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LIVER AND KIDNEY DAMAGE IN GREY MULLET
LIZA PARSIA (HAMILTON AND BUCHANAN) ON EXPOSURE TO
AN ORGANOPHOSPHATE ‘NUVAN '

B. C. MOHAPATRA AND A, NobLy

Central Marine Fisherles Research Institute, Cochin-682 031

. In bioassay experiments with Liza parsia to * Nuvan * for acute exposure, the 48 and 96 hr LC50
were found to be 0.750 and 0.482 ppm respectively in a brackishwater medium of ‘salinity 10 1 0%
temperature 27.5 + 1.5°C and pH 6.0 + 0.5, For sub-lethal effects the fishes were exposed—to'l.-";:l'a
and 1/15th concentrations of this 96 hr LC50 value for 45 days. In histological investigations of liver
and kidney of the fishes from both these acute and sub-Jethal exposures, disorders such as vacuolation,
extensive coagulative necrosis with pyknosis, karyorrhexis and karyolysis in liver tissue and enlargcment
of renal tubules, necrosis of epithelial tubular cells in kidney were observed, Safe levels for long-term

use are yet to be found out.

INTRODUCTION

PesiciDEs are synthetic chemicals widely used
for protecting crops from pests. Though
their short-term benefits are undeniable, they
are considered hazardous because of inter-
ference with the ervirovment, Pesticides
wherever applied, ultimately find their way
into water bodies affecting aqguatic fauna.

The backwaters and estuaries in general
serve as nurseries for many organisms including
severa] commercially important fishes and
prawns, Liza parsia, a brackishwater fish of
economic importance inhabiting both the
coasts of India. spends most of its lifetime in
estuarine condition where it is subjected to
toxicity by several pollutants discharged into
the environment,

As organochlorine persists in the environ-
ment and accumulates in different tissues, its
use as pasticide in agriculture, has giver rise
to oriticism in recent years prompting to prefer

organophosphates by most of the agricul-
turists, The water soluble organophosphate
insecticide ‘Nuvan’® is widely used in the
Kolleru region of Andhra Pradesh for coptrot
of ectoparasites such as Lernea, Argulus, cte.
(Muthu et &l, 1988). But the long-range
effects of this practice are rot known,

Several studies have identified histological
disorders ip liver and kidney of fishes exposed
to pollutants (Mukherjee and Bhattacharya
1975 ; Bass ¢f al., 1977 ; Konar, 1977. Sastrj;
and Malik, 197%; Goel and Garg, 1980 ;
Dubale and Shah, 1981 ; Kuymar and Pant’
1981 ; Ramalingam and Reddy, 1981 ; Akai
lendra Naidu et al.. 1983 ; Bakthavathsalam
et al., 1984 ; Desai ef al., 1984 ; Rashatwar
and Ilyas. 1984 ; Radhaih es a/., 1986 ; Razanj
et al., 1986 ; Gupta and Dalela, 1987 ; Mukho-
padhyay ef al., 1987 ; Ram and Satyanesan
1987 ; Bhatnagar et al., 1987). ,

. The degree of damage to the organs help
in determining the level of toxicity, The liver
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2 ; central vein,
b: bile duect,

¢ : bortal vein,
P : pyknosis,
Kh : karyorrhexis

Kl : karyolysis,

Vi vacuolar degeneration of hepatocytes,

TE . Cross-section of liver (H & E) — A : normal (X 100), B: exposed to 48 hr LCS0
e for 48 hrs (X 400), C : cxposed to 96 hr LC 50 for 96 hrs (X 400), D :exposed to
1/15th 96 hr LC 50 for 45 days (X 400), E : exposed to 1/5th 96 hr LC30 for 45 days

(X 400).
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Ec : epithelial cells,
Rt : renal tubule.

PLATE I1. Crossesection of kidney (H & E) - A : normal (X 200), B : exposed to 48 hr LC50
for 48 hrs (X 200), C :exposed 1o 96 hr LC50 for 96 hrs (X 200), D : exposed to
1/15th 96 hr LC 50 for 45 days (X 40), E: exposed to 1/5th 96 hr LCS0 for
45 days (X 200).
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and kidney of teloosts are 2 vital organs which'
get affected by pollutants. The present investi-
gation was undertaken to study the histolo-
gical changes caused by *‘Nuvan' on. the
liver and kidney of grey mullei L. parsia,

MATERIAL AND METHODS

L. parsia of 85-120 mm sizes and 6.50-13.25 g
weight were collected live from brackish-
water canals of Puduvypeen area, near Cochin
and acclimatized to laboratory condition
for about 2 weeks by maintaining them in
plastic pools of 2 tonne capacity cortaining
water of salinity 10.0 £ 1%,, pH6.0 £ 0.5
and temperature 27.5 + 1.5°C. To avoid fun-
gal attack of test animals the medium was
treated with 11 mg of malachite green per
100 litres of water, The fish were fed once
a day. '

The commercial grade *Nuvan' of Ciba-
Qeigy composed of *Dichlorvos 76, mfm
Emulsifier 10.6 %, m/m and Solvent 13.4 ), m/m
was used for the preparation of stock solution,

A static bioassay was conducted after APHAL
AWWA-WPCF (1975} and Reish and Oshida
(1987). The 48 hr and 96 hr LCS50 valucs
were found by ¢ Probit analysis * on computer.
For sub-lethal effects the fishes were exposed

to 1/5th and 1/15th concentration of the 96 hr

LC50 for 45 days.

The liver and kidney of test animals exposed
to lethal and sub-lethal concentrations were
used for histological studies. The tissues
were fixed in Bouin’s fluid for about 24 hrs
and them processed by routine histological
techniques. Sections of 4-5 p were stained
with haematoxylene and eosin and mounted
in DPX. Photomicrographs were taken using
and Olympus Universal Research Microscope,

Rm:.'rs

Tho LC50 values for 48 and %hrwrc
respectively 0.750 and 0482 ppm. -~ .
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In normal liver the hepatocytes are poly
gonal and have distinctive central nuclei with
densely stained cliromatin margins and - pro-
minent nucleoli. The portal triad and hepato.
cytes in transverse section of normal liver are
shown in (Pl.I A). Palate] A:a.bandc
show the central veins, bile duct and portal
vein respectively of the portal triad, Fnshes
sacrificed after acute exposure to ‘Nuvan'
(e.g. 48 hr LC50 and 96 hr LC50 for 48 and
96 hr respectively) showed extensive coagula-
tivenecrosis with pyknosis, karyorrhexls karyo-
lysis and vacuolar degeneration of cytoplasm
of hepatocytes (Pl. I B, C). In subiethal
concentration (e.g. 45th day in 1/15th 96 hr
LC50) vocuolar degeneration. pusning of nuclei
to one side, karyolysis and pyknosis were
observed (Pl. I D). but in sections of fishes
exposed to 1/5th 96 hr LC50for 45 days showed
the similar observations, but of; greater magni-
tude (P1. 1 E). ;

Sections of kldney of an unexposed fish
showed normal size and structure of renal
tubules and epithelinl cells (Pl. II A). Fishes
sacrificed after acute exposures to 48 hr LCS0
and-96 hr LC50 showed enlargemert of renal
zubules (PLLL B. C). After sub-acute exposure to
1/15th 96 hr LC30 for 45 days vacuolation of
epithelial cells of renal tubules were observed
(PL.TI D). Ou exposure to 1/5th concentration
of 96 hr LC50 for 45 days, marked necrosis
and extensive desquamiation, and - flattening
were observed in the tubular epithelial cells
(PL. II E).

