condition of the fish, In both Elops saurus and Gerres flamentosus high percentage
of immature cells was also observed associated with anaemia in the former and physiological stress in
the latter.

Gonadial infection by the microsporidian Nosems sp. was observed in the case of Nemiprerus
risesopiion obtained from trawl catches. The infection resulted in the formation of gonadial tumours
and consequent dwarfing of the ovanes and testes. Gonadial tumours were observad in'10 out of 190 -

" specimens examined,

Epidermal tumouts were observed in the head region of a marine teleost Johnius (Johnleops)

. anens obtained from the trawl catches,

Physico-chemml and bjological agents related to industrial and domestnc wastes that are gethng.
discharged into the Visakhapamam Harbour may be considered as possible cause for the diseases
warranting consideration in the location of fish farms for coastal aquaculture,

INTRODUCTION

THE PRESENT study concerns reports of the
occurrence of tumours in Joknius (Johnieops)
aneus (Srinivasa Rao and JFanardhana - Rao,
1979) and  Nemipterus mesoprion caught off
Visakhapatnam ; and irregularities in the blood
composition of Gerres filamentosus (Usha
Rani and Srinivasa Rao, 1979 a), Elops saurus
(Usha Rani and Srinivasa Rao, 1979 b) and
Mugil cephalus from the harbour waters., ‘These
abnormalities were ohserved during the routine
examination of fish for biologica) and haemato-
logical studies. The causative factor for the
tymours in N, mesoprion is known to be a

protozoan parasite Nosema sp. ‘The. other
abnormalities are attributed to the effects of
pollution in the Visakhapatnam Harbour.
The present study brings to light the adverse
effects of pollutants of Visakhapatnam Harbour

‘on the resident and coastal marine fishes

and fishes of the harbour waters.

THE NATURE AND CAUSES OF FisH DIsEASES

Ganapathi and Raman (1973) described the
extent of pollution in Visakhapatnam Harbour,
The pollution was due to the effluents from
several sources like the Caltex Oil Refinery,
the Coramandel Fertilisers, the Hindustan
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Polymers and the Ore Handling Project. 'Their
observations showed low oxygen values, widely
fluctuating chlorinity and high concentrations
of nutrient salts such as nitrates and phosphates
besides the presence of heavy metallic ions
namely copper, iron, lead, nickel, chromium,
arsenio and also fluorides, phosphorus and oils
from the industrial effiuents. Some of these
substances were in concentrations well above
the normal tolerance level of marine organisms,
Reocently De Souza and Naqvi (1979) studied the
concentration levels of various metals in different
body tissues of Mugil cephalus from Visakha-
patnam Harbour, They found heavy con-
centrations of iron, manganese, zinc and lead
in the harbour waters as well as body tissues
of the fish,

Epidermal tumours.

Srinivasa Rao and Janardhana Rao (1979)
described the occurrentce of epidermal tumours
in Johnius (Johnicops) aneus from the waters
off Visakhapatnam. The catoh was obtained
from trawler operating outside the breakwater
-of Visakhapatnam Harbour on 21-11-1978,
It was possible that the fish was exposed to the

noxious influence of the waters from Visakha- -

patnam Harbour (pH values were as low as
6.0 ; extending upto 6 km from the effiuent
pomts—personal communijcation from A.V.
Raman) at a time when the effect of pollution
was severe and the susceptibility of the ﬁsh

high.

Skin tumours are not uncommon among’
marine fish exposed to polluted waters, Oishi-
et al. (1976) mentioned about thehigh frequency -
of epidermal tumours of flatfish in the coastal-

waters of Hokkaido, Japan. 'The percentagesof

tumourous fish wereé 8.29 in inlets and 0,34 in
A blood-red parasite -
Philometra was associated with the infection. -

arcas facing a strait,

Stich et al. (1976) reported that tumotr pre-

valencereached 58 % in young English sole and’

100% in young Pacific cod populations from

the waters off British Columbixa: ‘'They sug-:
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gested the possibility of a link between plaice
papillomas and discharges from human acti-
vities, whereas no such correlation could he
observed with cod tumours, The possible
involvement of viruses and chemical con-
taminants was not excluded,

Gonadial tumours

Gonadial tumours were observed in 10 out
of 190 (5%) of specimens of Nemipterus
mesoprion collected during 26-12-1978 to
24-2-1979 off Visakhapatnam, while 90 other
specimens collected outside the period were
without any tumours, ‘The tumours in varying
degrees of development were full of the micro-
sporidian parasite. Nosema sp. Eight of the
infected fish were males and the remaining two
were females. Tn advanced stages of infection
there were multiple tumours. The affected
fish were in the size range of 109 to 13.9cm
and exhibited signs of retarded growth.

Narasimhamurty and Kalavati (1972) re-
ported the occurrence of two new species of
microsporidian parasites (Pleistophora sauridae
and Nosema sauridae) from the visceral muscles
of Saurida tumbil, They also noticed N. nemip-
teri from the gill filaments of Nemipterus
Japonicus (personal communication) caught

in the trawl nets from the near shore waters

" of Visakhapatnam, Their observations also

support the prevalence of Nosema sp. infecting
some marine fishes off Visakhapatnam.

McVicar (1975) stated that he was not aware
of any pubhshed information dealing directly
with microsporidian infection in marine fish.
He observed infection of Glugea (Nosemd)
stephani among Dlaice, Pleuronectes platessa

~under cultivation and viewed the observation

with some concern as the infection could become
fatal. He achieved experimental oral transmis-
sion of the parasite and showed that the parasite
becomes virulent with rise in temperature,

~when the fish did not possess any innate resis-

tance.
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Sneiszko (1974) reviewed the effects of en-
vironmental stress on outbreaks of infectious
diseases of fishes and showed that parasites
get hold of the host under conditions of en-
vironmental stress. Mawdesley-Thomas (1972)
also stated that disease is an interaction between

the host, the pathogen and the environment.

Gonadial infection by Nosema sp. has not
been reported earlier. It got deleterious effects
on the fecundity and normal growth of the
fish, Since the infection was not observed
after the period 26-12-1978 to 24-2-1979, it
is quite possible that the particular batch of
fish were exposed to environmental stress in
the vicinity of the Visakhapatnam Harbour
when they were voung and contracted the
infection. McVicar (1975) also showed that
more than half of the heavily infected fish
were recorded in the first 6 months of sampling,
It is also worth mentioning in this connection
that the peak period of the N. mesoprion fishery
at Visakhapatnam was during the period when
infection was at its maximum,

Abnormalities in the blood composition of some
harbour water fishes

Differential counts and cytomorphology of
blood cells were studied (Usha Rani and
Srinivasa Rao, 1979 a) in Gerres filamentosus
from Visakhapatnam Harbour. They noticed
abaormal features like presence of hasophilic
normoblasts along with other immature cell
types like haemoblasts, polychromatocytes,
vrolymphocytes and progranulocytes, These
cell types were observed in March samples,
when the conditions in the harbour showed
a marked rise in surface temperature (as high
as 36°C) within the shallow creeks adjoining
the north arm of the harbour from where the
fish were collected. Detailed hydrographical
and biological observations (A. V. Raman,
personal commumication) indicated that dis-
solved oxygen fluctuated diurnally in the har-
bour waters and that the accumulated organic
matter imposed additional stress on the fishes,

M. SRINIVASA RAO AND OTHERS

particularly during summer months (March-
June) when the rate of decomposition due to
bacterial action was high. The highly polluted
and hypoxic conditions resulted in the
appearance of immature blood cells indicating
inflammation or infection in the fish due to
stress. However, the fish did not show any
symptoms of disease.

Usha Rani and Srinivasa Rao (1979 b)
reported anaemia in Elops saurus collected from
the harbour waters. The anaemic fish obtained
in samples during August 1977 showed low
RBC count, increase in the WBC along with
slight increase in MCH (mean corpuscular
haemoglobin). Anisocytosis (dissimilar ery-
throcytes) was also observed. 'The leucocyte
composition also showed significant deviations.
The anaemic fish had granuloblasts and smalt
haemoblasts. Other prominent changes ob-
served were increase of neutrophils and decrease
of thrombocytes and a slight increase in
erythroblasts, Presence ofimmature cells along
with reduced RBC, haemoglobin and haemato-
crit indicated anaemia due to some infection
which was not apparent in the form of any
lesion. _

In. addition, anaemia observed in two speci-
mens of Mugil cephalus, one of which had an
intestinal tumour. In the tumoured fish RBC
count, WBC count, haemoglobin content and
haematocrit values ¢xhibited a preater decrease,
However, there was no variations in MCH
beiween healthy and the diseased fish.

DiscussioN

The stress conditions in the aquatic environ-
ment are such that they lower the innate resis-
tanoce of the fish during unfavourable condi-
tions (Snciszko, 1974). The situated gets
aggravated inthe localharbpur under unfavoura-
ble conditions when the dissolved oxygen is
low or free carbon dioxide is high. Ganapati
and Raman (1973) reporied mass mortalities
of fish in the Visakhapatnam Harbour due to
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agsphyxiation arising out of a2 complex of
unfavourable conditions, ‘These mortalities
were observed in the early howrs of the day,
when dissolved oxygen under the influence
of a high phytoplankton production gets
depleted. In the presence of sublethal amounts
of toxic substances, which otherwise remain
innocuous during day time, the hypoxic con-
ditions produce a synergistic effect overwhelm-
ing the fish populations. Larsson ez /. (1976)
stated ‘ Elimination of aquatic animals by
small, insidious physioclogical or behavioural
changes can be regarded as more serious than
a massive kill since the latter is likely to be
observed and corrected.’  Effects of the
sublethal concentrations of toxic substanoces
in and around local harbour waters as- revealed
by the infections, tumours and changes in the
blood composition of fishes warrant, therefore,
careful consideration. '

Hypoxic conditions may alio arise in the

827

brackishwater fish farms which are subjected
to excessive fertilization for the production of
rich phytoplankton as live feed for the fry
and adult fish. In mariculture, intensive fish
farming is inevitable to make it economically
viable, These fish farms are necessarily located
near big cities or towns where there is demand
for quality fish, Such areas are also subjected
to various degrees of pollution due to proximity
of industrial and domestic efffuents, In addj.
tion, the fish farmer should also anticipate
toxic endogenous concentrations of ammonja
and try to keep the waters at a stable pH level
to reduce the adverse effects, Otherwise, due
to the limited horizontal movement of water
caused by tidal action, as in the harbour waters,
even sublethal levels of toxic substances like
ammonia and other toxic metabolites might
result in the mass mortalities of fish, These
facts have to be borne in mind in the future
expansion programmes of intensive brackish-
water culture along the coast.
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ACUTE TOXICITY OF PETROLEUM HYDROCARBONS TO THE ESTUARINE
FISH THERAPON JARBUA (FORSSKAL) AND THE ESTUARINE CLAM
KATELYSIA OPIMA (GMELIN) |

A. D. Danes AND V. B, MASURBKAR
Department of Zeology, The Institute of Science, Bombay-400 032

ABSTRACT o .
The acuts toxicity values (LC;,) of 6 petroleym hydrocarbons, namely cyclohexans, benzene, -
toluene, phenol, xylens and naphthalene; were determined for the crescent perch Therapon jarbua
. (Porsskal) and the inflated clam Katelysia opima (Gmelin), both estuafine animals, during static
bioassay studies. The fish appears t0 be more sensitive than the clam to all the 6 hydrocarbans,
The bi-aromatic hydrocarbon, naphthalene, was seen to be the most toxic petroleum-associated hydro-
, carbon for both the test species. The greatest resistance was shown by both the fish and the clam to
the cyclic hydrocarbon, cyclohexane, The monoaromatic hydrocarbon, benzene and its derivatives,
- phenol, tolusne and xylene, give acute toxitity values which are intermediate between those
" calculated for naphthalene and cyclohexane. The possible causes of the differences in the toxicity

of the tested hydracarbons and in the susceptibility of the 2 arimal species. to thess hydrocarbons are

discussed,

A short note is added on the histopathology of some tissues like the gill, intestine and liver from
the fish exposed to the lethal concentration of naphthalene for 4 days.

INTRODUCTION

THE GROWING problem of oil contamination
_of the world’s water masses has attracted atten-
tion of many aquatic biologists and consequent-
ly, the literature is replete with reports on the
toxicity of various oils, crude as well as refined,
to aquatic organisms, However,the complexity
of the chemical compositions of these oils,
‘which may vary due to various factors like

source  of the oil and the weathering and :

degrading proocesses that occur in the natural
aquatic environment, make the study of the
‘individual oil components equally significant.
These studies may offer some explanation forthe
differences in the effects of vanous oils on
different aquatic organisms. -

A few workers like Shelford (1917), Meyerhoff
(1975) and Benville and Korn (1977) have re-

ported on acute toxicity of different petroleum

hydrocarbons to different fishes. An excellent

.account of the acute toxicity values of many

petroleum hydrocarbons, among other organic
pollutants, has been given by Verschueren
197N,

During the course of the present investiga-

_tion, experiments were conducted to determine

acute toxicity of some petroleum hydrocarbons
to 2 estuarine organisms, namely the crescent
perch Therapon jorbua (Forsskal) and the

‘inflated clam Katelysia opima (Gmelin). The

5 lower aromatic hydrocarbons (benzene,
toluene, phenol, xylene and naphthalene) were
selected because of their relatively greater
toxicity as reported by Anderson: er al. (1974)
and Moore and Dwyer (1974). The cyclic
hydrocarbon, cyclohexane was selected for
comparison, Histological effects on gills,
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intestine and liver caused by the acute
exposure to naphthalene were also studied.

Award of the Junior Research Fellowship
by C.8.1.R., New Delhi to one of the authors
(ADD) is gratefully acknowledged.

MATERIAL AND METHODS

The fish specimens were collected from the
Versova Creek, while the clams were obtained
from Dahisar, both around Bombay,
Maharashtra. The fishes were acclimatized
{o the laboratory conditions for 8 weeks prior

to the bioassays. The acclimatization period

for the clams was 2 weeks. During this period,
the organisms were maintained, at room tem-
perature and under natural light and  dark
cyclesin large aquaria in sea water of appropriate
salinity (31.5%, for the fish and 29.0%, for the
bivalve). 'The fish were daily fed a diet con-
sisting of live Tubifex and groundnut cake.
K. opima were not fed during the 2 week accli-
matization period owing to the observanon
that they thrived well in the sea water; presuma-
bly feeding on plankton present in the water,
In both the species, some of the stocks were
discarded because they exhibited. hlgh mortahty
rates during this period,

Following their suocessful acclimatization,

animals were randomly selected for the bioas-

says, though care was taken to choose only
healthy animals of a relatively uniform size
(Fish — 1,025 + 0.040gms ; bivalve —4.300+
0.150 gms). The static bioassay procedure
prescribed by the American Public Health
Association (1971) was followed to determine
the acute toxicity values (LGCy) of the hydro-
carbons. In most cases, the. LCg values
werc obtained by expérimenting with increasing-
ly narrower ranges of the hydrocarbon concen.
trations, whercas in others the val_ues were
calculated by log-probxt analyses. - .

- During anothor expenment a group ot' the
fish -was subjected -fo :a lethal .concentration
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(LC;, for 96 hours) of naphthalene for 4 days.
The surviving fish were dissected to remove
gills, intestine and liver which were fixed
overnight in Bouin’s fixative. ‘The procedures
described by Thompson (1966) for subsequent
paraffin cmbeddmg and staining with hematoxy-
lin and eosin were followed. Sections of the
same tissues from unexposed fish were also
prepared and comparison of the histological
observations was made,

RESULTS AND DISCUSSION

The LC,, values of the 6 hydrocarbons in
case of T. jarbua are presented in Table 1.
The data indicate that the fish is most sensitive
to naphthalene. ‘This hydrocarbon is followed,
in the decreasing order of toxicity, by phenol,
benzene, Xylene, toluene and cyclohexane,
Comparison of the LCy, values shows that
naphthalene is about 2 times as toxic as phenol,
4 times as toxic as benzene and xylene, 6 times
as toxic as toluene and about 30 times as toxic

‘as cyclohexane during the initial 24 hours of

exposure. However, these ratios are reduced
when the experimental exposure. period is
extended to 96 hours.

TABLE !. Acute Toxicity (LCyq Values in ppm of

Hydrocarbons to Therapon jacbua
Exposure Period
Hydrocarbon -

. 24hrs - 48hrs 72hrs 95 hrs
Cyclochexane 660 635 625 610
Benzene © = .. 96 94 88 - M
‘Tolnene o 142 136 131 128
Phenol - .. 49 4 M 40
Xylone e 102 ‘95 92 89
Naphthalene 25 20 18 155

.. Compared to the fish, the clam X. 6pimé,
appears fo be much less sensitive to all the _
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6 hydrocarbons (Table 2). But like the fish,
K. opima was also observed to be most suscepti-
ble to naphihalene, whereas the highest resis-
tancs was shown for cyclohexane, The order
of toxicity of the hydrocarbons to the clam
i3 the same ag in case of T. jarbua, but the
ratios of the acute toxicity values of naphthalens
to those of the remaining 5 hydrocarbons are
not as high,

TanLE 2. Acute Toxiclty (LCy, Values in ppm) of
the Hydrocarbons for the clam Katelysia opima

Exposure Period
Hydrocarbon

: 24hrs 48hrs 72hrs 96hrs
Cyclohexane . 1,525 1,475 1470 1,420
Benzene o 225 205 195 190
Tolueno 250 245 235 225
Phenol 138 128 122 117
Xylene 240 220 205 190
Naphthalene .o 74 68 64 57

This remarkable difference in the degree of
sensitivity of the more susceptible fish species
on one hand and the hardier bivalve on the
other can be easily explained. Whereas the
fish is unable to avoid contact with the dissolved
hydrocarbons which can easily enter the body
tissue through gills, the clams possess an excel-
lent armour in the form of the thick calcarcous
sheils. 'The clams were observed to close these
valves tightly when they were introduced into
the hydrocarbon contaminated water. The
entry of the water-barne hydrocarbons into the
clam tissues through the respiratory currents
was thus very eflectively curtailed during the
initial stages of exposure. Similar closure of
valves in K. opima when the water conditions
are unfavourable has also been reported by
Ranade (1964). ‘This view is also supported by
the experiments carried out by Clarke et al.
(1974) and Anderson (1975). Their studies
have provided evidence to show that clams
accumulate in their tissue smaller conceatra-

A, D. DANGE AND V, B. MASUREKAR

tions of petroleum hydrocarbons than do the
shrimps and mussels. The shrimps and mus-
sels are more sensitive to attack by the pollut-
ants, for the former lack the completely en-
closing armour while the latter do not have any
means of closing the byssal openings,

As regards the clams another interesting
observation was made during the present
investigation. Significantly high mortality rates
were noticed in those groups of clams which
had been exposed for 4 days to hydrocarbon
concentrations that were lower than their
LCy, levels, within 15 days of transferring
them to clean water. Rice er al. (1977) have
discussed the significance of delayed mortality,
a term describing occurrence of deaths after
termination of the exposure period, which may
be seen in animals such as molluscs, Keck
et al. (1978) have also recorded cases of delayed
mortality in bivalves exposed to oil, -

Regarding the comparative toxicities of the
6 hydrocarbons in case of both the test species,
the evidence clearly indicates that the aromatic
hydrocarbons are more toxic than cyclohexane
which is a cyclic hydrocarbon, Indeed, the
LCy, values of cyclohexane for hoth the
organisms are so high that it can be considered
to be non-toxic. Wallen et al, (1957) have also
observed that cyclohexane is considerably less
toxic than the aromatic hydrocarbons,

The more soluble, lower boiling aromatic
hydrocarbons have also been implicated as the
most toxic components of oil, as is apparent
from the work of Anderson et al. (1974), Moore
and Dwyer (1974) and Corner et al. (1976).
According to Nelson-Smith (1972) the wide
range of the degree of toxicity of various crude
oils reported by Ottway (1971) may also be
related to the proportion of lower aromatics
in these cils. It is possible that due to greater
solubility and lesser degradability of these
aromatic hydrocarbons, they are more per-
sistent and hence, may be absorbed and accumu-
lated to a greater extent, ‘This may result in the
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lower aromatic hydrocarbons being the most
toxic of the petroleum components.

Among the lower aromatics tested during
the present study, naphthalene iz the most
toxic. This may also be due to-the difference
in accumulation ofthese hydrocarbons in the
animal tissues. Anderson (1975) has shown
that regardless of the species of the test animal,
the exposure time or the concentration of dis-
solved oils, naphthalene and its derivatives are
predominantly and rapidly accumulated by the
animal tissues. Further evidence in support
may be derived from the work of Rouball et
al.(1977). 'They have suggested that the aroma-
tic hydrocarbons are absorbed and accumu-
lated by the key organs of fish in relation to the
number of benzenoid rings in the hydrocarbon
molecnles, Among the 5 aromatic hydro-
carbons whose toxicity was assessed during
the present study, naphthalene is the only
compound with 2 benzenoid rings. It is there-
fote possible that the animals are most suscepti-
ble to naphthalente due to the rapid and more
extensive invasion of the tissues by naphthalene,

Most of the work on aquatic oil pollution
carried out to date has been directed towards
determining the toxic levels of oils and the
constituent hydrocarbons and the extent of
their uptake by the aquatic animals. Very
little attention has been given to studies of their
effecis on the structure and function of the
animal tissues. An attempt is therefore made
in this study to assess the: histopathological
changes in some jmportant tissues - from
T. jarbua exposed to the acute lethal concentra-
tion of naphthalene which, as described carlier,
is the most toxic hydrocarbon.

~ All the fish surviving the exposure showed
extensive gill hyperplasia. The lesions were
seen 0 cover large areas. Large haemorrhagic
sites were also observed, particularly towarde
the base of the gill filaments, Similar effects
were observed by DiMichele and Taylor (1978)
in Fundubts heteroclitus exposed to- Ilethal
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concentrations of naphthalene, But such effect,
if detected in fish collected from the field,
cannot be imputed to this hydrocarbon alone.,
Gardner (1975) has shown that hyperplasia
of gill epithelium in fish may be induced by
many pollutants, Furthermote, parasitic in-
fections of gills can also evoke a similar response
in fish, Gilthyperplasia appears to be stimulat-
ed by almost any irritant that comes in contact
with the gill surface.

The intestinal mucosa was also severcly
affected. Extensive necrosis and sloughing
of the mucosa was recorded in all the exposed
fish. DiMichele and Taylor (1978) detected
such effects only in mummichogs exposed to
very high concentration. In their experiments,
sublethal concentrations failed to affect the
intestine during an exposure period of 15 days,
The lesser degree of damage to the intestinal
tissues as compared to the gills may be ascribed
to the fact that the pollutant has little access
to the intestines, whereas gills continue to be in
contact with the dissolved pollutants,

Lesions werealso found in liver of fish exposed
to naphthalene. Large areas of the liver were
extensively damaged. According to DiMichele
and Taylor (1978) naphthalene poisoning causes
blood stasjs that resuits in ischemia of tissues
like liver, pancreas and brain.. However, as
liver is the major active site of metabolism of
foreign substances including the polluting
hydrocarbons, it is possible that the absorbed
naphthalene is increasingly routed to the liver.
The subsequent accumulation of naphthalene
in liver may directly affect the tissue and cause
liver necrosis, Disturbances of the membrane
structure in fish by naphthalene has been report-
ed by Sabo and Stegeman (1977).

" In conclusion, it can be stated that the
petroleum hydrocatbons exhibit more severe
effects on fish than on the molluscs. In the
natural waters, particularly in areas continuously
receiving large quantities of effiuents from pet-
roleum refineries and other industries, the
effects may be still more damaging. Even
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individual spills in small, closed areas may
exert a remarkable effect, as is evident from the
histopathological investigation. Damage of
gilis by these acute exposures may reduce the
oxygen supply to the tissues, resniting in physio-
logical disturbances. Deviations in physio-
logical processes due to naphthalene have been

-A. D, DANGE AND V, B, MASURBKAR -

indicated by our other investigations (Dange,
1979). Culture efforts in such localities would
be highly uneconomical, not only because of
the unpalatability of the fish as a result of
the kerosene-like taint, but also because of
retarded growth due to the adverse effects on
the metabolic activities of the organisms.
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TOXICITY OF TOLUENE : EFFECT OF AMINOTRANSFERASES IN DIFFERENT
TISSUES OF TILAPIA MOSSAMBICA (PETERS) ADAPTED TO SEA WATER

“A. D. DANGB mn V. B MASUREBKAR
Department of Zoology, The Imﬂmre of Sciem:e, Bombay-400 032

. ABSTRACT B

. Effects of 10 weeks® exposure to 2 sublethal coficentrations (25 ppm and 50 ppm) of toluene,

a major water soluble and toxic component of varios ¢rude oils, on the protein metabolism, as reflected .
by changes in the activities of aspariate aminotransferase or AAT (BC 2.6,1,1.) and alatine amino-
transferase or AIAT (BC 2.6,1.2.) in the gill, kidney, intestine, brain, liver, skeletal muscle, cardiag
muscle, ovary and testes of the curyhatine cichlid fish Telgpia mossambica (Peters) adapted 10 50% sea
water, have beert investigated. The activities of, both the enzymes were seen to be significantly elevated

~ in allthe selected tissuss of the fish following exposure to either concenteation of the polluting hydro-
carbon, The changes in liver, brain and muscles were most significant It was. fitrther observed
that in nearly all the expased fish, the sctivity of AIAT was stimulated to a greater extent than that
of AAT. The elevated aminotransferase activities indicate increased protein metabolism which was

. .evidentin tho reduction in the soluble protein and free amine acid contents in the tissues of tojusne-
teeatod fish, ﬁmchmwmmblymlmwmmmdwbmy&awmbdimmmm
fish, ltxssumetedthattheohauasmaypmuybedmtoasmmdmedmeminthecirculat-

' ms levelé of the a!mooomeold hmmrm. corcisol

INTRODUCTION

IN FIsH toxicological studies, involving observa-
tions on changes in enzyme activities in different
tissues, the aminotransferases have been largely

ignored, Morecover, whatever few reporis aré’
available deal only with the symptomatic

aspects of these changes (Bell, 1968; Lane
and Soura, 1970 ; Kristoffersson ez al., 1974),
whereas very little attention has been given ‘to

the [Physiological slgmﬁeanee of such altera-
tmns

The purpose of the smdy wported here Was

to investigate effects of sublethal concentra-:

tions of toluene, a relatively abundant com-
poaent of the water-soluble fractions of petro-
leum and petroleum products, on the activities
of aspartate aminotransferase (AAT) - (BC

2.5.1.1) and alanine aminotransferase .(AIAT)
(BC 2.6.1.2) from various tissues: of THopia:

. mossambica (Peters) Effects on the soluble

proteins and total free amino acids from liver
and skeletal muscle wero also studied, -

- Though basically a frcshwater ﬁsh T. mossam-
bica has a wide range of salinity tolerance and
is known to inhabit estuarine waters. Since
the problem of oil pollution is moro rampant
in the seag, it was originally decided to wse
fish 'which were naturally adapted to sea water.
But such locally available fish were deemed
unfit- for the present study, as the area from
which they are collected, namely 'I‘hane Creek,
is very highly polluted. and it was ‘believed
that this' previous exposure to a variety of
pollutants would interfere with the effects of
the - test pollutant. Therefore, fish obtained
from a pollution-free freshwater body were
adapied to sea water in the laboratory prior to
their treatment with toluene


file:///yould

M

One of the authors (ADD) is grateful to the
CS.LR., New Delhi for the award of the
Junior Research Fellowship.

MATBRIAL AND METHODS

The fish needed for the experiment were
collected from Shivaji Lake, Thane, Maha-
rashtra and transferred to the laboratory
where they were held in large stocking aquaria
containing weathered, well aerated tap water
for 6 weeks, The fish were then gradually
adapted to 509 sea water by first acclimatizing
them to 109, 209, 30% and 409 sea water,
successively, They were maintained for one
week at each concentration before subjecting
them to the next higher concentration. The
acclimatization period in 50% sea water was
extended to 4 weeks,

Following the adaptation to sca water, the
fish were divided into 3 groups. Fish from a
very narrow size range (average wt. 12 + 1.5g)
were selected since the enzyme activities int this
fish have been reported to vary according to
size (Mansuri and Pandya, 1977).

The experiments were carried out in 35 1
aquaria containing 50 % sea water, The quality
of water was maintained at conditions prescribed
by the American Public Health Assaciation
(1971). The temperature was 289 + 0.7°C;
dissplved oxygen was 8.3 + 0.3 ml/l pH
was 7.5 + 0.2 ; and salinity was 16.7 + 0.5%,,.
The acclimatization period was continued for
one more week in the experimental aquaria.

Subsequently, the fish were exposed to the
two sublethal concentrations of toluene (25
ppm and 50 ppm) for a period of 10 weeks.
These concentrations were selected on-the basis
of preliminary experiments in the laboratory,
During the static exposure system adopted for
the present study, the test solutions were
changed daily in order to maintain somewhat
constant levels of the hydrocatbon in water,
although unfortunately it was not possible to
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avoid some loss of toluene by evaporation and
also due to action of some hydrocarbon degrad-
ing bacteria (Pseudomonas sp.) which were
identified from samples of the test water.

During the acclimatization and exposure
periods, the fish were fed daily to satiation on
live Tubifex. 'The diet was supplemented once
a week with groundnut cake.

At the end of the exposure period, the fish
were killed by decapitation and the selected
tissues were immediately excised, ‘The tissues
were homogenized with 10 volumes of distilled
water in a teflon tipped, power driven glass
homogenizer for 5 minutes, followed by
centrifugation at 10,000 rpm for 15 minutes,

The clear supernatents were used as enzyme
source. during the assays.

The activity of the aminotransferases was
-determined according o the method of Reitman
and Frankel (1957) and is expressed as units
of enzyme activity/hr/mg tissue. The unit
is defined as the amount of enzyme which cataly-
ses the turmover of 1 g mole of substrate per
minute under the assay conditions,

The proteins were estimated by the method
of Lowry et al. (1951), Crystalline bovine
serum albumin. was used as the standard,
The method described by Rosen (1957) was
followed for determination of the total fice
amino acids, '

The changes in the enzyme activities and
protein and free amino acids in the toliene-
tested fish as compared to the control fish were
tested for statistical significance at P«0.01
and P<0.001 according to Student 3 ‘t "—test
(Spuogl 1961) _

_ RESULTS AND DISCUSSION
The evidence obtained during the  present

investigation reveals that the activities.of AAT
and AIAT from all the selected tissues . were
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elevated in both the toluene-treated fish, though
this change was more extensive and statistically
more significant in the tissues of the fish ex-
posed to the higher concentration (50 ppm)
of toluene (Tables 1 and 2).

TanLe 1.

The mode of action of the polluiants and the
exact relationship beiween the pollutants and
the changes in enzyme activities have not been
satisfactorily established. But perusal of
relevant literature gives indication that this

Effect of toluene on AAT activity from different tissues of T, mossambica

(Values are mean. + S.D, Values in parentheses indicate the change in enzjrme activity as compared with
the control, Activity is expressed as units of AAT activity/hr/mg tissue)

Tissue Control Expt I (25 ppm) Expt 1 (50 ppm)
Gill oo 199+ 020 242 + 0.16* 2.58 + 0.17¢
(-+ 21.61%) (+ 29.65%)
Kidney 194 + 0.12 2.35 + 0.19+ 2.56 + 0.19¢
{+21.13%) (+ 31.96%)
Intestine 1.68 + 0.18 193 + 0.21 211 + 0.12»
(+ 14.88%) (- 25.60%)
Brain . 227+ 018 269 + 0,151 2,82 + 0.18%
(+ 18.50%) (+24.23%5)
Livet .. 217 £ 0.18 291 + 0.23F 2.90 + 0.041
(+ 34.10%) (+ 33.54%)
Skeletal Muscle 1.90 + 0.13 249 + 0.15¢ 2.55 + 0.18¢
{+31.05%) (+ 34.21%)
Cardiac Muscle 2.34 + 0,19 2.98 + 0.11¢ 3.16 4 0:.14¢
(+ 27.35%) (+ 35,045
Ovary .. 1.46 -+ 0.10 1.71 4+ 0.19 1.80 + 0.15*
(+17.12%) (+ 23.29%)
Testes 1.72 + 0.16 2,07 + 0.18* 203 + 011>
(-+20.35%) (+ 18.02%)
P <00 T:P <0001

Comparable data on effect of pollutants on
fish aminotransferases are scanty. But during’
a second set of experiments, naphthalene,
another important toxic hydrocarbon, was also
observed to effectively enhamce activities of
these enzymes in T, mossambica (Dange, 1979).
A few other workers like Bell (1968), Lane
and Scura (1970) and Kristoffersson ef al.
(1974) have also recorded increased activities
these enzymes in tissues of fish exposed to
different pollutants,

9

increase in the aminotransferase activity is the
result of a rise in serum concentrations of
glucocorticosteriod hormones like cortisol due
to exposure of fish to pollutants. Grant and
Mehrle (1973), Donaldson and Dye (1975)
and DiMichele and Taylor (1978) have reported
that on exposure to environmental pollution
fish respond with increased levels of serum
cortisol. When injected into fish, cortisol is
known to stimulate aminotransferase activities
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in tissues like liver (Storer, 1967 ; Chan and
Woo, 1978).

By extending these observations to the
present study, it is possible to suggest that the
stress caused by the presence of sublethal
concentration of toluene in surrounding water
induces an increase in production of cortisol
which stimulates the enzyme activities in
T. mossambica. In this contexi, it shouid be
noted that according to results obtained by
Storer (1967) and Chan and Woo (1978),
AJAT is more sensitive than AAT to cortisol
treatment, Therefore, the observation that the
elevation in activity of AIAT is greater than
that calculated for AAT in most tissues of the
exposed fish perhaps reflects this natural differ-
ence in the sensitivity of the two enzymes.

Further significance of the changes observed
following treatment of 7. mossambica with
toluene lies in the controversy over the relation-
ship between the activity of these enzymes and
protein metapolism, This controversy arises
out of conflicting evidence recorded by different
workers, which has been reviewed by Meister
(1955). 'The present study corroborates the
view suggesting catabolic action of amino-
transferases duting protein metabolism, This
conclusion is based on the fact that the increase
in aminotransferase activity was accompanied
by reduction in the proteins and total free amino
acids in liver and skeletal muscle (Table 3).

The decrease in protein and amino acid
contents indicates that large scale proteolysis
in fish tissues is initiated by toluene, probably
in orderto meet theincreased metabolic demands
of life under stressful conditions, It is likely
that the proteins are extensively catabolised
to compensate for abnormal carbohydrate
metabolism, Such faulty and excessive deple-
tion in glycogen stores occurred when 7 mossam-
bica were exposed to sublethal concentrations
of naphthalene (Dange, 1979). This lends
support to the view that aminotransferases have
a rate limiting role in gluconeogenesis, The
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amino acids on which the two aminotransferases
act have been included by Krebs (1943) among
glycogenic amino acids, which can be oxidized
to produce the corresponding keto acids of
the TCA cycle. It is therefore contended that
in toluene-treated T, mossambica the proteins
were broken down and the resulting amino
acids were routed to TCA cycleasa consequence
of an impaired carbohydrate metabolism,

The resuits of the present study attain further
significance when effects of an osmotic stress
in fish experimentally adapted to sea water
ar¢ considered. Vasantha (1964) holds the
view that the increase in amino acid levels in
tissues of such fish has a regulatory influence
on the tissue chloride content. Data on other.
aquatic organisms supporting this theory has
also been presented by Lockwood (1962).
It is probably due to this adaptive variation
that the values for amino acid content of liver
and skeletal muscle from the sea water adapted
fishes are greater than those reported for the
freshwater fish (Dange, 1979). But the results
of the experiment reported here show that
exposure of sea water adapted T, mossambica
to toluene caused a remarkable reduction in
amino acids, Apparently, the two stresses are
antagonistic in their efiects on the amino acids,
While the osmotic stress tends to increase the
free amino acids in the tissues, the stress of
exposure leads to their removal from the tissues.
Since only a decrease in the amino acid content
of liver and skeletal muscle was noticed during
the present study, it seems that the siress of
toluene exposure is more severe than the
stress of a hyperosmotic environment. 'There-
fore, a possibility exists that prior exposure of
fish 1o pollutants reduces its ability to withstand
wide fluctuations in salinity. Purther investiga-
tions to establish occurrence of such a pheno-
menon would be of great importance during
aquaculture studies, as the species considered
suitable for coastal aquaculture should neces-
sarily be able to tolerate the natural variations
in salinity of the coastal waters,
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TABLE 2. Effect of toluene exposure on AIAT activity in few tissues of T. mossambica

(Values are mean + 8.D. Values in parentheses denote the per cent change in the enzyme activity.

Actjvity is expressed as units of enzyme activity/hr/mg tissue)
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Tissue Control Expt I (25 ppm) Expt I[ (56 ppm)
Gill 3.09 + 031 3.87 &+ 0.19% 4,12 + 0.30t
(- 25.24%) {+ 33.33%)
Kidney 3.30 £ 0,38 422 + 021t 4.39 4+ 0417
(+ 27.88%) {+ 33.032)
Ingestine 2,61 + 0.19 3.16 + 0.24* 3.23 + 0.31*
(+ 21.07%) (+ 2375%)
Brain 3.89 + 0.32 495 + 0.26F 5.14 + 040t
(+ 27.25%) {+ 32.13%)
Liver 3.52 +0.26 4.79 + 0.44¢ 4.91 + 0.34%
{+ 36.08%) (+ 394920
Skeletal Muscle 3.14 + 0.29 4,05 + 0,28t 4.32 + 0.40¢
(+ 289850 (+ 37.58%)
Cardiac Muscle 378+ 043 4,97 + 0,38¢ 5.40 -+ 0,36t
(+31.48%) (+ 42.86%)
Ovary 2,64 + 026 3.04 & 0.28 3.34 + 0.18"
(+15.15%) (+ 26.52%)
Testes 280 + 0.39 346 + 0.31) 3.57 + 0.25¢
(+23.57%) (+ 27.50%)
*: P 00l; T:P<0001

TABLE 3. Soluble protein and free amino acid (FAA) content (mglg wt) from liver and skeletal

(Values are mean '+ S.D. Change from the control levels s indicated by the values in parentheses)

muscle of T. mossambica afrer roluene exposure

Expt H {50 ppm)

Control Expt I(25 ppm)
Liver Proteins 191.56 + 6.47 161,62 + B.51t 149.57 + 7.36t
(— 15.63%) (—21.92%)
Mouscle Proteins 108,92 + 4.31 93.89 + 5.49% 85.23 + 5.84%
(—13.80%) (—21.75%)
Liver FAA 34.28 4 3,29 28.31 + 2.11* 2377 + 173
(—17.42%) (— 30.66°7)
Muscle FAA 51.19 + 2.16 44,68 + 1.82t 4039 + 2.05t
(—12.72%) (~—21.75%)

*: P <001;

t: P <0001
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The results thus demonstrate that water
pollution has an adverse effect on the nutritive
value of aquatic organisms in that, the rapid
and extensive protein breakdown results in a
drastic reduction in body proteins. Since one
of the major objects for conducting aquaculture
studies is to make available increased quantities
of fish proteins for human consumption, further
research to verify such relationship is necessary.

Moreover, the changes in the enzyme acti-
vities in reproductive tissues (both the ovary
and testes), as in the remaining tissues, point
to the possibility of an adverse effect of pollution
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on the reproductive capacity of the organisms.
The reduction in the fecundity values of
T. mossambica exposed to sublethal concentra-
tions of naphthalene and toluene (Dange,
1979) may have resulted from such abnormal
metabolic activities in the ovaries, Similar
deviations in the other tissues may lead to
deterioration of the animal’s health and further
affect the ability of the animal to reproduce.
The data thus clearly indicate that pollution,
even in small quantities, may interfere with the
normal metabolism and growth of the animals
and subsequently make management of aqua-
culture projects difficult.
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ABSTRACT

The role of chitinoclastic bacteria as causative agents of certain shell diseases of shrimp, crab,
lobster and crayfish is well documented. Besides, their activity is indispensible for the degradation
of chitin in aquatic systems, Hence, a preliminary survey was conducted to assess the distribution
of chitinaclastic bacteria and the chitinase activity in the sediments of Vembanad Lake andin sefected
aquatic animals, Twenty sediment samples were analysed for the total and chitinoclastic bacterial
populations. All the samples showed the presence of chitinoclasis but their populations fluctuated
widely from one sample to another (1 x 10° to 13.1 < 10%gm). Chitinoclastic bacterial populations
wete 2lso estimated in the digestive tracts of selecied fish and prawns. No detectable chitinase activity
could be recorded in all the sediment samples tested. However, the enzyme activity was more pro-
nounced in the alimentary tract of the animals examined. . The possible ecological significances of

the chitinoclastic bacteria are discussed,

INTRODUCTION

CurriN forms the major structural and skeletal
component of many invertebrate species and
is one of the most abundant biodegradable
polymers in the marine and estuarine environ-
ments. The biodegradation of chitin is brought
about by a series of enzymes (chitinases and
chitobiases) which are known to be secreted
extracellularly by a variety of organisms
including members of bacteria, fungi and
actinomycetes (Jeuniaux, 196! ; Okutani,
1966 ; Hood and Meyers, 1973 ; Micha et al.,
1973 ; Jeuniaux and Cornelius, 1978). A
number of reports are available on the rates
of chitin degradation under laboratory condi-
tions (Seki and Taga, 1963 a, b; Scki, 1965 a,
b; Chan, 1970), in situ marine and estuarine
environments (Hood, 1973 ; Hood and Meyers,
1977) and in guts of several species of maririe
fish (Seki and Taga, 1963a ; Seki, 1965 a, b;
Goodrich and Morita, 1977 a, b), Among the
mjicro-organisms capable of degrading chitin,

hacteria are known to be the most commion
(Hood and Meyers, 1973 ; Timmis et al., 1974)
and they have been isolated from sediments,
waters and chitin-containing organisms in the
marine environment (Jones, 1958 ; Lear, 1963 ;
Seki and Taga, 1963 a, b, ¢, d, 1965 a, b;
Chan, 1970 ; Kaneko and Colwell, 1975).

The role of chitinoclasts as the causative
agents of certain diseases of aquatic animals
has beent well documented (Sindermann, 1974)
and these chitinoclasts may be directly involved
as primary pathogens (Rosen, 1970 ; Cook and
Lofton, 1973: Young and Pearce, 1975;
Baross er al., 1978) or indirectly induce disease
syndrome by toxin production (Krantz et al.,
1969 ; 'Tubiash ef gl., 1970 ; Vanderzant e/ al.,
1970; Evelyn, 1971). These data clearly
indicate the importance and diversity of chitino-
clastic bacteria in the marine and estuarine
environments, It is needless to emphasise the
importance of crustacean culture in nearshore
waters, In such intensive gultivation of aquatic
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species, the quality of water and actual food
conversion rates are the two essential considera-
tions to achieve economic success. Most
often the microbiological component of a
given system plays a major role beneficially or
adversely.

No information is available on the nature
and concentration of chitinoclastic bacteria
either in the sediments of Vembanad Lake or
associated with aquatic animals of commercial
importance, Unless the extent of chitinase
activity in different niches is assessed properly,
it will be difficult to ascertain the exact rate
of chitin degradation. Henoe a survey was
oonducted to quantify the chitinoclastic bacteria
and chitinase activity in sediments and in diges-
tive tracts of selected species of prawns and
fish and the results are reported here. -

We thank Prof. C. V. Kurian, Head of the
Department of Marine Sciences for his interest
in the worly and suggestions. We also thank
Dr. R. Damodaran, Reader, Department of
Marine Sciences for his help in collection of
some of the sediment samples.

MATRRIAL AND METRODS

Sampling

Collections were made within the Vembanad
Lake. Totally twenty stations were selected
in such a way so as to represent the entire Jake
between Azhikode in north of Cochin and
Alleppey in south (Fig. 1). ‘The stations varied
in their physico-chemical and biological pro-
perties. Sediment samples were collected with
the aid of a Van Veen grab. The central
portions of the grab samples were aseptically
removed and placed in sterilized containers,
The samples were kept below ambient tem-
perature in portable jce chests and transported
to the laboratory for microbiological analyses
within 12 hours of collection. Prawn and fish
samples were collected afresh for digestive tract
analysis near Vypeen area and placed in sterile
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polythene bags. They were brought to the
laboratory in an ice box within 2 hours of
collection,

Fig. 1. Map showing the locations of sampling stations.

Preparation of Chitin and Chitin agar medium

Purified chitin was prepared from the exo-
skeleton of prawns using the procedure of
Skermann (1967). The newtralized repreci-
pitated chitin was suspended in a minimal
seawater salts solution (MSWS) of Goodrich
and Morita (1977a) which contained most




BACTERIA IN SEDIMENTS, FISHES AND PRAWNS

major ions of seawater (gfl : NaCl, 24.0 ;} Mg
80,. TH,0, 7.0; Mg Cl,.6 H,0, 5.3 ; KC}, 0.7;
PH 7.5) or in tap water. 'The chitin suspension
(0.25 g/ml) was autoclaved for 20 min. and stored
at room temperature (28 + 2°C). The chitin
suspension was added to a basa! medium (Yeast
extract, 0.5 g: peptone, 1.0 g; Agar, 150 g;
509% MSWS or tapwater, 1.0 1; pH, 7.5) so
as to have a final concentration of chitin in the
medium as 1.5%. The media were sterilized
and stored at room temperature till use,

Preparation of samples

For bacteriological analysis, the sediment
samples were serially diluted using sterile water
blanks. The blanks were prepared either with
509% MSWS or tapwater and used depending
on the place of sample collection, In the case
of prawns and fish, the digestive tract was
removed aseptically and the contents were
squeezed into sterile water blanks and serially

diluted.

For chitinase assay, the sedimeni samples
were diluted 1 : 100 (W/Y) in 509, MSWS or
tap water and the gut contents of animals were
transferred to sterile test tubes and diluted 1 ; 10
(W/Y) in 509% MSWS. These preparations
were used as enzymes in enzyme assays.

Enumeration of chitinoclastic bacteria

One millilitre of the appropriate ditution of
sediment/gut contents was placed in a sterile
petridish and 20 ml of melted and cooled chitin
agar medium was poured, mixéd thoroughly and
allowed to solidify. The plates were inveried
and incubated at room temperature (28 + 2°C)
for a maximum period of 10 days : colonies
which exhibited clearing zones around them
indicating chitin utilization were counted, For
total bacterial population colonies with and
without clearing zonmes were counted, The
bacterial populations were expressed per gm on
dry weight basis.
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Chitinase assay

A modified procedure of Jeuniaux (1966) as
employed by Goodrich and Morita (1977a)
was followed to determine levels of chitinase
activity jn various samples. For sediments, the
assay mixture consisted of chitin suspension
(5 mgfml}—1,0 ml; citric acid (0.6M), dibasic
sodium phosphate (1.2M) buffer (pH 5.1)—1.0
ml; sample (enzyme)—0.1-2,0 ml ; MSWS or
tapwater—to make up a total velume of 4.0 ml,
0.5 ml of toluene was added to each flask (50 ml)
containing the assay mixture to prevent bacterial
action during the assay. For controls, the
volume of chitin suspension was substituted
with equal volume of water, Duplicate flasks
were incubated in a waterbath at 35°C for 24
hours with occasional shaking. At the end of
the incubation period, the contents of the flasks
were centrifuged at 15,000 g for 15 min and
the end product, N-acetyl-D-glucosamine (NAG)
level in the supernatant solution was estimated.

For assaying the chitinase activity of the gut
contents, the procedure and composition of
the assay mixture were essentially the same as
that used for sediments except incubation time
which was only 2 hours, The colorimetric
procedure employed for the determination of
NAG has already been described (Goodrich
and Morita, 1977a). Since a Hitachi Double
beam recording Spectrophotometer (Model-200)
was used in the present investigation, the NAG
concenirations in various test solutions could
be directly read as pg NAG. To determine
the dry weight of each sample, one ml of each
sediment and gut sample was added to a pre-
weighed boat made of aluminjum foil and dried
in a oven to constant weight. The results were
expressed as ug NAG produced/g dry weight/hr,

RESULTS

In the present investigation, twenty sediment
samples and gut contents of four species of
prawns and seven species of fish were examined
for the chitinoclastic bacterial population and
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TanLe 1. Chitineclastic bact’erial popubation and chitinase acrivity in sediments

Station  Name of the stations Nature of  Total Bacteria Chitinoclasts  Chitinase
No. sediment (No./g.) ° activity
(ugNAG/g)

1 Munambam Clay 94 x 10% 13.94 ND*
2 Cherai Clay 75 % 108 1.33 NT**
3 Kadakkara Ciay 129 x 108 225 NT

4 Narakkal Clay 72 x 10°% 1.66 ND

5 Vaduthala Clay 6l x 1P 2.12 ND

6 Barmouih Clay 95 « 105 5.27 ND

T Vypeen Sandy Clay 15 x J0#¢ 9.33 ND

8 Aroor Clay 88 x 10¢ 1,73 NT

9 Arookutty Clay 116 > 10% 4,29 ND
10 Panavally Clay 84 x 10% 3.26 ND
i1 Thycatiussery Clay 134 x 100 11.28 ND
12 Nedumbrakkad Silty Clay 72 x 10* 3.12 ND
13 Southern side of Thanneermukkam bund Clay 156 x 109 8.16 NT
14 Yechoor Clay 128 x 108 10,33 ND
15 Muhamma Clay 132 x 1P 11.35 ND
16 Karyil Sand 113 x 12 i.13 ND
17 Manachery Clay 96 x 10* 4.13 ND
18 Muthencone Clay 127 x 1P 7.51 NT
19 Ariad Clay 152 x 104 2.11 ND
20 Thattampally Clay 116 x 10¢ 1.56 ND

* ND ~ Not detected,

»* NT — Not tested.