Dlscuss:on

CaSillas et al. (1983) reported dlsturbanee
in orientation of hepatic ducts in. Parophrys
vetulus exposed to lethal concentratlon of
carbon tetrachloride and op ned destruction
of connective tissue as its possible reason,
Vacuolation is reported by Razani et al. (1986)
in - Brackydanio - rerio chronically ‘exposed _to
phenol -and by Sastry and Malik- (1979) in
Channa ptaunctus after subletlial -exposirs to
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dimecron. But enlargement of nuclei was also
seen by the latter authors, Along with vacuo-
lation and d:g:=n:ration of cytoplasm, Konar
(1977) observed in Heteropneustes fossilis
and Labeo rohita expased to acute concen-
tration of physphamidon and heptachlor, also
sw:lling of h:pitocytes. Going a step further
Slooff e7 al. (1983) observed enlargzment of
thz wholz liver of fish collected from polluted
surfacz waters in the N:therlands caused
muinly due to hyperirophy of hepatocytes.
Vacuolation, disorientation, enlargement of
naeclzi and hyp:cirophy of czlls were clearly
sean along with cond:nsation or even dis-
appzarance of nuclei in the present study.
The stress on exposure to * Nuvan ’ might have
drawn all reserve food in liver and caused
the above changes.

Gupta and Dalela (1987) reported degeneras
tion and disolution of epithelial cells of renal
tubules and hypertrophy and necrosis of renal
cells in histological sections of the kidney of
Notopterus notopterus on sublethal exposure
to phenolic compounds. Similar observations
were made by Csepai (1978) in Cyprinus carpio
exposed to Anthio 40 EC, Satox 20 WSC
and Basudin 10 G and Konar (1977} in Hetero-
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Dneustes fossilis and Labeo rohita chronically
exposed to DDVP, phosphamidon and hepta-
chlor, The deformation of renal tubules was
observed by Bakthavathsalam ez el (1984)
on Anabas testudineus chronically exposed to
Furadon. According to Dubale and Shah
(1981) the process of destruction is a function
of dosages and period of exposure and they
opined that the renal tubules of kidney are
the first to be affected by pesticidal stress.
Rashtwar and Ilyas (1984) reported the histo-
pathological changes in kidney to lead to
clondy swelling of renal tubules in Nemacheilus
denisonii acutely exposed to phosphamidon,
In the present study also the swelling of renal
tubules inacute exposure was evideut. Changes
like vacuolation of epithelial cells of renal
tubules and pronounced enlargement of the
tubules were observed in the histological
sections at higher sublethal concentration
and prolonged exposure only and it draws
support from the observations of Dubale
and Shah (1981).

‘Nuvan’ in higher concentration is very
toxic. Casual exposure to it as a lotion for
treating ectoparasites may not be harmful.
However, detailed long-term study is needed.

REFARENCES

oy, K., K. AsHINENDER NalDv
AND R. 1983, Histological alteration
in liver and imestine of teleost Sarorlg::don m&m
m Tes to mercury toxicity. 1OX irom,
AP 7 (6) : S66575,

APHA-AWWA-WPCP 1975, Standard methods for
the examination of water and wastewater. Amevicon
Publle Health Assoclation—Americon Water Works
Association~Waler Pollution Control Board, Washington.
14th edn. pp. 800-869,

BAKTHAVATHIALAM RAMALINGAM
RAMASWAMY 1984 hmtopathobw of liver, kidney
and intestine of th exposed
to Furadon, Emrou Ecol, 2 (4) 243-241

Basms, M. L, C, R. Beay AR A, G, HuLm
197, Hiaw&:geholomcal eﬁ'em:?:f intermittent chlorlne
macrochirus a.nd

exposure on
rout (Salmo gairdneri), Wat. Res., 11 ?31.13’.

BRATNAGAR, M, C,, A. K, BaNA AND R. C. DavLELA
1987, Histopathological alterations in liver of Channa

gachua (Ham.) exposed to endosulfan. In: R. C.
Daiela, Shashi Kant and Shma Vohra (Ed. } Proceedings
of the 8th annual session of AEB and National Symposium
on ' Environmental pollution and pesticide roxico!o:y .
Wdemy of Environmental Biology, India:

CasiLras, B, M. Myeris anp W, E, AMes 1983,
R.elanonship of serum chemistry values to liver and
kidney histopathology in English sole (Paropb s
veiulus) after acute exposure to carbonte trachlori
Aguaric Toxicology, 3 : 61-78

*Csebal, B, !978 Histological detectable dystro-

phies in the cam kidneys exposed to chronic effect
g’f’;gme pestici Magy. Allatorv. Lapja., 33 (l)

* Not referred to in Original.



LIVER AND KIDNEY DAMAGE IN GREY MULLET ON BXPOSURE TO NUVAN

sal, A, K, U. M, Josat aND P. M. AMBADKAR
1984 Hlsto]oglcal observations on the liver of Tiapla
mossambica afier exposure to monhocrotophos, an
;Jrgauophosphorus inseciicide. Toxicol, Letr,, 21 (3):

DusaLe, M. §. AND P, SHAH 1981, Histopathology
of the kidney of the fish Channa punctarus exposed 1t
fi:z;ilmwm J. Anim, Morphol, Physiol., 28 (1.2): 166-

GoEeL, K. A. anD V. Garg 1980. Histopathological
changes produced i the liver and kidney of Chamna
punctatus afier chronic exposure to 2, 3, 4= triamino
g.gb;srzzene Bull, Environ. Contam. Taxicol 25 (2):

GUPTA, S, AND R, C. DALELA 1987, Kidney damage
in Notapterus notoprerus (Pallas) following exposure to
phenclic compounds, J, Environ. Biol,, 8 (2) : 167-172,

Konag, S. K. 1977. Hazards of water pollution
by pestcides, Symposium on Environmerial Pullus
tion and Toxicology. Haryana Agricultural Umversity
and Indian National Science Academy, pp. 83-93,

KuUMaR, S, anD 8§, C. Pant 1981, Histopathological
cffeets of acuicly toxic levols of copper and zing on
gill, liver and kidney of Punrius conchonius (Ham.).
J. Exp, Biol,, 19 (2) : 191.194,

MURHBARIEE, S. AND S. BHATTACHARYA 1975, Histo.
pathological l[esions in the hepatvpancreas of fishes
exposed to industrial pollutants. Indian J. Exp. Biol.,
13 (6) : 571-573.

Muktorabhyay, M. K., B. B. Grosa ano H. C,
Josut 1987, Blumomiormg of pollution in the Hoogly
Estua:a/ by using Rita rita as test ﬁsh J. Environ.
Biol., 8 {4) ; 297-306.

MutHu, M, §., K. A. NarasiviaM, K. GoPaLa-
KRISHNAN AND A, K, SHARMA 1988, Recent develop-

22

ments in prawn and fish culture in Andhra Pradesh,
Mar. Fish, Inform. Serv., T & E. Ser,, W : 1621,

RapHalAH, V., M, Grua, P. PRasap RAQ AND
K. JAVANTHA RAo 1986, Histopathology of kidney of
the freshwater fish Tilapia miossa exposed to
heptachlor, Environ. Ecol, 4 (4): 600-601,

RaMm, R. N, anD A. G, SATYaNesan 1987, Histo.
gathologml changes in liver and thyroid of the teleost
sh Channa punctatus {Bloch) in response to ammonium
sulfate fertibzer treatment. Ecoroxicol, Environ, SAF,,
13 (2) : 185-190,
Acute

R. AND S. ReDDY 1981,

- JRAMALINGAM
hlstopmhologlcal effects of lindane (Y—benzene hexa.

chloride) on the liver of Colisa lalia. Curr. Sci,, 50
(13) : 578.580,

RasHaTwar, 5. S. anp R. Jiyas 1984, Effect of
phosphamidon in a freshwater teleost fish Nemackeilus
denisonti {Day)— hlstopathological and biochemical
studies, J. Environ. Bivl, § (1) : 1-18.

Razani, H,, K. Nanpa anND S, MumracHr 1986,
Acute toxicity effect of phenol on Zebrafish Brachydanie
rerio. Bull, Jap. See. Sci. Fish., 52 (%) : 1547-1557.

Resd, D, L. anp P, S, Osuipa 1987, Manual
of meihods in aquatic environmeni research, Part 10 —
Short-term static bioassay. FAO Fﬁsheries Technical
paper 247, FAQ, Rome, pp. 1

Sastry, K. ¥V, anD P. V. Mauk 1979, Swdies on
the effect of Dimecron on the digestive system of a
freshwater  fish  Chunne punciaius, Arch.  Environ,
Contam, Toxicol, 8 (4): 397407,

Scoorr, W, C. F, V. KrReur AND A, J, Baars 1983,
Relative lwer welghts and xenobiotic-metabolizing
enzymes of fish from polluted surface waters in the
Netherlands, Aguaric Yoxicology, 4 ; 1-14.



J..mar. biol, Ass, India, 1992, 34 (1 & 2) : 223230 -

- STUDIES ON THE COMMON ROCKY EGYPTIAN CHITON
ACANTHOPLEURA GEMMATA (MOLLUSCA : POLYPLACOPHORA)
o IN THE NORTHWESTERN RED SEA

FATHEY EL-SAYED SoLIMAN AND Trro Naemv Hanm
Department of Zoology, Faculty of Science, Sohag, Assiut University, Egypt

ABSTRACT

In the present study on Acanthopleura gemmata (Blainville, 1825), rectification of the specles
name, its distribution and abundance in the northwestern part of the Red Sea, and the intraspecific
variation within intermittent subpopulations have been achieved, Within each natural pepulation,

- two forms, one banded and the other non-banded have been distinguished, The main differences in
shell characters, girdle elements and radula features of the two forms have been investigated.

INTRODUCTION

THE POLYPLACOPHORAN Acanthopleura gemmota
is one of the commonest in the rocky intertidal
area in the Indo-Pacific province (Ferreira,
1986). Several studies on polyplacophorans
have been carried out on the coastline of
the Red Sea (Fretter, 1937; Gunnar and
Rupert, 1981 ; Iredale and Hull, 1923,
1927). In these studies ten species of chitons
have been recorded, but their identification and
description were to some extent poor, as most
of the authors agreed that the Iargest and
most common species are those related to genus
Acanthopleura, Savigny (1827) restricted and
classified the common large Egyptian chiton
under the name of Oscabrion sp. Abd El-
Moneim (1983) made an extensive study on the
morphology and macroanatomy of the common
banded Egyptian chiton and named it as
Aconthopleura spiniger. But he did not recog-
nized that every Acanthopleura species popu-
lation has two forms, one with banded girdle
(which he described) and the other with un.
banded girdle that he neglected.

In this study the distribution and abundance
of the two forms along the Egyptian coastline
has been recorded and morphometric data
onspecimens from several populationsincluding
the two forms, have been obtained to evaluate,
if these forms are intraspecific varieties or
they are distinctly two different species.

The authors wish to express their gratitudes
to Prof. Dr. Ahmed A. El-Samahy, Vice-
President of Assiut Ubiversity (Sohag),
Dr. Mohammed M. Ibrahim, Dean of Faculty
of Science (Sohag) for providing facilitjes
during the course of this study. They also
thank to all members of ithe Department
of Zoology for their valuable help and
encouragment, Special thanks to Mr. Khalaf
Aly and Mr, Mohammed Ibrahim for their
good assistance.

MATERIAL AND METHODS

Sampling was carried out along the coasts
of the Northwestern part of the Red Sea;
from north of Marsa Alam City to north of
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.4da City, Egypt (Fig. 1), during Dacem-

. 1986 to January 1989. Collections were
done at 10-20 km intervals and where the
~ooastjs accessible for sampling, Thespecimens
were coliected from the supralittoral to the
lower mid inter-tidal zones during the low
_tide at day time, using a sharp knife to release
_the specimens from the big rocks, dead coral
blocks and large stones. To lift the stones

Fa. 1,

The study area along the coast of the
northeastern part of the Red Sea,

a stick with three metal hooks was used
and both the rocks and coral blocks were
returned back to their original position to
maintain the chiton populations unharmed.

The collected specimens were kept in labslted
plastic container containing sea water. Some
- of the collected specimens were preserved in
- 10% forwalin in sea waver, while the othérs

<)

were left for observing and recording the
patural colour of the shell valves and girdie.
Morphometric characters were measured
tusinga vernier calliper with a minimum lirait
of 0.1 mm, _

In the field, just before removing the speci«
mens from rocks and stones, the whole
length and width of each specimen, the total
length of the shell valves, and the width of

“the fourth valve were measured, In the labo-

ratory, the previous field data were repeated
on preserved specimens. Besidzs, the abso-
lute measurements of the anterior and posterior
valves after disarticulating them from their
individuals, diameters and distributions of
ocalii on the surfaces of shell vailves, upper-
surface and lower surface girdle elements
(spinelets and scales) and the teeth of the
radular organ were recorded, The latter were
measured using a Binocular Research Micto-~
scope provided with micrometer eyepiece.
Drawings and photographs were made using
a Camera Lucida and Photo-camera, attached
to the above mentioned microscope.

RESULTS

Acanthopleura gemmata (Blainvilile, 1825)

General body form

The collected specimens were oval in shape,
roundbacked and bilaterally symmetrical. The
average width/length of the adult specimens
is 06 (SD=401, n=131). No sexual
dimorphism was recorded in the investigated
specimens although there was two - colour
patters within the species populations, (Fig.
2and3a,b). . . 7

, Shell.

As in all Polyplacophora, the shell is made
up of eight articulated overlapping calcareous

" plates or valves which are very thick and
robust, -The - anterior plate (I) which ovei-
- hangs the mouth and the posterior piate (VII)
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which overhangs the anal aperture, are
semicircular, while the six intermadiate plates
(II-VII) are roughly rectangular (Fig. 4 a, b).
The cight valves arranged in a single continuous
series forming a solid oval armour over the
dorsal body wall (Fig. 3 a, b). A transverse
‘section of one of the plates (Fig. 5) reveals
several layers, two of which are of special
taxonomic interest. These are the tegmentum
or outer Jayer which may be differertly coloured

Fic, 2. Aconthopleura gemmata (Blainville, 1825} :
a, Banded form and b. Non-banded form.

Cammannafimswmad 10 ity
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e, 3, Acanthopleura gemmata: a, Banded
form and b, Non-banded form.

and sculptured, and the whitish innermost non-
porous layer, ‘the articulamentum * which is
an intercalation within the hypostracum. The
articulamertum serves for a better insertion of
the shell plates inthe perinotum. Examination
of the tegmentum of the plates showed

FATHEY EL.SAYED SOLIMAN AND TITO NAEIM HABIB

a grayishgreen to grayishbrown colour. the
tegmentum of the apterior shell plate has
orly one anterjor region, while that of the
intermediates have one median (jugum) and
two lateral arcas (Fig. 4 a). Each of the latter
has two regions which are not always easily
distinguishable, but som:times can be defined
into an inner small triangular part (pleura) and
an ouatermost smaller rectangular part (lateral).
The tegmentum of the posterior plate
(VIII) has almost a raised central apex (mucro)
and divided into two areas, onme is upper to
the mucro (central) and the other postmucro
(posterior).

F16. 4. Dorsal {ieft row) and veniral {right row)
views of : a. The anterior valve, b. inter-
mediate valve and ¢, posterior valve of
both forms of Acanthopleura gemmaia.

Anterior valve and postmucro area of
posterior valve arz similarly sculptured with
round to clongate granules, in addition to a
number of lengitudinal white streaks on the
anterior valve (Fig, 4 a).

Central areas of the intermediate and the
posterior valves are almost featureless, but
the pleural ones have smaller to obsolete
{vestigial) granules, and thin, well-defined.
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transverse lamellae appressed across jugal
areas of the intermediate valves,

In small specimens, mucro of the posterior
valve is central, but somewhat postetior in
larger individuals. while postmucro is strongly
convex in both small and large specimens.

saim

FiG. 5. Morphology of an infermediate shell
valve (after Hass, 1976) : a;. whole plate,
b,. block diagram, showing the shell layers,
¢y, block diagram of the tegmentum and
d;. crossed lamellar structure of the
hypostracum  with crystallographic axes
(a, b, ¢). a-articulamentum, ¢« crossed
lamellar structure of the hypostracem,
ec-e¢sthete canal, h-hypostracum, m«
myostracum, mae- macresthete, mie -
micresthete, t - tegmentum and pp - pro-
periostracum,

The averages of the tegmental length and

width of valve I and VIII, are 0.52 (= 0.06

and 0.46 (& 0.07) respectively, the mean of

the. tegmental widths of valve I/VIILis 1.0

(3 0:08). ' .
15
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Occasionalty, even without the aid of magni-
fication, one can detect small dully pigmented
to darkish glossy dots on the dorsal side of
the shell plates in both banded and unbanded
forms called ° micrethetes and macretheies®,
having a similar distribution patterns (Fig. 4.
5). These are perforations containing a ter-
minal caps of a highly sensitive nervous epider-
mal stands, round to oval ju shape, range from
43,4 to 73.4 pm iv diameter, randomaly dis-
tributed on the abterior valve, postmucro
area of the posterior valve, and the anterior
parts of lateral areas of cach jntermediate
shell valve,

The articulamentum of each shell valve
including the two forms is larger than the
tegmentum. Its colour varies from brown
t‘g _bluish brown. As we proceed. exten-
sions of the articulamentum (insertion laminae)
are preserted on the anterior edge of anterior
valve, on the posterior edge of posterior valve,
and on the posterioloteral edges of inter-
mediate shell valve (Fig. 4 b).