TasLe 2. Chirinociastic bacterial population and chitinase activity in the digestive tract of fish and prawns

Weight (@) and Total Chitinase
Specimen No*  Length{cm}ofthe  Bacterial Chitinoclasts activity
sampled specimens Population % {rg NAG/g/ht.)
(Rlo.!s)

Scigena susslf . 1 13.0; 8.8 312 % 108 89.75 251.00

S. athida i 140 : 22 320 > 1# 62.50 98.00

Leiognathus brevirostris 2 {gg, ?}g 60.8 x 108 92.10 56.25

L. equulus . 2 100 6.5 340 x 100 97.00 84.61
8.0; 6.0

Megalaspis cordyla ‘e t 70.0; 17.0 202 x 108 98.00 705.88

Chironemus tala - 2 %gg, }?g 200 » e 20.20 240.00

Tylosurus strongylurus e | 52.0; 26,0 115 x 105 15.21 70.06
3.33; 8.0

Penaeus indicus e 3 5.38; 93 7.5 x 100 66.67 121.52
545, 9.3

Metapenaeus monoceras . 2 5331, 80 6 % 108 8.33 72.34
1.85; 6.0
1.63 ; 6.0

M. dobsoni 3 1.90; 6.2 5.1 x 108 2.80 66.43
1.93; 6.0

Macrobrachium rosenbergli .. 2 lggg H }?g 38 x 10+ 17.39 118.51

* samples pooled before assay.
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chitinase activity and the results are given in
Tables 1 and 2, Allthe sediment samples were
found to harbour chitinoclastic population
(Table 1) and it ranged from 1 x 1% to
13.1 x 105/g (1.13% to 13.94% of total
bacterial population), The sediment collected
at station 16 was sandy in nature and harboured
the least population of chitinoclasts, The popu-
lation fluctuated widely from station to station.
The gut contents of all the fish and prawns
examined harboured chitinoclastic bacterial
: population (Table 2). Among the fishes,
© Leiognathus brevirostris, L. equulus and Megal-
aspis cordyla harboured maximum petcentage
of chitinoclastic bacterial population. In the
case of prawns, with the exception of Pengeus
indicus, generally low levels of chitinoclastic
bacterial population were recorded. All species
assayed exhibited some level of chitinase activity
associated with the gut contents (Table 2).
Maximum activity (705.88 pg NAG/gfhr) was
recorded in Megalaspis cordvia. There was no
direct relationship between the chitinoclastic
bacterial population and chitinase activity,
The sediments exhibited no detectable levels of
chitinase activity, Various combinations of
the enzyme assay mixture were tried and still
no chitinase activity could be detected in
sediments tested.

Discussion

The fact that all the sediment samples and
animals examined yielded chitinoclastic popu-
lations suggests that marine environment is a
very potential source of chitinoclastic bacteria.
' The percentage of chitinoclasts recorded in
sediments currently seems to be much higher
than some of the earlier reporis and in general
sediments harbour 2 higher chitinoclastic popu-
lation than the overlying water (ZoBell and
Rittenberg, 1938; Seki and Taga, 1963 a;
Chan, 1970). From the present investigation
itis clearthat clayey sediments normally harbour
higher percentage of chitinoclasts possibly
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because of higher organic matter content-
After a detailed study, Hood (1973) concluded
that disiribution of chitinoclastic bacteria in
given environment appeared to be related io
(i) organic matter content (ii) chitin deposition
and (iii) to a limited extent, temperature. 'The
factors like salinity, depth seem to have only
marginal effects on the distribution. Since
other environmental factors were not analysed
in the present study it will be premature to
relate the distribution of chitinoclastic bacteria
to any one or more parameters.,

When compared to sediments, the digestive
tract of animals seems to be a better place for
chitinoclastic bacteria. In some fish as much
as 989 of the total bacterial population was
found to be chitinoclastic. Generally higher
percentages of chitinoclasts were recordedin
guts of fish than in that of prawns. This is
contradictory to the earlier report that 859
of the bacteria in the digestive tract of the shrimp
were able to elaborate chitinase (Hood and
Meyers, 1973). The low percentage occurrence
of chitinoclasts observed in prawns may possibly
be attributed to the composition of food i.e.
the food may contain a low level of chitinous
material. 'The higher percentage occurrence of
chitinoclastic bacteria in the digestive tract of
aquatic animals is attributed to the chitinous
food material (Goodrich and Morita, 1977 b).
In addition to this, the fact that chitinase activity
could be detected only in the gut samples of
animals and not in sediments confirms the
carlier findings of Goodrich andMorita (1977 a).
Eventhough they failed to detect the chitinase
activity in the nearshore sediments, they were
able to ohserve the activity in the offshore sedi-
ments at 400 m deep. These observations
suggest that major portion of chitin degradation
may occur in tne digestive tracts of animals
(both vertebrates and invertebrates) at least in
nearshore environments. A chitinase system
in the digestive tract may be advantageous to
penaeids since a portion of the prawns' diet is
usually composed of chitinous material. More-
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over, glucosamine, the end product of chitin
breakdown has been shownto bea growth factor
for prawns (Kitabayashi ez al., 1971) and acetyl
glucosamine has been shown to be involved
in hiosynthesis of crustacean exoskeleton
(Stevenson, 1972).

Many strains of chitinoclastic bacteria were
isolated in the present study. A detailed report
on the taxonomy of chitinoclastic bacteria will
he published elsewhere but can be summarised
briefly here, Members of the genera, Vibrio
and Aeromonas were found to be the majority
of the chitinoclasts. In addition to few strains
of Micrococeus, Bacillus and Pseudomonas
capable of degrading chitin were also isolated.

Estimation of chitinase activity in different
samples would be useful to assess the rate of
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chitin degradation in a given environment.
Goodrich and Morita (1977a) after estimating
the chitinase activity associated with a marine
fish (Enophrys bison) reported that a population
of 1 X 10° would be able to decompose as
mugch as 16 metric tons of chitin annually, using
a conversion factor suggested by Jeuniaux
(1966). Such techniques would be wuseful to
monitor the chitin turnover in a given eco-
system with reference to human activity and
pollution.

From the present investigation and earlier
reports it is possible to predict that major

" portion of chitin degradation may undergo

in the digestive tract of aquatic animals and
the digestive tract seems to offer & relatively
stable environment for microbial chitin degrada-~
tion when compared to sediments and water,
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STUDIES ON THE PRESERVATION OF CULTURED CHANOS CHANOS
BY ICING AND FREEZING

SIBSANKAR GUPTA, SUBRATA Basu, D. ImaM KaasiM AnND C. C. PANDURANGA Rao
Kakingda Research Centre of Central Institute of Fisheries Technology, Kakinada

ABSTRACT

Ice storage shelf-life of milkfish (Chanos chanos) was studied with daily replenishment of ice and

maintaining the temperature of fish at 0°C-1°C.

The quality of fish was assessed periodically by

organoleptic, bacteriological and chemical parameters. The fish were found to be acceptable upto
1% days. Amenability of fresh, one-day ice stored, two-day ice stored and three-day ice stored
to frozen stored fish was studied. Frozen fish were stored at-18°C and their quality was studied periodi-
cally by organoleptic, chemical and bateriological tests. Al the frozen fish were found to remain in

good coudjtion even after one year.

INTRODUCTION

Fisy farming has been receiving considerable
attention in recent years especially due to the
uncertainties involved and the necessity for
high investments even to obtain small increments
in fish landings from the seas. Apart from
fresh water fish farming, which has been receiv-
ing boost, brackishwater fish farming has come
1o be recognised as a viable technology for
augmenting fish production. Chanos chanos is
being extensively used for brackishwater fish
farming in many parts of the country.

Though some work was done on the ice
storage and frozen storage characteristics of
marine fish (Shenoy and Pillai, 1971 ; Shenoy
and James, 1974 ; Chinnamma George, 1975;
Shenoy, 1976) and fresh water fish (Baliga
et al., 1962, 1969; Moortjani ef al., 1962;
Devadasan et al., 1978), very litile was done in
respect of brackishwater fish, In view of the
paucity of information on the ice storage and
frozen storage characteristics of brackishwater
grown Chanos chanos, the present work was
undertaken and the results thereof are reported
in this paper.

The authors are grateful to the Director,
Central Institute of Fisheries 'Technology,
Cochin for permitting presentation of this

paper. Thanks are also due to the Superinten
dent, Brackishwater Fish Farm, Kakinada,
Andhra Pradesh Fisheries Corporation, Kaki-
nada and Mjfs, Fish Products Ltd., Kakinada
for their help and co-operation,

MATBRIAL AND METHODS

The milkfish was caught in the local Brackish-
water Fish Farm, brought to the laboratory and
immediately iced. Fifteen kilogrammes of fish
was packed in crushed ice in three layers (fish
to ice ratio 1:1) in a thermocole (1° thick)
insulated second hand tea chest plywood box
(36 cm X 45 cm X 36 cm). 'The iemperature
of the fish was noted by piercing an alcoholic
thermometer. The samples were drawn af
definite intervals for analysis. Re-icing was
done after every 24 hours, keeping the fish to
ice ratioas 1 : 1.

For frozen storage studies, the milkfish
Chanos chanos was frozen in five different
conditions.

1. Fresh fish was washed with water and
frozen in a plate freezer glazed with water (F,).

2. Fresh fish was gutted, washed with water
and frozen with water glazing (F,).

3. Fish after one day ice storage (as



STUDIES ON THE PRESERVATION OF CHANOS CHANOS

nientioned above) was gutted, washed with
water and frozen with water glaze (F,).

4, Fish after two days ice storage was
gutted, washed with water and frozen with water
glaze (F). :

5. Fish after three days ice storage was
gutted, washed with water and frozen with
water glaze (F;).

In all the five conditions 1.8 kg of fish was
block frozen by adding 750 ml of cold water
for glazing with a polyethylene cover (200
gauge). Freezing was done in a plate freezer
and the frozen fish was stored keeping in a
thermocole insulated plywood box in a cold
storage maintained at-18°C. Periodically the
.samples were drawn, the water glaze wasscraped
out with a scalpel and a known weight of frozen
fish was placed in 2 closed polyethylene bag
and completely thawed in running water for
3 hours. The drip was collected in a measuring
cylinder; the volume was noted and the drip
was analysed for total nitrogen. The muscle
portion from the dorso-lateral part of the fish
was taken out for further analysis,

The organoleptic quality of the fish was
evaluated by a panel of 5 members, The scor-
ing was done both for the raw and cooked fish
following the method of Shewan er ol. (1953).
The changes in the condition of eyes, gills,
skin, texture and odour of the raw fish were
observed at different stages of storage. The
quality characteristics considered for cooked
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fish were odour, flavour and texture, the sample
being boiled in 29 brine for 10 minutes. The
average score for each quality factor and the
overall mean score for the sample were cal-
culated,

Moisture, ash and Total Nitrogen (TN) were
determined by A.0.A.C. methods (1960). The
Non-Protein Nitrogen] (N.P.N.}, Total Volatile
Bases (TVB) and o/-—amino nitrogen were
determined from trichloroacetic acid extract of
the muscle. Non-protein nitrogen was esti-
mated by kjeldahl method, TVB by conway
diffusion method and o —amino nitrogen
was by the method of Pope and Stevens
(1939). 'Total fai was estimated by extracting
the moisture free sample with petroleum ether
(40-60°C) for about 5 hours using soxhlet
extractors. For peroxide value estimation, the
muscle from thawed fish was ground well with
anhydrous sodium sulphate and fat was extrac-
ted with chloroform. Peroxide value and free
fatty acid were estimated from the extract
following A.Q.A.C. methods, Total Bacterial
Count (TBC) was determined by the standard
pour plate method using tryptone glicose agar
medium,

RESULTS AND DISCUSSION

Ioe stored fish
The temperature of the fish during the entire
period of ice storage was found to be 0°C-1°C.

Organoleptic scores obtained in respect of
the ice stored fish are furnished in Table 1.

Organolepric scores of Ice-stored Chanos chanos (whole fish, raw)

No, of days stored

(Organoleptic score ; maximum J0)

Eyes Gilis Skin Odouyr Texture Mean
1] 10.0 0.0 10,0 10.0 16.0 10,0
2 9.0 9.5 9.5 9.5 1.0 9.5
4 90 9.0 9.5 9.5 9.5 9.3
6 8.5 8.5 9.5 2.0 %0 89
8 7.5 8.0 2.0 ¢.0 8.5 54
it 7.0 7.0 8.5 8.5 8.0 7.8
12 7.0 6.0 8.0 8.5 7.5 74
14 6.5 6.0 8.0 8.0 7.0 7.1
té 5.5 55 7.5 7.5 0.5 6.5
17 50 5.0 70 7.0 5.5 59
18 4.5 4.5 6.5 6.5 5.5 55
19 .5 4.0 6.5 6.5 4.5 5.0
22 0.0 00 10 2.0 1.0
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Changes in eyes and gills, usually watched by
laymen to assess the quality of fish, were more
conspicuous than changes in skin, odour and
texture. Changes in skin were not easily
detectable.

Organoleptic ratings in respect of cooked
samples are presented in Table 2.

TaBLE 2. Organoleptic scores of cooked samples of
fee stored Chanos chanos
{Organoleptic score : maximum.10)

No, of
days Odour  Flavour Texture  Mean
stored
1] 10 10 10 10
2 10 10 10 10
4 10 10 10 10
6 b4 9 8 8.6
8 9 9 9 2.0
1 9 g 8.5 8.8
12 9 9 8.5 8.8
16 7 7.5 6 6.8
18 6 6 4 5.1
19 b 6 4 5.5

Textural changes were more prominent as

compared to changes in odour and flavour.

Chemical and bacteriological quality at
different stages of ice storage are presented in
Table 3,

SIBSANKAR GUPTA AND OTHERS

An increasing trend, though of a low order,
was observed in the moisture content of the
fish, as the period of storage increased, which is
probably due to absorption of moisture by the
tissues from the crushed ice. There was a
significant decrease in the Non<Protein Nitrogen
content (NPN) during the storage period, the
reduction being most marked during the first
four days of ice storage. Adefinite decrease was
also observed in Total Volatile Basic Nitrogen
(I'VBN) during storage in ice (Table 3).
The fall in non-protein nitrogen and total
volatile basic nitrogen conteats would have been
reduced due to the effect of leaching by ice melt
water, the loss of nitrogenous substances being
more than their production. 'The production of
nitrogenous substances must also have been
diminished due to the reduced enzymatic
activity and bhacterial multiplication. The
bacterial component comprised almost entirely
of mesophiles since no growth came up on
plates incubated at a temperature of 5°C-10°C,
There was no apptreciable change in the content
of total nitrogen. Based on the organoleptic,
chemical and bacteriological quality, ice stored
Chanos chanos was found to be acceptable upto
19 days.

TABLE 3. Chemiical and bacteriological changes occurring In ice stored Chanos chanos

Total Nitrogen

N.P.N. L-amifte N Total volatile Total plate

No. of days Moisture  gms/100 gm mgfid0 gm mgf100 gm of base nitrogen  count/gm
storage % of muscle of muscle muscle mg/100 gm
of muscle

0 74.98 3.080 514 71.96 14 5.3 x fQp

2 76.25 2.907 486 113,20 4 1.8 x 10t

4 75.85 2.310 356 86.36 10 2.2 x 100

6 77.55 2.830 340 103.40 10 1.8 % 10t

8 71.78 2.355 332 94.64 10 8.4 x 10¢

H 78.10 2.860 30 54.83 6 3.0 x 108

12 T7.11 2.551 — 87.97 6 2.5 % 104

14 79.00 2977 276 79.33 3 2.3 0

16 75.84 2739 336 72.3% 13 4.3 = 104

17 771.75 3.028 244 62.30 5 1.6 x 101

19 79,57 2.922 236 58.33 5 8.3 x 104

22 . 77.87 2,950 144 48.89 5 22 x 14
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Frozen stored fish

Results of organoleptic, chemical and
bacteriological examination of different cate-
gories of frozen stored Chanos chanos are shown
in Table 4.

Changes in odour and texture of fresh un-
gutted frozen (F,), fresh guited frozen (F,)
and one-day iced, gutted frozen (F,) were not
appreciable, Textural changes were mote cons-
picuous with no appreciable change in odout
in respect of two-day iced (F;) and three-day
iced (F,) gutted frozen fish,

Moisture content of fresh as well as ice stored,
gutted and frozen fish considerably decreased
during - storage while the decrease was not
appreciable in fresh unguited Chanos chanos,
This can be easily understood by the fact that
- the drip loss was less (2.84 to 4.5 mi per 100
: gms of fish) in fresh ungutted frozen fish with
no appreciable decrease in moisture content
while the duip loss was more (5.7 ml to 10.8
ml per 100 gms of fish) in the other categories.

The total nitrogen content of drip showed
~ an increase with the increasing storage period.
The increase was more in gutted fish as com-
pared to ungutted fish. The volume of drip
was also more in gutted fish as compared to the
ungutted fish. The larger exposed surface area
and more tissue denaturation in the case of
gutted fish as compared to unguited fish
might be responsible for the differences in
the quantities of total nitrogen content and
drip volume,

Peroxide values ranging from 3.8 to 15 were
. obtained after one month storage in respect of
* all categories of gutted and frozen fish but no
organcleptic change could be detected. The
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peroxide value became negligible afier one year
frozen storage. This may be explained by the
fact that fats initially absorb oxygen, the rate
of which increases with time, the period being
termed as induction period (Meyer, 1973). The
major initial product of oxidation consists
largely of hydroperoxide (Karel, 1973). Hematin
catalyzed oxidative fat rancidity is an important
deteriorative reaction in frozen fish because of
the rapid rate of peroxide scission and peroxi-
dative chain reaction initiation (Tappel, 1964).
By peroxide value we measure this hydro-
peroxide. These peroxides are not contsi-
buting for the characteristic odour of rancid fat.
The compounds responsible for odour of
rancid fat are short chain compounds and
include aldehydes, acids, hydroxy acids, ketones
and keto acids. As oxidation progresses, the
break down products of hydroperoxides accu-
mulate and eventually the hydroperoxide con-
centration decreases (Githa and Moorjani,
1973).

The free faity acid values remained negligible
throughout the storage period. Initially the
free fatty acid formed is protected upto certain
threshold value by the fat present in fish from
reacting with protein to make it insoluble
(Hanson and Olley, 1964), But beyond that
threshold value the free faity acids react with
protein and solubility of protein decreases.

The total bacterial count remained about the

same during storage in all categories of frozen
fish.

On the basis of the organoleptic, chemical
and bacteriological parameters, the milkfish
(Chanos chanos) was found to remain acceptable
even upto a period of one year under frozen
storage conditions,



TaBLE 4. Biochemical changes in Chanos chanos during frozen storage

Fresh Fresh Chanos chanos whole  Fresh Chanos chanos  One-day iced Chanos Two-day iced Chanos Three-day iced Chanos
Charnos (un-gutted) Frozen { Fo ) gutied and frozen gunied and frozen ghited and frozen gutted and frozen
chanos {F,) (Ey) (Fo) (Fy
Analysis
afier one after two after twelve after one after twelve after one afier twelve after one after twelve after one after twelve
month of months of months of month of months of month of months of month of months of month of months of
storage  storage  storage  storage  storage  storage  storage  storage  storage  siorage  storage
Moisture (%) 78.1 71.3 774 77.89 70.34 69.35  72.68 7077 70.24 73.03 M.33 7062
Total Nitrogen
(gm/ 100 gm muscle) 3.08 3.2 2.858 3.156 3.166 3.514 2964 3.352 3.308 3.403 3.359 3490
Total NPN %,
(em/100 gm muscle)  0.510 0.460 0.340 0432 0432 0496  0.364 0397 0448 0.496 0460  0.496
Thaw drip (mi;100 gm/
frozen fish) — 4.5 2.8 44 80 57 8.0 6.6 6.7 8.5 8.0 108
Drip T.N. {(mg/100 mI .
drip) —_ 142.8 2880 372.8 481.8 761.5 4704 724.7 587.2 770.5 621.2 8074
Peroxide value
(ml N/500 — 16 25 — 1 Negligible 12.5 Negligible 8.88 Negligible 15 Negligible
Na, 8, Q, per gm fat) '
F.F.A. (% Oleic acid) Negligible Negligible Negligible Negligible Negligible Negligible Negiigible Negligible Negligible Negligivle Negligible
TBC/gm 29x10f 13x100 18x10t 55x10¢ 49x10¢ 20x10¢ 46x104 25x10¢ 95« 104 TIx100 39x100 19 x 10
Odour {max. score-10) i0 10 10 9 9 9 9 9 9 8.5 9 g
Textore {max. score-5) 5 5 5

4.5 4 4 4 3.5 4 3 4 2.5
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THE BACTERIAL FLORA OF PEARLSPOT ETROPLUS SURATENSIS (BLOCH)
CAUGHT FROM COCHIN BACKWATERS

P. K. SURBNDRAN AND K. MAHADEvA IYER
Ceniral Institute of Fisheries Technology, Cochin-682 029

ABSTRACT

Quantitative and qualitative studies on the bacterial flora of freshly caught pearlspot Etroplus
suratensis, from Cochin Backwater were made, The aerobic bacterial count on the surface of the
fish varied between 10%10%cmt, of gills between 10%-10%gm and of intestines {with contents, between
10%-10%gm. Qualitatively, the flora on the skin and of the gills and intestines consisted mainly of
asporogenous rods, The predominating flora on the skin surface consisted of Pseudomonas spp. (25 20),
Aleatigenes spp. (10%), Micrococcus spp. (20%), Flavobacterium spp. (597, Bacillus spp. (5%;) and
* Coliforms * (5%). The flora of the gill tissue comprised of mainly Pseudononas spp. (35%3), Aleali-
genes (25%) and Micrococci spp. (15%). The intestinal flora consisted of Pseudomonas spp. (50%4),
Coliforms (20°%), Flavobacterium spp. (8%,) and Alealigenes (6%7).

INTRODUCTION

THOUGH extensive studies have been carried
out on the nature of the bacterial flora of fishes
of marine origin both in India and elsewhere,
not much information is available on the
bacterial flora of fishes of fresh and brackish
water origin. Kerala abounds with extensive
brackishwater areas along her coast and the
fishery therein plays an important role in her
coastal economy. Butso farno seriousattempts
have been made to study the spoilage and preser-
vation aspects of brackishwater fishes, Futther
the recent interest in coastal aquaculture makes
it all the more necessary to have a clearer
picture of the bacterial profile of the fishes
so that better means of controlling their spoilage
to enhance the quality of the fishes may be
deviced. With the object in view we have
undertaken an investigation on the nalure of
the bacterial flora of Etroplus suratensis, an
important table fish caught from brackish
water of the coastal regions. A fully grown
fish of this species weighs between 600 gram
to 1 Kg,

The spoilage of fish is mainly due to the
action of bacteria, although autolysis and
oxidation also play their part in this pheno-
menon. It has often been said that brackish
water fishes spoil more rapidly than_marine
fishes, It is hoped that a study on the nature
of the bacterial flora of brackishwater fishes
would help to understand and explain the
cause of the so-called rapid spoilage in such
fishes,

The authors are grateful to (Late) Shri
G. K. Kuriyan, Director of the Institute for his
keen interest and encouragement. They are
also thankful to the technical stafi of the
laboratory for their assistance,

MATERIAL AND MBTHODS

Live pearlspots, weighing beiween 500 to
900 gm were collected from Murinjapuzha which
forms a part of Cochin Backwater. The sample
was transferred to sterilised wide-mouth bottles
and brought to the laboratory immediately .
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SAMPLING

Enumeration of bacterial ﬂora

10-12 gm of muscle with skin were aseptically
cut from either side of 2-3 fishes. Similarly,
about 2 gm of gill tissue and 1 gm of in-
testines (with contents) were aseptically trans-
ferred to sierile sample dishes, For total
plate count, the samples were pour plated using
Tryptone Glucose Agar (T'GA) containing
Tryptone 1%, Beefextract 0.3 %, glucose 0.1,
sodium chloride 059, agar agar 1.5% and
distilled water, Plates were incubated . at
28 4= 2°C (RT) and at 37°C for 3 days and
counts taken,

Total coliforms were detected by plating
the appropriate dilutions of the tissue homo-
genates with Desoxy Cholate Agar (DCA) and
incubating the plates at- 37°C for 24 hours,
Typical colonies were transferred to EC medium
and incubated at 44.5°C for 24 hours, colonjes
producing acid and gas in EC medium at
44.5°C were considered as faecal coliforms.
Also, IMVIiC (Indole, Moethyl red, Vogeus
Prauskaeur and Citrate utilisation) tests were
performed with these cultures.

Total streptococci were determined on KF
agar and staphylococci were enumerated on
Baird-Parker agar. Counts were taken after 24
hours of incubation at 37°C,

Isolation and identification of cultures

After the incubation period, plates showing
 discrete colonies were selected, each colony
picked and transferred to tryptone broth and
incubated at room temperature. Bach isolate
was restreaked three times to ensure purity
before their morphological and biochemical
characteristics were studied, The pure cultures

were maintained on nutrient agar (NA) glants _

for preservation and i‘urther studies.

One hundred and- twenty isolatés from skin
with muscle, ninety from gills and one hundred
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and five from intestines with contents were
examined in detail.

Motility was examined in 16-24 hours old
tryptone broth cultures by the hanging drop
method (Anon, 1957), using phase contrast
microscope. Morphology and Gram-staining
were observed on 16-24 hours old cultutes
grown on NA slants : Gram stain, as modified
by Hucker (Anon, 1957) was used for staining.
Ability of the cultures to reduce nitrate, to
produce indole from tryptone, to liquefy gelatin,
to ferment various sugars and to produce HyS
was studied by standard methods (Salle, 1954),
Mode of attack of glucose by culturés was
determined by using Hugh and Leifson’s
* Oxferm * medium (Hugh and Leifson, 1953).
The presence of cytochrome oxidase in cultures
was detected by the modified Kovac's test
{(Kovac, 1956). Pigmentation was observed
on skim-milk peptone agar. Sensitivity to
penicillin and 0/129 compound was determined
by pad-plate method. Proteolytic ability was
determined by the method of Lerke ef al, (1963)
as modified by Lerke ez al. (1965).

Differentiation of the bacterial cultures upto
generic level was done mainly by the scheme
of Shewan er al. (1960, a, b} with necessary
modifications on the basis of Bergey’s manual
(Buchanan and Gibhson, 1974).

RESULTS AND DISCUSSION

Quantitative aspects

The bacteriat load on the skin with muscle
was found to. vary between 1.2 X 108 and
4.3 X 10%/gm, that of gills between 2.3 X 10¢/gm
and 1,14 > 10%/gm and of intestines between
1.15 X 105/gm and 2,08 X 10%/gm when the
plates were incubated at 28 + 2°C. (Table 1).
However at- the incubaiion _temperature
of 37°C, the counts registered a decrease
of one log cycle in the case of skin with’ muscles
1.2 log cycle in the case of gills and 2 log cycle
in the case of intestine with contents (Table 2},
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TARLE 1. Bacrerial count at differens paris of the fish

Part of the fish
Nature of count
Skin with muscle Gills Intestine with contents

Total plate count per gram 1.2 x 108~ 2,30 x 10 1.15 x 10—

4.3 % 104 1.14 x 10# 2.08 x 10¢
Total coliforms per gram Nil-1 x 107 Nil-27 7 % 10—

24 x 100

Total faecal coliforms per geam Nil Nil Nil-120
Streptococci per gram Nil-23 Nil-43 Nil-24¢
Staphylococei per gram Nil Nil Nil

The count of the total coliforms was very
much higher in the intestines with contents,
probably a reflection on the food habits of
pearl spot which is reported to feed on faecal
matter, But the proportion of the faecal coli
to the total coliforms is less. Also, faecal
coliforms were not isolated from the skin or
gill tissue, eventhough in some cases, nonfaecal
coliforms were detected. The presence of
streptococei was minimal, Staphylococti were
absent, '

TABLE 2. Difference in total plate counis of
skin with muscle, gills and intestine, when
incubated at two temperatures.

(Counts given in logarithms)

Incubation temperature
Sample

284 20C 37°C

Log. TPCjgm Log. TPC/gm
Skin with muscle . . 3.124 2.093
Gills 5.315 4,110
Intestines T7.862 5.796
Qualitative aspects

The generic distribution of bacteria in skin
with muscle, gills and intestines of pearl spot
i3 given in Table 3. The results show wide
variations in the percentage composition of
the bacterial genera in the three paris of the
body of the fish.

The generic composition of the microflora
of skin with muscle, gills and intestines (with
contents) as seen from Table 3 show a pre-

ponderance of gram negative asporogenous
rods of the Pseudomonas, Alcaligenes, Flavo-
bacteria{Cytophaga, Moraxella and Vibrios
groups. Pseudomonas is the major group,
constituting 25 % of the skin flora, 35% of the
flora of gills and 50 % of the flora of intestines.

TABLE 3. Generic distribution of
bacteria in pearlspot

Part of the fish

Bacterial genus

Skin with  Gills  Intestine
musele with
contents
% “a %
Pseudomonas 25 35 50
Alealigenes i0 25 6
Micrococeus 20 15 3
Flavobacterium{

Cyiophaga 5 2 8
Bacllius 5 2 [H
Moraxelia 5 6 2
Vibrios 7 3 2
Arthrobacter 7 4 Nil
Lactobacillus 2 Nil 2
Staphyvlococei Nil Nil Nil
Streprococei 2 2 3
Total coliforms

{includes faecal

coliforms) .- 5 =1 20
Faecal coliforms Nil Nil 4
Yeast . 3 Nil Nil
Unidentified .. 4 5 1]

Ofthe gram positive groups, Micrococei account
for 209 of the skin flora and 159 of the flora
of the gills, but only 3% of the intestines with
contents, Arthrobacter and Bacillus were present
on the skin and in the gills, but not in intestines,
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Table 4 gives the relative distribution of
vatious physiological groups of bacteria. It
i to be noted that the cultures were generally
biochemically very active, gelatin liquefiers

TABLE 4. Percentage distribution of various
physiological  groups of bacteria in
pearl spot Total cultures examined « 315

ol | Part of the fish
Physiological groups
& Skin with  Gills Intestine
muscle with
contents

Gelatin liquelers 85 70 96
Nitrate reducers 40 56 61
H,S producers . 18 2 35
Indole producers .. 8 14 27
Sugar fermenters

(i) Anaerobic 12 7 14

(ii) Aerobic 65 43 39
Putrefiers .. 22 24 34

ble of growth

Cagaooc & .. 10 14 20

constituting 85%, 70% and 96% in skin with
muscle, gills and mteatmes respectively, It
is also very significant that 229, 249, and 349,
of the flora of skin, gills and intestines res-
pectively are putreflers. And most of these
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putrefiers belonged to the genus Pseudomonas,
the group of bacteria which was found to be
the major spoiler group of bacteria in the case
of marine fish (Shewan e g/., 1960). Further,
most of the putrefiers were capable of growth
at 0°C.

A comparison of the flora of peatlspot, a
brackishwater fish, to the flora of fresh water
fish and marine fish might be interesting. The
major genera found on fresh water fishes were
Micrococcus, Flavobacterium, Paracolobactrium,
Achromobacter, Alcaligenes and Pseudomonas,
whereas the natural flora of Indian sardines
(Sardinella longiceps) and mackerel (Rastrelliger
kanagurta) consisted mainly of Vibrios, Pseudo-
monas, Achromobacter, Flavobacterium, Coryne-
Jorm and Micrococei (Karthiayani and Iyer,
1967; Surendran and kyer, 1976). The proportion
of Vibrios spp. in the marine fish is much more
(upto 36%)) than that in brackishwater fish
(only 2-7%) of the total fiora, while the Pseudo-
monas species are found to predominate in
brackishwater fish (25-50%) in comparison
with marine fish (14-16%/). In the case of fresh
water fishes, gram positives are the predomi-
nating flora in contrast to both brackishwater
and marine fishes,
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STUDIES ON TRANSPORTATION OF CHANOS CHANOS

C. C. PANDURANGA Rao, T. K. GovinDAN*, 8. S, GUPTA aND D. IMaM KHASIM

Kakinada Research Centre of Central Institute of Fisheries Technology,
Kakinada-533 003, Andhra Pradesh, India

ABSTRACT

The paper presents the rasults of studies undertaken to device suitable methods of ransportation
of fresh and frozen Chanas chanos to distant places by rail, Freshly harvested and frozen fish were
teansported to Caleuita, Dethi and Madras in different types of containers with different insulation
materials, Quality of the fish was examined at both despatching and receiving ccntres in order to
follow the changes during teansportation, Plywood boxes with expanded polystyrena slab as well as
multi-layer guany insulations,aluminiumbox withinsulation and a dismantlable type galvanised iron box
with polystyrene slab insutation wete tried for transportation of the jced fish from Kakinada to Caloutta.
The journey lasted 40 hours with one transhipment at Samalkot Junction. The fish transported in
all the above containers reached the destination in fair to good condition and fetched prices ranging
from Rs. 3.50 to Rs. 7.00 per kg. Frozen Chanos chanos in the form of blocks were also transported
successfully from Kakinada to Caleutta and Delhi, the latter involving a journey of 50 hours and one
transhipment at Vijayawada Junction. A few consignments of iced fish sent to Delhi and Madras also
reached the destination in good condition, Conventional bamboo baskets with palmyra leaf mat
and dry leaf linings inside and gunny wrapping outside were found suitable for transporting iced fish

to Madras by rail, where they fetched prices ranging from Rs. 3.25 t0 Rs. 4.75 per kg.

INTRODUCTION

INDiA has about 2.02 million hectares of cultur-
able brackishwaters, which if exploited pro-
perly can produce 4.3 lakh tonnes of fish per
annum at a minimum rate of 225 kgfhajyr
(Gopalakrishnan, 1972), Milkfish Chanos chanos
(Forsskal) is very well suited for culture in
such waters, 'This fish is cultivated in Indonesia
Philippines, Thailand, Malaysia, Taiwan,
Hawaii, Burma, Pakistan, India, Ceylon etc. It
is a much relished table fish and is grown
experimentally in brackishwater fish farms
throughout our country. There is plenty of
scope for developing this on a commercial
scale, in the event of which proper handling
and utilization of the cultured fish become

* Present address: Central Institute of Fisheries
Technology, Matsyapuri P.Q., Cochin-682 029, India.

absolutely essential in order to ensure prope:
and adequate returns and render the proposition
economically viable. 8o far no research work
has been carried out in India on the preser-
vation aspects of this fish,

Even though long term preservation methods
like freezing, canning, dehydration/curing etc.
will have to be tried in the long run when the
production of the fish increases to that extent,
under the existing conditions, expeditious trans-
portation to the interior potential consuming
centres can solve the problem of economic
utilization, Fish in fresh condition is always
preferred by the consumer to that preserved
by even the most sophisticated method and in
this respect one advantage with cultured fish
is that they can be harvested according to
demand and distributed fresh, However, limit-
ing the market to the immediate vicinity of the
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- production centres cannot be expected to work
economically, Hence experiments were under-
taken to explore the posdibility of transporting
cultured Chanos chanos in iced and frozen
condition over long distances and to study the
quality changes taking place in them during
such transportation., The work was carried
out under an All India Coordinated Research
Project on Transportation of Fresh Fish spon-
sored by the Indian Council of Agricultural
Research. '

The authors wish to place on record their
gratitude to Late Shri G. K. Kuriyan, Director
and Shri M. R. Nair for kind permission to
present these results at this symposium.,

MATERIAL AND METHODS

Chanos chanos cultured in the experimental
Brackishwater Fish Farmn run by the Central
Institute of Figheries Education at Kakinada
were used in these studies. Immediately after
harvesting, the fish were brought to the labo-
ratory (about 3 km) where most of them
reached still in live condition. They were
washed clean in fresh water and used for the
experiments,

Containers used

Three different sizes of second hand tea
chests (plywood boxes) viz, ; 36em X 49cm X 36
cm (capacity: 35 kg), 47 cm X 50 cm X 38 om
(capacity : 50 kg) and 56 cm X 44 cm X 35 cm
(capacity : 60 kg) were employed in these,
studies. Bxpanded polystyrene slabs (25.4 mm
thick) cut to fit in the inside of the boxes and
sealed in 150 gauge (0.038 mm thick) polythene
sheet (Rao et gl., 1978) were used as insulants.
This type of container is designated ‘A’ in
this paper. Jute fabric as available in the local
market was also cut to the size of the inside
of the plywood box and double and quadruple
layers of the same were stitched together along
the borders and sealed in 130 gauge polythene
sheet as described above. The containers with
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4-and 2- layer gunny insulations are designated
‘B’ and ‘ G’ respectively in these studies. A
dismantlable, polystyrene slab-insulated, re-
turnable, galvanised iron container (Govindan
and Gupta, 1978) was also employed for trans-
portation and is designated container *D°’.
Traditional split bamboo baskets with palmyra
leaf mat lining inside and gunny wrapping out-
side were used in transportation experiments
to Madras for comparison with the other
containers and is designated ‘'B°.

Methods of packing

The cleaned fish was analysed for quality
characteristics and packed with 1 : 1 proportion
of ice ag described by Rao et al. (1978), Freezing
of the fish was carried out as 3 kg blocks with
glazing water, They were packed in the jnsu-
lated container as described above without any
additional ice.

Transportation

The consignments were hooked from
Kakinada Port Railway Station and were
carried by ordinary (un-insulated) parcel vans.
The journey to Calcutta (Howrah) normally
took 40 hours at ambient temperatures of 25-
35°C andinvolved one transhipment at Samalkot
Junction. The duration of the journey was the
longest (50 hours) to Delhi and there was one
transhipmentat Vijayawada Junction. Tempera-
ture variations during these experiments were
betweer 25-35°C, Transportation to Madras
took the shottest time, 20 hours, by a direct
train. '

RESULTS AND DISCUSSION

Particulars of the experiments cartied out
from Kakinada to Howrah and the quality
characteristics both at the despatching and
receiving centres ate presented in Table 1;

Organoleptic, chemical and bacteriological
qualities before despatch show that the fish js in
fine gondition, There was & four-fold ingrease in
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total bacterial load during the transporiation
whioch is of no significance at all as far as quality
is concerned. Coliform counts of 10-20/g were
encountered in only four cases, which of course
got reduced to nil at the receiving centre, This
is to be expected since their initial occurrence
itself was low enough and because of their
known sensitivity to lower temperatures, besides
the leaching out action of the ice melt water.
Staphylococci were conspicuous by their ahsence
at both the cenires. Tncreases in total volatile
nitrogen values were also negligible during the
period of transportation. Organoleptically the
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was no signhificant organoleptic change either
and when marketed by the 'Tamil Nadu Fisheries
Development Corporation, the transported fish
fetched rates ranging from Rs. 3.25 to Rs. 4.75
per kg. It is of particular interest to note that
the fish reached the destination in fine condition
even when transported in the traditional split
bamboo baskets. This may be atiributed to
two factors viz, ; (1) the extremely high quality
of the fish at the time of despatch and (2)
the comparatively shorter duration of trans-
portation (20 hours), However, in trans-
portations involving longer journeys, more

TaBLE 1, Particulars of transporiation experiments conducted from Kakinada to Howrah

Number of experiments
Quantity of fish transported
Type of containers used and number of

29 (Iced—23 ; Frozen- 6)
1250 kg (Tced - 1072 kg ; Frozen—178 kg)

expetiments with ¢ach type ‘A'-8;'B’-2;°C'—15and ‘D’ =4,
Period of experiments 1976 -1977.
Onality Changes
Characteristic Despatching centre Receiving cenire
Total bacterial plate . 4,28 x 10¢ 16.86 x 10¢
count/g Mean & range ©.47 x 104150 x 104 0.1 x 10—61,0 x 10%
Coliforms/g 10—20 (Only in four cases) Nil
Staphylococeifg Nil Nil
T.V.N. : mg% Mean and range 15.82 18.42
: (5.6-36.4) (9.8—=32.2)
Organoleptic quality Good

Fair

fish was in fine state of preservation ai the
destination. The fish when marketed afier
sampling by a public sector undertaking fetched
selling prices of Rs. 3.50 to Rs. 7.00 per kg.

Particulars of transportation experiments
from Kakinada to Madras as well as the quality
characteristics at both ends are presented in
Table 2. There were practically no increases
in bacterial plate counts at all during the trans-
portation, Coliforms were absent at both ends,
Increases in TVN were also negligible. There

sophisticated coniainers like the other ones
used in this study will have to be employed.
Even for short distance transportation by rail,
it is always advisable to employ efficient con-
tainers so that the fish do not get spoiled in the
event of any unscheduled delays which ocour
sometimes in our rail traffic.

The details of experiments conducted from
Kakinada to Delhi are presented in Table 3.
Eventhough the duration of the journey
involved was the longest in this series of experij-
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ments, there was praciically no increase in total panied by the usual and unavoidable course of
bacterial loads and-no significant deterioration deteriorative changes, But the situation is
in organoleptic quality during transportation, entirely different in the case of farm-harvested

~-TABLE 2. Particulars of transportation experiments from Kakinada to Madras

- Number of experiments .. 6 {Alliced)y -

Quantity of fish transported .. 2571.5kg
Type of containers used and number of
experiments with each ' . *A’<3;'E’-3

Period of experiments .. September 1978—January 1979
Quality Changes
Characteristic Despatching contre Receiving centre
Total bacterial plate .. 1.25 x 108 145 x 104
count/g Mean and range 021 x 100=2.9 x 109 0.3 x 104,52 % 104
Coliforms/g e Nil ’ Nil
T. V. N, : mg % Mean and range .- 134 16.77

(11.3—=16.0) (15.1=21.3)

Organoleptic quality .. Good Good

TaBLE 3. Particulars of transportation experiments from Kakinada to Delhi

‘Number of experiments .. 3 (All frozen blocks)

Quantity of fish transported .. 134.5ks

Type of container used .. ‘D"

Period of experiments v+ January—March 1974
Ouality Changes
Characteristic Despatching cantre Receiving cenire
Total bacterial plate . 2.18 x 104 1.17 x 10
gountfg Mean and range (0.65 x 10°—3.08 x 109 (1.1 x 10+—1.3 x 109
Organoleptic quality . Good Good

fishes in so far as they can be harvested and

Marine fishes are harvested from distant handled in the freshest possible condition. One
grounds and invariably some time lags take advantage with freezing of the fish before
place between catching and landing, accom- despatching is that comparatively larger quanti-
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ties of fish can be packed compactly in the.

container as no additional ice is required to be
used.

CONCLUSION

Freshly harvested Chanos chanos couid be
transported over long distances like those from
Kakinada to Howrah, Delhi and Madras in

C. C. PANDURANGA RAO AND OTHERS

iced and frozen condition in ordinary (un-
insulated) rail wagons at ambient temperatures,
While a traditional container like split bamboo
basket with palmyra leaf mat lining inside
and gunny wrapping outside performed satis-
factorily during tranmsportation to Madras,
journeys involving longer durations call for
more sophisticated containers with insulation
materials as heat barriers for better protection,
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TUNA LIVE-BAITFISH INVESTIGATIONS AT VIZHINJAM
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ABSTRACT

Rearing of some species of Stolephorus and a fow other small sized fish was done within the break-
water area at Vizhinjam, southwest coast of India, * Well-type * cages made of nylon netiing were employed
for the purpose. The fish were collected from lift nets operated during night using lights and during
morhing hours, as well as from commercial boat seines. They were transported to the cages, iD large
plasticcans and buckets. The period of trangportation of fish from fishing site to the rearing cages ranged
batween 10 minutes and one hour, Mortality in respect of Stolephorus buccameeri during transportation
and during the ficst two days after stooking put together ranged from 10-20% and low thereafter, Trans.
porting about 100 fish of about 75 mm length in ¢ans of 50 litre capacity and continuous addition of fresh
sea watet during transportation were found to reduce the initial mortality of the fish, It survived in the
cages for about three months, Similacly S, devisi also was found to be hardy ; it sutvived in captivity for
about two months. In the case of Stolephorus baraviensis and §, indicus, howover, the initial mortality
was very high and the fish hardly lived for more thant a few hours after stocking. The periods for which
other fish were reared in the cages wore ; Ambassis gymnocephalys for nine months ; Pranesus duodecimalis
$ months ; Sardirella gibbosa two months and 8. longiceps for four months. Initial mortality on capture,
during transportation and stocking was nogligible for the foregoing four species of fisk. They were fed
with pelletized foed. The dissolved oxygen, salinity and temperature of the surface waters of the rearing
cages during the period were monitored. The encrusted fauna and flora of the cages are described, Some
of the problems assoclated with rearing of live baitfish in oaaes have beenldentlﬁed and solutions for

soms of them outtined.

INTRODUCTION

Pote and line fishing with livebait and purse-
seining are at present the two economically
viable methods of catching tuna in commercial
quantities in tropical waters (Shomura, 1977).
Of these two methods the pole and line fishing
is the principal method for catching the skip-
jack tuna Katsuwonus pelamis. Though the
skipjack is said to be widely distributed in the
Lakshadweep Sea, a traditional fishery for it
exists in an organised scale only in Minicoy.
This is said to be due to nop-availability of
suitable baitfish in close proximity of other
islands. Even in Minicoy, fluctuations in the

© « Present Address : Waltait Research Contre of Central
Marine Fisheries Research Institute, Waltajr, -

availability. of adequate supplies of baitfish,
which are mostly represented by small sized
percoid fishes has been reported to affect
the tuna fishery often bringing about an abrupt
suspension of fishing activity, thereby consi-
derably affecting the economy of the islanders
(Jones, 1958, 1960).

Though fragile, many species of Stolephorus
are reported to possess most of the qualities of
good baitfish as pointed out by several authors
(Baldwin, 1975, 1977; Yuen, 1977; Smith,
1977) and form the major baitfish species
used in many parts of the Central and Western
Pacific Ocecan, the best known among them
being the nehu, Stolephorus purpureus (Uchida,
1970, 1977 ; Wilson, 1977 ; Smith, 1977). Most of
thesespcoies also oceur in the Indian Qcean,
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and their resource potentiat has been estimated
to be very high along the southwest coast by the
Pelagic Fishery Project of the UNDP (UNDP,
1974, 1976 a, b, ¢).

Investigations were undertaken at Vizhinjam
to develop suitable methods of capture, trans-
port and stocking in the sea for the wild stocks
of Stolephorus, as well as to understand their
basic requirements in captivicy so that large
quantities of this fish could be readily made
available for livebait purpose in Minicoy.
This would reduce the effect of day to day
fluctuations in the baitfish supply on the pole
and line fishing, climinate a major non-fishing
activity involving catching of bait and lead to
expansion of tuna fishing activity in the Indian
seas. This paper gives an account of the acti-
vities and results obtained in this endeavour
in respzct of Stolephorus and a few other
non-predatory fishes incidentally caught during
these investigations. In order to present the
problem under investigation in its perspective
a brief account on the anchovy fishery of the
Vizhinjam area and the anchovy resource poten-
tial along the southwest coast of India are given
in this account. Course of future development
for the livebait investigations is discussed
in the light of these findings.

The auhors wish to thank Dr, E. G. Silas,
Director, Central Marine Fisheries Research
Institute, for the encouragement given through-
out the course of this study. They also thank
Shri K. V. Narayana Rao, Head of Fishery
Biology Division for critically going through
the manuscript and the Director, Central
Institute of Fisheries Technology, Cochin for
kindly arranging the chemical analysis of the
fish feeds.

MATERIAL AND METHODS

Liveofish for experimental purpose were
collected from shore seines, lift nets and boat
seines during 1977-1979. They were imme-
diately transported in plastic cans and released
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into the culture cages or glass tanks and morta-
lity of fish that occurred at different stages
was anoted. They were fed with different
kinds of feeds. Descriptions of nets and
lights, transporting equipments, culture rafts
and cages employed during the work are given
below.

Two types of lift nets were fabricated
and used. The first type essentially consisted
of a square box 3.5 X 3.5 X 1.5 m made of
monofilament nylon netting and canes along
the four sides of the bottom and the rim.
To each corner of this box type net was attached
a cord which passed over a pulley fastened to
a bamboo pole. Thus the two cords of each
side passed through two pulleys suspended
from one bamboo pole and the two bamboo
poles were rigged to the mechanised boat
from which fishing was carried out. One
adjustable light was suspended from a third
pole rigged to the boat so that the light fell
at the centre of the net area (Plate I A).

The second type of lift net as described by
Floyd (1971) was fabricated and wused. It
consisted of a metal ring of 1.5 m diameter to
which was attached a conical mosquito netting.
The net was operated from a T-shaped wooden
frame attached to the rear end of the boat, An
adjustable light was suspended by means of a
cord passing through a hook attached to the
vertical limb of the T-frame.

A portable generator working on petrol was
the source of electricity to iluminate the surface
waters, Initially a generator of 1500 W and
230 V with 1000 W white bulb was used.
But later the combination was changed to
one of 750 W and white bulb of 230 V, 500 W.
The latter was found to be relatively better in
attracting livebait. Subsequently an inverted
kerosene pressure lamp of about 200 CP illu-
mination wasusedin place of electric illumina-
tion. : |

Night fishing with lift nets using light was
done for fifteen days from 20th March to 26th
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April 1978 using different sourcss and intensities
of lights. Fishing was done both inside the
breakwater area (depth range 10-15 m) and
in the open sea off Vizhinjam (depth range
20-40 m). First, the net was lowered to
about 2 m below the surface and the light was
switched on. Periodically the lift net was
hauled up and the catch was iransferred by
hand nets into 50 litre capacity cans filled with
fresh sea water on board the wvessel.

Rafts and cages
Well-type circular cages werc suspended

from rafts anchored in the breakwater area of

the Vizhinjam Fishing Harbour Project, depth
of water at the site being about ten metres.
Rafts of 6m X3 m size were constructed
using teak poles, bamboo poles and painted
and sealed empty diesel drums of 200 litre
capacity as floats (Plate I B, C). Each cage
measured 3-5 m deep and 2 m in diameter and
was made of monofilament nylon netting of
blue colour with a square mesh of 3 mm size.
A ocage of 3.5 m height can hold 9.5 ki of water
in the portion of the cage immersed under
water when suspended from a raft, Similarly
a cage of 5 mheight canhold about 14 ki of
water. Rings made of metal (brass, irom) rods
of 16 mm thickness were provided one each at
the top and boitom of the cage. Each cage
was covered with a lid of one metal ring covered
with netiing of the same material. Two such
cages can be suspended from a single raft.
As the work progressed more rafts and cages
were fabricated, as a result of which by July
1978 there were four rafts and ecight cages
available for stocking live-bait fish.

Transportation, stocking and feeding

Transporiation of fish from fishing site to
the rearing cages was done in plastic cans
thickly covered with coir and of about 50
litre capacity. Fresh sea water was conti-
nuously added to the fish cans during transport
to make up for the depletion of dissolved
oxygen. On reaching the culture site fish

863

were (ransferred into the cages and a sample
of fish was taken for recording the species
composition, fength range (total length in mm)
and weight of the fish stocked, Details of
artificial feed supplied 1o the fish in captivity
are furnished elsewhere in the text.

Envirommental factors

Obscrvations on temperature, salinity and
dissolved oxygen of the surface water of the
rearing cages were made between 9 and 10 a.m.
during the period of rearing of fish. Harvey’s
method was employed for estimating salinity
and Winkler'’s method for dissolved oxygen.
The fauna and flora fouling the cages were also
examined. The survival capacity of §. bucca-
neert in different salinitics were also examined
on fish kept in glass tanks of 75 X 50 X 50 cm
size in the laboratory. The fish reared in the
cages were used for this purpose. Before
starting the experiment the fish were kept in
the tanks for three days. Lowering of salinity
was done by adding fresh water. In this
account * anchovy’ refers to the fishes of the
genus Stolephorus Lacépéde.

ANCHOVY FISHERY AT VIZHINIAM
AND ITS RBSOURCE POTENTIAL ALONG
THE SOUTHWEST COAST

The average annual catch of Stolephorus
at Vizhinjam during 1965-'78 was around 275
tonnes. The fishery has two principal scasons
namely, June-July and September-Qctober
accounting for about 30 % and 45 9 respectively
of the annual landings. Boat seines land bulk
(64%) of the annual catch, followed by gill net
(28 %) and shore seine (8 %) at an average catch
rate (cpue) of 5.53 kg, 24.36 kg and 11.86 kg
respectively. Boat seines which have been
found to be the only source of live anchovies
for culture work at present are operated
throughout the year. But the main season of
their- operation is from May to Qctober with
peak during June to August, The catch rate of
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anchovy varies between 7.3 kg and 21.7 kg
during September-October. Despite high effort
by boat seine (about 6,600 units) anchovy catch is
generally low during August indicating a seaso-
nal movement of this fish away from the inshore
waters of the Vizhinjam area. The seasonal
trend of the anchovy landings from all the gear
(monthly average values) is given in Fig. I.
Two species form bulk of the anchovy
landings. They are Stolephorus devisi (47%)
and S. bataviensis (31%). Among the rest,
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FiG. 1, Seasonal trend of Srolephorus catch
at Vizhinjam during the period 1965-1978,
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S. buccaneeri is important (14%). The other
species are S. indicus (5.0%), S. andhraensis
(2.09)), S. commersonii (0.5%) and §. macrops
(0.3%). The above data on species composition
relates to the period 1970-'78. Further details
on the seasonal trend in the catch per unit
effort (catch per one trip of the unit) in boat
seine, shore seine and gill net for the first four
species in the Vizhinjam area are given in
Figs. 2 & 3.

The Pelagic Fishery Project of the UNDP
at Cochin during 1973-’75 assessed the standing
stock of Stolephorus biomass in the shelf and
slopz waters along the southwest coast of India
from Ratnagiri to Capz Comworin and in the
Guif of Mannar to range between 500,000 and
1,5000,000 tonnes, Seasonal variations in the
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area of abundange of the fish indicated a migra-
tory pattern of the Stolephorus stock. The fish
appears to start a northward migration from
the Guilf of Mannar by about September-Octo-
ber and move to north of Quilon by aboui
December and to north of Ratnagiri by about
February-March. The stock appears to move
towards south and lie between Kasargod and
Quilon by about April-May; and by about
July-August most of the Stolephorus stock has
been reported to move into the Gulf of Mannar
in the area south and east of Cape Comorin.

Stolephorus was mostly observed in shallow
areas of 20-50 m depth range. They often
occur within 10-15 m off the bottom during

. Gay time and begin to ascend and get dispersed

in mid-water during night time, while they
were found frequently near the coast south of
Quilon. They were usually located 8-32 km
off shore north of Quilon. The composition
of the different species of the Stolephorus stock
is nearly same as observed at Vizhinjam.
8. heterolobus* was reported to be most abun-
dant in areas with 15-45 m bottom depth
and S. bataviensis in areas with less than 20 m
bottom depth while S. buccaneeri was mostly
in waters beyond 45m bottom depth, The
last mentioned species was found to be abun-
dant during the period of southwest monsoon,
soon after the height of southerly transport of
shelf waters, indicating that this species at other
times of the year is mostly distributed north of
Ratnagiri.

OBSERYATIONS

Capture of live-baitfish using lift nets

Details of environmental characters of fishing
area, gear used, source of illumination, length

* Stolephorus hererolobus and S, devisi which resemble
each other closely are known to occur in the Indian
Seas (Ronquillo, 1967: Whiichead, 1968, 1973).
But reports of the UNDP mention the occurrence of
only §. heterolobus in the area of their investigation.
At.Yizhinjam as well as at other centres along the Indiap
coast S. heterolobus was encountered only rarely in the
commercial catches. i
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866

“ranges of fish and squids caught, etc. are given
in Table }. Loligo singhalensis and Sepioteu-
this lessoniana were the dominant species in the
catches obtained during night fishing with light
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the light could not be caught effectively. On
account of this, lift net fishing using light inside
the bay was found 1o be more effcctive,

o
T -
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FiG, 3, Scasonal trend in the caich of . buccanceri (A) and 8. indicas (B} at Vizhinjam ; cpue of
8. buccaneerd in boat seine (B}, shore seine (C) and gill net (D) ; and cpue of S. indicus in boat
seine {F), shore seine (G) and gill net (H).

using box-type lift net. The other species
obtained in this net were Pramesus duodeci-
malis, Ambassis gymnocephalus, Sardinella
gibbosa and Hemirkamphus sp,, while Sardinella
longiceps, Pranesus duwodecimalis dominated in
the conical lift net catches. The foregoing
fishes other than Hemirhamphus were transferred
into cages for rearing purpose, ‘While fishing in
the open sea, the lift net was drifted off from
beneath the light and hence fish gathered below

Collections from shore seines and boat seines

As the fish caught in shore seines are dragged
towards the shore over a long distance and in
huddled condition, they get injured and hence
do not live for more than a few hours after they
are collected from the net. Initially Srolephorus
devisi ranging between- 40 and 60 mm
collected from shore seines and transported in
buckets with sea  watér and kept in glass
aquarium tanks under laboratory conditions
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PatTel. A, Square-type lift net in operation from hwchaﬁsed boat at Vizhinjam, B. The cage 3.5 x 2.0 m used for rearing
anchovies, C. Anchovy culiure rafts (in the foreground) and D. The intensity of fouling of the rearing cage after one
month of release in water (The upper clear portion of the cags remains above the water).
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TarLE 1. Details of capture of live-baitfish from mechanised boat using light and lift nets duwring March and April 1978

Date

Condition of Water tem- Depth Gear used  Source of
sea peratare (*C) {metres)

Place

light

Time (hrs) Catch details (Length range

it mm is given in brackets)

20th/21st March  Calm

213t March

30th March
31st March

d Apeil

:«h April

Sth Apeit

10ck April

Calm

Slightly rough

Blightly rough

Slightly rough

29 10-13
29.1 10-13
2.5 20
2 0
293 20
29.1-29.5 23
29.1293 23
29.5 813

Conical lift 500 W Inside break
net water area

Conjcal lift net ,, re

Boxtypelifinet ,, .

Comical liftnet 1000 W  OF Vizhinjam
. sows
1000 W

Box type lift et ,, Inside break

waler ares

Entrance of
Vizhinjam break
water area

Conical lift ket 500 W
Box typeliftnet ,,

Conjcalliftnet 500 W _Enirance of
Vizhitjam break
waler arca
Box-typeliftaet ,, i

Box type lift net Kerosene OFf Vizhinjam
pressure
lamp

(200 CP) Iuside break
water area

21000100 Sardinella longiceps (35-48)
Hemirhamphis 5P, {%-0.’»0)
18002000 Sardinella gibbosa (33-45)

2000-2400 Lofigo (60-136)
fessoniana (—)
Ambazsis gymmocephalur (74-56)
2000-2300 NIL
1830-2330 NIL

19302330 Pramesity W (33-66)
Caranx sp, (34-95)
1930-2400 Sardinellz gibbosa (33-45)
60-9
0300-0600 Sqriomnh:lmw ’ 65)}

2040-2340 m duodecimalis (29-73)

03300530 Pranesus duodecimalis (29-73)
ggﬁrmk?i’uMGS-lﬁ)
Sardinells gibbosa

2045-2130 wpuum(m-lzs)

22302400 Pramesus @s5-71)

Pranesus duodecimalis (25
Mnﬂagibbom (15-25)

6_25(

WVINIHZIA LV SNOILVOLLSHANI HSMALIVA-HAIT VNN
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Tase I—(Continued)

Date Condition of Water tem- Depth Gear used  Source of Place Tire (hrs) Catch details (Length range in
sea perature °C  (metres) light mrm is given in brackets)
11th April Slightly rough 291293 8 . . Inside break . 03300518  Sardinella gibbosa {16-25)
water area and Pranesus duodecimalis (19-38
2000-2250  Sepiotetithis lessoniana (60-7
Hemirhamphus sp, (130-239)
Carnax sp. (17-20)
Balistes sp. (14-22)
12th April Caim 29,1 8 . . s 20002330  Pranesus duodecimalis (27-66)
Loligo singhalensis (45-113)
Hemirkamphus sp- (46-51)
13tk April . 29-29.1 8 's . . 03450600  Pranesus duodecimalis (41-72)
and Lolt go singhalensis (48-110)
2030-2250  Hemirkamphas sp. (45-53)
14¢h April " 29.3 9 , . - 03300530  Loligo singhalensis (55-110)
24th April Calm 29.5 %  Boxiypeliftnet Kerosene Insidebreak 2000-223¢  Pramesus duodecimalis (34-39)
pressure waler area Loligo singhalensis (58-98)
Jamp Sepioteuthis lessoniana (50-70)
. 00 CP) Sardinella gibbosa (22-39)
25th April v 29293 911 . . i 03450600  Pranesus duodecimalis (45-52)
2000-2250  Sardinella gibbosa (22-35)
Balistes sp. (30-45)
26th April Stightly rough 29.1 9 ve v v 2010-2320  Pranesus duodecimalis (30-40)

Sardinella sp. (23-41)
Sepiotenthis lessoniana (55-12)
Lofigo singhalensis (54-95)

go8
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lived only for two hours. . During tbe course
of the observations Stolephorus spp. collected
from boat seines alone were found to be suitable
for rearing, Hence collections were attempted
only from boat seines.

. Though a variety of fishes are caught in boat
seines, attempts were made to sort out Stole-
phorus spp. from the catches. This was achieved
by collectingthe fish from the catches dominated
by Stolephorus spp. The fish were then trans-
ferred to the plastic cans filled with sea water
by means of buckets making sure that omly
small quantity of fish was taken out from the
net together plenty of water. Though boat
seine, when compared with shore seine, was
found to be a better source for obiaining live
anchovies it has certain inherent drawbacks.
For instance, if the anchovies are caught along
with large sizzd piedaceous fish, mortality
of anchovies would bz very high due toinjuries,
At Vizhinjam the fishery for anchovies by boat
seine coincides with the fishery of Trichiurus
by the same gear, where the latter forms the
bulk of the catch and the anchovies thus
caught sustain heavy mortelity. Even when
anchovies form the dominant caich in boat
seines, mortality of fish occus due to the
vigorous shaking of the net to remove anchovies
entangled in the meshes of the net and the over-
crowding of fish in the bag portion of the net
during hauling. Hence approximately 20-30 %
of the fish, depsnding on the species caught could
only be obtained in live condition, Even these
fishes are subject to farther mortality in due
course on account of the shock and injuries
they have sustained during capture, Stole-
phorus  buccaneeri, S. bataviensis, 8. devisi
and S. fudicus were the species available for
observations during the present study. Of
these S. buccaneeri and S. bataviensis alone
were available in good quantities during the
course of the collections.

Trakspor!a!ion

The duration of transportation of fish in
cans to culture site ranged between ten minutes
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to one hour depending on the distance from the
fishing site. Observations on the mortality
of fish in cans during transportation, were made
with different densities of fish per can. It was
generally observed that when Stelephorus catch
comprised mainly of S. buccaneeri and the
fish were handled with utmost care and trans-
ported within about half an hour, the mortality
was below 5% when about 100 fish of about
75 mm length were carried and when the condi-
tion of the sea was not rough. But carrying
more fish always resulted in higher mortality
due to depletion of dissolved oxygen. For
instance, on ome oceasion about 200 S. bucca-
neeri were introduced into a can with aninitial
dissolved oxygen concentration of 5.28 mif
litre. After one hour of transportation of
fish the dissolved oxygen concentration was
found to be 2.64 mlflitre and the mortality of
fish was about 80 3.

In the case of S. bataviensis of 70950 mm
length, mortality was 50-60 % during transport
lasting for about 30-60 minutes, even when 100
fish were carried per can. Under similar
copditions of transport, the mortality was
about 909, for S. indicus of 120-140 mm length
and 509 for S. devisi of 60-70 mm length.*

Other small sized fish of Sardinella spp.,
Ambassis  gymnocephalus, Pranesus duodeci-
malis, Leiognathus spp., Dussumieria spp. and
Sphyraena spp. showed eligible mortality during
transportation.

* During 1980, in an attempt to reduce the further
mortality of Stolephorus obtained from boat seine, the
fish were transferred immedijately to cans with lesz saline
water (60-80% sea water of salinity range 215G—
28%). Within 20-30 minutes sotne species of Srole-
phorus were observed to slow down their active, irregular
movemsnt and assume a steady, circular movementit
the cans. This would indicate that the fish have largely
overcome {hic shock they sustained at capture. Thus
the mortality of §, devisi in less saline water was approxi=
mately one-fifth of that in 100% sea water, where the
mortality ranged between 45% and 50% for §. devis
and S, buccaneeri. But S, bataviensis and S, Indicus
showed heavy mortality (85-90%).
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Rearing of Stolephorus spp. in cages

During the present study, observations on
rearing were made mainly on S. buccaneeri
as this was available on many occasions during
the period of collections. Other specics dealt
with wete S. bataviensis, S. devisi and S, indicus.

During 1977, collections of Stolephorus were
made from boat seines opcrated within the
breakwater area and it comprised only of
S. buccaneert. About 2,000 S. buccaneeri
of 40-80 mm length with the modal size at
45-49 mm were stocked in a cage of 4 m height
during the last week of June. Mortality of fish
was about 80 % during the pariod from thetime
of capture till stocking ; thereafter it was fairly
low. Within 2.3 days of captivity mortality
cams down considerably, Only very few fish
were alive by the first week of Qctober *77
and all fish died by the middle of October,

During 1978, collections were made only
from boat seines operated off Vizhinjam and
inside breakwater. Collections made during
middle of July comprised only of S. buccaneeri.
About 10% mortality was noted during the
period from time of capture till stocking. They
were stocked in three cages of 3.5 m height at
densities of 1,500, 1,500 and 3,500 fish resp:ct-
ively. The initial length ranges of fish stocked
were 75-97 mm in the first cage, 52-76 mm in
the second and 54-78 mm in the third. On the
following day, about 109 of fish was observed
in the cages. Thereafter, the mortality was
relatively low, However, there was a gradual
reduction in the number of fish in the cages
during the subsequent three months as a result
of which about 200 fish each in the first and
the second and about 500 in the third cage
only were alive by the last week of October,
On 25th Octobsr 1978 when fresh collections
of S. bataviensis were introduced into these
cages, all the S. buccaneeri present in the cages
were found dead on the following day. It
would. thus appzar that S. buccaneeri could bz
kept alive in rearing cages, though with a
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steady mortality of the fish kept under captivity,
for about three months and that addition of
fresh fish into a cage that has fish already condi-
tioned to cap'ive environment will brmg about
mortality of the latter,

S. bataviensis was available for rearing thrice
during 1978, all from boatseine catches, About
100 fish were collected off Vizhinjam on 28th
Sezptember 1978 and transported within half
an hour to the culture site, About 50%
mortality was observed during transportation.
The fish stocked in the cage ranged in length
from 72-98 mm. All the fish were found
dead the following day. Subsequent two collec~
tions were made from within the breakwater
area. The first one of 800 fish made on 14th
Octobsr 1978 consisted of S. bataviensis (80%)
70-90 mm length and S. devisi (20%) 68-76 mm
length, The second one of 18,000 fish of 61-90
mm length made on 25th Qctober 1978 con-
sisted of S. bataviensis (90%) and g variety of
small sized fishes, In both the instances the
transportation time was about ten minutes.
Mortalities of fish before stocking in the cages
were about 209, in the two attempts, The
fish collected on 14th Qctober 1978 was stocked
in one cage and that collected on 25th Qctober
1978 was stocked in six cages at densities of
5,000, 5,000, 3,000, 3,000, 1,000 and 1,000 res-
pectively, But the fish did not survive for
more than six hours,

In 1979 about 4,500 numbers of Stelephorus
spp. were collected during middle of July from
boat seines operated off Vizhinjam and were
transported to the culture site within about 45
minutes, At the time of stocking mortality
of fish was about 359, The spacies composi-
tion was as follows: §. bataviensis 249,
S. devisi 229, and S, buccaneeri 54%,. This
mixed collection was stocked in four cages in
densities of about 1,300, 1,200, 450 and 50
respectively. Species-wise stocking of fish was
found to be not practicable. The length range
of 8. buccaneeri stocked was 5179 mm, that of
S. devist 52-76 mm and that of S. bataviensis
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54-73 mm. A sample of anchovies collecied
from one of the cages after one month of
stocking comprised only of S. buccaneeri.
The length range of fish in the sample was the
same as at introduction, but the mean length of
the fish increased from 64.7] mm to 66.68 mm.
Possibly, more of the smaller fish have died
in the mean time, A gradual reduction was
observed in the numb:r of fish present in the
cages s in the previous years and by the end
of Qctobzr 1979 only very few S, buccaneeri
were alive,

About 50 numbers of S. indicus ranging
between 120-140 mm in length collected within
the breakwater area on 3rd November 1979,
transported within three minutes and stocked
separately in one cage did not survive for more
than three hours.*

Rearing of other fish in cages

Observations were made on Sardinella longi-
ceps, Ambassis gymnocephalus, Pranesus duodeci-
malis and Sardinella gibbosa during different
periods in the course of study. About 1,000
numbers of S, longiceps 60-64 mm modal
Iength incidentally caught along with S. bucca-
neeri during the last week of June 1977 and
kept in a cage till second week of November
1977 showed a modal length of 110-114 mm.
About 200 numbzrs of S. gibbosa ranging in
length §5-70 mm collected from boat seines
and stocked on 24th July 1978 were in captivity
till 21st September 1978 when they were fished

* During 1980 about 3,000 numbers of S devisi
in jength range of 58-92 mm (average length 72
were s it a cage. The fish were alive with only a
little mortglity for agbout a month. Thersafter, &

811,

out. The final length range was found to be
80-92 mm.

About 1,150 numbers of Ambassis gymno-
cephalus, 74-88 mm Jength with a mean length
of 80.3 mm were collected by lift nets operated
close to the culture rafts on 15th and 16th
February 1978 and were immediately stocked
in a single cage. Mortality of about 109
was observed during the subsequent ten days

sriod and nil thereafter, They were kept in
captivity for about nine months, A sample of
fish measured at-the close of this period did not
show any increase in the mean length, About
3,000 numbers of Pranesus duodecimalis of
25-76 mm length coliected by lift net from the
breakwater area during 3rd-26th April 1978
were stocked in a single cage. Very little
mortality was observed during the peried of
transport and rearing. They were kept in
captivity for about five months.

Feeding of fish kept in captivity

During July-October 1977, the fish were fed
with boiled and ground beef liver as well as
with ground dry Acetes made into thick paste,
Both the feeds were given twice daily and they
were accepted by the anchovies and sardines
reared in the cages. During 1978, the fish
were fed with artificial pelletized feed made
from the following: Acefes meal (40%), rice
bran (20 %), black gram (15 %), tapioca (11.4%),
ground nut oil cake (7.5 %), supermindif (com-
prising a mixture of minerals used for cattle
feed) (5 %), yeast (1 %) and vitablend (consisting
of vitamins used for cattle feed) (0.1%), During
1979, the above feed was modified by replacing
Acetes meal with fish meal. * The material cost

zr kilogram of the above feeds was Rs. 4

aradual fon in their umber was ol 1ung 80d Rs. 3 respectively. The chemical composi-
by the end of the second month all fish Wero dead. tlon of the two feeds are as follows :
Acid Protein  Starch Fat Na K Ca
Feed No, Moisiure Total ash insoluble -
% % ash % % % % Z%mg Y mg 7% mg
1. 7.1 19.94 10.13 3642 2098 4,58 7.544 4.634 2.047
2, 8.8 19.38 7,131 36858 1TH 4.615 B16 4212 2318
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_ Fish were fed with artificial feed twice daily
approximately 5% of their wet body weight.
Though feed was supplied from the time of
stocking, fish began to accept the feed from
about the third day onwards. From about
fifth day onwards the fish were found to come up
towards the surfacs of water as soon as a small
quantity of feed was droppzd into the cage.
Soon after each feeding the stomach of fish
was found to be full, with the artificial feed
supplied in addition to trace quantities of
copepods, diatoms and algae.

Environmental factors of the rearing cages

The rangss of dissolved oxygen, salinity and
temperature of the surface waters of the rearing
cages during the periods were 3.38-5.07 ml/litre,
33.60%,-34.8%, and 21.2°C-26.3°C  for
S. buccaneeri and S. devisi; 3.38-7.55 mlf
litre, 33.5%.+35.30%, and 21.2°C-29.8°C for
Pranesus duodecimalis, and 3.17.1.55 ml
litre, 24.40%,.-35.50%, and 21.2°C-29.8°C for
Ambassis  gymnocephalus., Stolephorus bucca-
neeri kept in laboratory tanks exhibited normal
activity at a lower salinity of 17.5%, for five
days after which the experiment was terminated.

During the course of rearing fish in the cages,
the cages were found to be fouled by a variety
of fauna and flora (Plate I D). They were
algae, mussels, pearl oysters, sea anemones,
gastropods, ascidians, starfishes, sea urchins
and polyzoans. Scttlements and occurrence of
these organisms were found to be intense on the
inner surface of the cage than on the other
surface and more on the upper two metres
depth of the cage from the surface than further
below. Anchovies swimming close to the
walls of the cages in their normal milling
pattern are injured when they come in contact
with the shelled molluscs, sea urchins and sea
anemones et¢, Depletion in the dissolved
oxygen of the water inside the cages could have
rasulted from the restricted circulation of water
due to clogging of the meshes of the cage and
consumption of oxygen by the fouling orga-

G. LUTHER AND OTHERS

nisms. The unconsumed feed and excreta
of the fishes that accummlates at the bottom of
the cages were also found to foul the cages
and pollute the water inside. Qccurrence of a
variety of fish such as serranids, theraponids,
siganids, lutianids, gobiids,chaetodontids ctc.,
and crabs in the cages (which would have
entered into them through the meshes of the
netting as eggs and early larvae) could have
caused severe competition for food and space
in the cages and some of them would have
caused mortality by preying on the stocked
fish, as cages were suspended in water for
over three months. Entry of crabs through the
gap between the lid and the rim of the cage
was prevented by covering the space with net
material. Though periodical cleaning of the
rearing cage is necessary to enmsure free circu-
lation of water in the cage, it is not advisable
to do so when the fish is in it since this would
kill the fish. Hence cages should be suspended
on rafts not much in advance of stocking of
fish,

GENERAL CONSIDERATIONS AND
CONCLUSIONS '

Tunas represent an extensive fishery resource
in the oceanic region currently underfished
partly due to insufficient supplies of live-bait.
About 230 species of fish representing 34
families have been used as live-bait in the pole
and line fishing to capture skipjack tuna
throughout the Pacific, Atlantic and Indian
Oceans with varying degrees of success and
many other species were no doubt employed as
live-baitfish but not reported in literature (Bald-
win, 1975). Whereas anchovies (Engraulidac)
and sardines (Clupcidae) are widely used as bait
fish in the Pacificand Atlantic Oceans (Baldwin,
1975), percoid fishes represented by families
Pomacentridae, Caeciodidae, Apogonidae and
Labridae in Minicoy (Jones, 1958) and the
red fish Dipterygonotus levcogrammicus (Emme-
lichthyidae) in Sri Lanka (Sivasubramaniam,
1965) are the main groups traditionally used
in the Indian Ocean,
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The most desirable characteristics of a good
baitfish according to Baldwin (1975), Yuen
(1977) and Smith (1977) are : (1) highly reflec-
tive lateral surface, (2) surface swimming with
rapid erratic motion, (3) a tendency to return
to the vessel when broadcast, (4) length below
15 cm, preferably 6-8 mm length with elon-
gate body, (5) relative abundange, availability
to the fishery and the ease with which it can be
handled and (6) hardness and survival for
extended periods in captivity, . Baldwin (1977)
remarks that ¢ Without question, the anchovies
{Engraulidac) provide the greatest source of
desirable baitfishes. .. However, their survival
in bait wells, depending upon the species
involved, may bz from excellent to poor’.
The most important anchovies used as live-bait
in different geographical areas are : the ancho-
weta Cetengraulis mysticetus in the tropical
Pacific Oczan from Mexico to Peru ; the nor-
thern anchovy Engraulis mordax off California ;
the southern anchovy E. ringens in the eastern
Pacific Oczan ; E. japonicus in the Southern
region of Japan upto Taiwan; the nechu
Stolephorus purpureus in the Hawaiian Islands
(Yoshida er al,, 1977 ; Baldwin, 1977).

S:veral other spzcies of Stolephorus are being
used as baitfish in the tropical Pacific, west of
Hawaii. They are §. buccaneeri, S. hetero-
lobus, S. devisi, S. bataviensis, 8. indicus and

S. commersonif, Though all these species’

have a high tuna attractability their survival
in captivity was found to be poor, daily morta-
lity rates as high as 50 %, bzing not uncommon,
On some occasions S. buccaneeri and §. hetero-
lobus alone have shown fairly good survival
rate in captivity (Baldwin, 1977). The Ilast
mentioned two species as well as §. devisi are
highly prized as baitfish in Palau, Fiji, Ponape
and Papuna New Guinea (Uchida, 1970;
Wilson, 1977; Smith, 1977 ; Kearney ef al.,
1972 ; Hida, 1971 ; Lee, 1973). Information on
the evaluation of these species as livebait,
their habitat and capture methods in Western
Pacific Oczan have bzen compiled and publi-
shed by Shomura (1977). '
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The present investigations indicate that
compared with sardines (Sardinella longiceps
and S. gibbosa), the silverside (Pranesus
duodecimalis) and the glassy perch (dmbassis
gymnaocephalus), the Srolephorus anchovies are
delicate to deal with. Mortality of anchovies
is high on capture and it continues at a reduced
rate throughout the period of captivity. Com-
pared with 8. bataviensis, S. indicus and
S. devisi, the round head anchovy . buccaneeri
was found to be more hardy. Detailed work,
however, is required to determine the shock
intensity, injury and mortality that the fish
sustain on capture, the daily rates of mortality of-
fish in captivity, as well as the optimum density:
of stocking of fish, Regardless of these consi-
derations Stolephorus buccaneeri was found to
survive in captivity for about three months,
S. bataviensis for six hours and S. indicus
for three  hours*. Among the other fish,
Ambassis gymnocephalus survived in captivity
for nine months, Pranesus duodecimalis for
five months, Sardinells longiceps for four
months and S, gibbosa for two months,

- Of prime importance to secure large quantity
of baitfish are the effective methods of capture
that do not cause any injury to the fish. Bag
type of seines would cause injury to the fish
caught in them and this would lead to large-
scale mortality of fish, Hence lift net and
purse seine seem to be the more effective gear
for capturing live-bait. But capturing fish
such as §. buccaneeri which is known to
occur far below the surface and largely in the
open sea would pose problems. As the ancho-
vies have been found to perform diurnal
vertical migrations, fishing using night lights
might be helpful. But as mentioned earlier,
lift netting is ineffective in the open sea.

Mortality of fish is the major problem for
the utilization of Stolephorus as live-bait. It
occurs at several stages namely (1) at capture,

* During 1980, S, devisi was found to survive in
captivity for about two months, -
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(2) during transfer of fish from the capturing
net to transporting equipment, (3) during the
period of transportation and (4) during the
period of stocking in the cages. Injury caused
to the fish during capture would lead to large
scale mortality later (delayed mortality).
Since different species of Stolephorus exhibit
varying degrees of hardness, mortality of fish
varies with the species composition of the collec-
tion. Forexample, boatseine collections yielded
the highest rate of survival as much as 20-30%
of the fish caught in respect of §. buccaneeri,
but yielded much less in respect of other species
of Stolephorus. Random movement of fish,
as opposed to milling in compact circles, in
the restrictive captive situation is yet another
factor that induces mortality of anchovies,
Due to this disorientation, the fish hit one
against another, often injuring themselves and
also waste excessive enecrgy. Provision of
circular current and oxygen concentration upto
saturation may be helpful in restoring the
milling pattern. The presence of hardy and
non-predatory schooling fish in  the same
environment may enhance survival by possibly
promoting earlier milling pattern of the captive
anchovies,

Smith (1977) considered mortality of anchovy
live-bait to be due to causes such as injury
caused by net abrasions or contact with other
individuals, with resultant loss of scales and
mucus ; and due to stress or shock reaction
induced by the trauma of capture and handling.
Shock rather than physical injury has been
implicated as the major killer,

Mortality of live-bait that occurs at different
stages could perhaps be minimised by taking
the following precautions : capturing fish by
lift nets or encircling nets ; allowing the fish
to swim from one captive condition to another ;
keeping fish in water of lower salinity soon
after capture ; maintaining the dissolved oxygen
of holding tank or bait well water at saturation
level ; installing in the-holding tank or bait
well a device that would suck in or help in the
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removal of scales and mucus that get dispersed
in the holding mediwm; removing predators
from the bait wells, retaining only hardy
species that would promote early milling of
anchovies ; avoiding addition of new stock of
fish into a holding tank that has already condi-
tioned fish in it; holding baitfish in pens
prior to transporting them; and avoiding
transportation of live bait in rough weather
and for long distances (Struhsaker ef al.,
1975 ; Shomurz, 1977,

The foregoing observations and general
considerations suggest that any atiempt to
utilise the Stolephorus resources of the Indian
seas should be directed towards utilising
8. buccaneer!. But this fish accounts for
only about 14% of the anchovy resource.
However, the possibility of this species being
available in larger quantities in the shelf waters
north of Ratnagiri remains to be investigated,
This also calls for a detailed study of the
biological and fisheries characieristics of this
anchovy. From what is known at present
S. buccaneeri ocours in the inshore waters
of Southwest Coast during the period of
southwest monsoon, soon after the height of
southerly transport of shelf waters and
mostly remains offshore beyond 45 metres
depth zone during rest of the period. During
the monsoon period the average monthly cpue
of this species in boat seine at Vizhinjam varied
between 0.43 kg and 2.26 kg. Lewis (1977)
states that the catches of this speciestendto be
¢ither too large (upto 500 kg) or quite small,

From the observations of Smith (1977)
on the survival of S. devisi and S. heterolobus
it would appear that this species complex
accounting for about 479, of the anchovy
catch along the West Coast could also be utilised
for stocking for live-bait purpose, This raises
the possibility of attempting to utilise about
609 of the anchovy resource available along
the West Coast for this purpose. '

Though S. buccaneeri has been found to
remain in captivity for about three months
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there is a gradual mortality of fish in captivity.
Further it is still not clear as to the period over
which at least 50% of the stocked fish would
remain alive.* Observations of Smith (1977)
indicate that §. devisi and S. heterolobus
could be held in captivity for 14-16 days before
cumulative mortality reaches 50%. Applying
this criterion, it would appearthat the foregoing
three hardy speacies of Stolephorus cannot be
stocked much in advance of tuna fishing season,
which in Minicoy (Lakshadweep) lasts from
November to April; nor fish collected in
distant grounds could b: transported to the
Lakshadweep.

* 8. devist was found to remain in captivity for about
two months,
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Information on the anchovy resources
around the Lakshadweep is totally lacking.
There is thus an urgent need to explore how
the resources of S. buccanceri, S. heterolobus
and S, devisi are distributed in the oceanic
waters of the West Coast. Establishment of
the necessary infrastructure for capture and
holding of anchovies and other desirable baitfish
such as Spratellioides delicatulus, whose poten-
tial as live-bait has been pointed out by Jones
(1960 a, b), in suitable localities in the Lakshad-
weep and introduction of Herklotsichihys punc-
tatus, which is abundant in the Andaman
waters, into this area would go a long way to
increase live-bait fish supplies for the tuna
live-bait fishing in the Lakshadweep.
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EFFECT OF FERTILIZATION AT DIFFERENT FREQUENCIES ON THE
GROWTH OF MULLET FRY LIZA PARSIA (HAMILTON) IN
BRACKISHWATER POND SOIL

G. N. SAHA, 8. B. SAHA AND S.P. GHOSH _
Central Inland Fisheries Research Substation, Calcutia-700 070

ABSTRACT

Rationalization of fertilization using urea (45% N) and single superphosphate (169 P,0y) in relation
to nutrient availability and growth of mullet fry Liza parsia is discussed in this paper.

Fertilization experiments were carried out in glass jars of 10 1 capacity on equivalent nutrient basisat
the rate of 100 kg N/ha—50 kg PyOg/ha at frequencies of 3,7, 15, 30 and 60 days,  Salinity inthe water of

the jars was adjusted to near about 20°%7,.

Among ths different frequsncies of fertilizer application the average nuttrient values of both nitrogan

(NH, +NO,—N—1.15 ppm) and phosphorus (P;0,—0.38 ppm) in water were recorded maximun i
3 days’ frequeticy of application, which was correlated to highest density of plankton production 217 ufc),
Plankton density ranged from 94-217 ufcc in treated jars in contrast to that of 35 ufcc in control,

The growth of mullet fry was also much better in 3 days’ frequency of fertilization due to abundance
of more of natural food. The average increment in growth of fry in the above treatment was found to be
334 mg/45 days over control (314 mg/45 days) as compared to other treatments as 241-328 mg/4s days.
The study indicated that shorter frequency of fortilization at an interval of 3-7 days would be more effective

in enhancing fish growth through sustained yield of natural fish food organisms supported by regulated

application of nutrients,

INTRODUCTION

FerTiLIZATION of ponds for increased fish
production is a common practice in freshwater
aquaculture since long. The concept of fertili-
zation of brackishwater fish ponds is different
from, that of freshwater ponds. The objective,
however, is the same to encourage production
of natural fish food organisms resulting in
higher yield of fish. In freshwater, fertiliza-
tion of water is doneto augment plankton
production ; while in brackishwater ponds
fertilizers are applied subaqueous, as fertiliza-
tion of the soil has bzen found to be more
effective for promoting growth of benthic
algae as well as plankton.

Saha et al, (1978) reported a record fish pro-
duction by use of chemical fertilizers in fresh-
water ponds. In contrat, the benefit of chemical
fertilization of brackishwater ecosystem is yet
to be assessed. However, the use of fertilizers
for stepping growth of benthic algae is exten-
sively practised in Taiwan, Philippines and
Indonesia (Ling, 1970). The results of experi-
ments in fertilization of brackishwater pond
soils at different frequencies are presented in
this paper,

The authors express their sincere gratitude
to Dr. A. V. Nataragjan, Director and
Shri B. B. Pakrasi, Head of Estuarine Division,
Central Inland Fisherics Research Institute
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for going through the manuscript and sugges-
ting valuable improvements in the preparation
of the same. Thanks are also due to
Shri Hardial Singh, who made available the fish
seed required for the experiments.

MATERIAL AND METHOCDS

The soil samples for the experiment were
collected from brackishwater impoundments
commonly known as bheries at Taldi, 24-
Parganas, West Bengal. The experiment was
set up in glass jars of 10 litres capacity with a
soil base of initial conditions such as pH 7.6,
available N 15.1, phosphorus (P;Oy) 4.5 mg/100g
and organic carbon 0.6%. Saline water
(18%;,) collected from the bheri was used,
Urea (45% N) and superphosphate (PyO;16%)
at the rate of 100 kg N/ha and 50 k
P;O/ha were used as fertilizers at different
frequenciss, viz, 3, 7, 15, 30 and 60 days.
Fry of Liza parsia were used as test
animals.

Water samples collected from the jars were
analysed fortnightly by following standard
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EXPERIMENTS

Laboratory experiment

The experiment was conducted in order to
assess the effect of fertilization at different
frequencies on the extent of nutrient availability
in the water phase in absence of algal growth.
Eighteen glass jars were grouped into 6 sets,
each of 3 jars, One such set was kept as
control. A soil base of 500 gm. was given
in each jar which was waterlogged with 8
litres of bheri water (salinity—18% ). After
equilibrinm attained between soil and water
phases the fertilizers urea and superphosphate
were applied to the jars such as 0.018 and
0.27 g/3 days, 0.035 and 0.053 g7 days, 0.07
and 0.106 gf15 days, 0.14 and 0.212 g/30 days
and 0.28 and 0.424 g/60 days respectively. To
prevent algal growth in the ecosystem the jars
were covered with black paper thronghout the

8 experimental period. The data relating to this

experiment have been presented in Table 1.

Yard experiment

The experiment was further carried out to
assess the effect on fertilization on plankton
production and the mullet fry growth, The
set up of the experiment and the fertilization

TabiLE 1, Warer gualities in Jars during laboratory experiments
o ’ Total Phosphate  Nitrogen
Frequency of Temborature pH Alkalinity (Pyoy)  (NH(+NO;—N) Salinity
fertilization Q) : (%)
(ppm)
Control 28.4 2.5 111,12 0.07 0.39 18.84
3 days 282 82 73.69 1.66 1.74 19.36
7 days 23.1 8.2 81,68 1.54 1.54- 18.57
15 days 28.1 82 78.74 1.52 1.54 18.63
30 days 28.2 83 73.18 1,53 1.42 1897
60 days 282 3.1 62.25 1.52 1.29

methods (A.P.H.A., 1965) and the soil samples
were analysed for pH by Colorimetric method,
available N by the Subbiah and Asija’s method
(1956) and organic carbon by rapid black’s
method (Piper, 1947),

21.83

schedule were same as in the case of laboratory
experiments ; except that the jars were exposed
to sunlight. The mullet fry before introducing
into the experimental jars were conditioned for
48 hours in the same bheri water (18%,) used
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* in the experiment. Fifteen days after fertiliza-
tion, 5 mullet fry of average initial length and
weight of 23 mm/170 mg were released in each
of the jars. After introduction a few mortality
of fry was notioed at initial stage of the experi-
ment which was replaced immediately by the
stock fry maintained, Thereafter no mortality
of fry was noticed till the end of the experi-
ment. The survival rate was cent per cent
in all treatments, Fertilization was continued
till the end of the experiment and the growth
of muilet fry was recorded after one-and-a-
half months of rearing. In 60 days’ frequency
the fertilizers could be applied once only as
the exp:riment could not be continued beyond
two months apprehending mortality might
take place., No artificial food was given to
fry which utilised only natural food developed
in the jars, No aeration was done but loss of
water due to evaporation was made up occa-
sionally by adding freshwater and salinity
adjusted. The data relating to the water
qualities, plankton and fish growth have been
presented in Table 2.

REBSULTS AND DISCUssION

In other countries where brackishwater
aquaculture has been developed, the prepara-
tion of pond bottom soil by fertilization is an
important practice for promoting the growth
of benthic algae. The optimum production
of benthic algae depsnds on adequate supply
of nuirients as required in 50il water interface.
For the purpose, both organic and inorganic
fertilizers may bs used. Organic manures
consist of cow dung, poultry droppings, rice
bran etc., while chemical fertilizers consist
mainly of nitrogen and phosphorus (Ling,
1970).

From Table I it is seen that at the same rate
of fertilization in each of the frequency, viz.
3, 7, 15, 30 and 60 days, the average concentra-
tion of nutrients was found to be the highest
in 3 days’ frequency of fertilization. The values
of dissolved inorganic nitrogen (1.74 ppm)
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and phosphorus (1.66 ppm) were maximum in
the above treatment as compared to the
control (0.39 and 0.07 ppm). The lowest value
(1.52 and 1.29 ppm) were, however, recorded
in the treatment of longest frequency (60 days).
It was also noticed that the alkalinity values
ranging from 62.25—81.68 ppm in the treat-
ments were considerably lowered due to fertiiza-
tion as compared to the control 111.12 ppm.

Consequently, the pH values 8.1-8,3 were
also lower than that in the control (8.5). The
variation in the salinity (18.84—21.839%,) both
in the treatments as wellas inthe control was
more or less same except in 60 days’ frequency
in which a little higher value was recorded.

Itis also seen in the yard experiment (Table 2)
that shortest frequency of fertilization at an
interval of 3 days maintained highest concentra-
tion of nutrients (NH,+NO;,—N 1.15 and
P05 0.40 ppm) as compared to the control
(0.07 and 0.02 ppm respectively). The alkali-
nity of water in yard experiment recorded
higher values (121.67—132.55 ppm) as com-
pared to control (119.35 ppm) ; correspondingly
the pH values ranged from 9.0—9.2 in treat-
ments were higher than that in control 8.7,
The relationship between pH and alkalinity in
general was discerned in both the experiments
with and without algae. The increase in total
alkalinity in treated jars might be due to
NH; and other organic substances which resul-
ted from the decomposition of algal matter,

The biological productivity as shown in the
Table 3 indicates that fertilization had positive
effect on plankton production and fish growth,
Maximum production of plankton (217 unitsf
cc) and average growth of fry of L. parsia
(36 mm/568 mg) were recorded in 3 days’
frequency of fertilization as compared to
control (35 unmitsfcc and 28 mm/214 mg
respectively). The increase in growth of mullet
fry (weight) in the above treatment was about
two-and-a-half times more than that in the
control. In longest frequency of fertilization
(60 days) the increase in growth of fry was
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TABLE 2. Water qualltics in jars during field experiments

. Total Phosphate  Nitro,
Frequency of Tomperature pH Alkelinity  (Py0s) (NHi+NO,—N) Sahmty
fertilization O : (%)
{(ppm)
Control 324 87 119.35 0.02 0.07 19.13
3 days 32,8 9.2 121,67 0.38 1,15 19,93
7 days 320 9.2 127.55 0.28 1.09 i8.52
15 days . 2.6 2.0 132.5% 0.27 1.09 18.62
- 30 days . 325 92 128.77 0.22 0.95 18.07
60 days e 327 9.2 130,37 0.37 0,91 19.61
TABLE 3, Effects of fertillzation at different frequencies on plankton production and growth
of mullet fry (L. parsia)
Plankton Fry : L. Parsia
Frequency of — . ~
Pertilization Dominating Dominating  Av. intitial Av, final
Phytofcc  Zoojoa Total/cc Phyto plankters Zoo plankters growih ﬁowth
Ljwt wt
Control 19 16 35 Osclllatoriasp. Ciliates 23 mmj170mg 28 mmy214 mg
' Rotifera
Sdays . .. 170 47 217 Synedraulna {(Braclhiomussp) ,, ,, - 36mm/568 mg
) Nirzschia sp.
' Distyla sp.
7 dﬂys 4 23 97 Nﬂ?m s5p. eic, y vy 36 m:n:l,-'52,2 mg
Vorticella sp.
15 days 73 M 109 Clogiridium sp. Arcella sp. 9 s 34 mm{508 mg
30 days 60 34 94 elc, ete. »» " 36 mm/542 mg
60 days 85 46 131 . 35 mmf455 mg

comparatively less than those of shorter
frequencies (3 and 7 days) of fertilization.

It appears from the study that shorter
frequency of fertilization will be more effective
in brackishwater ponds, because it will ensure
steady supply of nutrients in the media for the
growth of plankton and minimise the loss of
nufrients, particularly nitrogen. Although a
good growth of plankton was noticed in the
longest frequency of fertilization at the initial
stage, it was not found maintained uniformly
throughout. The loss of nutrients was more
when larger quantity of fertilizers was applied
at one time,

The dominant species of phytoplankton are
Synedra sp., Oscillatoria sp, Nitzschia sp.,
Navicula sp. and Clostridium sp. and the
zooplankton are Brachionus sp., Distyla sp.
and Vorticella sp.

In Indonesia, Djajadiredja and Poernomo
(1970) reported highest yicld of milkfish by the
application of 130 kg/ha urea, 65 kg/ha tripie
superphosphate and 1,000 kgiha rice chaff,
They also reported that © complesal’ containing
20% N and 209 PsOs; was not superior to
combined effect of urea and triple superphos-

phate,
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In U.A.R., Zarka and Fahmy (1968) found
that phosphate fertilizers were effective in
increasing the yield of mullet in brackishwater
ponds by 166.7%;, as compared to that in the
control pond. However, Tang and Chen (1967)
stated that inorganic fertilizers did not give
significant increase of milkfish yield.

The benefits of inorganic fertilization in
brackishwater ponds in India have not yet been
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properly assessed. If suitable technique of
fertilization is developed in our country, it
will be of great help in enhancing fish produc-
tion. Therefore, a dstailed study on fertiliza-
tion is necessary. Considering the optimal
ratio of N : P (4 : 1) for the growth of phyto-
plankton, the N-bearing inorganic fertilizer
may vyield better results in brackishwater
aquacultuie.
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FOOD AND FEEDING EXPERIMENTS IN RABBITFISH
SIGANUS JAVUS (LINNAEUS)

K. BALASUBRAHMANYAN AND R. NATARAJAN

Centre of Advanced Study in Marine Biology, Annamalai University,
Parangipettai-608 502, Tamil Nadu

ABSTRACT

Juveniles of Siganus favus, a herbivore fish wera reared in the laboratory fed with naturalfood. Oscilla-

toria sp., Phormidium sp., Chaetomorphq sp., Gracllaria edulis, Euteromorpha intestinalis,
and Cymedocea sp. were offered separately and als0 as mixed food.

Hulophila sp.

Fishes fed with Enteromorpha imtestinalis and Gracilaria edulis increased i length ranging From 5 to
15 mm and showed a weight increase of 74%; to 1859 in 30 days, while fishes fed with Halophila sp. and

" Cymodocea sp. lived for only 2 to 3 days.

Fishkes fed with Oscillatoria sp., Phormidium sp. and Chaeio-

morpha sp.lived for 5 to 7 days but did not show appreciable growth, Pishes fed with a mixture of all thass

incresed in length from 10-20 mm and showed a weight increase of 2259 to 315%

INTRODUCTION

SIGANIDS are now attracting the attention of
mariculturists in many countries (Lam, 1974 ;
Von Westernhagen and Rosenthal, 1976).
Six species of Siganids occur in Sri Lanka and
Peninsular India (Munre, 1955), Conside-
ring the great inteiest evinced recently in the
culture potentialities of siganids, a prelimi-
nary study of Siganus javus (Linnaeus) was
cacried in 1978 and the results of food and
feeding experiment: are presented here.

MATERIAL AND METHODS

Specimens of Siganus javus were collected
from cast net operated in Vellar Estuary and
rrawl catches from inshore waters of Patangi-
pettai from January 1978 to August 1978,
Formalin preserved spscimen. were analysed
for 'gut contents, Experimental fiskes were
kept in cylmdncal glass troughs (5 littes capa-
city) containing estuarine water of 32%, to
32.89, salinity, The water was changed daily
and well aerated. Everyday soon after the
change of water, fresh supply of food weighing

% in 30 days

50 to 100 gms were introduced into the glass
troughs containing the fish,

(QBSERVATION

Gut contents of hundred spscimens ranging
in size from 28 mm to 145 mm in standard
length were examined of which eleven were
found to have empty stomachs. Forty-sight
fishes had their stomachs full with food mate~
rial, while thirty-two had half-full stomachs.
In the case of nine fishes there were only little
material in their stomachs,

Filamentous algae formed the dominapt
{food of the fish, In twentyfive fishes, small
quantities of animal material like bits of jelly
fish, polychaete worms, polychaete egg mass,
Amphipods, Apseudes, Gastropod egg masses
and fish tissue were encountered in the gut
contents.

. Enteromorpha intestinalis and Gracilaria edulis
occurred dominantly in all fishes while Halo-
phila sp. and Cymodocea Sp. wers present in
small quantities in the gut contents. Further it
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was fonnd that Halophila sp. and Cymodocea sp.
material were rotting stuff and not fresh
ones,

Kaliyamurthy and Janardhana Rao (1972)
have reported that Siganus javus and S. oramin
are herbivorous fishes. In the present study
also it is seen that Siganus javus is mainly a
herbivorous fish like other siganids {(Von
Westernhagen, 1974).

Feeding experiments and growth

Juveniles of same size from the estuary were
collected and kept in circular glass trough for
experiments. Five fishes were killed and the
average total length and standard length were
34 mm and 27 mm respectively, while the
average weight was 0.520 gm, Ssts of five
fishes each were kept in troughs and each set
was either fed exclusively with a single algal
or plant diet or with a mixture of all algae and
plant material. Feeding experiment was stop-
ped after thirty days.

Out of five fishes which were fed with Entero-
morpha intestinalis only one died the next day
and another the day after. After thirty days
the three fishes when measured were 32 mm,
35 mm and 42 mm in standard length showingan
increase of 5, 8 and 15 mim from the average of
of 27 mm and their weights were respectively
0.910 gm, 1.040 gm and 1.482 gm, The per-
centage of weight increase was 7594, 1009
and 1859%.

Out of five fishes which were fed with Graci-
laria edulis, two died on second day and a third
on fourth day. Only two survived andafter thirty
days the two fishes showed a length increase
of 5 mm and 14 mm, while they increased in
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weight respectively by 0.385 gm and 0.520 gm
(i.e. 74%, and 1009 increase in weight),

Fishes fed with Halophila sp. and Cymo-
docea sp. lived for only 2 to 3 days, while fishes
fed with Oscillatoria sp., Phormidium and
Chaetomorpha sp. lived for 5 to 7 days and did
not show appreciable growth.

Qut of five fishes fed with a mixture of all these
as food items, two died on second day and a
third fish on sixth day. Only two survived
and the two fishes showed an increase in length
by 10 mm and 20 mm while they showed a
weight increase of 225% and 3159 after 30
days. '

In contrast to the experiments of Von
Westernhagen (1974) mortality occuired in the
present experiments and Ben-Tuvia et al. (1973)
have a'so reported about mortality in their
experiments. Values of weight and iength
increase over 30 days period are letser than that
reported by Von Westernbagen (1974) and
Ben-Tuvia et al, (1973) who used commercial
p:ileted food,

Fingerlings and juveniles of Siganus javus
occurred from January to August and they
were abundant from March to May. Each cast
net haul oparated in shallow water brought
about 10 to 2¢ fingerlings. Siganids being
herbivorous can be tried in monoculture or in
polyculture inIndia. Von Westernhagen (1974)
have reported that polyculiuie of milkfish and
siganids does not seem to be economically
feasible in Philippines. Since Siganus Javus
feeds on algae, it can be introdveed in mmssel
culture ponds and clam culture ponds and the
fistk will help to reduce the filamentous algal
growth in these ponds.
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EXPERIMENTAL CULTURE OF THE SHORT-FINNED EEL
ANGUILLA BICOLOR BICOLOR McCLELLAND

K. DoRAIRAT, R, SOUNDARARAJAN AND D. KANDASAMI
Central Marine Fisheries Research Institute; Cochin-682018

ABSTRACT

n this papar the various techniques adopted in the culture of eels (dnguillaspp.) and the rosults obtained
in the experimantal culture of the short-finned eel, Amguilla bicolor bicolor McClell and in ruaning water
and in recireulating running water have been dealt with, Experimental culture of the eel, 4. bicolor bicolor
in running water was conducted during 1974-76 at the Regional Centre of Central Marine Fisheries Research
Institute, Mandapam Camp, The average size of the elvers stocked at the beginaing of the experiment
was 13 cm in length and 3 g in weight, It has been found that the average size of the eels at the end of
one year was 28 cm in length and 43 g in weight, The average length at the end of socond and third years
were 38 cm and 42 o and weights 123 g and 177 g respactively, The overall increase in growth obtained
inthisexperiment was found to be not rapid and the probable reasons for the same are pointed out. Studies
on conversion efficiency of different ¢el foods have shown that silverbellies give high conversion ratio and
sardines low conversion ratio. Clams, prawns and mixed foods have also been found to give better conver«
sion ratio than sardines. From this experimontal culitiwe the net production potential has been estimated
to be 2,2 kglsq, m in one year and 4,11 kg/zq. m in two Years,

In another experimpant, the short-finned el A. bicolor bicolor was cultuted in re-girculating ruoning
water iD ao outdoor cement tank of 6 m length x 3 m width x 1 m height, with natural mud bottom,
By suitable arrangements the water in the culture tank was automatically re-circulated after filsration and
oxidation, About 1/3 of the water in the cultuce tank was drained out weekly and replenished with fresh
water. In the beginning of the experiment 9 kg of eels, each ecl, with an average weight of 43 g wete
stogked in the tank at a rate of 500 g per sq. m area.