Insertion teeth irregularly spaced. sometimes
fused together, On valve L, these are divided
into nine to twelive tecth by eight or cleven
glits, seven to eleven poorly defined teeth on
valve VIII, resuiting from incomplete siits,
particularly towards the midline; teeth of
posterior valve often recurved forwards and
fused anteriorly to put an extension beyond
buttressing, transverse and round °callus’,
The intermediate shell valves are similar in
both forms in having two lateral jusertion
teeth on each side. Slit formula (not always
clearly determinable) are nearly constant in
the two forms, 7/11-1-6/10. In midline, the
mean of the ingertion plate lengthjtegmental
length is 0.19 (in both forms). Anterior
extensions of the articulamentum on the inter-
mediate and anal valves are termed ° sutural
laminae * each of which is well developed and
covered' by the valve in front. In the two
forms, these are subtriangular on valve I
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to subrectangular on valve VIII. The sutural
laminae of each of intermediate valves are
separated from each other by a smooth semi~
sircular groove (jugal sinus). Sinus plate is
mostly smooth, The ratic of sinus widthf
width of sutural lamina of valve VIII are equaj
in both forms 0.86.

t a g 0.5 mun

%
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Fig. 6. Girdle elements : a. Girdle upper surface
spinelets of the banded form, b, Qirdle
upper surface spinelets of non-banded form
and ¢. Needls like elements of the two
forms,

Girdle
Girdle is thick. flexible, muscular, wide,

ofien band:d in most individuals exhibiting
the common form, ynbanded in few individuals

FATHEY EL.SAYED SOLIMAN AND TITO NAEIM HABIB

exhibiting another form (Fig. 3a, b), it
encircles the shell valves which studded with
white to dark gray, brown, or black spinelets,
The latter are pointed, blunt, straight
to curved, somewhat conical (Fig. 6, 7) and
measure 1.1 mm (==0.2) in length and 0.2 mm
(£ 0.04) in width, with smaller to minute
spinelets between them,

Mﬂm

Fia, 7. Girdle lower surface scale of A. germmata
a, in the banded form and b. in the non-
banded form.

In some individuals of the two forms,
pointed ; crystaline, and needle-like elements
(Fig. 6 ¢), with diameters of 70%20 pm are
present. - These- are found’ isolated or in
clusters interspersed amidst spinelets. Girdle
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bridges often free from splnelets or any other
elements,

Undersurface paved with imbricate, trans-
parent to black scales in the common form
(Fig. 7 a) and only black in the second form,
rectangle to squarish in botk forms, about
56 x 41 pm. These scales have radiating
striations from the basal edge of each scale
towards the outer margin in specimens of the
second form only (Fig. 7 b). Gills are similar
in both forms, with 52-70 plumes on each
side,

Radula

In both the forms ; radula averaging 39% of
specimen length (range 35-49%, SD = 1.73%,
n = 18) ; extends within the radular sac, The
teeth of the radula are arranged in 63 successive
transverse rows of mature teeth (range 45-85,
SD = 1.6%, n = 18). Each row is *stepped*
or V-shaped, with each tooth anterior to the
next most distal tooth one.

& Y

: ]
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i

among them from station §5 (Fig. 1). The
width of the median tooth at anterior blade
is 110 pm; first lateral teeth about 500 pm
long, 320 pm wide at anterior blade ; Ly pair
or the major lateral teeth (the main working
teeth) bear highly magnetized dark caps, each
has a relatively broad unicusped blunt black
blade with its pointed and thip end, directed
towards the radular center. It measures
360 pm in greatest width, Also the major
lateral teeth have a tubercle of about 200 um
long as a nearly triangular knob in shape,
protruding from the inner edge at a level
close to the head; outer marginal teeth s
370 pm high and 260 pm wide (length/
width 1.4).

DISTRIBUTION AND ABUNDANCE

The spacies are confined to the intertidal
zong, from the upper teap tide to lower neap
tide, especially at the mean water tide level,
The data show that the highest densitieq

Fio, 8. Radula structure of 4. gemmata : a, banded form, b, non-banded form L,, Hand M
are : first lateral, head of major lateral and median tooth respectively.

As in all polyplacophorans, there are
eight lateral teeth (I, to L;) on each side of
the median or © central * tooth (M), The teeth
are attached to an.elastic raduiar membrane,
The L, and L; pairs are the most elongate
ones.

:Rndnlﬁr f@atures {Fxg 3) rather ccmstant
ia Hath: fprms 'with no sigaificant chﬂ‘ercm

occur in north statioms, especially stations
7 (18.3/m®), while decrease in northernmost
stations (0.1/m? near to the mouth of the
Suez Gulf (Fig. 9)-

Remarks

"The two. forms in Acanthopleurs. specles aro
extremely snmlar in radula-features, but some
differences in their structures are also noted
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(Fig. 8 a, b). The central tooth which has a The Major lateral tooth : provided with a
nearly rod-like shape with a proximal broad tetragonal inner edge in the unbanded form
triangular base of attachment, supported by ratherthap one pointed endin the banded form.
three basal knobs (teeth) and a sharp broad

blade in the banded form, but in the unbanded 1SCUSSE

one the base of attachment supported by one D oN

basal knobs (tecth) and free and provided  The genus Acsmthopleura comes under the
with a sharp narrow blade. subfamily Acanthopleurinae (Van Belle, 1983),

17.00
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Fig, 9. Distribution and abundance of the banded and non-banded forms of A, gemmata.
Solid and open circles denote to the banded and non-banded forms respectively.

The 1st lateral teeth : with a concave and with the genera Liolopleura, Enoplochiten and
a convex base of attachment for the banded Sguamopleura suppressed as synonyms.
and unbanded forms respectively. In the
former, there is a basal pointed end towards  Adcanthopleura attains greatest species diver
the outer edge and a stronger sharp blade at  sity in the Central Indo-Pacific (Ferreira
the free end. ' ' 1986). 1In the ‘fertile triangle * (Briggs, 1974)
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of the Indo-Malayan region (Ekman, 1953),
with a ¢ center of origin’ at Tajwan where
five species (A, spinosa, A. gemmsia, A. japo-
nica, A. miles and A. loochooana) have been
recognized (Fereeira, 1986). The differential
diagnosis of Aeanthopleura species may be
quite difficult at timzs, particularly when one
is ficad with spzcies with such a wide geo-
graphical distribution.

The commonest chiton species of Aeantho-
pleura in the Red Sea was studied by some
authors under different names as, Adeantho-
pleura vaillanti (Rochebrune, 1832) from the
Guifs of Suez and Aqaba, A. spiniger (Abd
El-Moneim, 1983 ; QGuirguis. 1978) from
north of Hurghada and Qusier, A. haddoni
{Gunnar and Rupert, 1981 ; Winckworth, 1927)
from Aden and Barim Island, Yemen,

Most of those authors erected their identi-

fication of the species on its externmal
morphology and macro-anatomy. Recently,
revision of the genus Acanthupleura by Ferreira
(1986) depending on the morphometric
data revealed that the most common species,
present virtnally sverywhere in the tropics is
A. gemmata.

In this study, all the morphometric data
obtained for specimens from different localities
along the Bgyptian coastline in the Red Sea
agres with Ferreira's conclusion on 4.
gemmata. but examination of several 4
gemmata populations revealed that some dia.
gnostic characters are present among the
individuals of the same population, these
characters are summarised as follows !