Aneclfeed in the form of a paste made of minged silverbelljes, broken rice and oil cake mixedin 2:1:1
proporiion with 0.2%; multivitamins was given to the eels at a daily ration ranging from 5 to 109, of their
body weight. At the end of five months the total weight had increased to 47.7 kg which works out to a
net increase of 43077 of the. initial stocking weight. The average weight of eel had increased from 43 g
to 232.8 g in five months. ' The survival rate was 98,6%, Tho net production rate works out to 2.15 kg/
sq. m in five months period. :

INTRODUCTION

EeL CULTURE is a commesrcially profitable
industry in seweral East Asian countries, parti-
culatly in Japan and Taiwan, where the Japa-
nese eel Anguilla japanica Temminck and Schle-
gelis cultured on a large scale since several deca-
des. Cultured cels are a delicacy and as there is
great demand for the same, the production is
increasing steadily. Throughout the world on
an average about 25,000 tonnes of wild eels
12

and 26,000 tonnes of cultured eels are harvested
annuslly, of which Japan alone produces about
2,000 tonnes of wild eels and 24,000 tonnes of
cultured eels (Usui, 1974). Faced with shortage
of elvers for culturs purpose Japan imported
large quantities of elvers fiom countries like
Taiwan, South Korea, China, Hong Kong,
Philippines, New Zealand, France, Spain,
Italy, Gieat Britain, Canada and United States
of America (Folsom, 1973 ; Forrest, 1976).
In India eivers of two specics of Angullla, viz,,
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Anguilla bicolor bicolor McClelland and Anguilla
nebulosa nebulosa McClelland are known to be
available in the east coast rivers Tamraparni,
Godavari and Hooghly (Rzhimulla eral., 1944 ;
Pantulu, 1956 ; Ibrahim, 1961 ; Nair, 1973;
Nair and Dorairaj, 1975). A recent survey has
brought to light for the first time immigration of
glass eels and elvers in many rivezs in Tamil
Nadu (Dorairaj and Soundararajan, 1980},
Even though many fish species of both fresh
and salt waters are being successfully cultured
in India (Alikanhi, 1957 ; Tampi, 1960, 1969 ;
Hickling, 1970), no attempt has been made
to culture the Indian eels until 1971 when experi-
mental culture of Anguilla bicolor bicolor was
undertaken at the Central Marine Fisheries
Research Institute at its Regional Centre at
Mandapam Camp (Nair, 1973). In chis paper
the results obtained in the experimental eel
culture in running and recirculated running
water and food conversion studies are presen-
ted. The general techniques employed in cel
calture at various stages are also briefly given.

The authors wish to express their deep
gratitude to Dr. E. G.Silas, Director, CMFRI,
for the encouragement and guidance. Their
thanks aie also due to Dr. R. V. Nair and
Shri G. Venkataraman, Regional Centre of
CMFRI, Mandapam Camp, for the facilities
provided for this work. They are thankful to
Shri P. Raghavan for the photographs,

EBL CuLTUurE TECHNIQUES

- Elvers are the starting point for eel oulture.
Seed elvers of 55-100 mm in length and 0.16-
2.0 gin weight are collected during night time
by using several types of nets like scoop nets,
screen nets, bag nets and a special type of net
known as  Japanese Elver fishing net’ when
they ascend rivers immediately after a freshet.
Very early stage elvers-glass cels-are completely
transparent and thread like whereas last stage
elvers are pigmented and slightly thicker in
size, The elvers are transported in different
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types of containers like conventional fish tin
carriers made of galvanised sheet metal, PVC
containers, specially made wooden boxes,
styroform, containers etc. For conducting eel
culture a good supply of fresh water or brackish
water is very essential. In the initial phase of
eel culture elvers are to be stocked and reared
in small nursery ponds, the size of which may
range from 150-600 sq. metres in area and
70 cm deep. After about three months elvers
have to be stocked in bigger ponds known as
fattening or adult ponds varying in size from
0.08 to 4 hectares and ! to 1.5 metres deep.
Tte adult ponds should be long, narrow and
rectangular as it has been observed that the
shape of the pond has an effect on growth and
that eel locate food more easily in such ponds
(Bardach et al., 1972). The collected elvers
have to be sorted accoring to size and stocked
in densities which depend upon the guantity
and quality of water supply. Stocking density
is always higher in running water culture than
in still water cuiture. The optimum stocking
density is 30 elvers each weighing 0.16-0.2 g
or 20 young ecls of about 15 gm each per
5q. metre.

In eel enlture feeding is an important aspect,
Eivers do not take food for the first few days
after their capture and they have to be slowly
acclimatised to a regulac feceding habit.
Crushed earthworms are to be given to the
elvers when they begin feeding and later on a
mixed food of earthworms and fish flesh,
After a month the growing elvers may be
supplied with fresh or cooked fish like sardines,
silverbellies, trash fishes along with prawns and
clam meat, Eels prefer to feed in a dark
place. Therefore the feeding place should be
provided with a shelter. Feeding should be
done only in a particular place in the pond,
preferably in a corner by placing the food in a

‘wire basket or perforated tray and suspending

it just above the water to prevent contamination
of water. The clevers are given food at a
ration of about 40% of their body weight and
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the growingeels about 10 % of their body weight,
Growth rate in eels is observed to bz very
rapid during April-October period. Therefore
eels should bz given as much food as possible
during the above period. Concentrated dry
food in the form of pellets are also being
wid:ly used and has been found to give higher
conversion ratio than the fish foods,

The success of eel culture also depends upon
the propsr maintenance of the farm. The
ponds should have a minimum water depth of
about 60 cm. Even under optimum conditions
of good water supply, temperature, stocking
density, adequate food and proper maintenance,
cultured eels exhibit a wide range in growih
rate, both in terms of Jength and weight.
Therefore, at periodical intervals in all stages of
culture culling should be done which will ensure
uniform size of eels at the time of harvesting.
Control and eradication of eel discases is
another important aspect in eel culture. Many
typzs of diseases such as Fungus disease, Red
disease, Gill disease, White spot disease,
Myzxidium disease etc. are known in eels. The
diseazes could be controlled by using suitable
anti-bacterial drugs and flushing the pond
with fresh water. The introduction of con-
centiated dry food has facilitated mixing of
drugs in eel focd which could be supplied to
the eels to cure their discases. The cnltured
eels are harvested when they reach marketable
size, The principal nets used for harvesting
are scoop nets, trap nets, cast nets, screen nets
and seine nets. When a partial or selective
harvest is done the water in the ponds is not
drained but in the final harvest ponds are
usually drained before fishing,

The production or yield per hectare varies
with the type of culture method adopted.
Eels are cultured by two methods viz., running
water culture and still water culture, The
principal aim in these two methods is to achieve
maximum production in a short period of time
by culturing eels in a confined area and provi-
ding extra oxygen and more food. In running
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water culture a continuous supply of freshwater
will be maintained 1o the pond and simuita-
neously an equal amount of water will be
draincd to keep the water level in the pond
constant, In this method cels are supplied
with g large amount of fresh oxygen through
constant flow of fresh water, In still water
culture the pond water wiill be more or less
static and only about 5% of the voilume of
the pond water is changed daily. There is
production of dense phytoplankion which in
turn through photosynthesis increases the
oxygen content of the pond water, thus provi-
ding extra oxygen for the eels, Depending
upon the availability of water any one of the
above two methods could be adopted in eel
culture.

RESULTS OF EXPERIMENTAL ERt.
' CULTURE

Culture in running water

A total of about 1200 elvers of Anguilla
bicolor bicolor McClleland, collected from

‘Srivaikundam Anicut near Tuticorin, during

November 1973, were reared in eight fibre-
glass tanks (122 cm X 76 ¢m X 76 cm) in
densities ranging from 330 g persq.mto 1,500 g
per sq. m. Each fibre-glass tank was provi-
ded with independent running water facilities,
The elvers and growing ecls were fed twice
daily to satiation with fish flesh and clam meat.
At periodical intervals the total weight of
elvers and growing eels in each tank, were
taken and the lengths and weights of about
fifty numbers from each tank were masured
to determine the growth rate, To measure
live elvers ananaesthetio technique was followed.
Out of the eight tanks growth siudies were
followed in four tanks for two years., At the
ead of two years culling was done and growth
rate was followed for bigger size groups. The
results obtained in the growth studies are given
in Table 1.
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TabLe 1. The qverage sizes of eels A, bicolor bicolor in di ferent tanks duting
different periods in experimental running water culture (Average welghts

are given In parentheses)

Monih Tank 1 Tank2 Tank3 Tank4  Average
November *73 . 119 115 146 146 131
2.1) {L.9) (4.2) @.0) 3.0
March 74 . 145 150 189 175 166
6.3 6.5 (31 (103 9.1
May 74 167 175 213 185 185
(8.5 (8.6 {16.9) {11.2) {11.6)
October *74 Lee 280 239 288 256 278
7.7 459 (44.5) (31.8) {42.5)
February *75 .e 335 354 334 315 34
(52.6) (96.6) (80.1) (68.7) (34.5)
March *75 364 366 45 327 350
(104.8)  (102.3) 90,0} (76.8) (76.2)
July *75 381 377 351 316 355
(115.4) (106.4) (86.7) (60.7) (92.3)
October *75 . 430 384 348 358 380
(163.9) (12132 (91.0) 92.8) (119.3)
November '76 419
{177.0)
TaBLE 2. Toral weights of eels in di fferemt perlods and
monthly rate of weight Increase in percentage of previous
total weight (The dettsjty rates in g per sq. m
ave given in parentheses)
Total weight of eels {in g) atid month]y
weight increasein $
Tank - i
At the end of
Initial -
1 month 2 months 4 months
I 581 957 1328 1901
(710)  (1133)  (1600) (2290
644  38.8%  21.6%
II 702 1096 1657 2260
(846) (1321 (1996) 527%/
56.1% 51.3%y 18.2%
11 . 977 1254 1557 1955
(1177) (1511) 1876) &2355)
28.4% 2% 2.8%
w g
) 200
21.6%  19.3% 14.4%




EXPERIMENTAL CULTURE OF THE SHORT-FINNED EEL

In the beginning of the experiment in Novem-
ber 1973 the sizes of elvers ranged from 71 mm
to 191 mm in length weighing 0.3 gand 9.5 g
respectively, with an average of 131 mm in
length and 3 g in weight. At the end of six
months the average size of elvers was 185 mm
in length and 11,6 gin weight. The net increase
in length and weight was 54 mm and 8.6 g
respectively with a monthly growth rate of
9 mm and 1.4 g. At the end of ¢leven months
the efvers had reached an average size of 278 mm
{43 g), showing an increase of 147mmand 39.9 g
from initial average size. 'The monthly growth
rate works out to 13.4 mm in length and 3.6 g
in weight. During the second year an average
growth increase of 102 mm and 76.3 g was
observed with a monthly growth of 8.5 mm
and 6.4 g Thus in abhout two years the
average sizc of growing eels had reached to
380 mm (119 g) and the increase was 249 mm
(116 g). At the end of third year the average
size of the eels was 419 mm in length and 177 g
in weight. During the third year the monthly
growth rate was 3 mm in length and 4.5 g in
weight. It was observed that the length
increase was faster in the first year and slower
in the second and third years while the weight
increase was more in the second year compared
to first and third years. In the present experi-
mental culture differential growth was observed
among the cels reared in the tanks (Table 1).
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In the first year the average sizes attained by
eels in different tanks were more or less similar-
except for one tank and were comparable with
overall average size of about 28 cm and 43 g..
But in the second year the differential growth
of eels in different tanks was much marked
which ranged from 60 mm (46.5 g) to 150 mm:
(122.2 g). It may be of interest to note here-
that the average size attained by the cels at.
the end of second year in one tank was higher-
than the overall average size of the eels at the
end of third year.

There seems to be an inverse relationship
between the rate of density and the rate of
weight gain in eels in succeeding months, As
the density increases, the rate of weight increase
was found to decline progressively (Table 2).

- Food conversion studies

Experiments were conducted to study the
conversion efficiency of different animal feeds
that were available Jocaliy so as to select an
economically better feed for commercial culture
of eels, The materials such as sardines, clam
meat, silverbellies and prawns were given
either separately or in mixed combinations. Seven
types of feeds, namely (1) Sardines, (2) Clam
meat (3) Silverbellies, (4) Prawns, (5) Sardincs
50% and clam meat 509, (6) Sardines 50%
and prawn 509, and (7) Sardines 25%, clam

TaBLe 3. Resaflts of conversion rates of various food ltems

Daily food con-  Increase No.of Total Gross conversion rate
sumption in % it days amount o
Type of feed of body weight  weight food con- Monthly  Average
@) sumed (g) range
Range  Average
Sardines 1.9- 4,5 31 1,214 123 22,916 11,5243 189
Sardines and clam meat 52-96 7.0 2,700 218 19,933 52283 7.38
Clam meat 5.5-10.3 73 3,060 218 25,128 6.4- 9.9 821
Sardines & prawns 3.2- 6.5 4.5 995 218 16,476 107217 1656
Sardines, clam, silverbellies &
prawns 4.0- 8.1 5.0 2,678 218 22,364 7.9.9.5 8.35
Silverbelliea 31.62 4.5 2,230 218 15,510 57- 8.2 6.96
Prawns 3.4 60 4.6 1,660 218 11,619 6.0-9.8 T.00
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meat 259, silverbellics 25% and prawn 259
were tested for gross conversion efficiency.
The elvers and the growing eels were fed twice
daily, morning and evening, to satiation,
The feed was supplied in excess quantity at a
ration of about 5 to 159 of the body weight,
Usually the elvers and the growing eels were
found to feed very actively when the feed was
offered and within ten or fifteen minutes majo-
rity of them would have fed to satiation.
However, the feed was kept for a longer time
upto about one hour and then only the left
over feed would be removed. The total weights
of the feed supplied and the left over were taken
to determine the actual consumption. The
results obtained in the feeding expsriments
are given in Table 3.

It may be seen from the above table that
the daily average consumption of eel feeds in
percentage of body weight varied from 3.1
for sardines to 7.7 for clam meat, Silver-
belites and prawns were found io give betier
conversion rate than the other feeds, The gross
conversion rate of silverbellies was between
5.7 and 8.2 with an average of 6.96. Similarly
for prawns the range was between 6.0 and 9.8
with an average of 7.0. The next best average
conversion rate of 7.38 was for a mixed feed
made of sardines and clam meat. Sardines had
given the lowest gross conversion rate which
ranged between 11,5 and 24.3 with an average
of 18.9. Though the silverb:ilies and prawns
were found to give more or less a similar con-
version rate of 7.0, silverb-lly feed is considered
to be the best suitable feed for the cel culture
at the locality because of its cheap price and

easy availability. The nutritional values of

silverbelly feed are as follows : crude protfein
13.619;, fat 6.59%, ash content 7.18% and
moisture 70,70 2.

Production

For estimating the production rate the
increase in total weight of elvers during the
?eriod from March 1974 to March 1976
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has been taken into account. During March
1974, 7.28 kg of elvers were stocked in fibre
glass tanks having a total surface area of
6.65 sq. m. At the end of one year the total
weight of grown up eecls was 22.22 kg, with a
net increase of 14.94 kg. At the end of second
year the total weight of cultured eel was 34.61
kg. The net increase from initial weight in
two years was 27.33 kg. The net production
in one year works out to 2.247 kgfsq.m
and in two years 4.112 kgfsq. m.

Ept. CULTURE IN RE-CIR CULATING
WATER

In August 1978, another experiment was
conducted to culture A. bicolor bicolor McCle-
Hland in re-circulating running water. For this
purposeé a separate cement tank of 6m X
3m X 1 msize with natural mud bottom was
constructed. By sluice gate arrangement the
bottom water was gravitationally drained out
and passed through a filtering medium consis-
ting of big and small granite stones and charcoal
arranged in alternate layers and with a layer of
sand at the top. The filtered water was
allowed to settle in a settling tank. In the
settling tank partitions using asbestos sheets,
were erected in such a way that water travelled
longer distance thereby allowing time for settle-
ment. The clear water in the settling tank
was then allowed to overflow to the oxidation
tank. From the oxidation tank the water was
pumped up into a small over-head tank and
from it fed to the culture tank. Thus the
water from the culture tank was reused again
and again after filtration and oxidation, Weekiy
once about 1/3 of the water in the culture tank
was drained out and replenished with fresh
water. Water level was maintained at 70 ¢m
in the culture tank.

An cffective feeding method was adopted
in this experiment. A sheltered feeding area
was provided on one side of the culture tank
in the form of a wooden platform with g small
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door in the middle. The sides below tbe
platform were covered with black cloth to
cutdown direct light to the feeding area, The
eel feed in the form of a paste made of minced
silverbillies, broken rice and groundnut oil
cake mixed in 2:1: [ ratio with 0.29% multi-
vitamin was placed in a plastic tray and suspen-
ded through the door at the water level, Then
the door would be closed. The eels in the
tank would immediately congregate ncar the
tray, climb over it, dart to the food, take a
mouthful and slip back into the water, After
gulping the food the eels would again climb
the tray and take another mouthful of food.
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weight of 43 g, was stocked in the culture
tank at a stocking rate of 500 g per sq. m. At
the end of each month a sample of about 50
to 100 ¢<els in the tank was scooped out and
individual weights were recorded. Based on
the average weight of the eel at the end of
each month, the total weigh, of the eels in
the tank was estimated. The results obtained
in the experimental culture are given in Table 4.
It may be seen from the table that the average
weight of the eel has increased from 43 g to
84 g in one month, 132 gin two months, 203 g
in four months and 232.8 in five months and
ten days. At the time of harvest the

TABLE 4, Results of the experimenial eel culture in re-circulated rumning water. The
details of average weight, total weight, percemtage increasé, survival rate and
gross food conversion during differemt months are given

1-8-78 1-9-78 1-10-78 1-12-78 10-1-79
(at stocking) {at harvest)

Average weight of eel in g . 43 34 132 203 2328
Total weight of eel i the tank inkg .. 9 1.5 27.5 . 420 478
Percen weight increase in initial

s oo ) 94.58 206.0 3667 4300
Survival rate . 100% 1002 99,59, 98.5%
Quantity of food consumed in kg. . 34,57 37.82 102,98
Gross food conversion ratio e 1:4.0 1:38 1:7.1
Average gross food conversion ratio 1:53

This is repeated and after satiation the eels Jincrease in total weight works out to 430%,

would settle down at the bottom of the tank.
The tray with leftover food would then be
lifted out through the door. By this method
contamination of water by food was effectively
avoided. The eels were fed at a daily ration
ranging from § to 109 of their body weight.
The food values of the compound feed were &
crude protein 23,209, fat 7.63 %, carbohydrate
21.519%, ash content 3.90% and moisture
43,76 9%.

In the beginning of the experiment on [-8-1978,
9 kg of young cels, 208 in numbers, the size
ranging from 20 g to 65 g with an average
total weight of the eels was 47.8 kg. 'The net

“of the initial stocking weight. The survival

rate was 98.56%,. The gross food conversion
ratio for the four month period (from August
to November *78) was 1:5,3. The stocking .
rate at the beginning of the experiment was
0.5 kgfsq. m. At the end of 5 months it had
increased to 2,65 kgfsq. m. The net produc-
tion rate works out to 2.15 kgfsq. m in five
months.

DISCUSSION

Though the eel culture has been in vogus
for the last ten decades in Yapan, in India it
was first done only in 1971 (Nair, 1973 ; Nair
and Dorairaj, 1975). In their experimental eel
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culture in running water, elvers with an average
size of 10 om and 2 g had reached an average
size of 35 cm and 106 g at the end of about one
year and 42 cm and 160 g at the end of second
year with an average monthly increment of
8.6 g and 4.5 g during the first and second
year respectively. In the present study, the
size attained at the end of one year works out
to about 29 cm in length and 49 g in weight
and at the end of two years 38 cm and 119 g.
As compared to the earlier results the present
results are low. It may be mentioned here
that in the present work elvers and growing eels
were cultured in fibre glass tanks and they were
subjected to constant handling and disturbance
due to daily cleaning of the tank and periodical
anaesthetisation for taking measurements of
length and weight. Culture in fibre glass tanks
and frequent disturbance could have inhibited
the growth rates to a certain extent. The growth
rate obtained in the re-circulated running water
in the present study provides evidence to subs-
tantiate the above conclusion. When the ecls
of 43 gsize were stocked in the outdoor tank
with natural mud bottom, the average weight
reached to 232.8 g in about 5 months, where
as the same size eel cultured in fibre glass tank
reached only to 76.2 g in the same duration
(Table 2 and 4). Further, the result obtained
in the re-circulated running water culture has
been found to be very high as compared to
results obtained in expsrimental eel culiure in
Europe. In Channel system 30 g European ecl
had reachedto 160 g in 12 months and in river
ponds 49 g European eel reached 109 g in six
months (Tesch, 1977). In Japan, according to
Usui (1974) 60 g Yapanese eels reach marketable
size of 150-200 gms in about twelve months,

The conversion rates of traditional foods and
artificial feeds obtained in eel culture in Japan
and Taiwan are given by Bardach et al. (1972).
In Japan the sardines had been found to give

conversion rates ranging from 5.4 to 7.2 and the-

mizxed feed i.e. chopped fish, silk worm pupae
et¢. had given a conversion rate of 55 In
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Taiwan the conversion rates for irash fish
rang'd from 10-15. In the present work
sardinzs had given poor conversion rates
ranging from 11.5 to 24.3 with an average of
18,9, The conversion rate of the mixed feed,
composed of silverbellies, broken rice and
oil cake with 0.2%; multivitamin given to the
eels cultured in re-circulated running water,
was more or less similar to those of chopped
fish, silk worm pupae etc. Fresh fish feed,
such as mackerel, atka fish, saury pike, miscella-
neous types of brown fishes etc. used in Japa-
nese eel farms, had given a conversion rate
from 4.8 10 6.9 (Forrest, 1976). The conversion
rate of silverbellies and prawn (7) obtained
in the present feeding experiment is comparable
to the above feed. Since silverbellies are
available in this region in large quantities at
cheap price it will be a best suited feed for
commercial eel culture,

With regard to the production rate, what was
obtained in one year (2.25 kg/sq. m.) in running
water culture had heen achieved in about five
months in recirculated running water. In
Japan the production potential in running water
in one year is stated fo be 26,360 kgfhectare
which works out 2.6 kg/sq. m (Bardach, 1972).

Research work done so farto artificiallyspawn
the Anguilia spp. has met with verylittle success
only. By injecting three harmones and pituitary
extract of rainbow trout, an adult female eel
had been made to spawn about 5 million eggs
(Anon, 1971) Artificial fertilisation and early
development of larvae (5 days) in Japanese
eel were successfully carried out by Yamamoto
and Yamokuchi (1974).

There are good prospects for commercial eel
cultere in India as the Indian species had given
encouraging results in the experimental culture.
The recent survey underiaken to locate the
elvers in Tamil Nadu had brought to light many
promising centres for large scale elver collection.
What is required now is to undertake the
culture on pilot scale to work out the economics
of qulture operation,
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FFFECTS OF DDT ON THE ENERGY COMPONENTS
OF AN ESTUARINE CATFISH
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ABSTRACT

Data on growih rate in different environmzntal conditions is essential befors undartaking fish farming
as also information on the effects of pesticides on th:ir growth and matabolism because of jncreasing pollu-
tion of our ¢oastal waters due to leaching of pesticides from spraying of the fields, In the present study,
tests were conducted with juveniles of an estuarine cat fish Mysrus virrazus at different DDT concentrations,
Changes in feeding rate, oxygen consumption, conversion efficiency were estimated by feeding fishes ad
Uikt with dey liver of goat for 6 weeks exposure tima, Temperature and water quality were kept constant.

Feeding rate, oxygen consumpsion, growth rate and gonversion efficiency were found to be varying at
different DDT gongentrations tested. Conversion efficiencies decreased with increase in DDT concentra-
tion. The exaretion of faeces was also found to be more in treated ones, Oxygen consumplion also showed
an increasing trend with increasing DDT concentration.  Results have been imterpreted and disoussed,

INTRODUCTION

THR ErFECTS of pollutants introduced imto the
environment either directly or indirctly by man
through his activities has received much atten-
tion in recent years. Of particular interest are
the effects on fish production due to an increase
in pollution of our coastal waters by leaching
of pesticides sprayed in the paddy fields,
Metabolism and growth response in relation
to food consumption are important variables
affecting the overall energetics and growth
in a fish, The scheme of energy balance
followed in the presemt work is the IBP
formula (Petrusewicz and Mac Fadyen, 1980),
represented as C=P+R+F+U, where C is
the energy consumed, P the growth, R the
energy lost as heat due to metabolism, F the
facces and U the nitrogenous excretory products.
The components are generally affected by
environmantal conditions, which may decrease
food consumption, metabolism, growth, ete.
depending on the type of stress,

Energy losses in growth and food conversion
due to conifer-ground wood paper fibre (Smith
et al., 1967), carbaryl pssticides (Carlson,
1971), Kraftmill effluents (Tok<r and Owens,
1968 ; Webb and Brett, 1972), endrin (Grant
and Merle, 1973) and pentachlorophenate
(Krueger et al., 1968 ; Warren, 1971 ; Webb
and Brett, 1973) have been reported. Webb
(unpublished data) pointed out a twofold
increase in standard metabolism in sockeye
salmon exposed to bleached Kraftmill effluent
at one<stenth of the concentration that was
lethal to 509 of fish after 96 hrs of explosure
in an acute lethal bioassay In salmonids,
Fenitrothion caused regurgitation and thus
reduced food consumpion. Only a few wor-
kers have published complete energy budgets
incorporating the effects of pollutants on the
energy components (Tokar and Owens, 1968 ;
Webb and Brett, 1972, 1973). The present
investigation was attempted to gather infor-
mation on the effets of DDT on overall
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changes in the energy budget of an estuarine
catfish Mystus vittatus (Bloch).

We are thankful to Dr. T. R. Rao, University
of Deihi for the suggestions and encouragement,
One of us (AP) is grateful to CSIR, New Delhi
for the award of Junior Research Fellowship
and to the Annamalai University for the
facilities provided.

MATERIAL AND METHODS

Mpystus vittatus used in this study were
ob:ained from the Vellar Estuary, Porto Novo
(11°29° N 79°4%" E) using a cast net and only
those spzcimens in the weight range of 2-2.5 gm
were used for the study. Fishes were trans-
ported to the laboratory in large buckets and
kept in acclimatization tank, where, expec-
ting for feeding and observation, there were
least disturbances. They were fed with oven-
dried picoes of goat liver and were acclimatized
to laboratory conditions for 5-7 days.

Experiments were conducted in plexi-glass
tanks of 40 1 capacity. Tap water (salinity
" 3%,) was used as the medium. Groups of
five fishes were exposed to DDT concentra-
ticns of 0, 2 and 4 ppb. Preliminary tests
showed that these concentrations were not
lethal, Dissolved oxygen was maintained bet-
ween 90 and 1009 air saturation. The tempe-
rature of the water was kept constant at 294
1°C. Fach treatment was replicated to check
for *inter-tank’ variability.

Fishes were fed ad libitumm once a day at
0800 hrs in the morning. Tbe food was
left in the tank for one hour and after that time
the remaining food was collected to estimate
the amount of food consumed, Faeces were
collected daily by filtering the water through a
fine glass-fibre filter, The water was constantly
aerated and care was taken to fill with fresh
medium twice a week with least disturbance,
The duration of the experiment was 6 weeks
and wet weight measurements were taken at

893

two-week intervals. The fish were starved for
24 hours before weighing. Initial and final
mensurements of fish included dry weights and
calorific value, Oxygen consumption was
measured using a c¢losed type respirometer,
After estimating levels of all energy compo-
nents * U’ was computed from the forementio-
ned equation. All the components of the

energy equation are expressed in calories,

CALORIFIC ANALYSIS

The fish, food and faeces were dried to
constant weight at 80°C for 24 hours and the

dried samples were powdered for further
calorific analysis.

Calorific contents of the samples were detere
mined using a Parr oxygen bomb calorimeter
supplied by Parr Instrument Company, INC,
Tllinois, U.S.A. The bomb calorimeter was
standardiséd using naphthalene. Corrections
were applied for the increase in calorific value

of the sample due to presence of nitrogen and
sulphur,

REsuLTs
Food Intake

There was marked day-to-day fluctuations in
food intake in all the three DDT concentrations
tested (Figs. 1, 2 & 3). Increased food intake
was noticed at 2 and 4 ppb concentrations
compared to the control and the maximum
intake of food was at 2 ppb concentration.
Each day of non-feeding is indicated by a break
in the graph, There was no significant increase
in food intake after a day of non-feeding when
weights of the fish were taken. The changes in
food intake at 2 week intervals for the three
coneentrations tested are given in Fig. 4,

Growth

Physiologically useful emergy in excess of
metabolic requirements is available for deposi-
tion as body tissue for growth or for synthesis
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of reproductive products, Maximum growth

indicated by an increase in calorific values
could bz recorded in fishes exposcd to 0 ppb
DDT and minimum at 4 ppb DDT. In all
the three experiments, the growth did not
follow a uniform pattern or rate but seemed
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Daily flugtuations in food intake
at 0 ppb DDT concentration,
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Fig. 3. Daily fluctuations in food intake
at 4 ppb DDT concentration,

to take place in distinct stanzas (Fig. 5). At
0 ppb DDT, in the first two weeks, there was a
steep rise in growth of the fish but the growth
line was almost parallel to the X-axis in the
last 4 weeks showing only a very slightincrease
in growth during this period, At 2 ppb
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concentration a sudden rise in growth was
noticed in the last phase of the experiment.
The growth was not much significant at 4 ppb
DDT concentration. The fish, at the start of the
experiments, had an average calorific value of
5,154 calfg dry weight ; this varied significantly

TIME | VS )

Fig. 2. Daily fluctuations in food intake
at 2 ppb DDT conceniration,

T

}
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Fig. 4, Effect of DDT on fortnightly
food intake.

for fish subjected to different DDT concentra-
tions at the end of the exp:riment. The final
tissue samples analysed gave 5,043 calfg dry
weight, 5,001 calfg dry weight and 4,817 calfg
dry weight at 0, 2 and 4 ppb DDT concentra-
tions respectively.
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Meiabolism

Oxygen consumption is often taken as a
measure of metabolic expenditure and includes
energy dissipated in locomotion, osmotic regula-
tion and other aciivities neczssary for-the well
being of an animal. The oxy-calorific equiva-
lent of oxygen consumption was caleulated
according to Winbarg’s (1956) estimates of
4.8 K calfLO,.

L

n
TIME | DaYS)
(T
Fig. 5. Effest of DDT on the growth.

There was positive correlation between meta-
bolic rates and DDT conczntration. The results
of metabolic measurements at 3 diffirent DDT
concentrations are given in Fig. 6. On anp
average, for 6 week experimental duration,
the energy lost in metabolism increased from
3,753.4665 calfday at 0 ppb DDT, to
5,808.0753 cal/day and 7,278.7785 cal/day at
2 ppb and 4 ppb DDT, respectively.

Energy loss in f&eces

Energy losses in faeces increased remarkably
with increase in DDT concentration (Fig. 7).
When the losses were expressed as & propor-
tion of daily energy intake also, they showed
an increasing trend with more stress indicating
that this increase was not dependent on the
daily intake of food. At 0 ppb DDT concent-
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ration, the energy lost in faeces was maintained
almost normal without much fluctuation for the
6 week exposure. For the first 4 weeks the
energy loss in facces increased, but showed a
decreasing trend for the last 2 weeks at 2 ppb
DDT. In 4 ppb DDT concentration, an
increase was seen in the energy loss through
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Fig. 6. Effect of DDT on the energy loss
in metabolism,
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Fig. 7. Effect of DDT on the energy [ossin faeces,

faeces throughout the experiment. The impor-
tant result of the experiment is that eventhough
the energy consumed was more at 2 and 4ppb
DDT concentrations, most of the energy was
not used as physiologically useful energy,

7
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but was lost in facces, The calorific values of
the faecces analysed showed an increase from
1,595 calfg dry wt in 0 ppm DDT to 1,526

cal/g dry wt in 2 ppb DDT and 1,896 calfg
dry wt in 4 ppb DDT.

DiIsCUSSION

There was marked fluctuation in the food
intake as observed by other workers (Brown,
1964 a ; Pandian, 1967 ; Brett, 1971 ; Pardom
et al., 1972 ; De Silva and Balbontin, 1974).
In the present study higher food intake could
b2 recorded in fishes in higher DDT concentra-
tions than in controls, Warren (1971) also
reported the same in the cichlid Cichlasoma
bimaculatum, where the herbicide pentachloro-
phenol induced an increase in food consump-
tion. According to him it acted as a masking
factor elevating the metabolic rate and the
fish compznsated for it with increased food
intake. The ability of the fish to increase
food intake when under stress leads to un-
answered questions of voluntary appetite control
- (Webb, 1978). In contrast, the pesticide diel-

- drin brought about rediced food intake in
Cotius perplexus (Brocksen and Chadwick
cited by Warren, 1971), Duc to regurgi-
tation, Fenitrothion showed decreased food
consumption in salmonids (Symons, 1973,
Wildish and Lister, 1973). But the Kraftmill
effluent showed little or no effect on the appetite
and palatability of food (Tokar and Owen
1968 ; Warren, 1971). The inoreased food
intake may be related to the increased stomach
evacuation rate caused by DDT stress.

Accordingto Warren and Davis (1967) growth
is most appropriately measured as energy
changes. In the present study growth decreased
with an increase in DDT concentration
(7483.8525 cal at 0 ppb DDT to 5330.2308
cal and 2953.1376 cal at 2 and 4 ppb DDT
concentrations respectively). Eventhough there
was higher intake of food at 2 and 4 ppb
DDT, the growth was found to be low at
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these concentration, Decrease in growth
and food conversion efficiencics caused by
fibre (Smith e¢ al., 1967), low oxygen levels
(Herman et al., 1962 ; Skwart et al., 1967 ;
Pickering,1968), Kraftmill effluents (Tokar and
Owens, 1968 ; Webb and Brett, 1972), the
pesticides carbaryl (Carison, 1971), endrin
(Grant and Merle, 1973), pentachlorophenate

(Krueg:r e al., 1968 ; Warren, 1971 ; Webb

and Brett, 1973) and heavy metals (Mount and
Stephan, 1969 ; Pickering and Gast, 1972 ;
McKim and Benoit, 1974) have bzen reported
by many workers. An increase in growth
at low levels of toxicants has been reported
by Webb and Brett (1972) and by MoLeay
and Brown (1974). Further Mcleay and
Brown have also discussed the mechanism of
growth stimulation in salmon at low level
exposure to Kraftmill effluents.

Growth and production studies are not
concerned solely with growth or scops for
growth, but also with the efficiency of food
conversion into flesh (Kleiber, 1975).

Gross conversion efficiency (ky) =
(*gross)
Calories converted for growth

Calories consumed X 100
Net conversion efficiency (k,) =
("net)
Calorics converted for growth 100
Calories absorbed %

Higher food conversion efficiencies were
shown in embryos when "gross was found to
vary bzstween 60 fto 70% (Winberg, 1956 ¢
Brett, 1970 b). In experiments conducted with
young ones of Mystus virtatus, gross conversion
efficiency was 62.5491 %, at 0 ppb DDT concen-
tration which agreed with the results of earlier
workers (Winberg, 1956 ; Brett, 1970 b and
others). But at 2 and 4 ppb DDT "gross
decreased significantly from 62.5491% to
44.6382 %, and 24.52677; respectively (Fig. 6).
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Net conversion efficiency decreaséd from
66.59847, at 0 ppb DDT to 50.0952% and
28,8619 at 2 and 4 ppb DDT concentrations
respectively. Because of the high efficiency
with which the consumed food was absorbed,
*gross was only slightly higher than ®net.
Reduced growth rates at higher DDT concen.-
trations were found to be associated with
reduction in conversion efficiencies,

Absorption efficiency has been expressed in
the present paper as the percentage of the
food that is absorbed in relation to the food
that is consumed,

Absorption efficiency =

Calories absorbed*
Calories consumed

X 100

Absorption efficiency usually varied between
89to 965, for a wide variety of species
(Pandian, 1967 ; Beamish, 1972 ; Niimi and
Beamish, 1974), In the present investigation
Absorption efficiency decreased from 93,9199 %
at 0 ppb DDT to 89.1068% and 84.9795%/
for 2 and 4 ppb DDT concentrations respec-
tively (Table 2).

Of the many environmental factors which
may influcnce the metabolic rate of fish, none
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is more important than pesticides. The food
energy assimilated, minus nitrogenous losscs
after assimilation, is the cnergy available for
metabolism and growth. Resulis of the present
study show that energy loss in metabolism was
more when DDT concentrations increased.

TaBLE 1, Details of calorific analysis

Percentage Calorific

Details value

Nitrogen  Calsfgm

Dried pieces of goat liver 1,953 5274
Injtial tissue sample 1,777 3154
Final tissue sample

(0 ppb DDT) 1.707 5043
Final tissue sample 1.240 5001

{2 ppb DDT)
Final tissue sample 1.045 4817

@ ppb DDT)
Faeces (0 ppb DDT) 0.2621 159%
Faeces (2 ppb DDT) 0.1866 1626
Faeces (4 ppb DDT) 0.2478

1396

‘When stress is more, energy loss in metabolism
also normally increased (Webb, unpublished
data). Thus, DDT stress can be associated
with increased energy loss in metabolism which
inturn reducss the proportion of energy available
for growth in Mystus vitiatus.

TabLE 2, Energy budget of the catfish Mystus vittatus (Bloch) at 3 different DDT concentrations

Energy components expressed .
in calories 0 ppb 2 ppb 4 ppb

Food consumption (C) .. 11964754 13061.061 12040.436
Growth (P) 7483 8525 5830.2308 29%3.1316
Motabolism (R) 3753.4665 5808.0753 72787785
Faecal out put (F) 247,168) 757.0247 955.2899
Ni 3

e (oY oo 480,297 665.731 853.236
Absorption efficiency 93,9199%; $9.1068% 84.9785%
Gross conversion efficiency (k,) 62.5491% 41.6382% 24.5267%
Net conversion efficiency (ks) 66.5984% 50,005% 28.8619%

* Calories absorbed==Calories consumed—Calories in the faeces,
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Increase in the energy loss tbrough ffzeces
and nitrogenous excretory products at 1.ngher
DDT conc:nirations show that the fish is not

able to convert most of the food into physio-
logically useful energy as presented in Table 1,

Though all components of the baic energy
equation showed variations in different DDT
concenirations in the present study, it can be
stated that growth and metabolic loss are more
sensitive indicators of DDT stress compared

ALAN PAPALI AND R. NATARAJAN

to other components of the energy equation
(Table 2).

From the point of view of aquacultuie, con-
clusions drawn on the effects of DDT on growth
and its related energetics adds more dimension
to the need for an understanding of the effects
of pollutants, in general, which is essential
for production optimization and maximum
fishery exploitation.
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FIN AND TAIL ROT DISEASE IN POMADASYS HASTA (BLOCH).
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ABSTRACT

The occurrence and nature of fin and tail rot disease in the fish Pomadasys hasta (Bloch) was studied.
The consistent and most striking feature of the discase was necrosis of one or more of the fins, Advanced
nearosis resulted in fraying of fin edges, separation of raysand gapsin fins, Saverelyeroded fins were usually
haemorrhagic, Some fish lacked scales over large areas of their bodies and in few fishes skin erosion
exposed the undarlying muscle. Microscopic examination of swab samples from the necrotic fins showed the
abundance of a slender, rod shaped, Gramnegative bacteria, Totally 17 bacterial cultures wete isolated
from the diseased fish and all were found to bz Vibrio spp. Morphological bioch2mical and physiological
properties of all these isolates were alse studied. The ability of the isolates to elaborate lipase, amylase
and protease was tested, These isolates showed good growth in the madium containing 3% sodium
chloride and may therefore be assumed to be *macine types’., The role of pathogenic bacteria in fish
disease in natural and in laboratory conditions is discussed.

INTRODUCTION

INCREASED interest in fish both as food and
as pets has prompted an awareness of problems
associated with their health, Within the con-
text of infectious diseases of fish, the bacterial
diseases, particularly those caused by Gram-
negative bacieria which cause mortality has bzen
emphasized by several ichthyopathologists.
Such diseases can pose many practical prob-
lems in aquatic environments, in open waters,
but principally in commercial fish culturing.
The literature on fish diseases is extensive
(Amlachar, 1961 ; Sindermann, 1966 ; Maw-
desley Thomas, 1972}, But very little atten-
tion has been shown on discases of marine fish
in India (Sslvaraj et al., 1973 ; Lakshmana-
perumalsamy et al., 1976).

Fin rot or fin erosion, a disease characterized
by the progressive loss of fin tissue, has been

* Present Address: Department of Matine Sciences,
Uinversity of Cochin, Cocl‘:in-GSZ ols,

observed in fishes from a number of geogra-
phically disperate marine environments (Levin
et al.,, 1972 ; Perkins ef al., 1972 ; Mahoney
et al., 1973 ; Mearns and Sherwood, 1974 ;
Walke, 1975; Chandramohan et al., 1976).
The fin rot disease which is usually slow but
persistent, where the fins and tail erode away,
was found to be caused by Gram-negative, non-
spore forming bacteria (Sindermann and Rosen-
field, 1954; Snieszko, 1958 ; Oppenheimer,
1958 ; Mahoney et al., 1973 ; Murchelano and
Ziskowskii, 1977). Since the information
on the prevalence of bacterial diseases of
marine fish, particularly fin and tail rot is not
available in Indian Coast, the pr.sent study
was undertaken. The purpose of this report
is to document the occurrence of fin and tail
rot disease in economically important food
fish Pomadasys hasta (Bloch) and its etiology.

The authors thank Prof. R. Natarajan,
Director, Centre of Advanced Study in Marine
Biology, Porto Novo for providing facilities
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and for constant encouragement, Our thanks
are also due to Dr. D. Chandramohan, Depart-
ment of Marine Sciences, University of Cochin
for providing a sample of vibriostat (0/129)
for carrying out the test and going through
the manuscript. One of us (P.L.) is grateful
to CSIR for financial assisiance,

. MATBRIAL AND METHODS

Fin and tail rot diseases of fish in the Porio
Novo coastal area (Lat. 11° 29°N; Long.
79° 46’E) was ob-erved during August 1978 to
January 1979 on examination of commercial
pound net catch samples. Moribund and
froshly dead fishes were examined for the
presence of fin necrosis. The infected specimens
were brought to the laboratory in sterile con-
tainers for microbiological aralysis. The fin
tissne of infected fishes was picked by sterile
loop, Gram-stained and observed microscopi-
cally.

The stegile inoculation needle was inserted
into the infected area (below the necrotic fins),
The streaking material picked by sterilized loop
was directly transferred to Fish Extract Nutrient
Agar (Peptone 10 g, Beef extract 3 g, Agar 15 g,
aged sea water 1 Itr, 107 by volume of fish
extract) and incubated at room tempsrature
(26£2°C) for 2 to 3 days. The bacterial
cultures were purified by repeated streaking
onto FENA and were transferred to nutrient
agar slants for further studies. Thke schemes
used to identify the bacteria were essentially
that of Shewan et al. (1960) and Simidu and
Aiso (1962). Further, identity of the isolates
were confirmed following the method as sugges-
ted by Bain and Shewan (1968) for Vibrios
pathogenic to poikilothermic animals.

For Gram-staining, Jensens modified method
was applied. .

Tests for oxidase was performed following
"Kovac's (1956) method and motility by stabbing
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in semisolid nutrient agar and by phase contrast
microscopy (X 600).

The oxidative and fermentative test was
carricd out adopting the method of Hugh and
Liefson’s (1953) using glucose.

The dissimilation and assimilation of dextrose
and lactose in concentration of 19 in the
basal medium (Peptone 2 g, Yeast extract 3 g,
Bromothymol blue 0.01 g, aged sea water
1000 m!, pH 7.5) were also studied. The tubes
were incubated under aerobic and anaerobic
conditions.

For the detection of lysine and ornitkine
decarboxyluses and arginine dehydrolase,
Moller’s (1955) test and stab inoculation into
semisolid arginine medium (Thornley, 1960)
were followed respectively.

B Sensitivity to Penicillin (2.5 LU/ml) (Simidu
and Aiso, 1962) and to Vibriostatic compound
0/129 (2,4-diamino-6,7-di-isopropyl pteridine.
phosptate, BDH, Poole, England) was tested
following standard methods (Hendrie er af.,
1970). '

The ability of the isolates to liquefy gelatin,
hydrolyse casein and starch and lipolysis of
Tween 80 was tested with gelatin 159 (W/V),
Casein 5 %(W{V), Starch 1 % (W/V) and Tween-
80 2% (W/V) in nutrient agar medium res-
pectively,

The effect of sodium chloride on the growth
of the isolates was also tested on nutrient agar
(Peptone 10 g, Beef exiract 3 g, agar 15 g,
distilled water 1lir, pH 7.4) to which various
quantities (0.5%, 1.5%, 3%, 4.5%, 6%, 7.5%
109, W[V) .of sodium chloride were
added.

The effect of temperature on the growth was

‘studied by incubating thbe cultures at different

temperatures  (20°, 30°% 37° and 44.5°C) for
5 days,
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RESULTS

The diseased spzcimens collected were exami-
ned for pathological conditions and the most
striking character of the disease in the specimens
was necrosis of one or more of the fins. Necro-
sis in advanczd condition, resulted in fraying of
fin edges, separation of rays, gaps in the fins

Fic. 1. Bacterial disease of fish Pomadasys hasta
(dorsal, pestoral, pelvic and caudal fins).

and frequently, complete necrosis. sverely
eroded fins were usually haemorrhagic, some
fish Jacked scales over largeareas of their bodies
and in few specimens advanced skin erosion
exposed the underlying muscles (Fig. 1).

Fig.2. Slender,rod shaped, Gram-negative bacteria (600 x).

Microscopic examination of the necrotic
fins showed a slender, rod shaped bacteria
(Fig. 2). Totally 17 bacterial cultures were isola-

V. SANTHA, AND OTHERS

ted from the infected fish, The pure cultures
were examined for morphological, physiologi-
cal and biochemical characters (Table 1). All
the isolates were found to be Gram-negative
rods, motile, oxidsse positive, fermentative,
non-pigment producers, alkaline reaction in
Thornley’s arginine medium, non-luminous,
decarboxylase negative. No growth was obser-
ved at 0.5% and above 7.5% sodium chloride.

TasLe 1, Morphological, biochemicad and physio-
Iogical characteritics of the selected isolates

Tests Reaction*

~ Gram staining
Shape
Motility
Oxjdase
Fermentative (H & L medjum)
Gas from glucose
Pigment production
Growth at 37°C
Alkaline in Thornley’s arginine medjum
Lysine decarboxylase
Agid from inosjtol
Gelatin liquefaction
Growth at low salt concentration
Growth at 7.5 %; sodium chloride
Spreading in sea water agar medium
Luminosity
Inhibition by penicillin
Inhibition by 0/129
Indole
Methyl red
Yoges-proskauer
Citrate
Proteolytic
Amyjolytic
Lipolytic

bl I AL+ b+l +++5

+ Positive ; — Negative ;
* 100 of the isolates (Total 17).

All the isolates preferred 39/ sodium chloride
concentration in the medium for optimal
growth., These were identified as Vibrie spp.
The vibrios attacking poikilothermic organisms
were found to be alkaline positive in Thornley’s
arginine medium whereas, other vibrios were
found to be negative (Bain and Shewan, 1968),
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All the isolates were found to produce
amylase, protease and lipase (Table 1). They
were found to b: indole-negative, methyl red
positive, Voges-Proskauer-negative and grew
“ well in the medium containing citrate as sole
carbon source. All the isolates were found to
bs sensitive to vibriostat 0/129 and not to
papicillin,

DISCUSSION

Surveys for diseased marine fish have docu-
mented the occurrence of fin rot disease in fish
from Gulf of Maine (Sindermann, 1966), the
Irish Sea (Perkins et al., 1972), the New York
Bight (Mahoney et al., 1973), the coastal waters
of Southern Califoinia (Meams and Sherwood,
1974) and the coastal waiers of Porto Novo
{Chandramoban er al., 1976). 1a contrast to
the histopathologic studies of fin rot diseases
in flatfishes from Southern Californian coastal
waters. (Me.ins and Sherwecod, 1914), the New
York Bight (Murchelano, 1975) and Puget
Sound (Welling. cited by Murchelano and
Ziskowski, 1977), in the present ianvestigaticn,
bacteria were found in neciotic fin tissue.
They were Gram-negative, slender, rod-shaped
bacteria. Similar Gram-negative, slender, rod-
shaped bacteria were reported earlier in fin
rot discases of Atlantic herring Clupea harengus
(Sindermann ard Rosenfield, 1954), Norwegian
cod fish Gadus callarias (Oppenheimer,
1958) and in two summer flounders Pargli-
chthys [dentatus (Murchelano and Zisko-
wski, 1977). Oppenheimer and  Kesteven
(1953) reported that all external lesions
on fish ip salt water aquaria, bacterial tail rot
or fin rot was most common and the pahogen
was identified zs Vibrio ichthyodermis (Pseudo-
monas ichthyodermis). Oppenheimer (1958)
isolated Pseudomonas sp. from aiseased fisk
Gadus callarias. Sindermann (1966} al-o cited
cases of bacterial dermatitis sometimes accom-
panied by ulccration end fin rot and usually
associated with Pseudomonas sp. in wild popula-
tion of marine fish, Mahoney et al. (1973)
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isolated 75 bacterial cultures from the necrotic
fins and in fish with advanced fin necrosis in
the internal organs. Sixty of them belonged
to 3 genera, Aeromonas, Pseudomonas and
Vibrio. Each of the two isolates of the three
genera from the above collection produced
necrosis of the caudel fin of the mummichog
when the fin was first abraded and bacteria.
rubbed on. But the Vibrio isclates caused
most of the mortalities ir the laboratory studies
which was carried out by surface application,
intraperitonial infection and oral transmission
of the virnlent strain.  The above study supports
the possible isolation of Vibrio sp., the causative
of fin and tail rot diseases in fish. In the
present imvestigation, all the isolates were
identified as ¥ibrio sp. The identification was
supported by comparing the characteristics of
the Vibrio isolates causing discases in poikilo-
therm animals as reported by Bain and Shewan
(1968), Further, allthe isolates required sodium
chloride for their growth and therefore presu-
mably concluded as ‘ marine’ types.  Simi«

- lar observations have been reported by Maho-

ney et al. (1973).

The presence of heavy systemi¢ bacteiial
infection in diseased fishes indicate a bacterial
ctiology (Mahoney et al,, 1973 ; Meams and
Sherwood, 1974). In the present investigation,
such heavy bacterial infections were noted
in the diseased fish,

There is considerable evidence that two
conditions, bacterial population and enviton-
mental stress to fish are pre-requisite for the
occurtence of epizootics (Mahoney et al.,
1973). Wood (1968) described conditions
which promoted epizootics caused by aero-
monads and pseudomonads among salmonids
in Thatcheries, Organic enrichment in the
habitat permitied abundant growth of the
bacteria in water. Accompanying this, the
fish suffered with some environmental stress
which increased their suscepiibility to infection
by the bacteria. Bullock (1968) in a study of



904

fin rot in brook trout Salvelinus fontinalis,
suggested that bacterial invasion occurred
through a lesion resulting from the presence of
another disease, nutritional imbalance, injury
or other disposing factors. Bulloek and
Snieszko (1970) stated that fin and tail rot were
associated with poor sanitary conditions in
aquaria and water poliution in nature (Mearns
and Sherwood, 1977).

V. SANTHA AND QTHERS

In the present investigation, the preliminary
finding of the possible bacterial etiological
agent (Vibrio sp.) of fin and tail rot disease is
reported. But no histopathological or rein-
fection study (Koch’s postualate) was attemp-
ted. Detailed investigation on the nature
of pathogenicity, histopathology, host specificity
if any, of the bacterial isolates of fin and ta.ll
rot is in progress,
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EEL ANGUILLA BICOLOR BICOLOR MecCLELLAND
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ABSTRACT

During the course of the experimental culture of the short-finned sel Anguilla bicolor bicolor McClelland

in ruaning water at Mandapam Camp, seven kinds of diseases namaly Fungus diseass, Tailfin rot disease,
Gas disease, Red pest and botches disease, Swollen intestine disease, Gill disease and Cripple body disease
were identified. The fungus disease was observedin elvers on thejr body surface as an outgrowth of whitish
or greyish mass, spreading from the affected region, The tail-fin rot disease was noticed both in elvers
and in growing eols and the affected portion gradually spreads due to the activity of the causative bacteria
resulting in putrefaction. Mostly the glass ecls were affected by the gas disease, when the O; or N level i
the water was too high. The Red past and botches dissase catsed by bacteria was observed in elver as
well as in grown up cels, the visible symptoms of this dissass being rash-like reddening of the body muscu-
lature, particularly near the abdominal and anal regions. The swollen intestine disease has been found to
attack both the elvers and the growing eels whereas the gill-disease and cripple body disease were observad
only in grown up eels, Diagnosis and some of the preliminary preventive meastires for the above seven eel

diseases are briefly discussed in this paper,

INTRODUCTION

It is a well known fact that © as the intensity of
fish culture operation increases there is a
greater chance of problems from fish diseases °,
In el culture which is being carried out in an
intensive scale in Japan, diseases are not
ancommon. About twenty kinds of eel
diseases are reported from Japan, of which
nine are considered very serious as they had
caused considerable economic losses to eel
cuiture (Usui, 1974 ; Forrest, 1976 ; Tesch,
1971 ; Egusa, 1979; Nishio, 1979). How-
ever, no information is available on the disease
of Indian species of eels. During the .course
of the experimental culiure of the short finned
eel dAnguilla bicolor bicolor seven kinds of
eel discases were observed. In the present
papar the preliminary observation made on e¢l
diseases are briefly presented.

[ express my sincere thanks to Dr. E. G, Silas,
Director and Shri S. Mahadevan, for their
guidance and scrutiny of this paper.

MATERIAL AND METHODS

The glass eels and elvers of Anguilla bicolor
bicolor collected at various centres in Tamil
Nadu during 1976-78 were reared in running
water tanks at the Regional Centre of CMFRI
at Mandapam Camp. The live as well as the
dead specimens obtained during the culture
operation formed the basis of this study.
Wherever possiblethe diseased specimens were
kept separately, treatments were given and
observations were made,
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REBSULTS

Seven kinds of eel discases namely, Fungus
disease, Tail fin rot disease, Gas disease, Red
pest and botches disease, Swollen intestine
disease, Gill disease and Cripple body disease
were observed during the experimental culture
of A. bicolor bicolor in running water.

Fungus diseases

This disease was observed only in elvers
during January-March months. The diagnosis
of this disease is the presence of whitish or
greyish threads on the body surface especially
near the margins of dorsal and ventral fins
and also on the tail region, in the form of tuft
of cotton wool. This disease was also obser-
ved .in specimens already affected by tail fin
rot disease. Usually the infection spreads
from an injured area of the animal, hence it
may be considered as a secondary infection.
The causative parasitic aquatic fungi was not
identified. However, in Japan, the fungus disease
in eel is stated to be caused due to the fungi
Saprolegnia parasitica (Usui, 1974). The
elvers affected by this disease become very
inactive and lethargic and die in about a week’s
time,

Tail fin rot disease

This disease has been found to attack both
the elvers and growing ecls.  Partial or
complete damage to the skin and musculature
of the tail region are the visible symptoms of
this disease, This disease gradually spreads
on the same animal from the affected
part to the other portions of the tail region
due to the activity of the bacteria, resulting in
pealing of the skin, exposure of the muscula-
ture, severe haemorrhage and putrefaction.
In a medium sized specimen of 172 mm in
length, affected by this disease it was found
that the entire skin and flesh on the tail region
was pealed off exposing the vertebral bones,
The affected specimens were very much inactive
and refused to take food,  Usually the
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specimens affected by tail fin rot disease could
not fully use their tail region for locomotion.
They may cither settle down at the bottom
of the tank or swim very slowly and hang on
near the surface of the water at one corner
of the tank. This disease was observed to be
more common during March-August period.
This disease is stated to be caused due to a
pathogenic bacteria Aeromonas liguefaciens
(Forrest, 1976),

Gas disease

This disease was observed only once during
December 1978 in a consignment of about
1200 glass eels kept in two numbers of 3’
dia polycraft pools with aerators. In one
pool by about 10 AM on 12-12.78, in a few
glass eel’s head two air bubbles were formed
one on either side, Within fifteen minutes
such air bubbles on the head were formed in
almost all the glass eels in the pool, Similarly
the glass eels kept in another 3 dia polycrafi
pools were also affected by this disease. The
glass eels became inactive and were lazily
swimming near the surface of the water as
they could not go down through the water
due to the presence of air bubbles on their head.
This disease occwus when oxygen or nitrogen
level in the water was too high, Immediately
treatment for this discase was given, The
aerators were cut off and in each tank about
4 kg of crushed ice was added in order to
bring down the oxygen level and the tempe-
rature of the water. In about half an hour’s
time, the bubbles formed on the head of the
glass eels bad vanished, the glass cels become
normal and thus all the glass eels were saved,

Red pest and botches disease

This disease was observed in elvers as well as -
in grown up eels, cultured in 12’ dia polycraft
pool in running water. In elvers, the visible
symptom of this disease is rash-like redding
of the body musculature, particularly near
the abdominal and anal regions and on the



908

base of the dorsal and ventral fins,. In advan-
ced condition, the affected portion is very raw
and exposed, with oozing of blood. In growing
eels (measuring from 110-650 mm) the symptom
for this disease is the appearance of tumor
like out-growths, about the sizz of a pea,
in red colour on the body and tail regions.
The botches may burst and discharge the pus
into the water. Thus this disease is conta-
gious, Elvers affected by this disease invariably
die within one week. In big ecls, healing is
possible, if they are kept in running water,
It is stated chat this disease is a serious bacterial
disease caused by the bacterium Aeromonas
(Pseudomonas) punctata (Tesch, 1977).

Swollen intestine disease

Small elvers of Anguilla bicolor bicolor were
affected by this disease, particularly during
the acclimatization period in the laboratory
after their capture from the wild, As the
name implies, the visible symptom for this
disease is swelling of the intestine. When the
elvers, were aitacked by this disease their
intestine bulge slightly, they become inactive,
refuse to take food and bscome very thin and
lean. They swim very lethargically near the
sutface of the water and finally die. '

One instance of swollen intestine disease was
observed on 7-11-1977 in a big cultured eel
A. blcolor bicolor measuring 481 mm in length
and 140 g in weight, The eel was separated
and kept in a PVC square drum, for observa-
tion and treaiment. The intestine of the eel
had swollen to a considerable extent and appea-
red like a balloon. The eel was actually
floating in the water, as it could not go down
in the water due to the balging of the intestine.
In addition to the bulging of the belly, the eel
had a small cyst on the tail region. On two
oocasion the eel was treated with Methylene
Blue and the belly was slightly reduced. The
cel, however, died on 15-12-1977. The dead
eel was cut open and the internal organs were
examined. It was found that the entire intes-

K. DORAIRAJ

tine was swollen and bulging. The kidney was
very reddish in colour and was also slightly
bulging. Thes intestine contained small
quantity of a colourless liquid.

Gill disease

Only one instance of gill-disease was obser-
ved in Anguilla bicolor bicolor. QOne big
eel, 632 mm in total length weighing 445 g
in weight reared in 12° dia polyuraft pool
was found dead on 23-1-'77. Externally there
were no indications of any disease or injury.
The internal organs were in good condition,
but the gills on both sides of the e¢l were found
to bz in a very damaged condition. The gill-
filaments were very short and they were found
broken in the middie or at the base. More
than half of the total surface area of the gills
were either damaged or missing. The damaged
gillfilaments in fresh condition without stai-
ning were examined under the microscope,
but the causative bacteria could not be detec-
ted. The above symptom of erosion of the
gills strongly indicates thet the ee! had died due
to the gill-disease. Chondrococcus columnaris
is stated to be the causative bacteria for the
gill disease in eels (Usui, 1974 ; Forrest,
1976).

Cripple body disease

This disease was observed in a cultured eel
A. bicolor bicolor measuring 253 mm in length
which died on 27-6-'78. The body of the eel
was misshapen, particularly in the region bet-~
ween anus and tail, It is in the form of two
short bends, in a zig zag manner, In all otber
respect the eel was normal. It is stated that
this disease is. caused due. to the attack of
the muscular system by the protozoan parasite
of the gena Plistophora (Usui, 1974). In the
present case the causative parasite could not be
either located or identified. Only by observing
the external distorted appearance of the eel,
it was indirectly concluded that the eel was
affected by cripple body disease. In another.



SOME OBSERVATIONS ON THE DISBASE QF THE SHORT FINNED EEL

sp:cimen, the same disease was noticed in
Dacemb:r °78,

REMARKS

During the course of the culture operation,
mortality was met with in glass eels, elvers
and in growing eels but in many cases the cause
for the death couldnot be definitely ascertained.
During January-June 1976, out of 1,648 elvers,
315 numbers (199%) had died in the laboratory.
There wers no external indication of any
injury or disease in the dead elvers, However,
the elvers were found inactive for one or two
days before their deaths. It was observed
that most of the elvers were prior to their
death, violently shaking and twisting their
bodies.

13 numb:rs of A. bicolor bicolor reared in
the Aquarium in running water, died suddenly
on 3-7-1978. The sizz of the dead eels ranged
from 288 mm to 615 mm and the weight from
20 g to 475 g. Externally there were no indi~
cation of any diseases, All the internal organs
of the dead eels were also in good condition.
However, in the liver and in the bile fluid
rod shapad live bacteria were foundin very
large numbers, The exact cause for the death
of the eel was not known. Immediately one
live eel in the same aquarinm measuring
390 mm length and 120 gin weight was sacrificed
and the internal organs were examined. The
liver and the bile fluid were also examined.
The rod shapzd bacteria found in the dead
ecl were not present in the liver and bile fluid
of the sacrificzd eel. This suggests that the
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probable cause for the death of the eel may be
due to rod shaped bacteria found in large
numbers in the liver and bile fluid,

The main objective of this study was to
document the various eel diseases of the Indian
species of eels in culture condition. In most
of the cases, the discase were observed only
inadvanced condition. However, the fungus
disease, tail fin rot disease and gas disease
were detected well in advance. For the fungus
and tail fin rot diseases salt water bath and
Methylene Blue bath (about 2 ppm) were tried
periodically but with very little success, For the
gas disease, the temperature of the water was
immediately reduced to about 22°C by adding
ice cubss, This treatment had given 1009
recovery from the disease.

In the experimental culture operation, instance
of eye blindness, excessive secretion of mucus
on the body, deformities of the body like
absence of one pectoral fin, loss of some
portion of the candal region have also been
observed. A few white patches were also
seen on the surface of the body of big cultu-
red eels, These white patches have gradually
disappeared when more water was circulated
in the tanks,

The incidence of eel diseases met with in the
present experimental ecl culture are isolated
in nature and hence gquantitative estimation
was not possible., Further intensive research
work is necessary in order to develop a suitable
diagnosis and control measures for the Indian
eels,
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PRELIMINARY STUDIES ON CULTURE OF FIN-FISHES IN CAGES IN
THE COASTAL WATERS OF PALK BAY AT MANDAPAM

P. S. B. R. JaMes*, R. SOUNDARARAJAN AND JOSEPH XAVIER RODRIGO
Central Marine Fisheries Research Institute, Cochin-682 018

ABSTRACT

The present study has been aimed at investigating the possibilities of culturing a few species of ecotlomi-
cally important macine fishes in suitable low cost cages suspended in coastal waters. In this paper, the
results of a preliminary study on cultuce of rabbit fishes (Siganus spp.), groupers {Epinephelus spp.) and
whiting Sillago sthama (Forsskal) in cages fabricated with different materials and suitability of cages are
given. The experiments were conducted from March 1979 to OQctober 1979. Five cages of the dimen-
sions 1,5 X 1,0 X 1.0mand 1.0 X 1,0 X 1.0 m were used. Among the five cages ths one fabricated with
palmyra leaf stalks was the cheapast but the two cages fabricated with nylon nettings were durable. These
cages had been kept tied to casuarina poles and rested on the sea bottom at a depsh of about 0.75m at
low tide level in coastal waters of Palk Bay.

Two species of rabbit fishes, namely, Siganmus camalicudatus Pack and 8, jJavus Linnacus were reared
in cages, S. canaliculatus were reared it bamboo splitcage (1.5 % 1.0 X 1.0m). Theinitialsizes of $. canali-
culatus ranged between 78 and 120mm (7.5and 24.0g)and the stocking density was 60n0s/sq.m. 5. favis
were reared in two nylon net cages (1.0 x 1.0 X 1,0m}, In one cage (stocked in April) the size ranged
between 67 mm and 90 mm (5.2 g and 13,0 g) and stocking density was 200 no/sq.m. In the other cags
(stocked in May) the sizes ranged between 87 mm and 117 mm ¢11.5 and 32.3 g) and the stocking densjty
was 160 nofsq. m. Tnitially for two months both the species were fed with a food prepared out of seaweed,
prawn hzad, fish and rice bran mixed in equal proportions and later on jnstead of fish and rice bran, fish
meal and geound nut oil cake were substitmted, For 8. canaficulatus the average growth incremsnt per
month was 8.5 mm and 3.1 g and for . favus average growth ingrement per month was 6.2 mm and 2.0 g
in one cage and 5,6 and 3.4 g in the other cage.

Two speciesof geoupers,namzly, Epinephelus tauving (Forsskal) and Ehexagonatus (Forster) were
stocked in palmyra leaf stalk cage (1.5 x 1.0 xx 1,0m) The stocking density rate was about 13 nosf
5. m and these were fed with chopped fish. Theinitial sizes of E. tauving ranged from 173.0 mm to 354.0
mm (80.0 g and 580.0 g) and of E. hexcagonatus from 224.0 mm o 300.0 mm (I90.0 g t0 380.0 g). After
six months the size of E. fauvina ranged from 299,0 to 450,0 mm (405, 0 g to 1,497.0 g) wheteas E. kexagonatus
has not shown any consistent increase in size.

In Sillago sikama, stocked in G. 1. wirecage (1.5 x 1.0 x 1.0'm), theinitial size of fish ranged from
63,0 to 95,0 mm (2.8 g to 6.0 g) and the stocking dansity was about 70 nofsq. m. This species was fed
with fish meal and groundnut oil cake mixed in equal proportion, The average growth jncrement per month
was 10.0 mm and 1.6 g from July to September.

INTRODUCTION tions which must be taken into consideration

CAGE CULTURE of fish originated in the Far bzfore it is .applied on a large scale. Cage
East and was later adopted in several countries. culture is being practicad in several countries
Tt has numerous advantages over other cultwe With equal success in fresh (ponds, rivess,
techniques but there are some serious limita- reservoirs, lakes), brackish and salt water

*Present Address: Indian Council of Agricultural enwronmentS-. Cages may be resting or:'. the
Research, Krishi Bhavan, New Delhi-110 001, bottom, floating at the surface (predominant
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- type) or submerged (either floating in mid-
: water or resting at bottom). Materials used for
: fabrication of cages are netting, bamboo and
* metal, floating net cages having widest applica-
* tion. Ideally, cages have to be inexpensive,
- durable and easy to handle. These criteria
are met in different ways, depending on the
- materials available locally, on the type of
. culture undertaken and on the possible invest-
~ ments which may be made according to local
. economic conditions. Artificial feeds used in
. cage culture vary from raw materials obtained
locaily to nutritionally balanced pelleted feeds.
. While most of the feeding is by hand, the use
- of mechanised feeders is increasing.

. In this paper, results of preliminary experi-
- ments on the culture of a few species of fin-
- fishes in cages in the coastal waters of Palk
Bay near Mandapam on the south east coast
of India are given.

MATERIAL AND METHODS

. 'The present experiment on culture of fishes
‘ in cages was carried out from March
. 1979 to October 1979 in the coastal waters
of Palk Bay.

Five cages were fabricated using different
materials, All the cages were rectangular in
shape and the frames were made of palmyra
‘wood. Of these, two cages had the sides
~ covered with nylon twine nettings (2.0 mm thick-
. ness), the first one had the mesh size of about
10 mm and the other of about 15 mm. These
- two cages had the dimensions of 1.0 m X1.0 m
1.0 m (1.0 m®. The other three cages had
the dimensions of 1.5m X 1.0 m X1.0 m
(1.5 m3). Among these three cages, the first
- one had all the sides covered with palmyra
~ leaf stalks closely nailed together, the second
" one had the cides covered with closely nailed
bamboo splits and the third one had been
covered on all sides with G.I. wire mesh (5 mm).
All the five cages had bzen provided with a

911
half-door to facilitate opening and closing the
cages for purposes of feeding etc, These cages
were tied along the four corners to casuarina
poles erected at a depth of about 0.75 m at
low tide level at the Palk Bay side off Manakkad
near Mandapam. These cages were placed
on the bottom and one concrete block was
tied to the bottom of the cage to serve as an
anchor to keep it in the position.

Three groups of fishes, namely rabbit fishes,
groupers and whiting were sclected for experi-
mental culture in the cages. Among rabbit
fishes, two species namely Siganus canalicula-
tus Park and §. javus Linnacus and among
groupers iwo Specics, namely, Epinephelus
tauving (Forskal) and E. hexagonatus (Forster)
were collected. The Sigamus spp. were collec-
ted from shore seine operations and Epine-
Phelus spp. were collected using fish traps.
About 100 nambers of S. canaliculatus were
collected in the middle of March and the size
ranged between 71.0 mm and 91.0 mm (4 g
and 10 g) with an average sizé of 83.0 mm and
7.1 g. These were reared in a 12° diameter
plastic pool till April middle and were then
transported to bamboo split cage (1.5 m3).
During one month period about 10 numbers
had died and the remaining 90 numbers were
stocked in the cage (60 nofsq. m). The size
range at the time of stocking was 78.0 mm
(7.5 gy to 120,60 mm (24.0 g) with an average
size of 91.0 mm (9.9 g).

About 400 S. javus were collected during
April-May. The first batch of about 200
numbers were collected in the middle of April
and the size ranged between 67.0 mm (5.2 g)
and 90.0 mm (13.0 g) with an average size of
73.9 mm (8.0 g). These were stocked in one
nylon net cage (1.0 m®) having the mesh size
of about 10 mm. The second batch of about
200 numbers were collccted in the middle of
May and of these about 160 were stocked
in another nylon net cage (1.0 m®) having a
mesh size of about 15 mm. The size of the
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fish ranged from 87.0 mm (115 g) and
11740 mm (32.3 g) with an average size of
103.1 mm (19.2 g).

Eleven numbzrs of Epinephelus tauving ran-
ginginsize from 173.0 mm, (80.C g) to 354.0 mm
(580 g) and cight numbeis of E. hexagonatus
ranging in size from 224.0 mm (190 g) to 300.0
mm (380.0 g) were stocked in palmyra leaf
stalk cage (1.5 m? and the stocking density
rate was about 13 nofsq. m.

119 numbers of live Sillago sihama were
collected in tke middle of July, using a drag
net and of these 13 died during transportation.
106 numbers were stocked in the G.I. wire
mesh cage (1.5 m®. The sizes ranged from
63.0 mm (2.3 g) to 95.0 mm (6.0 g) and the
average size was 81.9 mm (4.1 g).

The Siganus spp. were fed with a composi-
tion of prawn head, fish, rice bran and seaweed
mixed in ratio of 1:1:1:1 initially for two
months, Later on, instead of fish and rice bran,
fish meal and ground nut oil cake were substi-
tuted, The Epinephelus spp. were fed with
chopped fish, Sillago sihama were fed with
fish meal and groundmut oil cake mixed into
1:1 proportion. All the fishes were fed
once daily, Monthly measurements were taken
to record the growth rates,

RESULTS
Cost of cages

Among the five cages the cost of the palmyra
leaf stalk cage was the lowest (1.5 m?® cage —
Rs. 182) and that of G.I. wire mesh was the
highest {1.5 m® cage — Rs, 315), The cost of
the bamboo split cage (1.5 m® cage — Rs. 195)
was lower in comparison to two nylon netting
cages (Rs. 254 and Rs. 270).

Suitability of cages

The cages were put in the sea in March *79
and the conditions of the cages were observed
till Octobzr ’79. The two nylon net cages

P. & B. R. JAMES AND OFHERS

were in good condition throughout the period.
The palmyra leaf stalk cage was in good
condition till September and afterwards a
few stalks had become soft and conld not
withstand the wave action. In the bamboo
split cage on a few occasions longitudinal gaps
widened 28 a few splits had come off. The
G.I. wire mesh cage was in good condition till
September and subsequently in. Qctober while
removing the cage the mesh along the side cor-
ners was torn off as the mesh had been weakened
atthese areas by shaking of mesh in water move-
ment. The palmyra wooden frames in all
the cages were in good condition throughout
the period. All the cages were heavy and
submerged to the bottom. Of all the cages,
nylon net cages were easy to handle. Fouling
was not much during the period. Barnacle
settlement was observed to some extemt on
the upper frames of the cages especially on the
inner sides. In palmyra leaf stalk cage and in
bamboo split cag: organisms like algae, sponges
had grown on the lower half of the inner sides
of the cage and these prevented water move-
ment to some extent, These could be easily
cleaned, :

Rearing of the fishes

Siganus canaliculatus ;. The initial sizes of
the fishes in March ranged from 71.0 mm to
91.0 mm (4.0 g to 10,0 g) with the average
size of 83.0 mm and 7.1 g. In about one
month, the average size increased to 91.0 mm
and 9.9 g. The individual sizes ranged between
78.0 mm and 120.0 mm (7.5 g and 24.0 g).
Of the stocked 100 fishes about 10 died during
March and the remaining 90 were stocked in
the bamboo split cage in April, The average
size increased to 101.1 mm in length and 13.0 g
in weight in May and 108.5 mm and 164 g
in June. The average growth increment for
about 3 months was 25.5 mm and 9.3 g.
Thus the average growth increment per month
works out to 8.5 mm and 3.1 g. The average
growth increments in different months varied
between 7.5 mm (2.8 g) and 10.0mm (3.4 g).



PRELIMINARY STUDIES ON CULTURE QF FIN-FISHES IN CAGES

63 numbers survived till May and 57 numbers
till June, However, subsequently in the month
of July, most of the fish had escaped through a
gap that had formed in the cage as a bamboo
split had come off. Only four fishes could be
recovered. The average size was 124.5 mm
and 28.0 g.

S. javus ;. In nylon net cage 200 numbsars
of S, javus weighing about 1,437.0 g were stocked
in April. The sizes ranged between 67.0 mm
and 90.0 mm (5.2 g and 13.0 g) and the average
size was 73.9 mm and 8.0 g. The average siz:
increased to 111.1 mm and 19.7 g by October.
The average growth increment for about six
months was about 37.2 mm and 1L.7 g and
the awverage growth increment per month
works out to 6.2 mm and 1.95 g. The average
growth increment was almost nil during June-
July and the growth increment was more
comparatively in April-May and Aungust-
October. The average growth increments in
different months ranged between 0.1mm
and 16,0 mm (0.0 g and 6.2 g) in different
months. 121 numbers survived till October
which works out to nearly 609 of the initial
stocking, The total weight was 2,358 g.

In another nylon net cage about 160 numbars
of 8. jovus weighing a total of 2,055 g were
stocked in May. The sizes ranged between
§7.0 mm and 117.0 mm (11.5 g and 32.3 g),
The average size was 103.1 mm and 192 g.
It increased to 131.0 mm and 36.4 g by October.
The average growth increment for about 5
months was 27.9 mm (17.2 g) and it works
out to 5.6 mm and 3.4 g per month. The
average growth increments in different months
varied from 0.4 mm to 20.] mm (0.2 g to
110 g. 52 numbers only survived which
works out to 32.5% of the initial stocking
weight. The total weight was 1,973 g.

Epinephelus tauvina ;: The initial sizes of 11
numbars ranged beiween 173 mm and 354 mm
(80.0 g and 580 g) in April. The average size
was 241.7 mm and 234.1 g. The total weight
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was 2,575 g. In October the sizes ranged
between 299 mm and 450 mm (405 g and
1,497 g). The average size had increased to
355.6 mm and 7580 g. The average growth
increment per month was 19.0 mm and 87.3 g.
The monthly growth increment in individuals
ranged between 3.0 mm and 57.0 mm and the
average growth increments in different months
varied between 6.7 mm and 342 mm (62.3 g
and 117. 8 g). Till October, 8 numbers survived
{72.7% of initial stocking number) and the
total weight was 6,506 g.

Epinephelus hexagonatus : 8 individuals with
initial sizes ranging from 224 mm to 300 mm
(190.0 g to 380.0 g) were stocked in April.
3numbers kad escaped in May and for the
remaining five the sizes ranged between 234 mm
and 318 mm in October, In this species the
growth increments were negligible and the maxi-
mum growth increment observed was 6.0 mm in
one month. Many individuals did not grow
at all and remained on the same size,

Sillago sthama : 106 numbers were stocked
in July and the sizes ranged from 63.0 mm
(2.8 g) to 950 mm (6.0 g) and the average
sizz was 81.9mm (4.1 g). In Augustthe average
size increased to 99.3 mm (6.5 g) and in Sep-
tember to 102 mm (7.3 g). The average growth
increment for two months was 20.1 mm and
3.2 g. The average growth increment per
month works out to about 10 mm and 1.6 g.
In Octobar the cage mesh had torn off and
all fish had escaped. :

The results of the experiments on the growth
of various species are summarised in Table I.

REMARKS

Although vast expanses of water areas suitable
for cage culture are available in India, serious
attempts have so far not been made to culture
fishes in cages in fresh water or salt water,
The only experiment on record is the experi-
mental culture of fishes in cages conducted



Tasbi E 1. Details of size ranges and mean sizes (it parentheses) of differemt species int cages from April to October 1979
(length in millimetres qud welght in grams)

Month 8, canaliculatus S. javus (I cage) S. javas (I cage) E. tawvina* Sillago sihama
Length Weight Length  Weight Length  Weight Length  Weight Length  Weight
March 7191 410 - - - — — - —
{83) (.0
(in aguarium tank)
April 78-120 7.5-24 67-90 5.2-13 — — 173-354 80-530 — —_
{91) 4.9 73.9) * 41D (341
May £88-119 9.23 74-91 7.2-13.5 87117 11.5-32.3 197-370 90-740 — -
{10i.1) (13.0) {82.2) 9.2) (103.1) (192.2) (275.1) (300.0)
June 93-118 10.5-21 7494 8-13.6 111-149  21.5-49.8 210-394 125-895 — —
(108.5) (16.4) (86.3} (11.3) (i23.2) (30.2) (282.6) (362.3)
Yoly — - 78-98 ' 23553 2440 174972 6395 2.86
(86.4) (11.2) (125.1) (30.8) {298.3) {433.6) {81.9) 4.1y
August — — 84-100 10-16.0 111-144 19-45.6 250-420 220-1150 80-117 3.5-11 -
(83.8) (11.9} 125.5) (31) (322.8) (542.8) (99.3) (6.5)
September — — 84105 j0-18 110-147 20-46 285-437 340-1300 80-117 3.5-11
(95.1) (13.5) {188.5) (32.3 (343.9) (650.6) (102) (7.4)
Qcteber — — 96-125 1228 120-153 24-51 299-450 405-1497 — —
arLy  a9h s (364)  (355.6) (758)
Average growth, per
3.5 3.1 6.2 2.0 3.6 34 19.0 8§7.3 10.0 1.6

month

* Growth data on E. hexagonaius are not given as the speci es has not shown any consistent growth,
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at Ghorajan beel, a wvast derelict water
body, situated on the north bank of river
Brahmaputra near Gauhati in Assam (Dehadrai
et al., 1975). This experiment was conducted
for a period of three months only with split
bamboo mat cages of 152 x 76 X 76 cm size.
The growth and production of Heteropneustes
Jossilis and Anabas testudiens were siudied in
different stocking densities, Few years ago
some experiments were conducted by the
Central Marine Fisheries Research Institute
for rearing oilsardine and mackeral in. floating
cages in the sea and also in the estuary. Qil
sardines could be kept successfully for four
and a half months in cages in the estuary. While
the experiments have proved that these fishes
could be kept in cages without artificial feeds
the increase in growth was not impressive,
Therefore, the present preliminary study on
culture of fishes in cages in the marine environ-
ment is the first concerted effort of its
kind. :

_In the present experiment different materials
have been used for constructing cages in order
to study the suitability of local materials, their
durability and cost structure. Among these
cages with nylon nettings seem to be more
suitable than those made of other materials
viz., palmyra leaf stalk, bamboo and metal.
Palmyra leaf stalks and bamboo splits work
out cheapsr but their durability in sea water
has not bsen satisfactory. This can be over-
come to some extent by curing of the materials
before using. Nevertheless meshed coverings
are more advantageous than those longitudi-

. 9is

nally nailed materials (leaving vertical gaps
for flow of water) for culturing fishes from
very small sizis. Fouling also could be
greatly avoided by using nylon nettings.

Among the fishes cultured, only groupers
gave encouraging results. In E. tfeuving the
growth per month has been zbout 19.0 mm
and 87.0 g. The yield has been about 2.5
times in about six months, The survival rate
was about 739, Therefore, this species may be
suitable for culture in cages. In Malaysia
E. tauving has been rearcd in floating pens and
it has been found that fingerlings of 8 10 15 g
require 2 to 3 months to attain markeiable
size of 900 g which works out to an average
growth of about 71 g per month, When an
artificial feed prepared in moist peliet form was
offered the growth has been enhanced by 11.5%
(Anon, 1977). In the present cxperiment
S. canaliculatus has shown a growth of 8.5 mm
and 3.1 g per month. According to Lam
(1974), in Philippines, Lavina and Alcala (1973)
have recorded a growth of 8 ¢m in about
3 months, 10 cm in about four and a half
months-and 14 cm in about seven months for
the species and in S‘ngapore Ben Tuvia et al.
1973) have found the species to grow to about
120 grams in about 9-11 months. In the
present experiments, S. javus also did not
show good growth and the average growth
was only about 5.6 mm t0 6.2 mmand 2.0 gto
3.4 g. However, since these fishes are known
to grow fast in floating cages (Lam, 1974)
more exp:riments seem to be necessary before
¢oming to oonclusxons.
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SPAWNING GROUNDS OF THE MILKFISH AND SEASONAL ABUNDANCE
OF THE FRY ALONG THE EAST AND SOUTHWEST COASTS OF INDIA

E. G. SiLAs, G. M0oHANRAY, V. GANDHI AND A. R. THIRUNAVUKKARASU
Central Marine Fisheries Research Institute, Cochin-682 01_8

ABSTRACT

The fish seed resources surveys conducted along the east and southwest coasts of India have shown the
occurrence of fry and fingerlings of Chanos chanos in appreciable quantitics during different months, An
attempt ismade to present a guantitative distribution of firy of the milkfish in space and time in the study area,
Tho occurrence of spawners and fry along some stretches of the coast indicate the proximity of spawning
grounds of the milkfish and these are delineated. The research programmes on controlled breeding of
Chanos and its culture aspects underway at the Central Marine Fisheries Research Institute are also discussed,

INTRODUCTION

The milkfish Chanos chanos (Forsskal) is
important in the economy and nutritional
needs of some of the developing countries
in the Indo-Pacific. It is the prime finfish
species in coastal aquaculture operations in
countries such as Philippines, Indonesia and
Taiwan. Although it spawns in the sea and
spends a good part of its life in the marine
environment, it is highly adaptable and can be
acclamatised and cultured in situations ranging
from fresh water to sea water. Interest in
milkfish culture in India gates back to a few
decades and credit goes to the Fisheries Depart-
ment of the Govt. of erstwhile Madras Siate
for attempting culture in different habitats
including fresh water, in areas far distant from
the coast, The early efforts of the Central
Marine Fisheries Research Institute, in the
late forties and fifties of culturing chanos in
saline water ponds at Mandapam yielded useful
results, but the work was discontinued, The
revival of interest in coastal aquaculture has
once again drawn attention to the importance
of chanos as a good candidate species for culture
in a wide variety of available habitats and under

farm conditions, The mote point has been
whether we should go in a large way in develop-
ing techniques for induced breeding of chanos
by adopting techniques which have been success-
fully tried in other countries such as Indonesia
and Philippines or depend only on wild seed
presently available in plenty along some parts
of our coast,

The fry and fingerlings of chanos are availa-
ble in the coastal waters, lagoons, estuaries,
crecks and mangrove areas along the east
coast of India and sporadically along the west
coast in Gujarat, Goa and southwards. Adult
chanos are taken in coastal gillnet fisheries in
some arcas and pertinent earlier references
from Indian seas are as follows : Chacko, 1951,
1952 ; Panikkar et g/, 1952 ; Chacko et al.,
1953 ; Devanesan and Chidambaram, 1953 ;
Chacko, 1955 ; Chackoand Mahadevan, 1956 ;
Tampi, 1957 and Chacko and Thomas, 1962.
Occurrence of milkfish fry have been cited by
various authors from different localities (Chacko,
1942 ; Job and Chacko, 1947 ; Ganapati ef al,,
1950 ; Panikkar et al, 1952 ; Krishnamurthi,
1957 ; Alikunhi, 1957 ; Mahopatra, 1966 ;
Evangeline, 1967 ; Saha ez al,, 1967 ; Rao, 1969,
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1970; Tampi, 1973 ; Rao and Gopalakrishnan,
1975 ; Basu and Pakrasi, 1976 ; Patiand Rao,
1978 ; Rao et al, 1978 ; Sundararajan et al.,
1978 ; Dhawan and Gopinathan, 1978).

Despite this, there is practically no infor-
mation on the spawning grounds and the
seasonal abundance of the fry along the Indian
coasts. In order to understand this problem
better, a base line study all along east and south-

west coasts of India was made on a time bound

programme to understand the regional and
seasonal abundance of the milkfish fry in the
coastal waters. The survey along the coasts
of Karnataka, Kerala and Tamil Nadu have
been carried out on a comprehensive basis over
a period of one year enabling quantifications
for different seasons.

Aquaculture of milkfish is rapidly developing
in many countries, At present the only source
of the seed for the farmer is from the natural
waters. This is often irregular and inadequate,
To facilitate steady supply of seed to the farmer,
patural and induced breeding of milkfish is

necessary (Schmitton, 1975). Induced breeding

and artificial propagation of milkfish from the
wild and captive stock have been attempted by
various scientists in a number of countries
(Liao and Chang, 1976 ; Alikunki, 1976 ; Nash
and Kuo, 1976 ; Liao and Chen, 1979 ; Liao
et al., 1979; Vanstone et al, 1976, 1977;
‘Chaudhri et al., 1977 ; Kuo ef al,, 1979). The
Central Marine Fisheries Rescarch Institute
is making an attempt to develop broodstock
of milkfish for induced breeding experi-
“Ments., - -

Biological data from fifteen adult milkfish

from the Guif of Mannar and Palk Bay- area_

was also collected

Based upon the availability of spam an.d .

fry ‘recorded in the present investigation .and

correlating the observations made by various .

workers from different localities during different

a7

periods, possible spawning grounds along the

Indian coasts have been identifisd. :
STUDY m AND METHODS

Observations on the avallabxhty of milkfish
fry were carried out in the coastal waters, bar

.mouth regions, estuaries, backwaters, lagoons

and creeks from Ichapuram in the north
east coast to Kasargod in the morthern part
of Kerala Coast, To facilitate collection and
analysis simultaneously at all the centres of
investigation, the sampling was carried out on
zonal basis, Table 1 gives the area of study,
investigation period, number of stations covered

-and ‘the methods of sampling.

Milkfish spawners were collected from the
Gulf of Mannar’ and Palk Bay -area during
1978 and 1979 employing bottom set gill nets
and drift nets. The specimens were analysed
for biological data such as length, weight, sex,
length and weight of gonad, GSI value, ova
diameter and maturity stage.

- The Jocation of the possible spawning grounds
in the Indian waters was attempted based on the
availability of spawners and fry in the present
investigations as well as observat:ons made by
earher Workers

RESULTS

Occurrence of adult milkfish

In the present study the authors could gather
gome interesting information on the availa-
bility of milkfish spawners along the Palk Bay
and Gulf of Mapnar areas. Occurrence of
adult- milkfish is a regular phenomenon in
the Theodai and Ariyankundu areas in the Palk
Bay and Pudumadam’ and Appatheevu in the
Gulf of Mannar, At Ariyankundu about 100
numbers of milkfish spawners are caught every
year, the abundant period being January to
April, They are in the size range -of 1.0 to
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1.5 metres in length and 7.00 to 1500 kg
in weight. The milkfish are canght by bottom
set nylon gill nets with mesh size of 17 cm,
In this region the sea forms a shallow bay with
a stretch of coral sand rocks with a depth of

seines. During the present observations, on 4th
November 1978 one female milkfish weighing 8
kg was obtained. Adult milkfish are caught
from Appatheevu area during the month Feb-
ruary-March and November-December every

2 fathoms. A few numbers of milkfish spaw- year.
ners are caught during October-November
TanLg 1
Area of investigation Period of investigation No, of stations Method of sampling
covered
Zone I Andhra
Ichapuram April-June 4 Velon screen stretched as
Bellupude May-June drag-net usually opera
Kusumpuram 1976, 1977 & 1978 by two men :
Zone IT Madras
Arambakam in the north to Muthu- March 1976- 31 -do-
pet lagoon in the south March 1978
Zong HI Mandapam
Sundarapandipatnam in the north January 1976- 59 -do~
to Keclakkarai in the south June 1978
Zone IV Turlcorin
Mayanikulam in the north to Kanya- January 1976~ 63 ~do-
kumati in the south June 1978
Zone V Vizhinjam
Kanayakumari in the south to March 1976- k. -do-
Sakthikulankara in the north June 1978
Zone VI Cochin
Neendakata in the south to Ponnani March 1976~ M Quantitative estimation by
in the north June 1978 sampling one cubic metre
of water
Zone VII Calicut
Ponnani in the south to Kasargod March 1976- 83 Velon screen siretched as
in the north March 1978 drag-net usually operated

by two men

every year from Theedai region and we also
could collecta gravid female on 15th October the largest number ever analysed from the
1978 weighing 8 kg. During the months of wild from any place in India. Fourteen fishes
November and December a few adult milkfish were caught from Ariyankundu and one from

are caught from Pudumadam area in shore Appatheevu (Table 2).

The authors could examine fifteen milkfish,



Tame 2.  Detdllsof the adult milkfish analysed in the Palk Bay and Gulf of Mannar region

(Gonad weight, GSI and Fecundity of adult milkfish)

Date of Total Bod! Gonad Ova M:tt;m;ety Fecuadity No. of
catch Place length wad: Sex weight GSI  di according  (Total oxus/Kg
{mm) Xg) (gm) (mm) toP.R.S No.ofeggs body wt
i  inmitlion) of fish
(1957 in thousand
10-4-1978 Ariyankandu 1161 900  Female 909  10.10 0.67 m —
104-1978 ,, 1131 700 Male 3 1.04 - n -
25-1-1979 » 1075 700 Mak 20 0.29 - I —
29-1-1979 " 1290 1500  Female 310 207 037 I 345 230
304-1979 " 1270 15.00 - 1257 8.85 0.80 m 532 ‘385
1-2-1979 " 1175 9.50 " 147 1.55 0.42 1 1.42 150
14-2-1979 Appa Isiand 1290 14.50 " 385 2,43 0.29 b .52 243
(Kilakarai) :
17-2-1979 Ariyankundu 1055 750  Mak 19 0.25 - 1 -
18-2-1979 » 1238 1400  Female 235 1.68 0.32 n 1.78 127
22-2-1979 - 1340 13.50 » 330 2.44 0.37 1 3.42 253
22.2-1979 - 1152 11.40 " 920 8.07 (%} m 3.57 313
23-2-19719 - 1294 14.00 » 1170 8.36 o m 4.45 318
23-2-1979 v 1042 900 Mak 275 3.06 - m -
23-2-1979 ” 1145 10.50  Femalk 965 9.10 0.74 m 3.90 37
26-2-1979 - 1186 12.00 - 1090 9.08 0.76 m 3.09 257

HSIHATIN 4O SANNOYD ONINMVIS
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The fishes were obtained during January,
February and April, Of the 15, cleven were
females measuring from 1145 to 1290 mm in
total length and 9 to 15 kg in weight. The
ovary length varied from 370.5 mm to 461.5
mm and weighed between 0.147 kg to 1,327
kg. The GSI value for the stage IF of
maturity fishes was between 1.55 and 2.45
and that of mature fishes (stage III) was
between 8.36 and 10.10.
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1.04 and 3.06 for the Ist, IInd and IHrd stages
of maturity respectively,

Occurrence of milkfish fiy

The place of occurrence during the period
of investigation, the total of milkfish fry in
numbers and the size range of the fry collected
during each month are presenied in Table 3
and illustrated Fig. 1.

No| DATEOF | PLAGEOF | LENGTW |WEISHT lory! cngri wgiont| gla | STAGE
) [ 10-4-1978( amivanxunou | neos | 90 |1 | 400 | 0908 o672 m
2 { 10-a~1978 . w30 | 70 |m|4ev0|o0or3| —~ | m
3 | 28-121979 - 10780 |- 70 fm {3008 [0-020 | — { 1
4 | 20-1-1079 . 12000 [15-0 [t [3728 {0-031 0 3% u
5 | 30-1-1979 Vs uz‘?o»o_”_ wo 1 lams |i-a27 o | m
6 |9-2-1979 . w0 tes [t (3800 |07 lo-e2- P
4 |f‘r-z-|a?9 ve 10850 {78 mil735 (0019 | — | I
o |ie-2-1970 ., 12560  |14:0°" | ¢ |370-5 J0-235 032 | 1
9 |22-2-1879 ' 12400  (13-3 t 4880 |O-330 |O:37. | ‘&
10 | 22-2~1979 e uszo |sro  |¢ |s070 fo-v20 o7 | I
11| 23-2-1979 . 12040 {140 |1 [s&rs [170 Jomr | wm
12(23-2-1979 - o 10420 | 90 . |m 32600275 | — | m
13| 23-2-1979 ' it4s-0 108" |t |asasooses| — | =
14(26-2-1979 ve _ [neeo lwo |t [sero|roso| — | =
15|14-2-1979 | apeatiEEVD  |i2000 145 |1 [s005 [o388 |028 |
{Neor Keslgkhorat } "{¥After Tompl, 1957 ) :
. Fig. 1
The su.e of the males ranged from 1042 to ANDHRA ZONE

1113 mm in total length and 7t6 9 kgin weight.
The length of testes varied from 173 mm to
489 mm and weighed between 0.019 kg to
0.275 kg. The GSI value was 0.25 to 029,

~ Every year large quantities of milkfish fry
‘are. collected from Ichapuram area during

" April - June and two persons could easily collect

20,000 fry/day during the peak season,



Tabie 3. Deiails of milk:fish fry collected from the east and seuthwest coasis of India
{Monthwise narnbers and the size length in mm of the fry)

Place of

Months, Numbers and the size range of Chanes fry caught
Mar. Apr. May  June July Aug.  Sep. Oct. Nov. Dec.

Jan. Feb.

Andhra Zone

{Orissa)

249 2000 2280
(75-80) (75-85)

3
(60-72)

Seeniappa D
(backwa.fnltllfa)r‘a'

. T
35)

Pamban tidal pools

58 . . 6loi. 375 88 88 12 27 9 6
(31-56) (4-90) (1972) (21-90) (3263) (3086) — (327 (@27  (39-50)

81 i . 4 313 70 15 35 432 3 7
G852 — — (3095 (590 (19D —

9 1
GLe) @) — —

8 - 2
(43-48) -

Titicorin Zone
Valinokam

1045

1 i
(44 (1449 (10-41)

Vaipar

(30-8)

Kallurani Creek

1
an

HSIEHMTIN 40 SANNOCYEH DNINMVLS
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TasLe 3—Contd.
- Place Ofoe- ) Months, Numbers and the size range of Chanos fry caught
Jan, Feb. Mar, Apr. May  Jupe July  Aug.  Sep. Oct. Nov.
Kalla . . 547
(Mouth) (1-17)
_ Muthiapuram Estuary 22 1
63-129 (112}
Mullacad Creek 1
(s
Palaya Kayal (North) 11 333 2
(10-76} (13-35) (2742}
Punnai Kayal (South) 6 2 690 12 74 1
_ (19-83) (46-68) {13-64y (30-41) (21-89) 143 ..
Arumuganeri 5 1
{backwater) {13-14) 36)
Tiruchendur Estuary ¢ 20_222) (11944)
Manapad 14
_ (15-41)
" Thottarippu Creek ’ 1293)
11-5
- Wattakotai 109 792
(1214 (13-53)
Wariyoor @ 228)
Leapuram 179 -
(14-33)
Chinnamuttom ( 20
31-41)
Vizhinjam Zone —_ —_ —_ — - — — —_ — — .
C(;C’!fﬂ Zone
Ampalapuzha

6

ASVAVIINAVYNNYIHL o 'V ANV IHAONYD ‘A ‘tVINVHOW "D ‘SVTIS 'O 'H



Place of

Months, Number and the size range of Chanos fry caught '

Jan. Feb. Mar. Apr. May Jun. Jul.  Aug Sep. Oct.

Nov.

Thottappalty

y 2

Tirukkunnapuzha

2

Alum Kadava

1
13

Alleppey seaside

5
©-14)

Aruthungal

1
9

Anthakaranazhi

1
a3

Chellanum

5
(11-14)

Fort Cochin (barmouth)

2
(12-12.%)

Narakkai

3
€9

Azhikode

1 1
LY (1L.5)

Kaipamangalam

HSIHIY¥TIW 40 SAONAOYD ONINAVLS

Nattika

Ponnani

3
(6.5-13) 1

Puthuponnani

2 1
(12-13) : (10.5)

Chetwai

Calicut Zone

Chavai River

5
(16-20)

Kadulundi Estuary

2
(36-42)

£36
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Bellupude, Kusumpuram, Barjapalam and
Bhimilipatnam waters of Andhra Pradesh
appear to be very promising sources for milk-
fish fry collection. During the month of May
and June as much as 988 to 2599 fry/hr could
be collected from shallow areas of 30-45 cm
water depth in the early hours of the day in
dragmet operations. The average size of
the fry collected was 12.0 mm.

MADRAS ZONE

During Aungust and September 1976 young
milkfish of 75-85 mm size were collected from

Kovalam waters. However, during May 1979 -

2025 mm fry occurred in this area, From
Thirumalarayanpatinam area 60-62 mm young
milkfish were caught during December 1978,

MANDAPAM ZONE

Milkfish fry have been recorded from Seenj
appa Dharga Backwaters, Pamban tidal pools,
Chinnapalam creek and Pillaimadam areas.
The monthly size range of the fry and young
fish recorded during the period of investigation
was January 35-48 mm, February 31-56 mm,
March-April 1495 mm, May 19-90 mm, June
2197 mm, July 32-68 mm, August 30-
86 mm, September 41 mm, October 32-71
mm, November .42-71 mm and December
39-90 mm.

TUTICORIN ZONE

Around Tuticorin and Kanyalmmari areas
chanos fry have been recorded from Valinokam,
Kallurani Creek, Kallar Estuary, Palayakaya
Estuary, Punnakayal Estuary,
Estvary, Tiruchendur Estuary, Thottarippu
Creek, Wattakottai Creek, Wariyoor Creek and
Leapuram Creek. The monthly size range of
the fry and young fish occurring in this zone were
as follows: January 12-83 mm, February
10-76 mm, March 11-22 mm, April 10-64 mm,

_February, March,

Arumuganeri.
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May 13-42 mm, June and July 21-129 mm,
August 36-112 mm, Sgptember 143 mm,
November 17 mm and December 80-83 mm,

VIZHINIAM ZONE

No milkfish has been recorded in between
the waters of Kanyakumari in the south to
Sakthikulankara in the north during the period
of investigation.

CoCHIN ZONE

Of the 33 Stations covered in this zone milk-
fish fry have been recorded from 16 stations
ie., Ampalapuzha, Thottappally  (seaside),
Thrikkunnapuzha, Alumkadavu, Alleppey (sea
side), Aruthingal, Anthankaran azhi, Chella-
num, Fort Cochin (barmouth), Narakkal,
Arhikode, Kaippamangalam, Nattika, Ponnani,
Puthu ponnani and Chetwai. The monthly
size range of the fry occurring was as follows
in this area of investigation. January,
6.5 to 14 mm, April
13-14 mm, May-June 6-11.5 mm, suly 10.5
mm, August 14 mm, September, October
13 mm, :

CALICUT ZONE

Milkfish fry have been recorded from Chovai
River during January 1976 and in the Kadalundi
Estuary during June 1977, The size of the fry
recorded was 16-20 mm and 36-42 mm in
Chovai River and Kadalundi Estvary respec-
tively.