1, There are two coloured forms, one
with banded girdle and high density and the
other non-banded with low density ; the girdle
of the banded form is provided with dark
gray, brown. to black spinelets alternating
with a white spinelets in between, a character
used by Haddon (1886) for the differentiation
of the genus Acanthopleura. but the girdle of
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the non-banded form in the same population
has only brown to black spinclets.

2. In both forms, posterior valve has
well developed insertion teeth with 6-10 slits
in between, a single major feature for the
differentiation of A. gemmata from other
species as A, japonica, A. gaimardi and A,
hirtosa in temperate waters (Ferreira, 1986).

3. There are no significant differences in
the mirphometry between the two forms and
that of 4. gemmata described by Ferreira

(1986).

4, The distribution of ocelli {light sensi-
tive organs) are the same in both forms,

5. Lower surface girdle elements (scales)
have the same dimensions in both forms, but
with a darker colour ahd some striations in
the non-banded form,

6. Measurements of radular teeth are
remarkably constant in the two forms with
the exception of some differences in their
structural features (Fig. 8 a. b).

From the previously mentioned articles,
we can conclude that the common Red Sea
large chiton species relates to 4. gemmara
described by Ferreira (1986) and the variations
of some diagnostic characters of the individuals
within their populations may be intraspecific-
variations. unless further cytogenetic investi-
gations show otherwise.

Concerning the distribution of 4. gemmata
in the Red Sea, it was recorded by Pears.
(1978) and Rochebrune (1882) in the Gulfs of
Suez and Aqaba, Abd El-Moneim (1983) and
Guirguis (1978) from north of Hurghada and
Qusier, Winckworth (1927) from Aden and
Barim Island ; Yemen and in Elat, Guif of
Aqaba (Ferreira, 1983). These records may
give an indication that the species has an inter-
mittent distribution in the Red Sea, but this
study revealed that the species has a continuous



230

distribution pattero, at least in the North-
western part of the Red Sea, and where a
suitable intertidal habitat is available. The
species is always confined to the rocky shores
in the intertidal zone 0-2 m, along the Egyptian
coastline in the Red Sea, with specimens
often exposed at low tide, especially at mean

FATHBY EL-SAYED SOLIMAN AND TITO NAEIM HABIB

species increases as one proceeds from south
of Marsa Alam City to northern part of the
Red Sea, then decreases agaim at stations
lying north to Hurghada City, and this may
agree with the conclusion of Pearse (1983)
that the Gulf of Suez environment apparently
places exireme physiological stress on nonhern

water tide level. Also the density of the Red Sea biota. “
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ARTRACT

Hatchability wag invesiigated in Bangladesh-produced cysts of Artemia, the first such cysts to be
produced in salt-pans in that country, using imported stock from Great Salt Lake (USA). Optimal
hatching conditions of 25°C temperature, 25 ppt salinity and 0.14 x 10" quanta/sec/cm? light intensity
were defined, The maximum hatch achieved in the Bangladesh material by this means was 399,
compared wIt.h 70% in contwrol cysts imported directly from the USA.

Since the Bangladesh material, unlike the USA cysts, may not have experienced low envirohmental
temperatures during diapause, further experiments involving chilling were carricd out, The USA cysts
hatching rate was not increased by this means, but the Bangladesh material hatching rate was increased
to nearly 60%. The production in preliminary trials of Arfemiz cysts with a potential hatching rate
not much lower than that of the parent stock, gives encouragement for further development of

Artemia cultute in Bangladesh,

INTRODUCTION

IN RBCENT years, increased demand has resulted
in world-wide efforts to extend the geogra-
phical range of the culture of brine shrimp
Artemia salina L. in salt-pans and saline lakes,
sometimes in developing countries (Sorgeloos,
1980). This neoessitates the optimization of
hatchability rates of harvested cysts in each
new source, One such potential new source
locality is in Bangladesh where the first oysts
from ficld trials have been produced wusing
imported USA cysts from Great Salt Lake,
Utah (Mahmood, 1990). The present study
sets out to determine the suite of conditions
which would provide optithal hatching in the
Bangladesh-produced  material, particularly
boarms in mmd thedlﬂ’erent climate regu:ne

and lower environmental temperature which
the Utah parent stock would experience.

During the course of this work much help
and advice was provided by Dr. D. A. Jones,
Dr. J. F. Wickins, Dr. A. R. Yule and Mnr.
M., Budd, to whom we arc most grateful.

MATERIALS AND METHODS

The source material for the present study

was produced in two experimental ponds, each

45m* in area, at Chanua, Banskhalii
Chittagong, Bangladesh (Mahmood, 1990),
Artemia nauplii hatched in seawater (35 ppt)
from 30 g of Great Salt Lake cysts were
introduced into the ponds in mid-January,
1989, Each pond was initially fertilized with
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180 g of urea and 3.6 kg of dry chicken manure,
and subsequently with additions of these
fertilizers at 45 g and 900 g.wk-! respectively,
The trials lasted for 3 months, during which
time the salinity of the ponds rose from &0
to 120 ppt and noon temperature from 22 to
34°C. At the end of March 1989, a total of
517 g dry weight of cysts was harvested,
p epared by washing and sun-drying, from
which representative material was studied for
hatchability at the Marine Science Laborato-
ries, Menai Bridge, UK.

A small quantity of dey cysts of Artemia
was placed in filtered sea water (32 ppt.) in
solid watch glass and mixed by micropipstie,
Immediately, with the micropipette, random
samplus, each of 10 cysts, were then transferred
one by one from the watch glass to multis
chambered petridishes each containing 5 ml
of filiered sea water. Each petridish contained
25 chambers and two such petridishes were
used to carry out 50 replicates, for each combi.
nation of environmental factors tested. Incu-
bations were then carried out for 50 hours
in various factor combinations, viz. 15, 20, 25,
30 and 35°C (at 32 ppt and 0.14 x 10
quanta/secicm?® ; 5, 10, 15, 20, 25, 30, 35,
40, 45 and 50 ppt (at 25°C and 0.14x 10
quantafsec/iom?; dark, 0,14 x 10 and 0.60 x 101s
quanta/sec/em® (at 25°C and 32 ppt); and

cooling to 2.5°C and — 22°C for different time

periods with; subsequent incubation at 25°Cs
32 ppt and 0.14 x 10'¢ quanta/sec/cm?,

The cumylative numbers of nauplii emerging
were counted under a binocular microscope at
five hour intervals. Cumulative hatch numbers
at each temperature, salinity, light and chilling
treatment were then tested by amalysis of
variance, significant differences being deter-
mined by the Tukey or Bonferroni test, In
each case the results with Bangladesh-produced
cysts of Artemia were compared with results
from control experiments using csysts obtained
direct from the parent stock in Great Salt
Lake (USA).

RESULTS

Table I shows the effects of temperature,
saligity and light on the hatching percentage
of Bangladesh cysts of Artemia compared with
Utah controls. The optimal conditions for
the experimental groups and the control
groups were 25°C, 25 ppt and 0.60 x 101
quanta/sec/em? light intensity, and 25°C,
10 ppt and 0.14 x 10 light intensity respec-
tively.