OCCURRENCE ©OF FEGGS, FRY AND ADULT
MILKFISH FROM INDIAN WATERS—
A REVIEW :

Apart from the present investigations, the
authors have attempted to present the details
of the earlier works relating to adult milkfish,:
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occurrences of plankton eggs and fry from the
Indian waters and this is shown in Fig: 2.

. Adult milkfish have been recorded from
Indian waters along the Coramandal coast;
Palk Bay and Gulf of Mannar and Malabar
-Coasts by earlier workers (Chacko, 1950, 1951,
1952 ; Chacko ef al., 1953 ; Devanesan and
Chidambaram, 1953 ; Chacko, 1955 ; Chacko
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creek (Jacob and Krishnamurthy, 1948) and
Kurusadai Island (Chacko, 1950).

The occurrence and abundance of the milk-
fish fry all along the Indian coasts have been
cited by various workers during different time
{Chacko, 1942 ; Job and Chacko, 1947; Ganapati
et al., 1950 ; Panikkar ef al.,1952; Alikunhi
1957 ; Krishnamurthi, 1957 ; Mahopatra, 1966 ;

and Mahadevar, 1956 ; Tamni, 1957 ; Panikkar Saha er al, 1967a, 1967b; Evangeline, 1967;
et al., 1952; Chacko and Thomas, 1962). Rao, 1969, 1970; Tampi, 1973; Rao and
O 75° w' " 9o '
Jls{- AVAILABILITY OF SPAWNER,EGG AND FAY OF THE MILKFISH Jag
CHANOS CHANOS (FORSSKAL) ALONG THE INDIAN COAST
SALGUTTA  dum,
L R Y i
Alompors B Junput-Egg B Fry-
onle Jus= SapHmior (Saka g1 g4, 196T) J20°
Lowder Sunderbans - Fry(T=8mm )= 3
L SOMBAY « Aprit=duss (SosuondPokroal SITE)
. . proahlsstuory -Fry (MORGPOMa, 1986 J |
- - KALINGAPATNAM o amumm-m -April- Joty | Pofi 8 Rao 1978}
L VIZAGAPATNAM o Srimakulgm - Spowner -Apei -May (Chagko .m.u 9
b RATHAGR) KAKINADA Fry - Apri- .mumnggm _”1
| Soge [T Spew Y] ) -
Fry~ -Way |
wtle y l'd‘mw %004 cmuo.um:m—uw mmuummg 1960 Lis
e 3 KANWAR Wokingda - Fry-Morch-June OGTobw- mn -SAmm
(Reo gt 3,1978 I
WM silore=Spowner-Marc -ﬁntll'cl;u:n.!! .
o kg
LY% RChacke, (B4T) ANGALONE  MADARAS ¢\ {(Chacho & Wonadewsn 1954 )
] Tobe- = 2 -
s e A\ i | B
Jpawner PCALICUT { Ry 19701
[Devaneson & Chidamborom, 1963) T AN\ = "&‘.‘.-....m.mm ot
It J - wmber] | Ronora-Ego &rn l.lnm.n“’ 1
e COC Krishaamartil!
5 fy o MANDAPAN. h\\e Miunn1937) 1
[ (&dikumhi ASST) - Comy Chonampet-Fry mmt il
Wuthupel ~Fry- (Allkushi 1997 {Alkunh, 1987)
chutrom CowslongBock ~Fry-
[ lbcmlcnuu;:mrai) 970e “t;.l.;tu:m 1957 |1
¥ [ - t&:ouo. 1945} €gg = Chochs, 1990} b
; Fry =10mm [Chacko,1942)
T \\ Voomioven: = el 7t (Tamn 9871 14
Chidombarem, 1963} 11 toTSmen tKrishnomurshl, 98T}
- - (Topl 19571 .
L Tuticorin = Fry . (Allkeshl, 19671 |
I 4 [ 'l 'l 'l z L 1 4 1. | L L L L L L L L 1 L Il L L L
0" T8* a0’ as* 8o %"
Fig. 2

Egg of Chanos chanos has been recorded Gopalakushanan 1975 ; Pati and Rao 1978;

from Junpat and Alampore coasis of West Rao ef al., 1978 Sundararajan et al.,

1978

Bengal (Saha er o/, 1967a, 1967b); Ennore Dhawan and Gopinathan, 1978).
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Along the East Couast

Based on the availability of Milkfish spawners
and the fry in the present investigation and also
the earlier findings of other workers on the
occurrence of adult milkfish, eggs and fry all
along the Indian coast, an attempt is made by
the authors to map the possible spawning
grounds along the Indian Coast (Fig. 3).
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Availability of 7-8 mm larvas along ths
eastern bank of Hooghly Estuary (Basu and
Pakrasi 1976) and the occurrence of uneyed
ova to fry of 20 mm size along the Yunput and
Alampore coasts (Saha er al., 19672, 1967b)
shows the possible existence of spawning grounds
in the near by waters. A probable spawning
ground may exist in waters around Mahanadi
and Behude Estuaries and Ichapuram since
small sized fry have been recorded in this area
by earlier workers (Alikunhi, 1957 ; Mahopatra

8o’ (1Y

o L ¥ L] T ) 1 T T

70 s

, SPOWNING GROUNDS OF MILKFISH Chonos chonos {FORSSKAL) ALONG THE INOWN COAST

(] occunnence of rry
[¢] occummence or spawners

T ¥ E] L T I L] Ll

ofl 20
T E
ik Qe
I | I | [ L 1 1 1 [ I L 1 1 L 1 1 [ [ 1
70° s *’ sy o
Fig. 3

The occurrence of mature fishes and fish in
ripe running condition, eggs and small fry in
the near shore and estuarine waters is indicative
of milkfish spawning in the vicinity.

1966 ; Tampi, 1973 ; Pati and Rao, 1978) as
well as in the present investigation,

Existence of potential spawning grounds
alongthe Coramandal Coast is supported by the
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occurrence of small sized fry from Bellupuda,
Kusumpuram, Burjapalam (12 mm) and
Kovalam (Madras) waters (20-25mm). The
earlier workers have also recorded 'spawners
(Chacko 1951, 1952 ; Devanesan and Chidem-
baram, 1953 : Chacko et al, 1953 ; Chacko,
1955; and Chacko and Mahadevan, 1956),
small sized fry (Ganapati ¢f al., 1950 ; Alikunhi,
1957 ; Evangeline, 1967 ; Rao, 1969; 1970
Tampi 1973 ; Rao and Gopalakrishnan, 1975 ;
Rao et al., 1978 and Sundararajan et al., 1978)
and egg (Jacob and Krishnamurthy, 1948)
from the coastal waters, estuaries and creeks
all along the Coramondal Coast which also
supports the possible existence of spawning
grounds in this region.

The appearance of milkfish spawners at
Ariyankundu—Theedai region (Palk Bay),
Pudumadam and Appathesve (Gulf of Mannar)
areas indicates the existence of potential spawn-
ing grounds along the Gulf of Mannar and
Palk Bay region. This is also further supported
by the occurrence of small sized fry at Seeniappa
Dharga (35 mm) Pamban tidal pool (27 mm)
Chinnappalam creek (30 mm) and Pillaimadam
area (43 mm) in this region. In the past also
appearance of adult spawners (Sablo) have
been recorded (Panikkar ef al., 1952 ; Chacko,
1955 ; Tampi 1957 ; and Chacko and Thomas
1962).

Chacko (1950) could collect milkfish eggs
from the waters around Kurusadai Island.
Abundance of milkfish fry from Gulf of Mannar
and Palk Bay area is cited by various authors
{Chacko 1942 ; Job and Chacko 1947 ; Ganapati
et al., 1950 ; Panikkar et al., 1952 ; Krishna-
murthi 1957 ; Alikunhi 1967; and Tampi
1973), The results of the present investiga-
tion on the occurrence of the spawners and the
abundance of the fry and the observations
made by earlier workers clearly indicate the
existence of spawning grounds in near
shore waters of the Gulf of Mannar and in the
Palk Bay.
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Around Tuticorin and Kanyakumari, milk-
fish fry have been recorded in good numbers,
The occurrence of small sized fry in Valinokam
(10 mm), Kallurani Creek (17 mm), Kallar
Estuary (11 mm), Palayakayal Estuary (10 mm),
Punnakayal BEstuary (14 mm), Arumuganeri
Estuary (16 mm), Tiruchendur Estuary (14 mm),
Thottarippu Creek (11 mm), Wattakottai Creek
(12 mm), Wariyoor Creek (13 mm) and Lea-
puram Creek (12mm) are clearly indicative of
spawning of milkfish in inshore waters along
a long stretch of the coast in the Gulf of
Mannar. Earlier workers (Alikunhi, 1957 ;
Tampi, 1973) have also indicated the abundance
of milkfish fry in these waters,

Along the West Coast

Milkfish fry have been recorded from the
Malabar Coast in the areas of Ampalapuzha
(14 mm), Tottappalli, Thirukkunnapuzha,
Alumkadavu (13 mm), Alleppey (9 mm),
Aruthingal (14 mm), Anthankaran Azhi (13
mm), Chellanum (14 mm)}, Fort Cochin (12
mm), Narakkal (6 mm) Azhikode (11.5 mm)
Kaippamangalam, Nattika, Ponnani (6.5 mm),
Puthuponnani (10.5 mm) and Chetwai. The
occurrence of small sized fry in these places
clearly indicates the existence of spawning
grounds in the coastal stretches in this area.
This is further supported by the records of
milkfish fry from along this coast by earlier
workers (Alikunhi, 1957 ; Tampi, 1973).

Milkfish fry have also been recorded from the
Kadalundi Estuary (36-42 mm) and Chovai
River (16-20 mm) during the present study.
Devanesan and Chidambaram (1953) examined
a spawner from Kozhikode, Abundance of
the fry in the Kozhikode waters was carlier
reported by Alikunhi (1957) and Tampi (1973),
The investigations in the present study and the
observation made by earlier workers clearly
indicate the existence of a spawning ground
along Kozhikode waters, Inshore waters around
Coondapur Estuary along Karnataka Coast
may also be a spawning ground of the
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milkfish if we look upon the abundance of the
milkfish fry as reported by earlier workers
(Job and Chacko 1947; Alikunhi, 1957;
Tampi, 1973; Dhawan and Gopinathan,
1978). Recently Dhawan and Gopinathan
(1978) have identified Baga FEstuary (20 kms
north of Panaji) as a potential ground for
milkfish fry collection thereby indicating the
possibility of the species spawning in the
adjacent inshore waters.

SEASONAL ABUNDANCE OF MILKFISH FRY

East Coast

The seasonal and regional abundance of
the milkfish fry all along the East and South
west coasts of India is illustrated in Fig. 2.

It is found from Ichapuram area whete every
year thousands of milkfish fry have been col-
lected during the period April-June, and two
persons could collect as many as 20,000 fry/
day during the peak season. In Bellupuda,
Kusumpuram and Burjapalom areas also milk-
fish fry is abundant during May and June,
Along Madras Coast, milkfish fry could be
collected during May, August and September,
However, since the seed encountered during
August and September were fairly large size
(60-85 mm), it becomes very difficult to be sure
of any peak season for fry during August-
September in this region, From the analysis
of the data it is evident that milkfish seed is
abundant during April-June along the Cora-
mandal Coast.

Milkfish fry have been collected from the
Gulf of Mannar and Palk Bay area almost
throughout the year. Occurrence of minimum
sized fry during January (31 mm), February
(35 mm), April (14 mm), May (19 mm), June
(21 mm), July (32 mm), August (31 mm),
September (41 mm), October (32 mm), Novem-
ber (42 mm) and December (38 mm) indicates
the availability of the fry throughout the year
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with a primary peak period of abundance
during April-June and a secondary peak during
Qctober to December,

1t is also interesting to note the occurrence
of spawning population of milkfish in this region
during the months of January, April and Qctober
to December, It confirms the occurrence
of two spawning seasons in these waters.

In and around waters of Tuticorin and Kanya-
kumari, milkfish fry was recorded during
nine months, (eXcept in June, September and
Qctober), Further the availability of the small
sized fry during Januvary (19 mm), February
(10 mm), March (11 mm), April (10 mm),
May (13 mm), July (21 mm), August (36 mm)
and November (17 mm) indicates the prolonged
seasonal abundance of the occurrence of fry
in this area, The peak period of collection
was found to be March-April,

Along the South West Coast

During the present investigation the authors
could collect milkfish fry from the Kerala
coastal waters during the months of Februa.ry
to August and October, No fry was enconnter-
ed during November, December and January
Occurrence of small sized fry during February
March (9 mm), April (13 mm), May, ]'u_ne
(6 mm), July (10.5 mm), August (14 mm ) and
October (13 mm) indicates the prolonged
seasonal availability of the fry along Kerala
coast. The peak period was March-June.

DiscussioN

The location of the spawning grounds of the
milkfish based on the availability of spawners/
eggs/fry have been attempted by various earlier
workers, While occurrence of spawners -and
planktonic eggs are a direct evidence of the
existence of a spawning ground in the vicinity
the occurrence of fry can also give some indi-
cation about the spawning ground, Schuster
(1960) opined that the abundance of the fry can
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be used to assess the spawning ground more or
less accurately giving credit period of one or
two weeks which the fry need to travel from
the spawning ground to the coast. Delsman
(1929) quoted by Schuster (1960) feels that the
larvae ocourring in the sea should of 10 days
old and the larvae may be living for few days
in the inshore waters before entering the lagoons,
creeks and backwaters. Ten day old larvae
have to cover a distance of three kilometres
a day from the hatching place to the collec-
tion site and hence the fry collected from the
wild may be two or three weeks old. This
was recently confirmed by Liao ef ol (1979)
while tracing the larval development by arti-
ficial propagation technique, where the larvae
reached 59 to 7.5 mm on I0th day; 6.4 to
11.8 mm on the 14-15th day and 13.5 to 16.5
mm on 2lst day.

Reijnties (1926) as quoted by Schuster (1960)
reports milkfish spawning above submerged
coral reefs along the south east coast of Indo-
nesia. Delsman (1929) collected 14 nos.- of
ova from Java Seas at a distance of 15,17
nautical miles from the shore in clear waters
of less than 40 m in depth where the salinity
was between 32,09, and 32,89,. Sanio er
al. (1954) based on the abundance of the fry
in Indonesian waters concluded that milkfish
spawn close to the coast in clear waters of
20-30 fathoms depth. Recently Martosudarma
et al. (1976) could observe adult milkfish in
Karimum Java waters off the north coast of
Indonesia from sandy and coraline bottom of
2-10 m depth indicating the existence of spawn-
ing ground in the near shore waters.

Herre and Mendoza (1929) and Blanco and
Villuloiz (1939) were also of the opinion that
milkfish spawns close to the coast not far from
the sheltered bays, coves and gulfs in Philip-
pine waters, Senta et al. (1976) and Schimittou
(1977) suggested a spawning ground ip the
Philippines adjacent to Batbatan Island off the
coast of Antigue Province, Panay Island.
This was later confirmed by Vanstone er al,
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(1977), Kumagai er al. (1978) and Lia et al,
(1979) from where they could get milkfish
spawners for .controlled breeding experiments.

In India Chacko (1945 and 1949) while
investigating food of chanos had noted speci-
mens of above 100 cms in size from the Gulf
of Mannar region and later during 1950 recorded
milkfish egg from waters around Krusadai
Island and from this it was inferred that milkfish
spawns close to the coast. Jacob and Krishna.
murthy (1948) also noted milkfish ova from
Ennore Estuary. Chacko ¢1951 and 1952)
and Chacko et al. (1953) observed congrega-
tion of gravid milkfish of 3-5/ (90-150 cm)
in length and -24-30 pounds (10.9 to 13.63
kg) in weight in shoals of 60-80 in number
during the new-moon. periods of March, April
and May and expressed the * view that
milkfish, though an oceanic form spawns in
selected places in the inshore regions of the
coastal water preferably close to backwaters
and estnaries where there is a slight reduction
in salinity which will facilitate drifting of eggs
and larval stages into the backwaters and tida]
pools. Panikker et 4. (1952) recorded an adul¢
milkfish from the Gulf of Mannar, which had
a total length of 1240 mm with spent ovaries,
Devanesan and Chidambaram (1953) could
analyse adult milkfish from the coastal waters
of Vizakhapatnam, Pulicat Lake, Sethubava-
chatram (Tanjore District); Pamban and
Krusadai Island in the Guif of Mannar and
Kozhikode waters-along the Kerala Coast indica-
ting the possible existence of spawning grounds
in these areas. Tampi (1957) also could analyse
few adult milkfish from the Mandapam area,

Schuster (1960} while reviewing the earlier
findings on the abundance of milkfish fry
in the Indo-Pacific region says, ‘No fry
or juveniles is recorded from the shore areas
affected by efflux of silt by great delta forming
river like Indus, Ganges, Irravady, Mekong
and other rivers of Sumatra, Java, Borneo
and the fry collection end abrubtly when
sandy beaches change to muddy, indicating
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that milkfish spawn in clear shallow waters
or sandy or coral bottom’., But, Saha e al,
(1967a 1967b) could collect uneyed ova to
2 ¢m fry from Junput and Alampore coasts of
West Bengal. Basu and Pakrasi (1976) col-
fected milkfish larvae of 7-8 mm size from the
Bastern Bank of Hooghly indicating the existence
of a spawning ground in the adjacent sea. Hence,
we have reservation about the requirement of a
sandy or coral bottom for milkfish spawning.

Ganapati et al, (1950) tabulated the milk-
fish fry abundance along parts of the south
Indian coasts ; however, it is not clear whether
the size of the fry was taken into account
by these authors. Their work gives the impres-
sion that the peak period of abundance of fry
starts during April in Pamban area and June
in Northern districts of Coramondal Coast.
This made Tampi (1957) to suspect the move-
ments of fry with the water currents from South
to North along the east and west coasts of
India. However, in the later findings of
various authors as well as in the present investi-
gation, the same sized fry have been encountered
during the same period of April-June at several
centres along the Indian coasts. Based on
spawning behaviour of chanos, Tampi (1957)
suspected the existence of two races of
milkfish along the Indian Coast, spawning
in two different seasons, This has not been
substantiated,

It is concluded from the present investiga-
tion that the best season for the milkfish fry
collection in India is April-June along Cora-
mondal coast ; April-June and October- Novem-
ber in the Gulf of Mannar and Palk Bay areas ;
January-April along the Tirunelveli and Kanya-
¥umari Coast and March-June along the Kerala
Coast. '

CONTROLLED BREEDING AND CULTURE OF
MILKFISH

At present milkfish culture in India mainly
depends upon the natural seed availability

E. G. SILAS, G. MOHANRAJ, V. GANDHI AND A. R. THIRUNAVUKKARASU

which is seasonal, highly irregular and subjected
to many environmental factors, Hence, it is
necessaty to develop a dependable source of
seed for intensive culiure operations, Realising
the importance of this Scientists in various
countries are trying to develop techniques of
induced maturation and artificial propagation
of captive stock and wild milkfish, Limited
success has bzen achieved in this line in recent
years. (Chaudhuri et al, 1977, Vanstone et
al,, 1977, Kuo et al,, 1979, Liao et al., 1979.)
The Central Marine Fisheries Research Institute
has recently taken up an active programme on
priority basis for developing techniques for
artificial propagation of milkfish, The tech-
nical programme includes (a) Collection, trans-
portation and conditioning of milkfish spawners
from the wild () Development of a viable
captive brood stock (¢} Developing techniques
for induced maturation and artificial propaga-
tion through hypophysation (d) Developing
a suitable hatchery technology including food for
larvae, fry and fingerlings and (¢) Monoculture
and poly culture of milkfish,

Earlier workers have revealed that milkfish,
seldom attain maturity in captivity (Alikunbi,
1976 ; Liao and Chang, 1976) and even seven
to eight years old pond cultured milkfish were
found to be sexually immature. However,
spawners collected from the wild had given
promising results in Philippines, in the artificial
propagation experiments. The team working
on the breeding of milkfish in the Institute is
trying to develop the technique of artificial
propagation by collecting spawners from the
wild presently at Mandapam and development
of brood stock is also under progress at Narak-
kal, Cochin.

The availability of spawners in the wild is
highly seasonal. Fixed gear such as the
Otoshi-ami or similar traps as used in the Philip-
pines may have to be tried for obtaining
spawners in good condition. Our experience
on the transportation of fish caught in gill net
has not been good, although on more than one
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oc¢casion they have been kept alive for a few Future programme of the Institute will also
days, We fecl there is considerable. stress attempt induced maturation of the stock
from capturing and handling from the gill nets, presently reared in captivity.
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ABSTRACT . o
mhamshincommsmmund the Tsland, mmqspenesmnnnahmmmm are

Siganus oramin (S. canaliculatusy and Sanus javus (Lecal name Safes), | Slgmidae is considered second
in yield from the sea after shrimp, oontnbuung 200,000 Kg which is about 10 per cent of the total landing

(Mohamed, 1978),

Experiments were set up to stu&sg the pols'blhty of rearing Sigamus oramix to marketable size, Finger.
lings wiwe availeble-in large-mitibess during JuIy-Septcmbcr and were: transferred to the Labgratory,

They were between 60-70 mm in length and 4-6 g in weight.”

Flng&'lmgs fed well on local pellet diets

for 180 days of an average of 10 per cent wet weight of the fish. Theygrewfromanaveraseofsoto 140 mm
inhnsthmgfﬁtowsmwdshtin‘ﬁwanp{halfmoﬂhs o N ]

Due to the difficulty of getting seawaterto\hel..aboramry. expenmntsmreeamedouﬂm ‘closed-
gystem. Smdyofwaterqualitywasmnedouttooon-elate“&ththe mortality and growth, W@ihpt-

relationship of Tédred” Mspp vas smd?d

lmonycmom

-

THE RapBrIFisH (Siganidae) is w1dcl}r
buted in tropical and subtropical regions
(Ben-Tuvia, 1963). This is considered as one

of the commercially important matine food fish- .-

suitable for culture in the state of Bakrain,

I-Iowever, there is llttle informationt about the
species, such as distribution, seasona.l oocurrence.
young juveniles of stockable si2e,” spawhing "
larval history and other ecological and

“Beliakioural - aspects. - -Finggelings:-(fry).. were
“ollected oft 13 oceasions during the, .period
*JussJuly and Angust 1976, - Sayen cqllection |
iprocddires ~werd - used- and after ‘having esta-
"blithed that young Siganus spp. conld be kept
tirt captivity under dontrolled gonditions, rearing 4
rékparinients . wece. carried oys. fmmr-l-&-,?-w
The main objectives of these experimesnts. -Weke

'\ L

digsty iy

7, ;
) 2L TN v c‘
H f\ ‘i Il Lo

(@) to obtain fast-gm\;rth rate, ih relatively
‘short tims, (bjito study weight-jength relation-

%hip of reared Wt and (¢) to study fhe quality
of "‘-""""ﬂg conditions. o
R i gt e 2T .- ._‘.‘.J [

MATBRLALS AND ME'I‘HOI‘JS

7 The ™ $XpeRNGHLS ~ Weie” onnducted over -

period of 180 days in-a-closed sea water system
*(Westernhagen . and Rosenthal, 1975), The
water was passed through an ordinary gravel
Ailtes- to.the symp and pumped to, the_outdoor
Tearing t Flpgvr]mgs were stocked in fonr
xngrl,mbntal. ﬁbre lass_tanks 220 ‘om% 120
-mx 120 om " depth, . capacity’ 2,5000 1 edch).
“I.‘he fishés were, Ieft in the tanks ‘for several
vmonm.gn; i caap‘;mty . Then: on /19t July
%;{GJ yadem satple of 75 ﬁshewef'e ta.kan
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for measurements, the netting out of the fish
was not an easy task because they ara very
fast swimmers. Three-fourths of the water
in the tanks were emptied to catch the fish,
The total length in mm from the snout to the
end of the upper lobe of the caudal fin was
dstermined using a measuring board and then
they were placed in a beaker of known weight
to determine their wet weight in gm,

JASSIM AL-ARADY, WAJEEHA AL-BAHARNA AND ZAHRA ALALAWS ©

salinometer and when it was very high (40-45%,)
frosh water was addod to decrease it.

The concentration of ammonia, nitrite and
nitrate were measured by a spectrophotometer,
The mortality was recorded daily and the length
and weight of the doad fish were measured.
Dissection was made to study the internal
organs and to detect any disease. Siganidae

: Mor mm- in aumbery “mm“ a” ot n

o 1

: \N‘ mJ\J“\/\/

i U \r v-*/\r\ /\,
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Fig. 1, Water quality analysis of tank No. 1.

. The stocking rates in the four tanks TI to
T4 were 325, 340, 167 and 210 respectively.
The temperature was measured twice daily
-in °C and tanks were shaded when the tem.
.perature was very high, Oxygen level was
.méasuredtmodadaytomakesumthatthore
wad no deficiency.in oxygen m. rearing tanks,
Salinity of the water was using a

_are primarily herbivorous in nature and their

most preferred food is the algas Enteromorpha.

- However, the availability of Enteromorpha is

seasonal and therefore cannot be provided at all
times. Since Siganus sp. are known to foed
on a wide variety of food in captivity, thres

types of prepared diets have boen used in thic

‘experiment,
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Diet 1: This diet consisted of minced
fish (Scolopsis spp.), Alfalfa and whoat bran
in egual quantities. Single cell protein is
added, with starch as binder (100 g of starch for
every 12 kg of components).

Diet 2: This dist difforred from diet 1

in that instead of wheat bran, wheat flour is

added, but in the same ratio as that of bran.

935

ResuLTs

Laboratory observations

Fingerlings of Siganus spp. when fed on
three types of noodle-shape pellets, seemed to
orientate themselves optically towards their
food. At the beginning of the experiment with
diet 1 the fish come to the surface very fast to
food on the floating pellets, Unfortunately

’ E sormiity in “”"': s annlﬂulﬂil. ,dlrl'llln a nu fin
3.

i‘. by

i'«. .__.__M]\"\- _.v-\./\ A
::1 WM W ~A
o e e

3-

i J,L/”‘W\w VA ’WN
T e

: ‘3;?' avg NS LA T R okc r"ﬁc

Fig. 2. Water quality analysis of tank No, 2,

No binder is added because the diet itself was
mw-

Diet 3: It has the same ratios of fish and
Alfalfa, but bran is mixed with the flour (2 : 1).

Alfalfa 4 kg, minced fish 4 kg, bran 2.4 kg,
flour 12 kg’ protem 0.6 kg No binder is
useqd,

fish fed on floating pellets for short time and
remained without food for the rest of the day,
because pelleis were removed by overflow
water from the rearing tanks, With diet 2 a
large number of mortalities occurred possibly
due to the extra carbohydrates (the wheat
flour), The best results were observed with
diet 3,
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Fig. 5 Lensth welsht relanonship of .S‘iganus spp rea:ed in closed sea water system.

Growrh and rengrh-weight relationship~ "~~~ "The fish in tank ¥'and 2 attained more or
' less equal growth rate. The fish in each tank
were s&pIrvifed in three groups :

1. The culled fish (C) which were not in

The fish adapted to their capture condmo
very fast and started to feed on the next day of
stocking,. They remained healthy and showed.

increase - in weight and Iength (Tables 1.4).. good health, very slim and not normal
From Table 5 it can be seen that fish in tank ~ in swimming,

4 attained the best growth mJ:oth length and 2 Thenon-growmg fish (A) which stopped
weight (151.5 mm; 47.6 g), whereas tank 3 growing at about 100 mm and

showed the lowest growth rate (140 mm; 37.57g). 3, The normal fish (N).
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TanLe 1. Monthly measurement records

Mean wt. Mean length No.of fish Total No.of Mortality No. of

Date (em) (mm)  measured  fshpresent (%) days Remarks

Experiment 1

19-07-1976 486 68.87 75 328 _—

10-08-1976 8.61 87.00 50 325 - 22

12-09-1976 9,29 87.28 54 325 — k X}

24-10-1976 1642 101.12 279 279 14.1 2 No.of C&A
19.40 109.78 142 142 = 137

27-11-1976 3314 133.37 102 102 28,0 M No. of Cw3

10.01-1977 40,03 144.31 89 89 10,0 44

Experiment 2

19-07-1976 4,36 68.87 75 3o

12-08-1976 8.38 87.32 50 340 24

1209-1976 7.41 81.90 50 340 ]}

25-10-1976 16.33 96.75 34 34 10.5 43 No. of CE&A
20,84 112.60 127 127 - 177

27-11-1976 31.95 132.06 81 81 n No, of C=$

10-01-1977 41.21 144.65 L1 57 25 44

Experiment 3

19-02-1976 4.86 68.87 75 167

18-08-1976 6.11 771.62 64 167 30

20-09-1976 8.16 82,07 34 167 KX

4-11-1976 16,50 102.82 153 153 8.3 14 C=30, A==42
19.96 114.84 76 76 C=1, A=1

28-11-1976 2942 129,35 66 66 13 24

10-01-1977 37.59 140.86 35 3s 45 43

Experiment 4

19-07-1976 4.86 63.87 75 210

23-08-1976 9.59 90,12 60 210 as

21-09-1976 13.73 95.07 44 210 29

27-10-1976 27123 122,78 163 163 M4 36 C=6, Am3
27.50 123.80 154 154 344 Cm3

28-11-1976 37.87 141.43 132 132 14.0 32

10:01-1977 47.61 151.51 68 68 41.2 43

TABLE 2. Comparison in the growth rate of the four experiments

T, Ty Ty T,
1st stocking density .. 128 340 167 163
2nd stocking density .o 142 127 76 154
Final mean welght (gm) .. 4003 41.21 37.57 . 4761
Final mean length {mm) . 14431 144,65 140,86 - 151.51
Rate of growth in weight after 5 months & 3 weeks .. 57 3635 3273 - 4278
Rate of growth in length after 5§ months & 3 weeks .. 7545 75.78 . 99 82.65

Mortality 7; . 37 55 ' 539 558
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Fig. 6. Mean length-weight relationship of Siganis spp. reared in closed sea water system,

D1SCUssSION Artificial diet was available throughout the

year and Siganus . are herbivorous in

Qur observations showed that fingerlings yyyce and grow ﬁter on Enteromorpha
of Siganus spp. is available in large quantities ;0 (Bentuvis e al, 1973; Propper and
during July-September, enough to initiate Guadsrmann, 1973, 1975). Our obssrvation
stocking for fish farming. They can be reared also showed that Enteromorpha diet is available
in captivity on artificial local diets and reach during the spring season (Yanuary-Juae) and
marketable size in a period of 180 days, starting that availability of algae species could greatly
from a length of less than 50 mm, help to start smallscale commerian fish-farming.



The fish fed well on diet 3, but large morta-
lities occurred after usmg diets 1 and 2, this
might be due to the reason that diets 1 and 2
had more carbohydrates, which may also account
for the turbidity and increase in NH, level in
the tanks, More research work is needed to
study the larval history and the problem of
feeding and the quality of water. ‘More
knowledge about the weight-length rela.tlonshlp
is needed, from reared and wild species. The
fisheries laboratory is planning to work-on
induced spawning and to study the larxa.l
history and other problems associated wifh
rearing and early stage larval feeding. '-..-.;

Length-weight relationship in curve (a) wa;*
based on total length and wet weight of 174"
reared live fish, The equation arrived at was:

JASSIM AT-ARADI, 'WAJEEHA AL-BAHARNA AND ZAHRA AL-ALAWI

Y= LTX 0% x 2955 (Y = total - length
mm and X' = wet weight g). The value of b
(2.955) is not gignificant . (Probj less 0.001).
Whereas in curve (5) the line determined was
basedonthemeansoftotalleng;handmeans
of wet weight of all specimens and it gave the
cquation ¥ = 1,6 X 10-% x 2,959," The valus
of b (2.959) is significant (Prob. less 0.4).

Water quality “

The daily water analysis sho d g drop in
temperature at the end of the expenment,
where high mortality occurred in tgnk 4 at

10°C, During the penod from Ogtober to
November, an increass in NH, leyal cencentra-
. tion has been noticed and the martaln}' during

'.j.hlspenodmtmkl 2and3wrsh18h
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COPEP.QD PARASITES OF FISHES OF PULICAT LAKE
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former infests.

While

 bora (Yampguti); bbth-cqllested for the first time from India-ave parasitic on
juvenile hosts, the latter prefers only the adults, Pammenfacamm

ﬂmM Yamaguti, LernanthFopus shishidoi (S]Jishld'o) Shiiné and Acanthochondria bulbosus Heesard
'm'éalsbnewmomaforlhdia,bmtheu{aleofd bulbbsus 15 described for the first time,  Two copepdss -
Mumaﬁhrmnmmwmmh aye new toscienceand thoymfound to mfetta come

% miba. hot: Gdrres oyeua .
wdi -‘f.l':"-- . . f
e 3 l.-ﬂ‘l d. 5 :,‘ .

¢ A Imnonucnon s

m’.lcur I.m aat 13.24° N—ls 41°N long:
86:027B.80.16°E) is a large. bracktshwager lake
with an area.of nearly 280 sq. kilometges. It is
situated on the east coast of peninsular India,
opening into the Bay of Bengal at Pulicat
Viltage which is about 56 kilomstres north of
Méadras'City. It is the second largest'brackish
wittef “body in ‘India and has very - rich, - but
poorly studied fauna.- Thers is no information
on the fish-parasites of this lake and infact
parasites of estuarine fish in India have not
beeni systematically studied. During the course
of vur studies on the fish-parasites from- the
piificat’ Like, seven specics of copepod parasites
lidve been found to infest ‘four-speciés of: im-
poitant food- fisties; ‘Ergastlus latus Pryer and
N!pv asitus ~bora (Yamaguti), both collected
for thé" first time from India, ‘are parasitic on
Mugl! cunnesius which is a new Host ‘species
fécorded for these two' parasites, While
E. !dm.s' mksts th.e Juvanile hosts, N ; bora‘lm

¥ Progent addréss : Department of Zoology, " Slr
Theagarays Colicye; Mudras§00621, Indlal - .

S
-

been found tg oocur odly.-on adult hopts.
Parabimolochus gerres and Lernanthropus. spinis
caphaly .are both_new to.scignce and they are.
found to infest 2 common host . fish. Gerreg
oyena. The copepod Parataeniacanthus platy-
cephali Yamagut:, is & new record’ for Tridia.
This species has been found to be host speoific
Lernanthropus . shishidoi ' (Shishidof), ~Stiity
has been collected for the first time from the
Indian waters, " Both the males” and- femalse
of this copepod have been' obtainedl from- the
gills < of Mugil * cephalus. ° Acanthochondiid
bulbosus Heegard, is,a hew. record for Tidia and
has* been. tollécted from the fish Plarycephishes
tnsidiatrix,” Themale Ofthis specles is descrlbet{
for the ﬁrst txme AR

© We aro gmteful ‘to Dr N, Kﬂslma Pdlm
for. confirming . our identifications. and for
offering 'hie valuable suggestions in the pre~
paration of this manuscript. . The senior author
{S.1.B) is indebted to C.S.LLR for the award
of Junior Research Feliowship and to .ths
authorities of the Madras Christian College
for facilities provided in ths Estuaring Blologlcq,l
Research .Laboratory at. Pulicat. .. . [ [

¥
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Family : Bomolochidae
Genus : Parabomolochus Verwoort
Parabomolochus gerres sp. nov.
(Fig. 1 a-0)
Material

Two females were collected from the gills
of one specimen of Gerres oyena (Forsskal)
caught at Karimanal shores of the Pulicat
Lake. Total length: 2.0 mm,

Female

Carapace broader than long, with & prominent
incision and a pair of lateral shallow incisions
(Fig. 1a); second trunk segment with concave
hind border, much narrower than carapace;
third segment narrow and transversely ovate ;
fourth and fifth segments small and narrow,
fith segment partislly fused with the genital
sogment ; genital segment large, broad and long ;
abdomen short and three segmented ; anal
laminae (Fig. 1 o) longer than broad with
apical setae. Egg sacs elongato-oblong, oggs
polygonal and multiseriate,

First antenna (Fig. 1 b, ¢) indistinctly six
segmented, first three segments partially fused,
with a strong apically curved chitinized process,
fourteen stout plumose setae and four modified
spino liko setae, third modified seta stout and
long ; third segment of first antenna with an
upwardly directed short sota and three down-
wardly directod setae in the proximal portion
and one upwardly directed spine in the distal
portion ; distal segment of second antenna
(Fig. 1 d) with longitudinal rows of short, blunt
spines ; margin with closely packed blunt
teath, distal bordér with a blunt toothed process
and a bunch of five claws ; mandible (Fig. I ¢)
with two blades, upper blades large and curved,
lower also curved, but much smaller; first
maxilla (Fig. 1 f) with four plumose setae, one
of which is very short ; second maxilla (Fig. ! g)
with a spinule in addition to two barbed blades,

blade slender, lower large; maxilliped
(Fig. 1 h) with three plumose sotas, inner one

§. JAYADEV BABU AND P, J. SANJEEVA RAJ

short ; claw with a prominent curved and acute
accessory process.

First leg (Fig. 1 i) flattened with throe seg-
mented rami, exopod smaller than endopod,
rami with plumose setas ; exopod of second leg
(Fig. 1 j) pustulose with six spines, first spine
plumose, noxt five denticulated, all spines
with a sub-apical spinule; endopod broad,
with six stout plumoso setae and two short
spines each with an apical spinule ; third leg
(Fig. 1 k) with prominently pustulose exopod;
exopod with five spines and six sotae, spines
externally toothed and with sub-apical spinules ;
endopod broader than exopod and with four
sotae, third segment with two stout spines
longer than those on the second leg; fourth
Jeg (Fig. 1 1) with slender and long rami, both
pustulose ; exopod with five spines and five
plumose setae, spines externally toothed, each
with & sub-apical spinule ; endopod broader
and longer than exopod with two pectinate
spines one each on the first two segments, and
three apical spines on the last segment. The
outer spine of these three toothed, middie one
very long and plumose, inner one short and

winged

Fifth leg (Fig. 1 m) uniramous, prominently
spiny, distal segment with three pectinate
spines and slender plumose seta; Sixth leg
(Fig. 1 n) with three simple setae.

Remarks _

Verwoort (1962) transferred eight spacies
of Bomolochus Nordmann to a new genus,
Parabomolochus, According to him, * this gonus
is characterized by particulars of the antennuios,
the antennae, tho maxillipeds and the legs and
therefore it is much more homogoneous than
Bomilochus, sensu stricto. In addition to
the type species Parabomolochus bellones, the
following species are included under this new
genus ¢ Bomolochus unicirrus Brian, B, mega-
ceros Heller, B. decapteri Yamaguti, B. xeno-
melanirist Carvalho, B. rumidus Shiino,
B. hyporhamhi Yamaguti and Yamasy,'
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Fig. 1. Parabomolochus gerres sp,

nov. &

d. Second antenna, e, Mandible,

Fifth leg, n. Sixth log and ¢. Anal jaminae,

m,

. Female, 5. Fist antenna, ¢. Hind portion of first antenna,
First maxilla, g. Second maxilla, & Maxilliped, /. First leg, )

a
FA

Fourth

des,

L

_J Second leg, k. Third leg,



One common feature of all these aforesaid
species is the presence of a chitinized apical

hook on. the first antenna, Pillai (1965)°

described thrée new species Bomolochus sela-
roides, B. hemiramphi and B. monoceros and -
subsequently transferred them to the genus
Parabomolochus, as these threo species possess
the characteristic chitinized hook on thclr ﬁrst
antenna,

The present species Parabomolochm gerres
closely resembles Parabomolochus - decapteri
(Yamaguti), P. selaroides general body shape

and in the structute of the appendages; but

differs from them in the following. features

1)) Parabomoe‘ockus ‘gerres  differs | from -
P, decapteriin havmg a'less robu-it bodyand in

the presence of a short pectinate spinule in the.
second maxilla. Also, in the general pattem_

of the legs, the two species do not agree ;
(2) P. gerres differs from P. selaroides in the

1:3:,8 JAYADEY BABU-AND. P. I, SANJEEVA -RAJ -

Parataeniacanthus platycephali Yamaguti 1939
(Fig. 2k:n)

=Marer1a1 :

Three hund.ted and forty four Eamales were
collected from thirty, four specimens of Platy-
cephalus insidiatrix Schlegel, from the Pulicat
Lake. They were found oh the inner surface
of the operculum and on the gills of the host.
Total length 3.5 mm, _

Femaie

. Body long, carapace swollen and roughly
" circular (Fig. 2 n) ; first trunk segment partially
- fused with the carapace; segments 2 to 4 of the
"same length, but narrowing Ygmdua.ll:,r fifth
“segment indistinctly fused with the genital
segment ; abdomen narrow and four segmented ;
anal lamirae long with apical setules. Egg
sacs elongate, eggs multiseriate,’

presence of a spinule in the second maxtlla._,_,

In P.selaroides the endopod of leg 1, is pustulose '

In P. gerres the endopod of the first leg is not
pustulose. There is also great difference in the
armature of spines between thesé’two species:;
(3) P. gerres resembles P. kem:mmph: in the
presence of -a! gec‘tmate spinule-in’ the second
maxilla, But in the latter the: exopod seg-
ments of legs 2 to 4 are-not pustuloso -and the

spines are winged and (4) P. géfes differs
from P. monoceros in having a less robust bedy.

In P. monoceros the egg sadés are long with
round eggs. In P. gerresthe eggsacs are oblong

and the eggs are polygonal.” Also, in the general

pattern. of the legs, the two specles do not -
agree.
Only two . spef:lmnns of this new species
could be edliocted, during the present survey.

”t

parasites are very rare’ forms. The - host °
Gerres oyena is a very common fish occurring
in the Pulicat Lake. Thercfore there isa good

pﬁé&{\:ﬂ!ﬁy gt ghls Jparasite, 1o occut-if plenty.
In ‘the p,rasenh survey only, twelva specimens, o{

this host-fish were examined.

First antenna distinctly sevan segmentcd,
first"four segments with 21 stout plumose setae
and one long modified seta; a stout curved
maxillar process meedlabely behind  first
aittenna. -Second “antenna  with seven claws;
mandible ending in two blades, upper one large
and pointed, lower-‘ons small and slightly
curved ; first maxilla (Fig. ‘2 k) with two pro-
minent setac; second maxillx ‘with a small
pectinate spine and two unequal barbed blades ;
basal segment of maxilliped Fig. 2 1) stout
with two setules, terminal process curved and
apically bifid, convex margin with:-a few blunt
teeth,

" Rami of first leg (Fig, 2 m) highly flattened
and indistinctly fused, with short and stout

:-plumose setae ; second leg with subsqual rami ;
This however does not mea.r that these copepod

exopod with ﬁve winged spmes, terminal seg-
“ment of endopod with “three short. and stout

jinged spines ; third leg similar-te second, but
_ the terminal segment of the endopod with thres
“spines and two”dcthe ; rami of fourth leg
unégual, éxopod. with’ _ﬁwe .Spings, terminal
segment of endopod with three apical spines,
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Fifth leg uniramous with four apical spines, thoracic segmonts well marked and dlstmctly
and sixth leg wn;h three slmpl.e SolA0ur g, Separated; from each othep.by-Jateral incisions ;
. S iy : s,ﬁﬂh thoradic: adigment very i, reduced and
Y 5 N 3 7 indistinglly . sobdrated frofn . foristh ; genital
These speainéiis a&ree“-ilr-ﬂl mpects with Segw Wt:m“ long ; d“hdom three seg-
rami:ending in yJong spine

Parataeniacanthus platycephali Yamaguti, exce?f»/ g ‘eta.e bod 8 Sp

ing in the follovnngﬁatures kedly: attenuated fgom second
8 + 4 ic segtent backwards. Egg sq,cs plumpy

In thefPMte:dopoql,m the termmﬁr:la ?108' dnd Fylindrical and oggs numerous. |
ment o :, Jrstytleg
(Fig. 2 m) pl "eta.e ;The 5Fl$t &ﬂfﬁnﬂ small, 3s1x~segment&i bearing
first maxilla 13. 21;) € two shide, ﬂa nuigher of setae ; soc&;d antenna Aarge, five
The terminal ~prodess £ of ugeimammm segmentod, terminal seguisiiy marifs 2 curved

(Fig. 21) is distifictly and there are only “0guis ; mouth parts sifua e distance
three transvemp j‘olds or ridges on its under from the second antennae; mandible two
margin, e _,. segmented, proximal .sagmegt with pectinate

. S X::p, disth] segment Wil setolkr
In the spec]mcns desptﬂ;od ) ' emggulla mth heg¥ ‘ itip.
the terminal segment. of the e | of ™ the L

fist log has onmly. six. pluskgse seGS. 'Ihe%Fll‘St leg hﬁﬂ' ﬁthe"*regq biramous,
first maxilla has four setas agg the tSimjpal; NI subequal®and thy segncnted second
process of the maxilliped has Yegn shown to be and third logs equal 14 'sizedb

blunt and not bifil. Also thoy are as many as: subequal and thres .

sight transverse.folds on the convex surfwaajﬁ“ biramous, 910?03 Wlﬂ* WO segments
of the termipal pm % ‘H‘ iendopod with thres. segments ; fifth leg

picuous and umraméu& with two or thres
This spocles isa new record from thq lndnﬂ . _

at its t1p 4 3

waters. o o
m l&xﬁﬁl respocts
that iy 3{ e former,

. This “species has
venile hosts, Large

=

Famlly? &gaqmdae NMnn
Genus : . Eygasilus Nonjimann

Ergasifus llﬂldFrsrmr 196@@&# P,

: _ practically no infesta-
Material - “;: . i narasite. This copepod is a new
Twenty-one agult fomalp b d, rqm ndian wnters and Mugil cunnesius
from the gills of fourteen sgecimény’ of Mugil. . is dlso a new iost rwor& for this parasite,
cunnesius Cuvier, at Karimangl shores:of Pulicat : x\ : k
Lake. Total--hngth__'_-ﬂ.? mm.f S _ A ’
- L ' 7 Gemw ngkrgasﬂus Yin
Female ) Nipugasllus bora (Yamagut:} (F:g 20)

Body cyclopoid ; head. complately fused mth_ j
first thoracic segmeat, with blunt conical rostral - @W’fl oldes bm Ymmi’ 19?‘.
projection ; first thoracic segment snlarged and .. -Yameputia Sors oses
pear shaped narrpwing gradually to the concave wg,“um Yin 1355 Yamazuti, p. 38,
posterior margin ; second, third and fourth pl 3, Fig 4 =~ AL e
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Fig. 2. Lernanthropus spinfeephala sp. nov.: a. Femalo—dorsal view, 5. Female —ventral view, &, First
antenna, d. Second antenna, e. Maxilla, f. First maxilliped, g. Second manxilliped, . First log,
1. Second leg and /. Anal laminae. Parataeniacanthas platycephall : k. First maxills, /. Maxilliped,”
S o, e First leg. .u. Nipergasilus-bora: o. Female. Ergasilus latus ;- p.. Fomale. Eernanthropus: **.
shishidoi s g. Femalean r. Mgl 7 0o 1o B a0 G Gl e g

L -
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Material

Fourteen adult females were obtained from
the gills of seven large specimens of Mugil
cunnesius Cuvier, collected from the Karimanal
shores of the Pulicat Lake, These specimens
exhibit some hitherto unexplained features.
Total length 2.0.2.5 mm.

Female

Carapace broader than long with rounded
sides, anteriorly narrowing into a blunt conieal
antennal area; posterior border of carapace
straight, slightly overlapping the first thoracic
segment ; thoracic segments well-marked, with
conspicuous lateral incisions between sogments ;
second and third segments not as broad as
first three combined, narrowing gradually
towards the posterior end ; hind margin slightly
sinuous ; fifth segment completely fused with the
fourth ; genital segment small, with rounded
sides ; abdomen three-segmented, terminating
in a pair of short caudal rami with long setae.

First antenna small, six-segmented, with
numerous setae bordering the outer margin and
the tip ; second antenna large, five segmented and
-prehensile, with a slightly curved unguis.

Mouth paris situated some distance from the
sscond antenna ; mandible two segmented,
proximal segment with pectinate palp, distal
segment broad, with pectinate margin; first

maxilla with two setae, second maxilla with its .

tlp fringed with numerous bnstles

Flrst three legs equal in size, blra.mous, rami
-three-segmented ; fourth leg smaller, biramous,
rami two-segmented ; fifth leg short, sub-
Cylindrical, uniramous with three setae . at
its tip ; egg sacs cylindrical, long, eggs round
and arranged in three longitudinal rows,

Remarks

The genus Ergasiloides was established by
Yamaguti (1939) based on some specimens
collected -from Mugil cephalus Linnaeus, at

16

947

Lake Hamana, Japan. Since the name Ergasi-
loides was preoccupied, Fryer (1956) changed

_the generic name to Yamagutia Since Yama-

gutia was also unavailable, Yin (1956) proposed
the name Nipergasilus.

The genus Nipergasilus contains ounly one
species, viz., Nipergasilus bora. The most
important characters of the genus are the elongat-
ed cylindrical body, clearly marked off first to
third thoracic segments and the distinct long
fourth thoracic segment which is completely
fused with the fifth,

The prosent specimens agree in all respects
with Nipergasilus bora as described by Yama-
gui. This is the first record of this parasitic
copepod from Indian waters, extending the
geographic distribution of this species to the
oriental region also. These parasites are also
from an estuarine habitat very much like
Yamaguti’s specimens, but from a new species
host, viz., Mugil cunnesius.