TABLE 1. Maximum cumulative hatch percentages of
Bangladesh and USA cysts of Artemia at various
temperatures (at 32 ppt and 014 x 10 light
intensity), various salinities (a¢ 23°C and 0,14 x 10"
light intensity) and at varions leht intensities (at 32
pprand25°C). +  Standard deviation, Asterisked
values are significantly lower (P ==.085) than the
uinderiined maximum values, as determined by the

Tukey regt
Bangladesh USA
Temperature
°C)
15 . 1984+ 94* 310+ 122+
20 . 230t 11,8 476 + 13.9*
25 . 280%167 686+ 120
0 L 202+ 122 6444+ 84
35 . 126+ 7.5 51,2+ 126
Salinity (ppt)
5 214+ 159% 594 + 139
10 300+ 123* 6761 119
15 318+ 165 6741 11.7
20 316+ 103 6301 97
25 388+ 17.7 56,8 + 14.6"
30 356+ 11. 624 +12.7
35 3364131 554 +157
40 316+ B.7* 562 +159*
45 28.8 + 10.0* 602127
50 228+ 78* 616+ 156
Light incubation
(quanta/sec/cm®)
000(dark) .. 174+ 88* 550% 9.%°
0.14 % 101* ., 23.0% 169 _68;._6 + 120
0.60 % 101 298+ 104 '66.8 £+ 10,6
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The effects of chilling cysts at 2.5°C for varis
ous lengths of time are given in Table 2. These
show for Bangladesh cysts a markedly increased
cumulative hatch following chilling at 2.5°C
for 40 hours, but with no statistically sigaifi-
cant offect of chilling on the cumulative hatch
of par.nt USA mat rial. Table 3 plots the
maximum cumulative haich values after
1, Sand 10 days chilling at -22°C, with
subsequent culture in optimal conditions
derived from the initial experiments, which
were the highest of all hatching values obtained
for Bangladesh material. The values after
chilling for 5 and 10 days were not significantly
different from each other (P <0.05) and were
only just over 10% lower than the control
hatching rates using Utah material.
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The temporal pattern of hatching obtained in
a range of conditions for Bangladesh and Utah
oysts is illustrated in Fig. 1 and 2. These
confimm the additive improvement of percen-
tage hatching in the Bangladesh material by
combining optimum conditions of salinity,
temperature, light and chilling. Not omly
was th.: maximum hatching percentage obtai-
ned only ab,ut 2% less than that in controls,
but the initial rate of hatching was indeed
slightly better than in controls.

DiIsCussION

The important role of Artemia in aquaculture
demands a continuous effort to improve
hatching and culturing conditions and present

TABLE 2. Maximum cumulative hatching percentages (£ 5.d) of Bangladesh and USA cysts of
Actemia after different chilling fimes and kept subsequently at 32 ppt, 25°Cand 0.14 x 10W
light intensity { quantalseciem®).  Asserisked values are significantly higher than non-chilled

controls, as determined by the Borferroni test (P <.05.)

Bangladesh USA
Chilling at 2.5°C Non-chilled controls Chilled Non-chilled controls  Chifled
Time (Hrs.)
10 .. 246+ 19.8 242+ 196 63.6 £ 12,0 69.2+ 105
20 . 224+ 170 222+ 153 652+ 12,0 620+ 13.6
40 e 264 £ 174 28,0 & 22.7¢ 656+ 15.1 64.0 £ 109
60 282+ 18.1 8.2+ 22.4° 616+ 12,5 622+ 153

TABLE 3. Maximum cumulative hatcking percentages
(£ 5.d) of Bangladesh and USA cysts of Artemia
afer different chilling times and kepi subsequently
at 25 ppt., 25°C and 0.14 x 10" light intensity
(guantalseciem®)

Chilling at -22°C Bangladesh USA
Time (days)

1 . 428+ 13.0 614+ 109

s .. s88+ 157 68,6 + 106

10 ‘e 604 1 150 630+ 9.7

results sought to define optimum conditions
for the hatchability of the first Bangladesh
produced cysts of Ariemia.

The lowest temperatures at which Arfemia
appears to survive, except as cysts, is 6°C
and the maximum temperature that Artemia
populations tolerate has been reported to be
close to 35°C (Persoone and Sorgeloos, 1980).
Optimal temperatures for early larvae of
Artemia appear to be close to the reported
optimum hatching temperature of approxis
mately 30°C (Von Hentig, 1971), though in
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this there is some variation from race to race
(Sorgeloos, 19?5) Present tesults confirm that,
temperature is a significant influencing factor
on the hatchability of Bangladesh-produced
cysts of Artemia, the maximum cumulative
hatch. occurring at 25°C. Qualitatively, but.
not . quantitatively, -the hatching pattern of
Bangladesh produced cysts was similar to that
of Great Salt Lake material used as controls
the lower hatching rate of the Bangladesh
material requiring further explanation: -

P

Y

20
Time (h)
Q= 25%, 3200t, dark sed ponechilling.
@ 25°C; 32ppt, light and non-chiiling.

30

0-
.-
n-

25%C, 2%ppt, 1ight and ponechilling.
25°C, 25ppt, Light and ch.uung at 2,5%C for 40 honr-s
25°C, 25npt, Light ad cmnng at -aze0 for k1) dl:n

Fiul - Cumulative hatchmg percentage of

. Bangladesh produced cysts of Arrem!a in
 different hatching conditions.

For reasons of practical convenience natural
sea water is often used to hatch Arzemia. This
presumably * arises, because it is .generally
accepied that Artemia is a euryhaline organism,
with a wide salinity tolerance variously reported
as.3-300 ppt (Bayly, 1972) and 35-110 ppt
(Vanhaecke et al., 1984), with some geogras
phical variation. However, most authors now
agree that hatching rates are greatest at salini-
ties of less than that of sea water (Sorgeloos,
1980 ;
et al, 1980 ; Vanhaecke and Sorgeloos, 1983 ;
Thun and Starrett 1987).. This was confirmed
in the present study in which it was shown that

“GfRp 01 20 9,22- 1% PUTTTLG> P T ‘20401 22 -0}

Vanhaecke et al, 1980 ; Bruggeman
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25 ppt is the optimum . salinity and 15-35 ppt
is the optimum range for the maximumw
hatchability of Bangladesh-produced cysts,
of Artemia. In the control experiments, Great
Salt - Lake stock showed little variation in
hatching rate over the range 5-50 ppt salinity,
but highest rates were again in low salinities
at 10-15 ppt. Present results therefore confirm
the suggestion that use of 4 low salinity medium
assures increased hatching outputs (Vanhaecke
and Sorgeloos, 1983). This and demonstration
of higher energy content nauplii: hatched in
low salinities (Vanhaecke ef al., 1980, following
Clegg, 1964 and Conte ef al., 1977) argue
strongly for the use of low salinities for the

. hatching of Adrtemia in commercial hatcheries.

Hatch{ %) .. .
un

BT R-~uon e AT *3ddoe “2es2 - )

TRUTITTRIAU00 puk UMY ‘3442 ‘DeS:, - @
HTTITO-G00 X0 R “3062E ‘DeG2 O
| (4) auyy

"edmOY O JOJ D.6°F % FATTTID Paw IGITY 14201 ‘DGE “B

. 2, Cuinnlative hatching pementam of Gmt
~ Salt Lake (USA) cysts of Arremia in different
hatching conditions,

Light conditions also influence the hatching
efficiency of Artemia cysts (Sorg loos, 1980),

?

- an increase in hatching rate occurring in light,

as compared to controls incubated in darkness
(Sorgeloos, 1973). -This is confirmed in the
present - study, cultures -under illumination
showing statistically increased hatching effi-
ciency in both Bangladesh and control USA
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Artemia cysts.  The  mechanism of - light
enhancement of hatching is not yet fully
understood, but Sorgeloos and Persoone (1975)
have reported that a minimal dose of light
energy ‘s needed to trigger onset of metabolism
in the encysted embryo. Light absorption
by the cyst chorion has been studied in Artemia
by Iwasaki ef al. (1980) and important diffe-
rences in this characteristic between strains
have been reported (Persoone and Sorgeloos
1980 ; - Vanhaecke and Sorgeloos, 1980;
Bruggeman ef al., 1980; Vanhaecke et 4al.,
1981) suggesting that there may be strain
differences in light requirements. Hatching
rate may also vary with exposure times and
wave length as well as with light intensity
(Van Der Linden ef al., 1985).