- Family:  Anthosomidae _
Genus : Lernanthropus Blainville
Lernanthropus spinicephala sp. nov.
(Fig. 2 a-j)
Material
Five females were collected from the gills

“of two specimens of Gerres oyena caught from

the shores of Donirevu on the Pulicat Lake,

‘Total Iength 20-2 5 mm,

Female

Body stout, carapace pear-shaped and spiny
surfaced (Fig. 2 a, b); antennal area clearly
demarcated, lateral parts forming ventrally
directed flaps ; trunk smooth, anterior part
narrow, regularly widening posteriorwards ;
dorsal plate expanded, roughly circular with
evenly convex posterior border; genital seg-
ment small, abdomen longer than broad;
anal laminae (Fig. 2 j) short with one or two
apical setules, . .
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First antenna (Fig. 2 ¢) seven segmented are distinctly absent in L. silaginis and L.

with a few stout setae ; accessory process stout
and long with a swollen base ; second antenna
(Fig. 2 d) large, basal segment with a proximal
and a distal tubercle, carrying a spinule, distal
segment with a swollen base carrying a curved
stout spine ; maxXilla (Fig. 2 e) with two lobes,
outer lobe with two spines, inner with one spine ;
firat maxilliped (Fig. 2f) slender, distal segment
with a small spinule and a serrated unguis ;
second maxilliped (Fig. 2 g) with a stout basal
segment, distal segment slender and curved with
{wo spines, unguis distinct,

First leg (Fig. 2 h) with inner seta, exopod
with five spines, endopod oblong, smaller than
exopod, with a long spine ; both rami sparsely
spinose ; exopod of second leg (Fig, 2 i) with
five spines one of which is very small ; endopod
with a long spine ; both rami sparsely spinose,
subequal in length ; inner seta absent; third
leg (Fig. 2 b) with the exopod small and flap
like, endopods completely fused and directed
downwards ; fourth leg (Fig. 2 b) short, rami
subequal, half the rami projecting beyond the
dorsal plate,

Rao enmnarativelv laroe.

villiersi,

Lernaunthropus shishidoi (shishidol),
Shiino (Fig.2 q, 1)
Lernanthropus nudus Basset-Smith p. 368-371
pl. 12, figs. 2-4.
Letnanthropus shishidoi 1955, p. 64-68, figs, 67,
Kristisinghe 1964, p, 9395, fig. 124,

Material
Thirty one females and ten males were

‘obtained from the gills of eight specimens of

the Grey mullet Mugil cephalus Linnagus
caught from the shores of Donirevu on the
Pulicat Lake. The females range from 5.0 to
8.0 mm in length and the males from 4.0 to
5.0 mm,

This copepod parasite is a new record from
Indian waters.

Family : Chondracanihidae Dana

Sub Family : Chondracanthinae Dana
Genus : dcanthochondrin Leich-Sharne and
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part of carapace raised, with a pair of blunt
elevations ; first thoracic segment uniformly
narrow and well defined ; second thoracic seg-
ment longer than carapace and. gradually
broadening posteriorwards ; anterior division
of the trunk broad and round and clearly
demarcated from the dorsal plate below, with
lateral incisions ; dorsal plate produced into
two pointed lobes hanging freely and separately ;
genital segment and abdomen well exposed ;
abdomen round and small, devoid of caudal
rami, but with a pair of blunt lateral projections,

o4

First leg (Fig. 3 j) fleshy and biramous,
Exopod twice as long and broad as endopod ;
second leg long, flat and uniramous. Tip of
second leg indistinctly bilobed.

Egg sacs cylindrical, stout and long. Eggs
rounded and multiseriate,

Male

Body short and slender (Fig. 3 ¢) ; carapace
large and subcylindrical, with a distinct median
incision ; first thoracic segment much reduced

Fig. 3. Aawhockoudﬁ«_:balbom: a. Female—uJorsal view, 5. Female~=lateral view, c. Male, 4, Mandible,
¢, First maxilla, f. Second mexills, ¢. Maxilliped, 4 First antenna, i Second antenna and

/. Firstleg,

First antenna (Fig. 3 h) short, fleshy and
indistinctly three segmented ; second antenna
(Fig. 3 i) large and stout with a strong curved
spine ; mandible falcate, distal portion finely
toothed (Fig. 3 d) on either edges ; first maxilla
(Fig. 3 ¢) with two shost setae mounted on a
broad base; distal part of second maxilla
(Fig. 3 f) with a stout unguis; maxilliped
(Fig. 3 g) large and bilobed, inner lobe fringed
with short bristles at its tip ; outer lobe with a
broad based stout spins.

and sunk in the carapace; second thoracic
segment gradually broadening posteriorly ;
trunk with dorsal plate produced into two
pointed lobes as in female ; antennae terminal
and well exposed ; mandible, first and second
maxillae and maxifliped as in foemale,

First leg fleshy and distinctly biramous ;
second leg uniramous, narrow and long;
abdomen large and distinct with a pair of smal
anal laminae,
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Remarks

Acanthochondria bulbosus Heegard (1943),
was earlier recorded from Platycephalus insi-
diatrix Schlegel, from Fengtien, Hulutao, the
Yellow Sea,

Heegards description of this species is based
only on two badly preserved femals specimens,
The description is very much incomplete and the
diagrams are inadequate. According to him
* unfortunately, the two specimens present
were both badly preserved, as also was the
host for which reason the mouth appendages
themselves could not be made out perfectly
distinctly, and therefore I have not made a
special figure of the mouth appendages, but

S. JAYADEV BABU AND P, J. SANJEEVA RAJ

only a rough diagram included in the figure of
the head from the ventral side. The present
collection of specimens (114 females and | male)
in excellent condition is recovered from several
specimens of Platycephalus insidiatrix Schlegel,

This is the first record for this species from
Indian waters and the male, hitherto unknown,
is recorded and described for the first time.

These copepod parasites have been found to
occur within the crevices of the gill arches on
the buccal fioor of the host. The head is well
burried in a round vesicle of the host tissue,
The parasites could be freed only by rupturing
the vesicles. The parasite is whitish and is
extremely sluggish in its movements,
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FISH CULTURE IN PENS IN THE GULF OF MANNAR, INDIA

G. VENKATARAMAN, K, M. S, AMEER Hamsa AND P, NAMMALWAR
Central Marine Fisherles Research Institute, Cochin-682 018, India

ABSTRACT

Realising the immense potentialities which India holds for large-scale coastal aquaculture with its
tumerous bays along its coast line, experiments on the culture of fish in the pens in the sea were initiated
in the beginning of 1977 at Mandapam Regional Ceatre of Central Marine Fisheries Research Instituts
on the southeast coast of India, Two pens, made out of bamboo screens, were ¢rected at a site in the
Gulf of Mannay near CMFRI Jetty, Mandapam camp.

Constructional details of pens and the measures taken to protect them from hoavy seas ducing rough
weather are given, The pens, which consisted of double laysred screens made out of bamboo splits, were
firmly fixed to ths sea bed with the aid of casuarina poles, They wers square in shape and each pen covered
an area of 81 sq. m.

3,288 fingerlings of Mug/f spp. and 77 fingerlings of Chanos chanos were'introduced in the first pen,
the mean size of the former being 32 mm and the latter 72 mm. Another batch of 80 milkfish fingerlings
of the size range 46-108 mm was introduced in the second pen. Good growth rates in respect of mullets
and milkfish wers abserved.  An account of the hydrological conditions prevailing in the pen enclosure and
the food given to the stocked fishes are also given.

Constraints faced in the maintenance and operation of the pens in the sea and suggestions to overcome

them are presented and discussed.

INTRODUCTION

IN InpIA, an awareness has deaveloped in
recent years on the need to carry out aguacul-
ture and especially coastal aquaculture on a
scientific basis, as a means to augment fish
production and to provide greater job opportu-
nities to the rural folk. This has become all the
more important in the context of wide fluctua-
tions in the landings of some of the major
capture fisheries in India (Silas er al, 1976).
Realising the immense potential of coastal
aquaculture, which this country offers with its
coastal lagoons, estuaries, backwaters and
mangrove swamps, the scientists of the Central
Marine Fisheries Research Institute initiated
at the beginning of 1977 an intensive programme
of pen and cage culture using cheap mdlgenous
materials,

Taking advantage of the existence of intertidal
mudflats, creeks and calm bays in the southeast
coast of India and availability of fish, prawn
and crab seeds in plenty in this region, experi-
ments relating to culture of the same in pens
and cages were carried out at Mandapam and
Tuticorin. The details of pen culture, which
is of pioneering nature, carried out at Mandapam
on the Gulf of Mannar side in the southeast
coast of India are presented in this account.

Wa are highly grateful to Dr. E. G. Silas,
Director, Central Marine Fisheries Research
Institute for the guidance, encouragement and
suggestions given in carrying out the pen culture
work. We are thankful to Mr. M. Najmuddin,
for the analysis of the water samples from the
pen and to Shri. V. Gandhi for the assistance
rendered in the maintenance of the pen,
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MATERIAL AND METHODS

Site

A site in the Gulf of Mannar, about 366 m
from the western side of C.M.F.R.I jetty
was selected for the erection of two pens as the
sea forms a small Bay at this place and is
relatively calm even during rough weather.
Further, a test survey in this area showed that
the sea bottom was mostly sandy and suitable
for driving casuarina poles into the bottom,
In order to arrest the action of the waves over
the pens, a crescent shaped barrier of casuarina
poles was constructed for a length of 57.9 m
driving five hundred poles of 4.9 m length
and 0.2 m diameter into the sea bed for a depth
of 1.8 m, In order to strengthen the barrier, the
vertical poles were supported with horizontal
poles and braced cross-wise by bolts and nuts,
Stones were also laid on the outer and inner

gides of the casuarina barrier upto the same

length for a hoight of 2.4 m from the bed of the
sea to give further protection to the pens from
the action of waves and to prevent silting,

Pens

Bamboo pens specially designed to withstand
the action of the waves and to last for a long
period in the sea were made. The pen was a
square enclosure of 9 m long and sides of 3 m
height, It was made of double layered thatti,
an outer layer of bamboo splits of 9 mm thick-
ness and an inner layer of 5 mm thickness,
These were firmly joined together by iron
straps. Three thaeti pieces (3x3 m) wore
joined together to form each 9 m long side,
Altogether a single pen consisted of twelve
3x3 m thatties. Tar was applied upto a
height of 0.5 m from the bottom of the thatsi
and over it kriside was painted. These structures
when fixed to the sea bed formed an enclosure
covering 81 sq, m,

In order to strengthen the thartles country
wood reapers of 3 m length, 0.2 m breadth
and 13 mm thickness were fixed horizontally
on either side of each tharti at 0.6 m interval,
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In addition to this, two runners of 9 m length
and 0.1 m breadth were fixed to the rtharsies
at 0.6 m intervals and these ran on all the four
sides of the pen. The pen was supported
on each side by 15 casuarina poles and the
reapers/runners, thatties and casuarina poles
were firmly attached to one another by bolts
and nuts. These thatties were joined together
at the corners with a wooden pole 4 m in height
so that no gaps were left at the corners, The
depth of water in the pen ranged from 1.2 m
in the low tide to 1.8 m in the high tide. The
bottom was mostly sandy. There was good
exchange of the sea water through the minute
crevices in. the thatries. Two pens were erocted
in the same area, one in 1977 and the other in
1978,

Fingerlings

Fingerlings of Chanos and Mugil spp. were
collected from Chinnapalam cresk and tidal
pools at Pamban, Pillaimadam and Athankarai
Bstuary, Before introducing the fingerlings
in the pen, all predators present inside the pen
were fished by a net. Further the bottom of
the pen was checked to ensure that there were
no crevices below the water level which may
allow escape of fingerlings. The weight, size
and the number of fingerlings of each species
were recorded before release in the pen,

The fishes were fed every morning with a
known quantity of food equivalent to 1/10
of the weight of the fingerlings introduced and
it comprised of equal proportions of minced
fish meat and oil cake paste. The food was
kept in an aluminium tray of the size of 0.5
X 0.5 X 0.2 m which was fixed at the centre of
the pen in such a way that the tray was just
above the low tide water level, They also fed
on, natural food like algae, phytoplankton and
zooplankton available in the pen.

Periodic estimates of salinity, oxygen and pH
in the pen site wore made. In the first pen, the
salinity ranged from 23.75 to 35.00°/,, and the
dissolved oxygen content varied from 1.40
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to 5,75 mifl. The oxygen values were very
low during June (1.70 ml/1) and July (1.40
mlf1) when the Trichodesmium bloom occurred
in the sea. In the second pen the salinity
range was from 33.36 to 36,72°/,, and the range
in dissolved oxygen content was from 2.34 to
$25mlfl. The pH ranged from 7.2 to 8.0.

RESULTS

Altogether 3,288 fingerlings of Mugil spp.
of the size range 20-60 mm and mean, size 32 mm
were introduced in the first pen in March,
1977. During a three month period of March
to June their size increased to 87 mm thereby
registering a growth of 18 mm per month.
The average weight of fish increased from
0.8gto 15g In the same month, 77 fingerlings
of milkfish Chanos chanos of the size range
60-90 mm were introduced in the first pens
their mean size being 77 mm., In June, the
mean size of fish increased to 227 mm thus
showing a growth rate of 50 mm per month,
The initial average weight of fish which stood
at 3 g rose to 77 g at the end of three months,

Another batch of 80 milkfish fingerlings
of the size rangoe 46-108 mm was introduced
in the second pen in February, 1978, At the
time of introduction, the mean size was 84 mm
and it increased to 226 mm in May, the growth
rate during this period being 47 mm per month,
The mean weight increased from 4 g to 110 g
during this period. In the subsequent period
of June to September the mean size increased
from 226 to 380 mm registering a growth rate
of 51 mm per month and the mean weight
increased from 110 g to 448 g.

DiscussioN

This is the first time that pens have been
erected in the shallow bays in the Indian seas.
This is an arduous task because the pens would
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have to face the hazards of the sea like the im-
pact of tides and waves and withstand the attack
of fouling organisms. Bearing these factors
in view, care was taken to erect the pens firmly
in the sea and the materials used were treated
with anti-fouling paints along their submersible
portion,

The growth rates of milkfish and mullet
fry and fingerlings introduced in the pens were
found to be very satisfactory. The growth
rates of milkfish and mullet were found to be
47 to 50 mm per month and 18 to 29 mm per
month respectively which compares favourably
with the results obtained elsewhere (Bensam,
1974).

Some constraints were observed in the main.
tenance and operation of the pen in the sea
extending over a period of two years., The
bamboo screens did not last for more than a
year in the sea due to fouling organisms like
marine borers and due to wear and tear caused
by the action of waves. Experiments are
under way to construct pens made out of
palmyrah leaf stem and sliced palmyrah wood
to study their durability and cost factor,

One of the major problems encountered in
the operation of the pens was the large accumu-
lation of sea grasses in and around the pen
during southwest monsoon months of the year.
The hydrogen sulphide released by the decom-
posed sea grasses polluted the sea water and
brought down the dissolved oxygen content
in the pen site thereby causing mortality of fish.
Blooms of the green algae Trichodesmium
were also observed during the above months
which also caused mortality of fish inside the
pen. To overcome these difficulties culture
work can be carried out in the Gulf of Mannar
side of the Mandapam Regional Centre over
a period of seven to eight months starting from
September and extending upto May when the
sea is free from pollution caused by the accumu-
lation of sea grasses and blooms of blue green
algae, Further, during this period the sea is
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calm and normally devoid of cyclone which
causes uprooting of the pens. The elaborate
props for supporting the pen may not be
required thereby reducing the cost of erection
of pens. The screens made out of bamboo
or palmyrah leaf stems can be removed from
the sea during the non-operation period.
During this period the maintenance work of the
same such as applying tar and fastening the
splits with binding wire can be attended to.

G. VENKATARAMAN, K. M. S. AMEER HAMSA AND P. NAMMALWAR

Valuable experience has been gained on the
design, maintenance and operation of the pens
in-Indian seas as a result of the work so far
carried out and based on this, it is proposed
to improve the techniques of pen culture in the
coming years, The availability in abundance
of the seeds of mullets Mugil spp. and milk-
fish Chanos chanos (Tampi, 1973) shows that
there is a great scope to develop culture fisheries
along the southeast coast of India.
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FOOD AND FEEDING HABITS OF THE PEARLSPOT
ETROPLUS SURATENSIS (BLOCH)
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ABSTRACT

The major items of food consumed by Efroplus suratensis consisted of diatoms, filamentous algae,
higher aquatic plants, rotifers, insect larvae, cladocerans, copepods, other crustaceans, gastropods and
detritus, 'Ihelarveewmfoundtofeedonammeddietalmostequalmquanﬂtyofbothdmtomaﬁd
protozoans, Thefeeding habit of the juveniles and mature specimens of E. surafensis showed a herbivorous

natumsmoemomthan?S/ofthsfooditemsmcomposedofmmoandmacro-vegetauvematter

The

feeding intensity of peatispot at different sizes showed that the highest feeding intensity was observed in
the fishes belonging to the size group of 105-114 mm, The fishes that were about to attain maturity

recorded the maximum feeding intensity.

INTRODUCTION

Tae PEARLSPOT Etroplus -suratensis, locally
known as ‘ Karimeen ’ i3 a very common food
fish of great importance, Inspite of its econo-
mic importance and culture possibilities only
limited information is available regarding its
hiology (Bhaskaran, 1946; Job ez al.,, 1947 ;
Rahimulla, 1946 ; Prasadan, 1971). Our know-
ledge of the food of the species is confined to the
brief reports of Job et al. (1947), Alikunhi
(1957), Prasadan (1971) and Devaraj et al.
(1975). A note on the weed destryoing habit
of E. suratensis has been reported by Gopinath
(1948). All available information indicates
that E. suratensis is predominantly a herbivore,
feeding mainly on aquatic micro and macro-
vegetation. The present investigation was
undertaken to elucidate the food and feeding
habits of E. suratensis.

We are extremely grateful to Dr. N, Bala-
krishnan Nair, Prof. and U. G. C. National

" Kerala

¥ Pregent Address cultaral Univessity,
Filhﬂ‘hlnesearch Station » Cochin,

Fellow, Dept. of Aquatic Biology and Fisheries,
for rendering facilities in the Department and
for constant encouragement. One of us (V.
Jayaprakash) is thankful to the UGC for the
award of a Junior Research Fellowship during
the tenure of which the investigation was
carried out,

MATERIALS AND METHODS

In evaluating the different food organisms, the
‘points method" of Synnerton and Worthington
(1940) as reviewed and modified by Venkata-
raman (1960) was adopted. Fortnightly
random samples of E, suratensis were collected
from Veli Lake and from a local market,
The specimens were measured and sorted
into the following length groups, 25-64 mm,
65-104 mm, 105-144 mm, 145-184 mm and
185-224 mm. The fish were then dissected out
and the state of maturity of the gonads was
noted to find out any possible correlation bet-
woon feeding and breeding cycle,

The digestive tract of sach fish was care-
fully exposed and the intensity of feeding was
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recorded. Depending on the degree of fullness
of the stormach, points 50, 40, 20, 10 and
0 were given to heavy, good, medium, poor and
empty stomach respectively.

The stomach contents were then carefully
removed and examined immediately in the fresh
condition as far as possible, or were preserved
in 5% formalin for subsoquent examination.
The stomach contents of all the specimens were
examined separately.

For evaluating the preference of food con-
sumed, the different food items were assessed
under the categories swarms, plenty, common,
a few, very little and rare. Points 50, 40, 30,
20, 10 and 5 woere allotted. The points gained
by each food items were then summed and
scaled down to percentages to indicate the
percentage composition of food items for
vatijous months.

Depending on the distention of gut and the
amount of feeding the degree of feeding (Feeding
intensity) can be ascertained as under any ons
of the five categories, heavy, good, medium,
poor or empty. The feeding index for any one
particular month is the ratio for the number
of fish whose feeding intensity was either good
or heavy to the number of fish examined in
that month multiplied by 100. .

RESULTS

(a) Food of all size groups

The percentage composition of various cate-
gories of food in the stomach in each month is
Hllustrated in Fig. 1. It is evident from the
present study that the major item of the food
of E. suratensis consists of diatoms, filamentous
algae, aquatic plants, zooplankton and detritus,
Of special importance are the diatoms, filamen-
tous algae, higher aquatic plants, rotifers,
insect larvae, cladocerans, copepods, other
minute crustaceans, gastropods and detritus.
Unicellular algac such as, Pleurosigma sp,
Navicula gracilis and N, longicephala, Nitzschia
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sp., (Nitzschia sigmoideg and N, palea), Fragil-
laria sp. and Hemidiscus sp. were generally
found in the stomach. Pleurosigma and
Navicula were more common than Nitzschia
and Fragillaria. The diatoms Hemidiscus sp.
was found only in the guts of the larvae, finger-
lings and early juveniles below 2 cm. The
diatoms recorded their peak during the months
of June-July-August and November-December-
January and February,

Filamentous algae : Comprising of Spirogyra
sp., Oscillatoria sp. Anabaena sp. and Ulothrix
sp. occurred abundantly throughout the year,
of which Spirogyra and Oscillaroria were the
main constituents, Spirogyra was particularly
abundant during the pre-monsoon and moonson
months viz,, from March to September.
Though present throughout the year, the
filamentous algae were particularly conspicuous
during the period from June to August and
December to February,

Higher aquatic plants : The occurrence of
the leaves and stems of Hydrilla, Elodea and
Chara were found in abundance in the stomach
of E. suratensis of all length groups analysed.
The roots and leaves of the woed Salvinia were
also occasionally noticed in the stomach,

Rotifers : The rotifers found in the stomach
were Brachlionus sp. and Keratella sp., of these
the former was more common than the latter,
The rotifers were mostly preferred by the
juveniles.

Inseet larvae : The larvae of the insects
of the order Hemiptera and coleoptera were
recorded in the stomachs almost throughout
the year, The insect larvae were completely
absent in the fish above 145 mm in the total
length.

Cladocerans : Daphnia sp. and Cerodaphnia
sp. were quite common in the diet, especially
of the younger size groups.

'Copepods ¢ Copepods were found not too
common in the stomach contents, but frequentty
they were found in few numbers,
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Qther crustaceans : These included crusta-
ceans such as mysids, amphipods, decapod
larvae and exoskeletal parts and bits of append-
ages which could not be ideatified and occurred
almost throughout the year in small amounts,

Mollusca : Represented by some gastropod
shells which were negligible in quantity,

Detritus : Decaying organic matter mixed
with sand and mud were noticed consistontly
throughout the year. In the case of juveniles,
the detritus formed only a negligible item in
thedwtwh;leltfonnedammportmtlteminthe
diet of the adult fish,

Polychaete worms : In very few cases poly-
chaete worms were found in the stomach
contents which might quite incidental.

(b) Pood preference of various length groups

Food of the fingerlings and early juveniles :
The larvae were found to feed on a mixed diet,
almost equal in quantity of diatoms and zoo-
plankton, The fingerlings of pearlspot were
found to feed largely on diatoms and fow
zooplankton, They showed a special preference
for the diatom Hemidiscus sp. The food
comprised of a high percentage (407%) of
Hemidiscus, bits of Fragillaria and Chlorella
(both togsther formed 20%). The early juveniles
(below 25 mm) took aquatic insect larvae,
filamentous algas and other plant materials
(60%) in addition to diatoms and zooplankton
@%.

(c) Composition of the food of the 25-64 mm
length group

The monthly varixtions in the pomentage
composition of the food of the above: length
group is illustrated in Fig. 1.

About 919, of the 115 specimens, all juveniles
had recognizable food remains in their stomach,
Filamentous algae (39.18%) and diatoms
(22.63 %) formed the major items in the stomach

throughout the year, Ranking next in impor-
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tance were the green [eaves and bits of stems and
roots of higher aquatic plants, forming 10,22%
in the diet throughout the year. Other
crustaceans (9.48%,), detritus (5.23%) insect
larvae (4.79%), cladocerans (3.9%), rotifers
(3.85%) and copepods (2.65%) formed the
other food .items in that order. Gastropods
occurred in negligible quantities (0.14%) only
twice in the year,

(d) Composition of the Jood of the 65-104 mm
length group '

The percentage composition of various food
jtems in the diet of the fish belonging to the
65-104 mm length group is illustrated in Fig. 1,

About 889, of the 121 specimens examined
had recognizable food remains in their stomachs,
Filamentous algas (39.51%), diatoms (16.84%)
and higher aquatic plants (13.62 %) again formed
the dominant items of food of the fish belonging
to this length group also. Ranking next in
importance was detritus (10.61%) which con-
stituted a substantial amount of food of this
length group. Other items of importance were
insect larvae (4.49 %), other crustaceans (4.04),
cladocerans (3.56 %), rotifers (3.49 %), copepods
(2.65%), polychaetes (0.69%), and gastropods
(0.63%). The quantity of animal matter in the
diet showed a remarkable decrease (19.55%)
in this length group.

(&) Composition of the food of the 105-144 mm

length group

About 91% of tho 205 specimens examined
had recognizable food remains in the stomach,
In this length group also, filamentous algae
were the most important item of food (36.27 %),
higher aquatic plants ranking next in importance
(27.12%,) while the diatoms occupied the third
position (12.51%,). Detritus still formed one
of the important food items (10.87%) next to
diatoms, The insect larvas which contributed
about 5% of the diet of the previous length
groups, had been reduced to an average of
1.29% in this length group. Food items which
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Fig. 2. Feeding intensity of various length groups of E. surafensis.

showed a decline in their occurrence were tho
other crustaceans (3.91%), rotifers (3.15%),
cladocerans (2.10%), gastropods (0.91%) and
copepods (0.8620).

(f) Composition of the food of the mature
specimens of 145185 mm length group

About 779 of the 137 specimens examined
had recognizable food remains in the gut,
Hore, higher aquatic plants formed the most
important item of food (40.59%). Filamentous
algae ranking only next in importance (29.91 %)
Detritus (12.92%;) and diatoms (9.98 %)) were
the other major food items of this length group.
Insect larvae were completely absent in the
food of this length group throughout the year,
Items such as cladocerans (1.789), other
crustaceans (1.46%), rotifers (1.37%), gastro-
pods (1.22 %) and oopepods (0:94 7)) were negli-

gible in quantity in the food. Thus higher
aquatic plants, filamentous algae, detritus
and diatoms togetber constituted more than
93% of the total food items consumed by the
fish of this length group. .

(g) Composition of the jfood item.;' Iof older
specimens of 183-224 mm length group

About 78%; of the 101 specimens -examined
had recognizable food remains in the stomach.
Higher Aquatic plants formed the most
important single food item (47.54%) repre-
senting more than 509 in certain months such
as June, July, August and February. Ranking
second in importance were the filamentous
algae (24.79 7)), followed by detritus (13.93%).
Next in importance were the diatoms (7.21%).
gastropods (1.629/), other crustaceans (1,38 %),

~olsdocerans (1.28%), rotifers (1.15%) and
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copepods (0.95%) wore the other items in that
order. Hence the older fish showed a much
more herbivorous habit than the other length
groups with detritus contributing a substaatial
portion of the diet.

(h) Feeding intensity

From the results, it would appear that maxi-
mum feeding intensity was shown by specimens
in the length group 105-144 mm, followed in
succession by those in the length group of 65-104
mm, 185-224 mm, 145-184 mm and 25-64 mm.
The maximum feeding intensity was shown by
the fishes which were just attaining maturity.

The variations in the feeding intensity were
further studied by grouping the fishes into two
broad categories viz., immature (below 144 mm)
and mature (above 145 mm) (Fig. 3). During
the period of investigation, generally, for im-
mature fish, the feeding intensity was higher
than that of the average for mature fish.
Monthly variations in the feeding intensity of
(fishes above 145 mm in total length) mature
fish and the percentage of empty stomachs in
each month are shown in Fig. 4. It would
suggest that thers were two periods of intense
feeding, one lasting from March to May and
the other from August to December, Maximum
feeding intensity was noticed during August-
September-October and November and another
in April-May when majority of fishes had
ripening and ripe gonads. The lowest feeding
intensity was noticed particularly in females
during June.July and December-January and
February, ropresenting the prespawning and
spawning months, the marked decline in
feeding being a reflection of psak maturity
and spawning.

DiscussioN

Alikunhi (1957) in his brief remarks on the
food of E, suratensis stated that the hairweed,
Spirogyra is a specially preferred food item.
Hora and Pillay (1962) in an account of food
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E. suratensis observed that aduits are mainly
herbivorous feeding on blue green algae (Oodo-
gonium, Spirogyra, Oscillatoria Lynbya, Clado-
phora and Volvocales) and also decaying plant
remnants. They also feed on tender leaves
of water weeds like Blyxia and Ultricularia.
Besides vegetable matter pearlspot also takes
zooplanktonic organisms, such as copepoeds,
daphnids, crustaceans and insects and worms.
In Chilka Lake, the fish had been found to feed
on weeds, detritus, gastropods and other
miscellaneous items like bivalves, insects,
mysids etc. (Thingran and Natarajan, 1966).
Prasadan (1571) in a brief report on the food
of pearlspot from Pulicat Lake, recorded that
specimens upto 85 mm length feed predominant-
ly on filamentous algae, macrovegetation,
detritus, hydrozoans, sponges, bryozoans, etc.
and those beyond 85 mm feed predominantly
on macrophytes and decayed organic matter.
Devaraj et al. (1975) have given a comparative
study on the food of juveniles collected from
estuarine and freshwater environments and
stated that fish in both the environments are
found to feed on a wide variety of items such
as flamentous algae, detritus, microcrustaceans
insect larvae and plant materials,

The present observations of the food of
E. suratensiz agree to some extent with those
of all previous workers, but also reveal a lot
of differences as to the nature of preference of
the food items in the various length groups
examined. A perusal of the data presented
in Fig. 1 brings forth certain interesting
aspects of the feeding habits of this fish, It
would appear that the larvae and fingerlings
are omnivorous, Thus the food of the larvae
are chiefly composed of diatoms and minute
zooplankton. The fingerlings show a mixed
diet of diatoms like Hemidiscus sp. Fragillaria
sp. and Chlorella and zooplankton such as
protozoans and cladocerans. The early juveniles
(upto 25 mm) feed on aquatic insect larvae,
filamentous algae and other plant materials
in addition to the diatoms and zooplankton.
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It is evident from the food items that the
juveniles had already changed to a more
herbivorous feeding habit. Thus the stomach
contents of specimens of ¢arly juveniles (15.25
mm) give evidence of a distinct preference for
a herbivorous diet.

It is evident from the data that the food of the
size group 25-64 mm is mainly composed of
filamentous algae, diatoms and higher aquatic
plants, The other food items of lesser impor-
tance are the other crustaceans, detritus, insect
larvae, cladocerans, rofifers, copepods and
gastropods. It is seen that a predominantly
herbivorous feeding habit is being noticed by
the presence of more than 709, of the food
comprising of filamentous algae, diatoms and
higher aquatic plants at this juvenile stage.
In the length group, 65-104 mm, a distinct
preference for filamentous algae, diatoms and
higher aquatic plants is noticed and the other
food items occurred in the order of preference
were, detritus, insect larvae, other crustaceans,
cladocerans, rotifers, copepods, polychaetes
and gastropods. Thus as the fish grows, the
quaantity of zooplankton and animal matter
present in the food items are greatly reduced
in amount, while the plant matter shows a
-distinct increase. In the length group 105-144
mm, filamentous algae are still preferred to
other items and others in the order of pre-
ference are higher aquatic plants, diatoms,
detritus, other crustaceans, rotifers, cladocerans,
insect larvae, gastropods and copepods. It
is thus evident that this preference for fila-
mentous algac and diatoms marks a change
as the fish grows and the specimens of length
group 145-184 mm show a distinct preference
for higher aquatic plants. The other food items
noticed in the stomach of this length group did
not show marked variations. In the size
group 185-224 mm and above higher aquatic
plants are still preferred to other items, Even
the largest specimens examined seem to show
a preference for this food item. The other
items in the order of their preference are fila-
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mentous algae, detritus, diatoms, gastropods,
other crustaceans, cladocerans, rotifers and
copepods. The results thus suggest a dominant
herbivorous diet for this fish supplemented
from time to time by such varied items available
ia the habitat as insect larvae, rotifers, clado-
cerans, copepods, other crustaceans, gastropods
and detritus. Thns a  predominantly
herbjvorous feeding habit is fully supported
by the foregoing account on the nature and
preference of the various food items observed
in the stomach of E. suratensis of various size
groups examined. It is also established that
the omnivorous feeding habit of the larvae
fingerlings and early juveniles are being changed
to a more herbivorous feedmg habit as the fish
grows to maturity.

Menon and Chacko (1956) stated that fishes
feeding on filamentous algae, molluscs and
worms and in whose gut contents, sand grains
in fair proportion are found, are to be placed
under the group of bottom feeders. In the case
of E. suratensis, the fingerlings and early
juveniles seem to belong to the surface feeders.
The fishes 65 mm and above presumably belong
to the bottom and column feeders as evi-
denced by the occusrence in substantial quanti-
ties of filamentous algae, higher aguatic plants,
mud and detritus in their stomach. Thus
the older fishes seem to belong to the bottom
and column feeders.

The gradual change of preference from
diatoms and zooplankton to filamentous algae
to higher aquatic plants; may be to avoid
effectively the ‘direct competition for food
between the juveniles, younger immature group
and the mature adult group of fish. Thus
this difference in the feeding habit is of survival
value reducing the likelihood of intraspecific
competition and making it easier for fish of
different sizes to occupy the same habitat,
Such variation in the diet has been recorded
in a few other fishes such as Gasterosteus
aculeatus (Hynes, 1950), Bagrus docmae (Corbet,

“1961), Clarias. senegalensis (Thomas, 1966)
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and anchovies (Bapat and Lal, 1950 ; Venkata-
raman, 1960),

From the observations on the feeding inten-
sity of the various size groups, the maximum
feeding intensity is shown by specimens in the
size groups of 105-144 mm, while a more
reduced rate of feeding is noticed in the older
specimens. This maximum feeding intensity
observed in fishes which are about to attain
maturity may be due to the increased require-
ments of food for gonad development and
maturity, Karekar and Bal (1958) have cor-
related the feeding intensity with the maturity
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stages in Polynemus indicus. According to
them, feeding slows down with the progress
of maturity stages particularly in females and
when the fish reaches the final stages of maturity
feeding is considerably reduced. The present
study also suggest a more or less close correla-
tion between feeding and breeding in the case
of mature female fish, with the feeding intensity
showing a fall by the presence of an increased
percentage of empty stomachs during the period
of peak maturity and spawning. While in the
case of the immature ones there is no such
correlation of the rate of feeding with the breed-
ing season or sexual cycle.

REFERENCES

Apktnmr, K. H. 1957. Fish culture in India.
Farm Bull. ICAR, New Delhi, 20: 144.

BapaT, 5. V., anDp D. V, Bar 1950, The food of
:gt)neg’g?susng clopeids. Proc. Indian Acad. Sei, 32

Braskaran, V. K. 1946, Bionomics and life history
of Eiroplus suratensis (Bloch) with special reference
to stocking tanks. Proc, 33d Indian Sci. Congr,
(Bangalore), pt, 3 4bs. p. 128.

Corper, P. 8. 1961. The food of non-cichlid fishes
in the lake Victoria Basin with remarks on their evolu-
fion and adaptation of lacustrine conditions. Proc.
Zool Soc, Lond ., 136 1-101,

Devaral, K. V., B. SANTHARAM AND H, P. C, SreTTY
1975. A comparative study of the food of juveniles
of the Pearispot Erroplus suratensis (Bloch) collected
from estuarine and freshwaters., Mysore J. agri.
Sel, 9. 479486,

GoeiNatH, K. 1948, Weed destroying habits of
Eiroplus suratensis (Bloch). Department of Research,
Report for the Septennfum 1939-1946, University of
Traz\ancom, Division of Marine Biology and Fisheries,
p. 268.

Hora, 8. L. anp T. V. R. PiLray 1962, Handbook
on Fishculture in the Indo-Pacific region. FAQ
Fish Biol, Tech. Pap. No. 14 ; 203,

Hyngs, H. B. N. 1950, The food of freshwater
sticklebacks (Gasterosicus aculeatus and Pygosteus
pungitius with a review of methods used in studies of the
food of fishes. J. Amim. Ecol,, 19: 36-58.

JHINGRAN, V. G. AND A. V. NATARAIAN 1966,

17

A study of the fisheries and fish populations of the
Chilka Lake during the period 195765, J. Jmland
Fish. Soc. Indig, 1: 49-126.

Jos, T. 7., ALKUNHIL, K. H. AND V. N, CHOODAMANL
1947, On the biology of the Pearlspot Erropius suratensis
(llg%och). Proc, 3eh Indign Scl. Congr. (Delhi) Pt 3, Abs.,

KAREKAR, P. 5. AND D, V, BaL 1958, The food and
feeding habits of Polvnemus Mdicus (Shaw). Indian
J. Fish., 8 (1) : 7194,

MenoN, M. D, anD P. I, CHACKO 1956. Notes on
the two cichlid fishes of Malabar, Etroplus suratensis
?rsy;llﬁs.‘t&ropws maculatus. Madras Fish, Bull, 12 (5):

PrRASADAN, R. D, 1971. Observation on the
biology of the Pearlspot Etroplus suratemsis (Bloch)
from the Pulicat Lake, Madras. J. Inland Fisheries
Soc. India, 3: 11-18.

RammurLa, H. 1946, Acclimatization of exofic
fish Etroplus suratensis (Bloch) in the Hyderabad State,
Proc. 33rd Indian Sci. Congr. (Bangalore), Fr. 3:125,

SYNERTON, 3. H. AND E. B, WorTHMNGTON 1940,
Note on the food of fish in Haweswater (West Morland).
J. Anim. Eeol, 9. 183-487.

TroMas, J. I, 1966. On the biology of the catfish
Clarias senegalensis in a man made lake in Chanaian
Savanna with particular reference to its feeding habits.
J. zool, 148: 476.514,

VENKATARAMAN, G. 1960. Studies on the food and
feeding relationships of the inshore fishes off Calicut on
the Malabar Coast. Indian J. Fish., T 275-306.



Proc, Symp. Coastal Agquaculture, 1985, 3: 964-969

SOME EXPERIMENTS ON ACCLIMATISING, PACKING AND TRANSPORT
OF MULLET FRY LIZA PARSIA (HAMILTON)

S. C, THAKURTA AND B. B, PAKRASI _
Ceniral Inland Fisheries Research Substation, 41{1 Stand Road, Calcuftq—?ﬁ

ABSTRACT

Unconditioned fry gave 0,09 to 77% survival with an average of 419 after liberating in a dug out
pit. When transported to the laboratory kept in a jar for one houvr after one hour conditioning, 50 fry
in 1 litre brackishwater gave 369 survival, When conditioned for 24 hours 50 fry gave 1009, survivel.
250 fry gave 90%, survival. When packed under oxygen 400 fry gave 100 survival,

INTRODUCTION

THE INCREASING interest in (brackishwater)
fish farming during the last decade necessitates
the provision of adequate quantity of brackish-
water fish seed. The species which are culti-
vated in brackishwater impoundments of West
Bengal commonly known as bheris have been
mentioned by Pakrasi (1965) and Pakrasi
et al. (1966) and out of the cultivated fishes the
grey mullet Liza parsia is the most dominant
form, This fish can also be acclimatised to
fresh water conditions (Ghosh, 1967). The
seed of Liza parsia is available in plenty in the
shore regions and euryhaline zones of estuaries.
They are distributed to brackishwater impound-
ments with the tidal influx and the gquantum
of such distribution varies from place to place.
Therefore, for supplying seed to distant inland
areas as well as to stock freshwater ponds of
lower deltaic West Bengal, successful trans-
portation technique of mullet fry has to be
evolved, The main difficulty of mullet fry
transport is to acclimatise them from lotic to
lentic condition as large number of fry succumb
due to the change of environment, In fresh
water fry transport, detailed studies have been
done by Mitra (1942), Khan (1946), Basu
(1949, 1951), Vass (1952), Saha et al. (1956
1956a, 1956b), Ramachandran (1969) and a host

of other scientists, but the transport on mullet
seed could not be taken up on a commercial
scale because of their susceptibility to handling
and environmental changes, Sarojini (1958)
was successful in transporting 200 fry of 0.5—
3.0 cm size in 22 litres of water for four and half
hours. Bhimachar and Tripathi (1967) have
also made successful attempts in transporting
100 fry for 24 hours under oxygen packing.
Present study is on the minimising of mortality
of mullet fry during transport. While con-
ducting these experiments it was observed that
fry when placed in enclosed water having same
salinity, temperature and dissolved oxygen
as that of estuarine river, died in large
numbers,

EXPERIMENTS

Four experiments were conducted to find
out the best possible way to have a better survival
rate when they are subjected to confined
water.

The first one was carried out 115 times on the
river side in different areas and the other experi-
ments were repeated 20 times. The range and
the average of the experiments are given in
Tables 1 to 4, The resvlts of the first experi-
ments are the average of observation made at



TaBLE 1. Experiment with Liza pamsia fry liberated in earthen (4 n®) on the river side after hauling from

estuary and observed after 2 hours
No. of fry Tnitial pH Initia! O, Initial CO, No. of fry Survival Final pH Final O, Final CO, Rerparks
i in ppm ppm  survived p A ppm ppm condition of
each hant fish
8-335 7.6-7.8 7.0-3.6  Nii. 0-234 0-77% 7.6-7.8 6.0-7.8 0.1-0.4 All fry wete
(205) N ) (7.8) - (85) @y . . 3N 49 (0.2) in hectic
- . . . - o ' motion.
Length of fry 1.2—2.2 cm, Salinity—23.0°/,, Temp. 29.5-32.5°C, No of hauls 115 (Average in parenthesis)
TasLE 2. Experimens with Liza parsia fry conditioned for 1 hour in plastic pool (400 litre) in the laboratory and..libemred in
glass jar (10 litre) and observed after 24 Hours
No.offry  TnitialpH  Initial O, Initial O, No, of fry % Survived Final pH Final O,  Final CO,  Remarks on
tiberated ppm ppm survived ppm ppm coadition of
. _ fry
50 7.8-8.0 7.2-8.6 Nil 30-37 60-74 7.6-7.8 1.6-14 2,5-3.9 "‘Good
7.9 (1.8) 36 2) an 1.2 28 condition
100 7.5-3.0 7.2-8.6 Nil 41+47 41-47 74-1.6 0.7-09 4.8-6.8 Survival
a9 (7.8) 44) “4) 2.5 0.8) .5 under stress
150 7.8-8.0 7.2-8.6 Nil 30-37 20-24.6 7478 0.3-0.5 9.8-10.9 Dying
(1.9) 1.3) (33 (22) 3.6 0.4) (9.8) condition
250 7.3-3.0 7.2-8.6 Nil 18-20 7.2-7.8 7.4-7.6 0.1-0.3 12-3-14.8 Dying
a9 (1.8) 19 7.6 (1.5 2 {12.9) condition

Glass jar 10 litre (cap.}, Estuarine water 1 litre, No. of replication experimenis 20.
Length of fry 1.3-2.2 cm, Temp. 29.5-32.5°, Salinity 23.03;,, Average in parenthesis.
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TABLE 3. Experiment with Liza parsia fry conditioned in laboratory in plastic pool (400) litre for 24 hours before liberating
in glass jar containing one litre of esturarine water and observed after 24 hours

No of Initial pH Initial O, Imitial CO, No. of fiy Sarvival pH Final O, Final CO, Remarks on
fry ppm pbm Survival % ppm ppm condition of
fry
50 7.8-8.0 6.8-8.0 Nil 50 100 7.6-1.8 1.8-2.5 1,6-2.0 Good
(7.9) (7.8) . (2.1) (1.4)}
100 . - Nil 98-100 98-100 7.4-7.8 1.2-1.5 24-56 Good
99 %920 .7 1.3) Q7
200 " o Nil 180-196 90-98 7.4-7.7 0.4-0.8 4.8-7.3 Strained
. (150) {95) (7.5) (0.6) (%]
250 » . Nil 220-230 88-92 7.0-74 0.4-0.5 6.99.3 Living
(225) (1)) (1.2) {0.45) {8.8) Under strees

Glass jar 10 litre (cap.), Estuarine water 1 litre, No. of replication of experiments 20.
Length of fry 1.3—2.2 cm.  Temp. 29.5-32.5°. Salinity 23.0%%,. Average in parenthesis.
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TaBLE 4. Experiment with Liza parsia fry conditioned in laboratory in plastic poo! (400 litre) for 24 hours and kepr under
axygen packing -observed after 24 Hours

No.of fry  Initial pH Initial O,  Initial CO, No. of fry Survival Final pH Final O, Final CO, Remarks on
ppm ppm survival % ppm ppm condition of
fry
150 7680 7.6-3.0 Nil 150 100 7.2-1.6 4.3-5.9 2.6-4.2 Good
(1.8 as) .4 (.2 (3.2
300 7.6-8.0 7.6-8.0 Nit 300 100 7.214 3.8-5.3 6.2-8.8 Geood
a8 (1.8) (7.3) 4.4 (7.6) .
. 400D 7.6-8.0 7.6-8.0 Nil 400 100 6.4-7.2 1924 7.3-9.9 Survived
(1.8) (7.8) ' (7.0} 1P 3.9 under stress
500 7680 = 7680 Nil 442-451 88-4-90.2 6.8-7.2 1.6-1.9 9.6-11.0 Survived
(7.8 (7.8) 450 (90.0) 7.0 (1.3 (10.8) under stress
700 1.6-8.0 7.6-8.0 Nil 512-526 73.2-75.2 64-7.0 0.8-1.0 10.4/14.7 Dying
(7.8) .8 (515) {15.0) 6.8) (0.85) (12.5) condition
1000 7.6-8.0 7.6-8.0 Nil 501-533 50.1-53.3 6.56.8 0.5-0.6 18-1-24.3 Dying
(7.8) .8 (520) 52.9) (6.6) (0.55) {21.9} condition

Plastic bag 16 litre. Bstuarine water 1 litre, No. of replication of experiments 20,
Length of fry 1.5-2.2 cm. Temp. 29.5-32°5°, Salinity 23.094,, Average in parenthesis.
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Bagbazar Canal, Maratha Ditch, Calcutta in
Mahanadi Estvary as well as in Kakdwip,
Muriganga River,

In the first experiments the fry just after
collection with a happa net (rectangular net
made of mosquitc curtain cloth) from the
estuary was liberated in carthen dug out pits
on the river bank itself (from 0 kilometre to
2 kilometre hauling site) and the survival rate was
poted in Table 1. Inthe first experiment survival
rate was 0% to 779 the average being 41 %;.

It showed that huge mortality occurred as
soon as the fry was transferred from lotic to
lentic condition. There is every possibility
that the physiological stress of the sudden
change caused these high mortality. Black
(1955) states that the fish generally responds
to even slight stimuli with spasmodic hyperacti-
vity. As a result lactic acid tends to accumulate
in their tissue and severe *oxygen debt’ are
created. The dissolved oxygen present in the
pit water was 6.0—7.8 ppm and carbon dioxide
was 0—0.4 ppm and these were sufficient for
their survival, But at times 1009 death has
occurred when the fry were liberated in stagnant
water having. all required physico-chemical
condition.

In experiments No. 2 stocking rate were
50, 100, 150 and 250 fry per litre. In the second
oxperiment mullet fry was brought to the
laboratory located 1.5 km away and kept in
a plastic pool containing same estuarine water
for one hour, Then it was placed in ten litre
glass jar, each containing one litre estuaiine
water., An inverse relationship of the survival
with the number of fry was found, fe. more
the number liberated less was the survival
50 nncondition fry had reduced the oxygen
level from 7.8 ppm to 1,0—1.4 ppm in one hour,
but when the number was increased to 250,
the oxygen lovel came down to 0.1 to 0.3 ppm
and the carbon dioxide level also reached
129 ppm which was near lethal limit. Only
19% survived under dying condition. 100
fry decreased the oxygen level below 1.0 ppm

8. C. THAKURTA AND B. B. PAKRASI

and increased the carbon dioxide level to 5.5
ppm. Both the levels are not congenial for
survival of the fry.

In the third experiment also same no of jars
and fry as experiment number 2 were taken.
In this experiment the fry was conditioned for
24 hours in the laboratory in 400 litre plastic
container before placing in the experimental jars
containing a litre of estuarine water of same
salinity, They were much more stabilized and
could be handled with less risk. So when 50 fry
were liberated 1009 survival was found and
dissolved oxygen was 2,1 ppm. Carbon dioxide
was also 1.4 ppm. 100 fry also survived in a
healthy condition, leaving an oxygen balance
of 1.3 ppm and carbon dioxide 2.7 ppm.
Even at the case of 250 fry 909 survival was
found, but dissolved oxygen and carbon dioxide
came near the lethal limit and fry was in distres-
sed condition, :

In the fourth experiment the fry conditioned
for 24 hours in 400 litre plastic poolin the labora
tory was kept under oxygen packing in one
litre of estuarine water in polythene bag (16
litre) packing with the advantage of regular.
oxygen supply in the water, Three hundred
fry survived in a good condition for 24 hours
and left dissolved oxygen of 4.4 ppm. Even
hundred per cent survival was found when 400
fry were liberated, but some distress was found
in the fry, When the number were increased
the rate of mortality was simultaneously
increased. When thousand fry were kept under
oxygen packing the survival rate was 529,
the fry were in dying condition as both dissolved
oxygen (Av. 0.55 ppm) and carbon dioxide
av, 21.9 ppm}. came to lethal limit,

Mullet fry should not be transported before
conditioning because it covers a risk of 1009
mortality. The fry conditioned for 4 hours
in a plastic pool or bigger water area,
even 100 fry of Liza parsia can be transported
in 1 litre of estuarine water, 400 fry (24 hours
conditioned) can be transported under oxygen

packing.
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ON THE IDENTIFICATION OF FRY OF GREY MULLET
. VALAMUGIL CUNNESIUS (VALENCIENNES)

C. P. RANGASWAMY

Madras Research Centre of Central Inland Fisheries Research Institute,
110, Perambur High Road, Madras-600 012

ABSTRACT

There has been considerable confusion in distinguishing the different species of grey muilet at fry
stage owing to their close resemblance. As scientific fish farming involves selective stocking, stock mani-
pulation and other methods to increase production, evolving easy method of segregation of the desirable seed
of quick growing species from the slow growing ones is of prime importance.  Adipose eyelids, axillary scales
and the spot on the pectoral fin are some of the characters used in the identification of mullets. In this
communication, the early development of these taxonornic characters in V., canmesius fry are presented as
these would be helpful in sorting out this species at fry stage with increased accuracy,

INTRODUCTION

MULLET FRY are remarkably uniform in their
external characters and considerable difficulty
is felt in distinguishing the species at that stage,
As scientific fish farming involves selective
stocking, stock manipulation and other methods
to increase production, evolving easy method
of segregation of the seed of quick growing
specios from the slow growing ones is of prime
importance. Adipose eyelids, axillary scales
and the dark spot on the pectoral fin are some
of the characters used in the identification -of
grey mullet. ‘These charactors are present
in some species and are absent in others. For
example, axillary scale at the axil of pectoral
fin are present in Mugil cevhalus and Valamugil
cunnesius while the axillary scale and the spot
are absent in Liza macrolepis. No information
is available on the formation of these characters
in V. cunmesius and it would be therefore
worthwhile recording their first appearance
at fry stage, In this communication, the early
appearance of these taxonomic characters
and other identification features of V. cunnesius
fry are presented, as these would be helpful

in sorting out this species at fry stage with
considerable accuracy.