- The results discussed so far clearly
demonstrate that, even when optimum condi-
tions of temperature, salinity and light are
used for the hatching of Bangladesh Arremia,
that the hatching rates of 30-40 9% are signifi-
cantly below the hatch rates of 70 %, in control
stocks obtained directly from Great Salt Lake.
This led to consideration of the possibility
that the Bangladesh produced cysts may not
have experienced such low temperatures during
diapause as the parent stock in N. America
might experience in winter. Experiments invol-
ving chilling of the cysts confirmed that thig
appeared to be so. Climatic adaptations
résulting in strain-specific temperature res-
ponses amwong Artemia would not be surprising
sifice similar temperature related adaptations
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occur in geographically separated populations
of other invertebrates (Lavens and Sorgeloos,
1987), :

The exact biochemical mechanisms imvolved
in the diapause process are not yet fully
understood (Clegg and Conte, 1980). How-
ever, pre-incubation in low temperature is
probably an effective factor in terminating
dormancy in Arfemia from temperate latitudes
(Lavens et al., 1986). From the present study
this treatment appears to be necessary for
such a strain even after a complete generation.
at subtropical latitudes. Several other diapause
inhibition methods teported as effective for
Artemia;, including exposure to repeated
dehydration and hydration, U.V. irradiation,
cosmic radiation, magnetic fields,  organic
solvents, peroxide treatment and manipulation:
of internal pH (Lavens et al,, 1986), were no
considered in the present smdy

The maximum hatching achieved in the
present study using combined optima! hatching
conditions after exposure to chilling for some
hours or days is only about 12 %, less than the
maximum hatching achieved using USA cysts
as controls. This seems not unreasonable for
the first batch of such cysts produced in
Bangladesh from material imported from the
USA. Tt offers promise for further improves-
ments with increased experience of this culture
technique in Bangladesh and offers consides
rable scope for commercial development in the
technique in the country, '
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DIVERSIFIED FISHING TECHNIQUES*
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ABSTRACT

In India fishing activities, prior to independence were the prerogative of the traditional fishermen
employing indigenous fishing craft and gear. Subsequently, mechanisation was initiated to improve
the socio-economic condition of the fishermen and augment fish production by various developmental
measures taken by the government through the Five Year Plans and foreign assistance leading to the
introduction and establishment of modern methods of fishing like shrimp trawling and purse seining,
Constant efforts were made to improve the gear and craft vsed in this sector. BEntry of farge number
of vessels resulted in the reduction of catch per unit effort for prawns., New resources identified can be
exploited by using diversified fishing technique developed in the country to increase the fish catch,
These diversified fishing techniques are discussed and suggestions made for further improvement.

INTRODUCTION

FISHING was carried out from time immemorial
as an hereditary avocation involving the whole
household through generations with crude
implements. The ignorance, illiteracy, penury
and conservatism hindered improvement and
progress, During the colonial rule, the fune-
tion of the administration was only revenue
collection with some developmental measures
for revenue augmentation. When the country
became independent, developmental planning
was promoted and it was only from the Second
Five Year Plan onwards that substantial
fishery development activities were envisaged,
and through successive plans significant strides
have been made and the production has reached
the present level of 1.8 million from 0.5 million
tonnes.

* Presented at the * § iums on Tropicsl Marine
Living Resources’ heldbymmine Bioll::l:?cal Assos
cintion of India at Cochin from January 12 to 16, 1988,

The authors express their gratitude to
Dr. C. T. Samuel, Professor and Head, Depart-
ment of “Industrial Fisheries, Cochin Univer~
sity of Science and Technology for the valuable
suggestions and for the permission to publish
this paper.

Fisg PRODUCTION IN INDIA
AND DEVELOPMENT

During the sixth Five Year Plan the growth
rate of fish production was 3.1% per annum
as against the almost stagnated growth during
the previous plan. A growth rate of 3.5%
is targeted for the seventh Plan. Tt has been
planned to increase fish production to 2 million
tonnes and export earnings to Rs. 700 crores
as against the present Rs. 400 croves.

The programme of motorisation began with
the introduction of mech nised craft prima-
rily for gill netting, but as this period of intro-
duction coincided with the striking of rich
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prawn grounds along the southwest coast
and development of export oriented industry
based on shrimp. the need arose for adoption
of these vessels for trawling for prawn. This
resulted in the introduction of larger vessels
with more power. The mechanised trawlers
became totally oriented towards shrimp traw-
ling and a saturated point has been reached
abruptly in many areas all along the coast.
Although the initial plan envisaged was moder-
nisation of all the fishing activities with the
gradual phasing out of the traditional crafts,

now all types of crafts fish in the same narrow .

coastal belt. The estimated number of these
typz of crafts in the maritime States and Union
torritories are 1,83,345 traditional crafts;
15,292 motorised crafts and 22,906 mecha-
nised crafts (Varghese, 1986). There are
about 165 fishing vessels of more than 20
GRT making a total of 2,06,466 numbers.

Though the motorisation programme of
traditional craft was first initiated by Indo-
Norwegian Project and later by the Indo-
Bulgarian Project, the fishermen has taken
it up only recently and there are at presenmt
6,934 crafts in Kerala out of the 15,292 crafts

in the country.

FisHING ACTIVITIES

The estimated population of fisherfolk in
the country is about 71 lakhs, out of which
14 lakhs are actively engaged in fishing -in
inland and mearine sectors. About 5 lakhs
fishermen operate 1.8 lakh traditional craft
and contribute about 62.16% of the marine
fish production and the share of mechanised

vessel is 37 84%

The above mformahon is furnished to
indicate the intensive fishing activity that is
going on “in the namow coastal belt, The
lntl‘Odﬁctlon ‘of purse’ seiners, numbenng about
250 'in Karnataka and 70 in Kerala added
ofie’ more dimension to the problem. These
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vessels, more or less, vie with each other for
the same resource, at the same area leading
to conflict and law and problems.

NEED FOR DIVERSIFICATION

Resources of the EEZ with an area of
about 2 million sq. km of which 0.86 million
is off the west coast, 0,56 million off the
east coast and 0.60 million around Andaman
and Nicobar Islands remain untapped and
offer vast fishery potential,

Therefore, the need for diversification of
fishing activities is more relevant at present
than ever before. Hence an attempt is made
to bring out the technologies available and
also suggestions are made to develop suitable
new technologies to harvest the resources.
Potential resources of the region has been
worked out by many agencies and workers.
George et al. (1977). estimated a potential of
yield of 4.5 million tonnes which is about
3 times the presemt harvest and split-up for
the inshore continental shelf and slope and
residual area of EEZ are 2.5, 1.5 and 0.5
million tonnes respectively. Amnother split up
is: pelagic resources 2.1 million tonnes;
prawns, lobsters and other crustaceans 0.3
million tonnes; cuttlefish and sqmds 0.2
million tonnes,

 Potential of the SW coast, lower east coast,
upper east coast and Andaman and Nicobar
and Lakshadweep area are 1.4, 0.9, 0.7, 0.016
and 0.009 million tonnes respectively.

Extensive exploratory fishing operations con-
ducted by the FSI, INP (presently IFP),
FAO/PFP, and Indo-Polish survey have identi-
fied fishery resources capable of supporting
intensive fishing activities. The. resource .are
of : Seranids, Lutjanids and Lethrinids of
the NW coast, Wadge Bank and Gulf of
Manuar; Megalaspis all along the coast;
Can'anglds and Barracuda along the ‘upper
east coast; Lesser sardines of the Gulf of
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Mannar ; mackeral and Periacanthus of the
SW coast and east coast; and ribbonfishes,
ocels, sharks, rays and cephalopods of the
NW coast,

DirFERBNT FIsHING METHODS

Fisheries research institutions have deve-
loped different harvest technologies which
can be adopted to exploit the identified resources.
Different fishing methods suitable for exploita-
tion of these resources are discussed below.

Gill netting is a selective fishing method
and C.LE.T. has conducted extensive research.
This net can be effectively used for tapping
the resources of seer, tuna, pomfret and sharks
using motorised crafts 7-9 m length all alongthe
coast. At present it is operated only in certain
States viz. Kerala, Gujarat, Tamil Nadu.
The economics of this energy efficient fishing
method is well understood and the fishermen
in areas were such crafts are not working
should be encouraged to take up. One impedi-
ment is the cost of nylon net. Polypropylene
is a cheap substitute for nylon and the research
in this regard may vigorously be pursued.

Shark long lining is employed from mecha-
nised boats, only along Maharashtra and
Gujarat Coasts and in Kerala to a limited
extent. Although the technology is known,
it should be demonstrated in other areas
with improved line hauling devices o increase
the catching efficiency by way of using more
number of hooks. In areas where more
shrimp trawlers are in operation, some of the
boats can be emgaged in long lining parti-
cularly during the Poor prawn fishing seasomn.
Long line fishing is also energy efficient and
fishermen may be encouraged to take up this
method.