V. cunnesius is 2 common mullet occurring
in both the coasts of India. 'The biology of the
species has been investigated from Bengal
waters (Sarojini, 1958). The breeding season
extends from May to August. The species
attains a length of 83, 131 and 174 mm in its
first three years,

The author is grateful to Dr. A. V. Natarajan,
Director, Central Inland Fisheries Research
Institute, for his interest in the work., The
anthor is thankful to Shri B. B. Pakrasi, Head
of the Estuarine Division, and Shri K. Raman,
Officer-in-Charge, Madras Rescarch Centre,
for their valuable suggestions,

MATERIAL AND METHODS

In the Ennore Estuary, near Madras, the
fry of V. cunnesius swarm in large numbers
during Sept.-Nov, The fry of mullets were
collected from the Ennore estuary with a velon
net and preserved in 59 formalin for further
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eXamination. Alizarin transparency was pre-
pared for examining hard parts, The
breadth of adipose eyelids and pectoral fin
spot and length of axillary scales wers measured
with an ocular micrometer, Ths morpho-
metric measurements for calculation of body
proportions were taken under a microscope
as suggested by Sarojini (1962).

OBSERVATIONS

General description of the fry

Total lepgth : 26-33 mm. Body latetally
compressed ; dorsal side of the fry is generally
greenish blue or sometimes greyish in colour,
while the sides are silvery ; pigmentation not
heavy and appear as minute dots and arranged
as a streak along the lateral side of the body from
th axil of pectoral fin to the base of caudal
fin ; rows of pigmentation also preseat along
the myotomes ; pigmentation is clear in for-
malin, preserved specimens. Origin of D,
bohind origin of anal; length of pectoral
less than head length, height of body and
length of caudal fin, but comparable to the height
of head ; pectoral fin elongated, reaching the
base of the first dorsal and when folded forwards
it reaches eye. Axillary scales present ; adipose
eyelids not visible. Snout is blunt and not
‘pointed as in Liza parsia; maxilla concealed
and visible when mouth is opened; posterior
end of preorbital is broad and not curved
as in M. cephalus (Fig. 1}. Fin formula: D,
IV; Dy:1+8; P:14-15; V:I+5; A:
II+9; LI: 32.33; Litr: 9-11; caudal fin
has 14 principal rays (12 branched and the
adjacent unbranched rays on either side)
and 18 secondary rays; principal rays are
divided into two groups, 7 above and 7 below.
there are 9 rays on the dorsal and ventral aspects
of the caudal fin ; and anal has 9 soft rays.

Proportionate measurements

Total length/Head length: 3.714-4.400 (4,
1799) ; Standard length/head length: 3.833.

L3

3,000 (3.333) ; Total length / Height of body :
4.714-5777 (4.910); Standard length/Height
of body: 3.571-4.666 (3.917); Head length/
eye diameter: 2.106-2.800 (2.570); Head
length/Height of head : 1.166-1.400 (1.267);
Head length/Pectoral fin length: 1.071-1.555
(1.290); Total length/length of caudal fin:
4.076-5.200 (4.779); Standard length/snout
to Dy:1750-2217 (1.963); Head Ilength/
eaudal peduncle height: 2.146-2.666 (2,157).

FiG. 1. Fry of V. cunnesins (26 mm total length) ;
maxilla and preorbital bones,

Formation of adipose eyelids

In adult fish the adipose tissue covers a
part of the anterior and posterior regions of the
eye. Present observations showed that there
is not much difference in the breadth of anterior
and posterior adipose eyelids and therefore the
development of anterior adipose eyelid is
described here. The adipose eyelids are first
seen at 38 mm length when they measure 0.3
mm in breadth and at 44 mm size, it is 0.4 mm
broad ; it reached a breadth of 0.5 mm at
56 mm length. Fig. 2 shows the adipose eye-
lids in 2 47 mm fry. The eyelids attain a
breadth of 0.8, 1.0 and 1.5 mm when the fish
hag grown to 64, 74 and 86 mm long. The
development of adipose eyelids (Y) in relation
to total length (X) of fish can be expressed by
the formula : Y == —0.492 + 0,020 X, Fig 5
depicts the relationship between total length and
adipose eyelid development,
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Formation of axillary scales

Modified scales are found above pectoral,
dorsal and pelvic fins, The early appearance
and progressive development of these elongated
axillary scales were studied and the resulis
presented,

Fig. 2. Fry of V. cunnesius (47 mm total length) :
adipose eyelids, maxilla and preorbital.

The axillary scale at the axil of pectoral
fin begins to appear when the fish is 24 mm in
total length, At this size the scale measures
0.7 mm in length of which 0.3 mm is visible
outside ; at 26 mm length, the scale is 1 mm
long of which 0.5 mm is seen outside at the
axil of fin and at 38 mm the scale measures
1.7 mm of which 1 mm is visible outside. It
develops progressively and attain a length of
2.0, 2.8 and 4.0 mm respectively when the fish
has grown to 46, 56 and 66 mm in total length,
The sizes of scale visible outside at these lengths
are 1,5, 20 and 2.5 mm, The progressive

\@

Mg 3. Heture of
[T rmia

Fig, 3. Nature of snout in mullet fry (25 mm total iength) :
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development of axillary scale (Y) in relation
to total length (X) of fish was examined and a
relationship of the form Y = -—-1.7576 4-
0.0871 X was obtained.

The clongated scale below first dorsal fin
makes its appearance at an early stage of 18
mm, At this stage the scale measures 0.5
mm in length of which 669 visible outside.
When the fry grows to 24, 28, 36, 42, 54, 58

" and 66 mm long, the scale also correspondingly

increases to 1.0, 1.3, 2.2, 2.8, 3.1, 42 and
6.4 mm in length respectively, However the

Fig. 4. Fry of M. cephalus (40 mm total Jength):
adipose eye lids, maxilla and preorbital.

sizes of scales visible outside at these lengths
are 0.5, 1.0, 1.5, 2.2, 2.5, 3.0 and 3.5 mum res-
pectively. The progressive development of
dorsal scale (Y) in relation to the total Iength
of fish could be expressed by the formula:
Y = —0.8471 + 0.0805 X,

e

suout in mallel Lry a:s-m.:mgu:
B T+ cuoneeius O He

a. L. pars;‘a b bV cmnedas and ¢. M. cepfmlm.
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The elongated scale (0.3 mm long) above the correspondingly and attains a length of 1.4,
ventral fin is also noticed at an early stage 2.2, 2.6, 3.2 and 3.5 mm and the sizes of scale
of 18 mm fry; at 24 mm length, the scale is visible outside at these lengths are 1.0, 1.5,
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Fic. 6. Length—weight relationship in V., cummesius

fry: a. Parabolic and b, Logarithmic,

(X) was worked out and it was found to be:

0.9 mm long of which 0.5 mm is visible out- Y = —1.0967 +0.0817. Fig. 5 illustrates the
side above the fin ; when the fry grows to 32, relationship between total length and pectoral
38, 42, 52 and S8 mmlong,thescale also grows (A), dorsal (B) and ventral (C) scale length,
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Formation of pectoral fin spot

The dark spot at the axil of pectoral fin
makes its appearance as a minute dot at 26
mm fry ; at 30 mm the dot is somewhat clearly
visible to the naked eve and measures 0.2 mm
broad. The spot attains a size of 0.5, 0.8
and 1.0 mm, at 40, 52 and 66 mm length,
between 86-90 mm it is about 1.5 mm broad
and when the fish reaches 100 mm, the dark
spot is about 2 mm broad. By plotting the
breadth (Y) of the spot against the total length
(X) of fry an equation of the form Y =—
0.363 + 0.021 X was obtained.

Length-weight relationship

Since no equation describing the relationship
is available for the fry stage, it was therefore
thought worthwhile to derive an equation and
also examine whether the equation followed
the isometric growth or not. Sarojini (1958b)
gave an equation for all the size groups of the
species, but she did not indicate whether the
regression coefficient followed the cubic value
or not. The length-weight relationship of the
fry (16-51 mm} can be described by the formula
log ¥ = —2.0231 4 3.0024 log X where X
and Y correspond to the length and weight of
the fry. The regression cofficient was tested
against 3 and was found not to depart signi-
ficantly from 3. The length-weight parabola
and its logarithmic form are given in Fig. 6.

Discussion

Sarojini (1962) and Luther (1974) have re-
viewed the systematic position of Indian grey
mullet. Thomson (1954) inciuded the species
under the genus Valamugil and the same is
followed here,

The fry of V. cunnesius can be identified with
the following characters : Laterally compressed
body, blunt snout, elongated pectoral fin,
broad posterior end of preorbital, pigmentation
arranged as g streak on lateral side and rows

C. P. RANGASWAMY

on transverse, axillary scale and spot on pectoral
fin and adipose eyelids (higher lengths). The
distinguishing characters of two other important
mullet fry is given here for comparison, The
fry of M. cephalus can be distinguished by the
presence of light soft rays on the anal (nine
soft rays in V. cunnesius), 13-15 transverse rows
of scales, preorbital curved at posterior end
{broad in ¥, cunnesius) and the longitudinal
streak of pigmentation is absent. The fry
of L. parsia can be distinguished by the presence
of short pectoral, pointed snout and the visi-
bility of maxilla. Fig. 3. depicts the nature
adipose evelids, axillary scales and the spot.
The present study throws light on the size
at first appearance of adipose eyelids, axillary
scales and pectoral fin spot. The adipose
of snout of V. cunnesius, M. cephalus and L.
parsia fry. In Fig. 4 the position of maxilla,
preorbital and adipose eyelids in M. cephalus
fry are shown.

Sarojini (1953 ; 1962) and Pillay (1954)
have reported the absence of adipose eyelids in
young stages of M. cephalus, L. parsia and L.
tade and observed their progressive develop-
ment with the growth of the fish. Sarojini (1958
a) described the mullet fry of Bengal waters,
but she did not mention the appearance of
eyelid is first noticed at 38 mm fry when it
measures 0.3 mm broad. In M, cephalus
fty the eyelids are observed to appear at 30
mm length (Rangaswamy, 1979). In this
species the eyelids measure 0.5 and 1.0 mm
at 46 and 59 mm in length. In V. cunnesius
the adipose eyelid measures 0.5 and 1.0 mm
at 56 and 74 mm length respectively. The
development of adipose eyelid seems to be
slower in V. cunnesius than in M. cephalus,
the rate of increase being 0,020 per each mm
of fish length.

The elongated scale at the axil of pectoral
fin is seen at 24 mm fish length and when
1 mm of the scale is visible outside the fish
length is 38 mm. In M. cephalus fry the scale
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appears at an early stage of 20 mm, The
dorsal and ventral axillary scales in V. cun-
nesius appear probably simultaneously at
18 mm. However, the rate of increase per
mm of fish is observed to be more or less the
same for all the three scales.

In adult V. cunnesius a dark spot is seen
at the axil of pectoral fin. Such a spot is seen
in other mullets like M. cephalus and V. seheli,
In V. cunnesius fry less than 26 mm the dark
spots are not evident, In M. cephalus fry

973
the blue sopt appears at 24 mm. In L. vai-

giensis the spot was observed at 15 mm
(Rangaswamy, 1978).

From the foregoing account, following con-
clusions can be drawn : in V. cumnesius the
axillary scales at dorsal and ventral fins appear
first at 18 mm, followed by the one at pectoral
fin at 24 mm. After this, the dark spot at
pectoral fin appears at 26mm, which is followed
by the appearance of adipose eyelids at
38 mm,
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THE DEVELOPMENT OF COASTAL AQUACULTURE IN WEST AFRICA
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ABSTRACT

The potential for coastal aquaculture in West Africa is reviewed and its current status described, The
prospects for progress in the area and limiting factors are considered along with the ways in which the
potential of the resources available can be exploited. This is fllustrated by a description of the turnkey
design, construction and operation of a Tilapia farm in the lvory Coast.

INTRODUCTION

To DATE, fish farming in West Africa has been
largely restricted to freshwater culture of tilapia
on a subsistence basis, with emphasis directed
towards the establishment of inland village fish
farms,

This paper describes
1. Current developments in fish farming in
West Africa.

2. Coastal resources available and national
plans for aquaculture in the coastal
states viz. Mauritania and Senegal, The
Gambia and Guinea, Sierra Leone and
Liberia, Ivory Coast and Ghana, Togo,
Benin and Cameroun and Nigeria
(Fig. 1.

3. Factors limiting the exploitation, of these
resources are Financial, Socio-political
and Technical.

4 . Exploiting the potential in the private
sector need proper layout and operation
of 150 tonne p.a. tilapia farm, supply

of materials and equipment, construc-
tion method, and management.

Current developments

Table 1 lists the spscies of fish currently
farmed in the varions countries of West Africa,
This covers a variety of different types, which
range from trout farming for anglers in the
Togo highlands, through exporimental culture
of catfish, carp, or grey mullet, to small-scale
pond farming of Tilapia nilotica.  This Tilapia
farming is increasingly integrated with rural
development programmes and is likely to
tepresent the mainstay of the industry through-
out the region in the immediate future. Its
origin owes much to colonial assistance, notably
by the CTFT (Centre Technique Forestier
Tropical at Bouake), but international agencies
have zlso heiped, Thus Ghana, Ivory Coast
and Nigeria participated in the FAO/UNDP
first regional workshop on Aquaculture planning
in Accra during 1975, Indeed the current
Economic Development Plans for certain
countries, such as Nigeria, have already re-
cognised aquaculture as being the only means
of meeting their projected demand for fish,
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Coastal resources available and National Plans
Jor Aguaeulture

Mauritania and Senegal i In both countries,
the fishing industry has undergone rapid
development recently and last year 1 million
tonnes wera landed in Senegal slone, of which
much was exported.

Fish farming has not aroused much interest
in either country to date, Le Saloum in
Senegal has been identified as having good
potential for brackishwater cultivation and
conditions here would favour marine fish and
shellfish farming,
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tidal lagoons, marshes and creeks, which appear
woll suited for marine farming projects, Thus
oysters have aroused some interest recently
in Sierra Leone, and there is little doubt that
freshwater and marine crustaceans and finfish
could be farmed for export in the area.

Ivory Coast and Ghana : The village ponds
in the equatorial rain forest of southern Ivory
Coast have been extensively stocked with Tilapia
by CTFT whose Bouake station is now looking
also at catfish and Nile perch farming. In
northern and upper Ghana a smallscale rural
industry has been established by rearing fish
in irrigation reservoirs,

TaBLE L. Fish farmed in West Afvica
Family Genera and Species Countries
Bagridae Auchenoglanis occidentalis Togo {experimental)
Cichlidae Tilapla nilotica Cameroun, Ivory Coast, Benin,
Togo, Nigeria, Senegal
Tilapia rendalli Nigeria .
Hemichromis spp. Cameroun, Ivory Coast, Togo
Citharinidae Cithavinus citharus Nigeria (experimental)
Clariidae Clarias lazera Ivory Coast
Cyprinidae Barbus occidentalls Nigeria {experimental)
. ' Cyprinus carpio Nigeria
Gymnarchidae Gymmnarchus niloticns Nigeria (ecpermentatl)
Mugilidas Mugil spp. Nigeria (experimental)
Osteoglossidae Heterotis niloticus Cameroun, Ivory Coast, Nigeria
Salmonidae Salmo gairnderi Togo
Serranidae Lates nlloticus Nigeria, Ivory Coast

The fishing industries in these countries are
only just commencing development with the
help of external aid commencing development
with the help of external aid (e.g. Europsan
Development Fund). Suitable sites for coastal
farming exist, particularly in Gambia, but
lack of fishery infrastructure and export faci-
lities might make the product difficult to handle.

Sierra Leone and Liberia: The coastal
plains of these countries are intersected by

The Ghanaian Fisheries Department hopes
also to stimulate fish culture in rico fields,
stream beds and in coastal lagoons. Ghana
imports about 90,000 tons of fish yearly and
hopes to cultivate 65,000 tons of fisk annually

- by 1985, By the same year, Ivory Coast hopes

to coltivate 16,500 tons by similar means,
although attention is apparently limited to
froshwater fish.

Togo, Benin and Cameroun: Tilapias are
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farmed in all three countries and the European
Development Fund is assisting further ex-
pansion of this activity in Benin. The coastline
of Togo and Benin, which comprises a low
smooth sandbar backed by marshy creeks and
lagoons, would seem ideal for marine farming
although this has not been developed.

Nigeria: The national plan projects a
yearly fish farm production of 105,500 tons
by 1985 and advocatos that 1,5 million hectares
of delta swampland be developed to this end.
Brackishwater culture of tilapia and mullet
i3 envisaged as the main component of this
with some emphasis also on carp and mangrove
oysters,

Since Nigerian expertise to date has been
mainly rvestricted to freshwater culture on a
subsistence basis, it is difficult to see how
these targets will be achieved without substantial
imports of expertise. However, the Govern-
ment’s commitment to expanding aquaculture
in the private and public sectors may ease the
problem of foreign investments in this sector.

Limiting factors

Despite this huge potential for coastal
aquaculture in West Africa, there has been
little progress towards exploiting the opportuni-
ties which exist in many parts of the region.
The factors which have limited development
to date can be summarised as follows ;

Finance : Finance for public-soctor projects
(usnally aimed at increasing production of
fish for food) depends on Government support,
usually backed by loans or grants from outside
agencies such as UNDP or the European
Development Fund,

To date, little finance has been available
for fish farming projects in West Africa ;
most attention has been given to the fishing
industry, particularly the development of inland
fisheries, although this has involved stocking
exercises using farmed fish in countries such as
Ivory Coast,
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Finance for private-sector projects has
been almost totally lacking to date, partly due to
the socio-political factors considered below, and
the lack of expertise available to initiate and
carry out projects successfully. There seems
little doubt that the absence of any com-
mercially successful fish farms would continue
to inhibit the establishment of new projects.

Socio-polirical factors : Political stability in
the region is an important factor determining
confidence of development agencies and financial
institutions considering investment in public
sector projects. Investment by the private
sector in individual projects which are not
buffered by government or large institutions,
is probably more sengsitive to these factors.

The traditions, tribal organisation and basic
nature of the population throughout the region
are also important factors to consider. This is
particularly important in overall planning
of aquaculture projects, i.e. location in relation
to labour supply, and choice of farming method
will often ba dictated by the skills of the local
labour force.

Technical factors ;A high level of expertise
with a wvariety of technical components is
required to initiate and manage coastal aqua-
culture projects successfully, The steps which
have to be considered are well known, but may
be summarised briefly as follows:

Market characteristics for fish
~— distribution, acceptability, price
— impact of farmed production on market
prices
Species selection
— marketability
— technical feasibility of culture
— suitability to local climatic conditions
— stock availability
— availability of suitable fesdstuffs
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Site selection

-— water quality and quantity related to
selected species and production levels
required .

— land availability, suitability for hatchery
service buildings

-~ location : access, feed supplies, product

distribution, labour available,
etc.

Farming method
— choice appropriate to species, site,
feedstuffs available, production level
required, finance and labour available

Economic feasibility
— an estimation of capital and operating
costs, sales revenue and profitability

Design criteria
— appropriate to site and farming method

Construction _
— choice of materials local imported
— appointment of contractors local labour
— supsrvision of construction to design
criieria
Commissioning
— start-up of pumps, systems, filling
ponds to ensure efficient opertaion

Management
— husbandry and management of fish
— personnel management
— repairs and maintenance of farm
— marketing production

Clearly, in any substantial project, a variety
of disciplines, and not least fish farmers, are
required.

There is no tradition of fish farming in West
Africa so little relevant expertise is available
from within the region. Qualified personnel
of the other disciplines required are also scarce,
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and almost none have exporience related to
fish farming. To avercome this limitation,

expertise has to be imported from outside West
Africa,

Exploiting
sector

the potential in the private

Recognising the potential for fish farming
in general and coastal aquaculture in particular,
a major private-sector company operating
in the West African region approached Fish
Farm Development International Ltd. for
assistance, This agency specialises in the
establishment of tucn-key fish farming projects
and was able to supply the various levels of exp-
ertise required. The investor possessed sufficient
finance to consider a substantial (upto 500
tonnes p.a, production) project in any suitable
country in West Africa. This was to be the
first large scale private sector investment in
fish farming in West Africa.

An initial survey indicated that, mainly for
socio-political reasons, the most suitable country
for the establishment of the project was the
Ivory Coast (Fig. 1).

There are many coastal lagoon sites in the
country, but the Lagoon Ebrie (Fig. 2) was
preferred for its proximity to Abidjan, the
capital city ; this provided a large and growing
market (population 500,000) and would be
easy to supply with fresh, farmed fish,

For such a substantial project, the technical
feasibility for farming the species selected must
be well established. Although there are atirac-
tive longer term prospects for farming catfish
and sheimp in the area, this limited the species
choice to tilapia. The water quality charac-
teristics and temperature profile of the Lagoon
Ebrie are suitable for tilapia culture.

Although not particularly highly priced
on the Abidjan market, a study showed that
the tilapia market was undersupplied and could
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absorb the anticipated farm production without Layout and operation of 150 tomne p. a. Tilapia
markedly affecting the price. Jarm

Rearing fish in floating cages in the lageon The site finally chosen for the project was
was chosen as the most appropriate farming an area of 15 ha. on the shore of the lagoon
method, although it was considered sensible near the bush village of Bapo (Fig. 2).

BF Farm Developments, Bapo

Fig. 2. Site Location.

to locate the spawning and early rearing opera- The layout of the farm is shown in Fig. 3
tions in a shore-based tank system, and can be described as follows :

Finally, a cost study showed that the projetc (@) Service building, containing two 37
was sufficiently attractive for the investor to kva generators supplying power to the
continus, and the first phase of the develop- site, a fish packing area and ice. room
ment {to 150 tonne p.a. production) was containing a 2 tonne per day capacity

commenced. icemaker, a workshop, office, laboratory
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for disease diagnosis and water quality
monitoring, and a feed store and food
preparation area, capable of producing
2 tonne pelleted feed per day.

The farm is thus virtually self-sufli-
cient, an, important consideration in the
West African bush, The infrastructure
is capable of supporiing a production
level of 500 tonnes per annum.

(b On-shore tank system, comprising four
2m diameter glass reinforced plastic
(GRP) fry ponds, 12 GRP fry troughs,
eight 4m square GRP spawning ponds
and six rectangular on-growing ponds
20 m x 3.8 m x 0.5 m constructed from
galvanised iron sheeting.

(¢) Water supply system, comprising three
10 litre per second submersible pumps
located on a wooden jetty projecting
45 m into the lagoon. Water is pumped
to a fibre-glass header tank and distri-
buted to the ponds via PVC pipe and

valves.
@

On-shore acration system, comprising
low pressure blower units, PVC pipe-
works and ceramic diffusers located in

all ponds.

The on-shore system are fully protected
by a comprehensive alarm system,

{e) Off-shore cage complex, comprising 28
floating cages 8.5m X 4,25 m with nylon
nets suspended to a depth of 1.5m. The
cages are of galvanised metal con-

struction with polystyrene flotation,

(f) Standby aeration and pumping system
for cages, fully protected by an alarm

system,

Broodstock (mainly Zilapia nilotica} are
retained in the 4m spawning ponds. Fry
production (120,000 per month) is by a combi-

nation of natural and induced spawning, The

C. W. POUPARD

fry are stocked initially in the troughs, then the
2 m fry ponds until they reach a size of 5-10 g.
Size grading takes place every two weeks,
Feeding is by a crumbled pellet formulated and
prepared on the farm.

The non-shore system is designed to operate
continuously and at intensive stocking levels ;
however, due to the escalation in the price of
fuel oil, additional pond space {(six rectangular
ponds) was provided to reduce stocking densities
and enable the generators to be tumed off
for upto 12 hours per day.

Fish are transferred to the off-shore cage
complex for on-growing to the market size of
around 200g. Growth time from spawning
ranges from 4-6 months,

With monthly fry production and frequent
size grading, production is mearly continuous
and averages three tonnes per week.

Supply of materials and eguipment

Specialist fish farming equipment is not
available in West Africa, so the choice lies
between making do with materials available
locally, or importing the equipment of choice.

This decision will vary from location to
jocation, country to country anrd client to
client ; in this case, becasue¢ of the high price
of conventional building materials in Ivory
Coast and the complets lack of ancillary
equipment, it was appropriate, with the excep-
tion of the service building structure, to import
all the components of the farm,

The main components of the farm are detailed
in Appendix 1,

Construction methods

The balance required between the engineering
requirements of design and construction, the
biological requirements of the fish, and the
operational requirements of farm management,
are difficult to achieve.
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The choice between employing local con-
tractors for construction or importing specialists
to supervise local labour is usually clear-cut.
The balance referred to above could not be
achieved in West Africa without specmhst
supervision.

In this case, two ex-patriot project engineers
and a staff of upto 27 Ivorians completed
construction in four months from the arrival
of equipment in containers,

Management

Ex-patriot management is essential for such
projects, At Bapo, the staff consists of one
ex-patriot manager with five years African

983

experience, one African assistant with some
provious fish-culture experience, and 13
labourers.

Conclusions

The tum-key approach to aguaculture deve-
lopment is a particularly cost-effective means
of bringing fish farming projects to successful
production.

In this particular case, the concept of the
fiest large scale commercial fish farm in West
Africa has been taken from an initial feasibility
study, through the design, supply of equipment
and construction stages to successful pro-
duction,

APPENDIX I

Main Compovents of 130 tonnes p.a. Tilapia farm

Two cage complexes comprising 28 floating cages with suspended nets
Two rope booms with warning lights surrounding cage complexes

b R A U g
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Two fibreglass shallow draft boats with outboard motors

Two fibreglass fish transport tanks with integral aeration

Standby aeration and water pumping system for cages

Full off-shore alarm system for cage complexes

Full off-shore lighting system for cage complexes

12 rectangular fibreglass on-shore tanks with associated pipeworks
Fibreglass header tank with associated pipeworks

Dual aeration system supplying each tank from blower units

. ‘Three 10 litre per second submersible pumps
. Two 42 kva generators plus complete electrical distribution system.

On-shore alarm systemn — audible and visual warping of systems failure
Complete food preparation system (2 tonnes per day)

Ice maker (2 tonnes per day)

Comprehensive husbandey equipment

Comprehensive range of disease diagnosis and water qu.a]lty analysis eqmpment
Serviced aguaria for experimentation

Complete set tools

Assorted spares

Service building comprising feed producmfm area, packing area, laboratory,
housing, blower housing and night watchman’s room,

store,

office,

generator
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ISOENZYME STUDIES IN CULTIVABLE FISHES

A. P. KAMALAKARA Ra0, S. AUGUSTINE CHELLAPPA*, ITTA SAMBASIVIAH
AND P. J. SANrEEVA RaATF*

Department of Zoology, Pachaivappa’s College, Madras-3¢

ABSTRACT

Multiple forms of LDH were compared for eye-lens, vitreous humor, heart, muscle, intestine, gills,

brain and liver.

Tissues like brain and vitreous humor exhibited species specificity. Polyacrylamide-disc

gel electrophoresis was carvied out and zymograms of LDH isoenzymes were studied. A remarkable
variation is recognised in both the number and mobility of LDH isoenzymes, Hence this LDH i 1socnzyme
is considered to be useful for the taxonomic studies of fishes.

INTRODUCTION

TsoENzYMES have been investigated in a wide
variety of organisms in the broad biological
spectrum. The study of isoenzymes involves
both genetic and biochemical methodology
and they have become an important biochemical
tool in taxonomy. The enzyme LDH presides
over the interconversion of pyruvaie and
lactate in the glycolytic pathway and thereby
serves as an important source of the oxidised
coenzyme NDA during periods of transient
anaerobiosis.

Fishes vary very much in the complexity
of LDH isoenzyme patterns than do warm
blooded vertebrates. The existence of LDH
isoenzymes has been reported in Teleosts
and other fishes by a number of workers
{Markert and Faulhaber, 1965; Nakano and
Whitley, 1965 ; Hochachka, 1966; Horowitz
and Whitt, 1972 ; Fischer and Whitt, 1978).
Isoenzymes have been used for phylogenetic
studies in cichlid, cottid and percoid fishes

* Depariment of Zoology, Sir Theagaraya College,
Madras-21.
*¢ Dapariment of Zoology, Madras Christian College,
Madras-59,

(Cowan, 1972 ; Page and Whitt, 1973) as wel-
as for tissue and species specificity (Ohno,
1968 ; Tamiguchi e al, 1972). The present
work was undertaken to highlight the existence
of species specificity and tissue specificity of
LDH patterns in the families Cichlidae, Mugi-
lidae and Siluridae of Pulicat and Adyar
Estuaries. The present paper is a preliminary
report of the LDH patterns of three species
i.e., Etroplus suratensis, Liza macrolepis and
Mystus gulio,

We sincerely thank the Board of Manage-
ment of the Pachaiyappa’s Trust, Dr. Sp.
Shanmuganathan, Principal, Pachaiyappa’s
College ; Professor T. Ramalingam, Professor
of Chemistry and Professor T, 8. Partha,
Post-Graduate Professor and Head of the
Department of Botany, Pachaiyappa’s College,
Madras for providing the basic facilities and
permission for this work, We also extend
our thanks to the Board of Management of
Sir Theagaraya College and Professor T. K.
Sudhindran, Principal, Sir Theagaraya College
for having provided us the necessary facilities,
We thank Dr. R. Selvam, Readet in Bioche-
mistry, Post-Graduate Institute of Basic
Medical Sciences and Dr, V. V. Sreenivasan,
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University of Madras for thenr cntncal com-
ments,

MATERIAL AND METHODS

Weekly collections of the adults of the three
spocies of fishes were made from Adyar and
Pulicat Lake and transferred to the laboratory
soon after. Eyelens, vitreous humor, heart,
liver, muscle, intestine, gills and brain were
separated. Care was taken to avoid contami-
nation of the lens by vitreous-humor. Tissues
were then weighed (100 mg) and homogenized
in 2 ml of Tris HC! buffer 0.1 M (pH 7.00).
The homogenate was centrifuged for 30 minutes
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RESULTS AND DISCUSSION _

Isoenzyme patterns in Efroplus suratensis,
Liza macrolepis and Mystus gulio are shown in
Fig. 1. The patterns of eyelens, heart, muscle
and gills of Etroplus suratensis revealed the
presence of a single LDH isoenzyme band
characterised by .the same electrophoretic
mobility, The liver, intestine and brain
showed the presence of two distinct bands,
but with different electrophoretic mobility,
In the brain the slow moving fraction showed
increased activity compared with the fast
moving fraction, But it is very interasting
to note that the vitreous humor exhibits five

at 4°C in a refrigerated centrifuge at 10,000 g. bands. Fractions 1 and § showed equally
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Fic. 1. LD HIsoenzyme zymogram.
A, skeletal muscle fraction '
B, heart fraction

C, new fraction, (Number against cach-fish shows the n_umber of specimens investigated).

About 20—30 units of enzyme activity of the
supernatant was subjected to polyacrylamide-
gel eclectrophoresis. The scparating gel was
prepared at 5.5 (Dietz et al, 1972). The
current flow was adjusted to 2.5 mA per: ‘tube
and run for 45 minutes. The gels were re_mov_ed
and stained. -

increased activity while the remaining bands
showed feeble activity. In Liza macrolepis,
excepting the vitreous humor and the brain,
all the other tissues under investigation exhi-
btted only one isoenzyme band, But in
vitfreous humor, there were two bands. In
gontrast, the brain showed five bands and
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among them, the fifth showed intense activity
whereas the first was very feeble. It is very
interesting to note that in Mysms gulio all the
tissues under investigation revealed only one
band with the same electrophoretic mobility.

LDH iscenzymes of fishes are proven to be
excellent gene markers (Whitt, 1970). As
specific gene products, isoenzymes (multiple
molecular forms of an enzyme) are useful as
taxonomic characters. Markert and Faulhaber
(1965) classified fishes based on their investiga-
tion of muscle LDH patterns into four groups
namely single, double, triple and five banded
groups, Goldberg (1966) detected the presence
of five isoenzymes in the speckled trout,
Salvelinus fontinalis and they were demonstrated
to be species and tissue specific. The existence
of three iscenzymes in the brain of a number of
species of fishes has been detected by Bonavita
and Guarneri (1963).

The knowledge of LDH pattern in clear
vitreous humor is scanty, which in our present
work, appears to be very highly specific for the
species, OQur studies confirm that vitreous
humor of Etroplus suratensis contains five

A. P. KAMALAKARA RAO, ET AL.

isoenzymes, Liza macrolepis contains two isoen-
enzymes and Mpystus gulio has only on
isoenzyme, Further brain tissue of Etroplus
suratensis contains two isoenzymes, Liza macro-
lepis contains five isoenzymes and Mystus
gulio contains only one. The occurrencs of
C, isoenzyme has been reported in mammals,
birds and teleost fishes (Perce er al, 1967 ;
Whitt er al, 1973). A third LDH locus f.e.,
LDH C which arose from a duplication of the
LDH B locus was observed in the primitive
bony fishes ie., the Chondrosteans. Whitt
{1974) in his survey, has discovered that the
C, isoemzyme of teleostean fishes exists either
as a highly anodal isoenzyme or as a cathodal
liver predominent isoenzyme. Similar C, iso-
enzyme was observed in the liver of Efroplus
suratensis alone among the three specics of the
present investigation. Subsequent observa-
tions with regard to other species of Cichilidae,
Mugilidae and Siluridae clearly indicate that
LDH patterns of vitreous humor, and brain can
be used as effective biochemical parameter for
problematic taxonomic assemblages of fishes.
Further work is in progress with reference to
various other species of families referred to
above with other isoenzymes in order to make
the biochemical profile complete and distinctive.
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ECOLOGY OF THE PARASITES OF PLATYCEPHALUS INSIDIATRIX
SCHLEGEL, FROM THE PULICAT LAKE

3. JavaDeEv BABU* AND P, Y. SANJEEVA RAJ

Department of Zoology, Madras Christian College,
Tambaram, Muadras-600 059, India

ABSTRACT

Among the 16 species of edible fish infested by parasites, Platycephalus instdiatriz Schlegel exhibits
extensive infestation, Six different regions of the body of the host, namely, the chin, gills and operculum,
buccal floor, stomach wall musculature, stomach and intestinal epithelium and the gonad are infested
by as many as six species of parasties belonging to the groups Nematoda, Digenea (Trematoda), Copepoda
and Isopoda. An year round study of the incidence of these parasites, their intensity of infestation: in relation
to the age and sex of the host, has yielded very interesting results towards the understanding of the host-
parasite relationships and the ecology of the parasites,

INTRODUCTION

DuRING the course of study (February 1967—
January 1968) on the fish parasites from
the Pulicat Lake (Lat. 13° 24°—13° 47 N ;
Long 80° 02'-80° 16’ E), a brackishwater
lake on the eastcoast of peninsular India,
Platycephalus  insidiatrix Schlegel was infested
by several groups of parasites. The
host fish came from 19  different
locations of the lake, They were collected by
several methods, by angling, by cast netting
and by seining and examined either in living or
dead condition.

The host fish Platycephalus insidiatrix is
commonly called the Indian flat-head. Munro
(1955) synonymizes this with Thysenophrys
indicus (Linneaus). It growstoalength of about
450 mm and occurs all through the year though

* Present address: Depattment of Zoology, Sir
Theagaraya College, Madras-600 021, India.

The senior author (5.1.B.) is indebted to CS.IR. for
the award of Junior Research Fellowship and to the
authorities of the Madras Christian College for the
facilities provided at Pulicat in the Estuarine Biological
Research Laboratory.

in less numbers in the Pulicat Lake. It is a
carnivorous bottom dwelling cottoid fish,
feeding on prawns like Penaeus carinatus and
P. indicus,

MATERIAL

In the present survey a total of 178 fish was
examined for parasites, Among the 38 juveniles
and 140 adults examined, 13 juveniles and 124
adults were found to be infested. Six different
parts of the body of the fish have been found to
be infested.

Chin region : infested by isopod para-
sites.
Gills and operculum: infested by copepod
parasites,
Buccal floor : infested by copepod
parasites.
Stomach wall : infested by digenetic tre-
musculature matodes occurring in
cysts,
Stomach and in-  : infested by digenetic tro-
testinal epithelium  matodes.
Gonad : infested by nematode
parasites,
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The following parasites were collected from
the fish.

TREMATODA  : Didymozoon brevicolle Yama-
(Digenea) guii.
Helicometrina platycephali sp.
nov.
NEMATODA : Philometra  insidiatrix sp.
nov,
COPEPODA : Parataeniacanthus  platy-
cephall Yamaguti
Acanthochondria  bulbosus
Heegard
1soPODA : Cymothoa krishnai sp. nov.

DISCUSSION

Juvenile hosts and parasites

Specimens of  Platycephalus  insidiatrix
measuring below 200 mm in length and weighing
between 5 and 40 grams have usually immature
gonads, These fish are taken as juveniles for
the present study. Details of their range in
length and weight and percentage of infestation
for cach species of the parasite every month are
given in Table 1, The nematode parasite,
Philometra insidiatrix observed in the gonad
of the fish, has never been found to infest the
juveniles and hence excluded from the Table 1.

From Table 1, it is clear that the juvenile
hosts are less frequently infested by parasites
when compared with the adult hosts (Table 2).
The most intensive period of infestation is
from October fo January. Five out of six
species of parasites known from this host,
have been recorded in the juveniles during
this period.

Random sampling of Platycephalus insidiatrix
from the Pulicat Lake reveals that the juveniles
are correspondingly fewer in the lake. They
seem to occur approximately in the ratio
of 1 to 4 adults, This comparative rarity of
juveniles may suggest that they are predomi-
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nantly marine, frequently entering and leaving
the lake. This movement of the juveniles in
space and time from the lake into the sea and
vice versa may be responsible for the less fre-
quent infestation by the parasites, Perhaps
the parasites do not find the sea frequenting
host suitable for infestation, It can also be
deduced that the parasites are strictly brackish-
water forms, They infest heavily the adults
which are mostly brackishwater bound and less
commonly migratory, The frequent migratory
habit of the juveniles also reduces their contact
with the adult hosts, mostly confined to the
lake. This relative absence of contact between
the two age groups in the same niche, may also
account for the low incidence of parasites in
juveniles.

The comparative rarity of the juveniles
leads one to speculate that the adults migrate
from the lake to the sea for breeding, The
absence of fingerlings in the plankton samples
of the laks also confirms this breeding habit of
the fish, Other fishes like Mugil, Sillago, elc.
breed in the lake and their fry and fingerlings
occur in large numbers in the plankton samples,

Adult hosts and parasites

Specimens of this host fish measuring above
200 mm in length are usually observed to have
mature gonads, These are classified as adults
in the present study. Fish ranging between
201 and 340 mm in length and between 50
and 220 gms in weight were examined for
parasites. The total adult individuals examined
are 140, comprising 80 females and 60 males.
Details of their range in length and weight and
percentage of infestation by each species of the
parasites are given in Table 2.

Incidence and intensity. of infestation

The overall percentage of parasitic infesta-
tion in adults as compared with their juveniles
is considerably high all through the vear
(Tables 1 and 2). Five species of parasites
are found to infest the adults all the year round.
A sixth species, Cymothoa krishnai a rare parasite



TabLg 1. Incidence of parasites In juvenile hosts

E < <
ok L o To: o ho:ogofoq
2 58 ge zf £ & 8¢ 0§ #H & 3 & g2 &
g $° 3§ 2 &8 k3w #E w3 o= o w
Feb. 1967 Juveniles unavailable in the collection
Mar. 1967 6 87165 5-30 HNil X Nil x Nil X 2 33.3 Nit X
Apr. 1967 Data not coliected
May 1967 Data not collected
June 1967 i1 110-194 10.40 Nil X Nil X Nit X Nil X Nil X
July 1967 3 138-185 18-35 Nil X Nil X Nil X Nil b9 Nil X
Aug, 1967 Juveniles unavailable in the collection
Sept. 1967 Juveniles unavailable in the collection
Oct, 1967 4 130-140 15-20 Nil X Nil X i 25 Nil X Nil X
Nov. 1967 3 130-138 20-25 Nil x Nil X 1 333 1 333 1 333
Dec. 1967 5 127-187 20-35 1 20 1 20 1 20 Nit X Nil X
Jan, 1968 6 65-141 5-30 3 50 2 3313 Nil — Nil X Nil X
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TaBLE 2. [ncidence of parasites in adult hosts

1 0F 5. s d3os of3os ¥ o:5 @ 3031 ¢
. 2 2E 28 38§ L F 88 3 I 0§ 0§ 3
g 2§ g R = % = 33 £ 4% 5 3% 2 o8 =
= 3 = = SV AR wZ - R iz X omz X <z X UZ s
Feb. 67 13 21529 100160 8 66 13 100 6 462 -1 7 1 17 M x
Mar. 67 15 228299 65200 4 267 1 B3 2 133 NI x Nl — NI @ x
Apr, 67 Data not collected
May 67 Data not collected
June 67 18 220298 17200 13 722 6 33 3 167 NI x 2 11 Nt x
July 67 17 20632 5520 12 706 10 88 3 1717 3 177 N x Nt x
Aug. 67 15 201285 55150 5 333 6 40 3 200 6 4 6 400 Ni  x
Sep. 67 19 200280 50153 6 316 3 158 3 158 7 368 3 158 1 53
Oct. 67 7 200325 60195 5 714 4 12 1 M43 2 286 2 286 NI x
Nov. 67 1 260340 120210 10 909 § 727 3 223 5 45 2 ®2 Nl x
Dec. 67 1t 200327 s0-195 8 727 4 364 1 909 5 455 4 364 N X
14 24312 61200 1l 786 6 49 2 143 2 43 Nl — Ni o x

Jan. 68
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for this host, has been encountered only twice
during the period of survey.

The digenetic trematode, D, brevicolle has
been found infesting as many as 10 in a sample
of 11 hosts examined during November, but
during March only 4 hosts out of 15 have been
noticed to be infested by this parasite, The
other trematode, H. platvcephali has been
obtained from all the 13 hosts examined during
February. The nematode parasite Philometra
insidiatrix is reported all through the year and
it is exclusively found in female fish infesting the
ovary, Of the iwo copepod parasites, P.
platycephali has not been found during March
and June; and A. bulbosus during March,
July and January, The low incidence of the
isopod parasite, C. krishnai is presumably duc
to its ectoparasitic life and the profuse mucous
secreted by the host does not provide a secure
anchorage to the parasite. This parasite has
been found to infest only the chin region of
Platycephalus insidiatrix, while in other fishes,
it infests the buccal cavity.

In Table 4, the percentage infestation of ail
the 137 infested fish (including both the juveniles
and the adults) for each species of the parasite
is given. Of the species of parasites studied,
the digenetic trematode D. brevicolle is the
most common one occurring in as many as
86 hosts out of 137 (62.8%,). The least common
parasite is C. krishnai infesting only a small
number of the hosts (1.5%).

In Table 5, the degree of infestation or the
‘worm burden’ in all the 137 infested fish
has been analysed. The trematodes D. brevi-
colle and H, platycephali occur frequently in
small numbers between ! and 3, in each host,
The nematods P. insidiatrix occurs mostly
singly (Table 6). The copepod P. platycephali
has been obtained twice numbering always above
25. The other copepod 4. bulbosus also occurs
in large numbers and the number is never more
than 15, in ¢ach host,
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TABLE 3, Percentage infection in hosts harbouring
three or more different species of parasites

Total Number Percentage
Month Number of hosts of Heavy
of fish infected infection
with 3 and
more
species of
parasites
February 1967 . 13 3 231
March . 14 nil 0
April . Data not collected
May Data not collected
June . 18 1 5.6
Tuly . 14 4 28.6
August - 13 3 231
September .. 14 2 14.3
October .- 7 2 28.6
November . 14 5 357
December o 13 3 23.1
January 1968 ‘e 17 1 5.9

Parasites and their probable modes of infesta-

tion

The incidence of the aforesaid parasites ali
the year round indicates that Platycephalus
insidiatrix is an ideal host. The extent to
which a host can get infested may mainly
depend upon its contact with the parasites
either directly or indirectly, The pattern of
life-cycle of the parasites also has a profound
influence on the degree and mode of infestation.

The copepod and isopod parasites by virtue
of their simple or direct life cycles seem to
have an easy access to the hosts, In con-
tradistinction, the digenetic  trematodes
have complicated life-cycles involving inter-
mediate hosts. The suceessful completion of
their life-cycles, to a very great extent, depends
upon the frequency of association between the
intermediate hosts and final hosts.



PARASITES OF PLATYCEPHALUS INSIDIATRIX

In the lake, the penaeid prawns are relatively
abundant in all seasons of the year, They
form the major bulk of food of the host fish.
This makes one to reasonably speculate that
the penaeid prawns are the intermediate hosts
for the digenetic trematodes D. brevicolle
and H. platycephali. 1t is of ecological interest
to note that both the host fish and the Pengeus
indicus are equally sedentary and essentially
bottom dwelling. The high incidence of the
digenetic trematodes in the fish, may be due to

TABLE 4. Percentage infection of fish for
each specles of the parasite.

(Total Number of infectec fish : 137)

Name of the parasite No. of hosts  Percentage
_infected infection
Dbidymozoon brevicolle . 86 62.8
Helicometrina platycephali .. 14 5401
Philometra insidiatrix 27 19.7
FParataeniacanthus platycephall 34 243
Acanthochondria bulbosus .. 23 16.8
Cymothoa Ktishnal . 2 l._S

this cohabitation of the intermediate host and
the definitive host.

The digenetic trematodes find two ideal
bosts in the fish and prawn which live in close
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proximity with each other in the same stratum
of the lake and further the prawn is the major
food item of the fish,

At what stage of the life-cycle, these trema-
todes leave the intermediate hosts for esta-
blishment in the definitive hosts is a matter of
conjecture. In the present study, examination
for encysted metacercaria in the prawns yielded
negative results, and the exact stage of the larva
at which it gains entry into the fish-host could
not be fixed. It can also be reasoned, that
there is vet another intermediate host, besides
the prawn (mysids or gastropod molluscs)
involved between the larvae of the parasites
and the fish-host Platycephalus insidiatrix.

Parasite populations in the hosts and their
co-existence

In almost every monthly sample of the adult

“fish collected, there are atleast two host fishes

on an average, found to be infested by more
than three different species of parasites. The
percentage of infestation with respect to the
number of different species of parasites is
furnished in Table 3.

From the Table it is evident that on an
average, for every 14 hosts (13.7), there are
two hosts (1.9), infested with more than three
different species of parasites. This suggests

Tanre 5. Analysis of the * worm burden® in 137 infected Fish

Parasite Number Number Number of parasites
of of
Parasites Hosts 1-5 610 11-15 16-20 2125 26+

Cymorthoa krishnai - .. 2 2 2 — — — —_ —
Philometrainsidiatrix .. 29 27 27 — —~ — — _
Acanthochondria bulbosns 115 23 15 6 - p — — —
Didymozoon brevicolle .. 399 86 61 19 4 2 — _
Helicometrvina plarycephali 297 74 » 59 9 4 1 1 —
Parataeniacanthus .

platycephali 344 34 9 - 13 5 3 2 2
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the degree of co-existence among the different
groups and species of parasites exploiting a
single host. It is of considerable interest to
note that in Platycephalus insidiatrix, all the
six different parasites reported here are located
in six different parts of the body, namely, (a)
gills ; () buccal floor ; {¢) stomach wall muscula-
ture ; (4) epithelium of the stomach and intes-
tine; (e) gonad and (f) external body
surface,

Each of these’six diffcrent parts of the host
body provides sufficient ecological localization
for a particular species of parasite in question,
reducing to a reasonable extent the chance of
any competition with other specios of parasites.
The relative numbers of each species of the para-
site in each part of the host fish all the year
found indicate the delicate natural balance of
association operating between the parasites
themselves on one hand and the parasites and the
host on the other,

Sex of the host and parasitic infestation

In a total of 80 females and 60 males, 90%,
of the females and 88.3 per cent of the males
have been found to be infested by the various
species of vparasites. This equally propor-
tionate infestation in the two sex groups of the
host fish suggests that the parasites apparently
do not exhibit any choice over the sex of the
host fish, In Table 6 the number of females
and males infested by each species of parasite
and the percentage of infestation monthwise
are given. The percentage of infestation in
cach sex group of the host, by each parasite,
is also proportionate siressing the aforesaid
point, Only the nematode parasite Philometra
insidiatrix seems to be an exception. It infests
only the females, the site of infestation of its
choice being the ovary. This parasite has been
found to infest as much as 33.7 per cent of the
females examined in the present study. The
isopod C. krishnai being a very rare parasite,
finds no place in the present context.
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Biology of the parasites of Platycephalus
insidiatrix.

Didymozoon brevicolle: This trematode
parasite occurs mostly in pairs and reatly
singly within cysts in the stomach wall of the
fish. The cysts are commonly confined to the
stomach region. The live worms are bright
yellowish, ranging between 50 and 8.0 mm. in
length, This parasite occurs all through the
vear infesting 48.3 per cent of the fish.

Helicometrina platycephali: This parasite is
as common as D. brevicolle occurring in large
numbers. The worms are pinkish and active.
They have been found to infest 41.5 per cent of
the fish.

Philometra insidiatrix : Occurs all the year
round infesting the ovary of the fish, It is
strictly restricted to adult females, It is
found only singly in either of the gonads
(right or left), Its body is much coiled and it
occupies the entire space of the ovary., In
certain cases, the worm is obtained in & dead
and degenerate condition, From this it is
presumed that the host tissue in the gonad
secretes certain substances which are hostile to
the parasite, The infested gonad in the fish
is much enlarged and is almost 1} times
larger than the uninfested gonad. The nematode
resembles Philometra rajani Mukherjee (1966)
in several respects, but is reddish brown in
colour reaching only a maximum Jength of
120 mm,

Parataeniacanthus  platycephali ; This
copepod parasite infests the gills and inner
surface of the operculum, It occurs in large
numbers in a single host. The parasite ranges
from 2.0 to 2.5 mm in length and infests 9
per cent of the fish.

Acanthochondria bulbosus : Occurs on the
buccal floor of the host. The head of the
parasite is buried in a vesicle which has to be
ruptured to release the parasite. Heegard
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TaBLE 6. Number of males and females infected by each species of parasite ronthwise

Number of individuals infected each month

- Total - i’:{,of
Parasite Sex Feb., Mar., June @ July Aug. Sep. Oct. ‘infection
D. brevicolle Female 8 3 8 5 2 5 2 44 . 55‘; 0
Male — 1 5 7 3 i 3 8 633
*
H. platycephali Female 1 8 3 4 6 i . x 43 ;\_.53_.7 .
Male 2 3 1 6 — 2 4 % das’
P. insidiatrix Female 6 2 3 3 3 3 1 [
P. platycephali Female 1 — — —_ 5 5 1 17 2:1.25
Male — - — 3 t 2 1 4
A. bulbosus Female 1 — 1 - 5 2 1 '11_', : 137
Male — — 1 —_ 1 1 1 9 150
C. krisknal Female - - = - = 1 _ A
Maic — — - — — — — — e
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(1943) makes no mention. of this nature of the Cymothoa krishnai: This is the least com-
parasite. ‘The parasite is whitish ranging bet- mon parasite occurring singly on the outer body
ween 3.0 and 7.0 mm in length. The egg sacs surface of the fish, This parasite has been found
are yellowish and easily shed. This copepod to infest 1.1 per cent of the fish.

infests 12.9 per cent of the fish,
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