Trolling is a method for capiure of pelagic
preda.tory fishes such as seer, tuna,  barra-
cuda, etc,, employedm the country. Impro\!ed
technology has been developed by C.ILF.T.
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as an exclusive fishing technique, so it can
be carried out during the lean season of shrimp
fish ng and during sailing to fishing grounds,
to supplement the n.rmal catch with high
priced varieties. Pole and line fishing is
practised around Lakshadweep Islands, but
the main constraint for the development of
this effective methods for exploitation of the
abundant resources is the non-availability
of ‘live-bait in sufficient . quntities, If live-
baits could be cultured and supplied, the
resources could be better exploited. Tuna
long lining is another method for the exploita-
tion of tuna, shark, marlin and sailfishes:
The design, construction and -operation of
the tuna long-line have been described by many
authors and no difficulty is experienced in
the construction of the gear. FSI has been
operating the gear since long, followed by
the IFP apd CIFNET. They have located
extersive fishing grounds aad have reported
good scasonal landings. But what is required
is the detailed study of the highly migratory
tuna, so that the gear can be operated in places
where shoals frequent. The ground is located
based on movement of water masses, places
of convergence of currents, etc. Unless such
details are identificd, the operations may rot
become economically feasible,” Hence it is
imperative that the C.I.LF.T. may take up'a
a coordinated project involving all the research

institutes, fisheries orgarisations and upivet.
sities,

Purse seining for sardine and mackerel
in the country is an inshore one when shoals
approach towards shore. If shoals do not
surface and approach the inshore region,
fishery would be a failure for which other
causes arc also attributed. There is little

.work to show whether shoals are remaining

away from the shore and not surfacing. There
is need for further work to establish this and
catch the under water shoals by purse_seining
guided “by. sonar which-was successfully used
in Iceland Herring purse seining. Purse
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seining for submerged shoals could be improved
by effective search and collection of informa-
tion on the area of conceatration of the shoals.
Some attempt has already been done and it
should be followed up to improve the status
of the purse seiring fiskery,

Pair bottom and mid water trawling is yet
another diversified fishing method, the effec-
tiveness of which have been amply demon-
strated by the different fishary institutes. The
vast resources of the Wadge Bank (auchovies
and the resources located by the Indo-Polish
survey along the NW coast can be tapped
using these fishing methods. These methods
can be carried out effectively even from smali
vessels including the purse seiners which
can be converted for pair trawling without
much expenditure. It has been proved world
over that pair fishing is much more effective
than single boat trawling particularly from
small vessels as fishes are not frightencd by
the vessel and towing warp. Similar classes
of vessels can be effectively used for capture
of cephalopod resources using bottom pair
trawling much in the fashion of Taiwanese

method.

Mexicar method of out-rigger trawling is
practiced in the upper east coast and the
recently introduced 16.5 m wooden out-rigger
trawlers are working successfully, This effi-
cient method is worth trying in other parts
of the country.

Traps form apn efficient fishing gear for
capture of perches found among the rocky
bottom where no other fishing technique can
bs adopted. These resources were identi-
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fied and the possibility of economic expioita-
tion have been demonstrated. Im spite of
this, the resources possibly available all around
the country remain unexploited. The cons-
truction and fishing technique is simple and
the cost of the gear is comparatively low,
The deck drrangement of the vessel demands
no costly equipment. An echo sounder would
facilitate easy location of the ground. Thus
the technology developed can effectively be
used for tapping the resources,

Presently, cephalopods commands a high
price in foreign markets, They are inci-
dental catches in the bottom trawls. Other
methods like jigging and lift petting are stili
in the experimental stage in this country,
Analysis of the catch data of the chartered
vessels operating particularly the pair trawling
would furnish information on the resources
of cephalopods. As these vessels are taking
common resources, it should be made obli-
gatory on their part to give accurate informa-
tion of their catches. This information and
the results of the work being carried by C,LF.T,
can develop appropriate technology.

CONCLUSION

The diversified fishing techniques suggested
for the successful exploitation of the untapped
resources would yield enharced harvest as
envisaged in the plan. The research insti-
tutions and fisheries organisations must take
lead to introduce the diversified methods by
intensive extension activities, As transfer of
technology is still in infancy, required impetus
mzay be given for the quick dissemination
of the mew technology.
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THE CEREBRAL NEUROSECRETORY SYSTEM IN THE BRACKISHWATER
' TIGER PRAWN PENAEUS MONODON (FABRICIUS)*

P. K. GHossi** aND D, K. NANDA

Neuroendocrinology Laboratory, Department of Zoology, Caleutta University,
35, Ballyngann} Circular Road, Calcutta-700019

ABSTRACT

Histomorphology of the czrebral ganglion of a penacid prawn P, monodon has been studied by
means of classic neurosecretory staining techniques. Three kinds of newrosecretory cells namely
A, B and C are distingaished on the basis of their shape, size and tinctorial characteristics of the cyto-

plagmic inclusions.

Heterogeneous distribution of neurosecretory cells in five major groups like

B,,B,,B,, B, and B, has been discussed in relation to the phylogenetic status of P, monodon. Further
occurrence of deeply stained tiny cell cluster at the mid-ventral plane of the ganglion is also reported.
Intracerebral axonal tracts leading to optic lobe suggests dispatch of neurosecretory material/cellular
products through axonal processes and from the body of secretory ncurons as well,

INTRODUCTION

Smce the work of Enami (1951) a compre-
hensive account on the cytomorphic charac-
teristics of orientation of cerebral oeuro-
secretory cells (NSC,) have been furnished
in Gecarcinus and Cambarus by Bliss and Welsh
(1952) and Bliss et al. (1954) respectively.
Later many other investigators (Miyawaki,
1955 ; Parameswaran, 1955, 1956 ; Durand,
1956 ; Matsumoto, 1958 ; Nagabhushanam
and Rao, 1966) atiempted to locate the group-
ing of NSC, and their subsequent partici-
pation for transport of neurosccretory material
(NSM) in the central nervous systems of
Telmessus, Paratelphusa, Oronectes and Scylla,
etc. Fragmentary reports, however, are on
record with respect to the structural identity
of brain NSC, in natantia. Involvement of

* Rormed a part of Ph.D. Thesis, Caleutta University,

1986
*% Dresent Addrese: Fadavpur University, Salt Lake
Campus LB, Plot 8, Sector TII, Caleutta.700 091,

16

these cells for the release of NSM through
axons has casually been traced upon in Caridina
laevis (Pillai, 1961), C. weberi (Nagabhushanam
and Vasantha, 1972), Penceus kerathurus and
P, japonicus (Ramadan and Matta, 1976)
apart from their locations and ili-defined
groupings.

The objective of the present imvestigatioo
is to reveal the microanatomical profile of
the structure, nature, distribution ard group-
ings of the brain NSC, in tiger prawn Penageus
monodon (Fabricius). This is necessary to
evaluate the functional status of the neuro-
secretory perikatya in the course of varied
physiological conditions, '

The first author expresses his sincere grati-
tude to Dr. A. V. Natarajan. former Director,
CIFRI, Barrackpore for his kind permission
of study leave to carry out this investigation,
He is also thankful to Dr. K. Alagarswami,
Director, CIBA, Madras for encouragement
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in publishing this paper. The authors are
grateful to Prof. (Dr.) K. C. Ghosh, former
Head, Department of Zoology, Calcutta
University, Calcutta for providing them
necessary laboratory and libraiy facilities,

MATERIAL AND METHODS

The specimen (63-152 mm) used for this
study were female tiger prawn P. monodon.
They were collected from the brackishwater
culture ponds at Kakdwip, 20 km south of
Calcutta, Both Carnoy's (Absolute alcohol
60 m}+ Chloroform 30 ml+ Glacial acetic acid
10 ml) and aqueous Bouin’s (Picric acid satu-
rated solution in distilled water 75 ml+ 409}
Formaidehyde 25 ml+ Glacial acetic acid 5 ml)
fixed brains were used for cytomorphic probe.
Tissues were dehydrated in alcohol, cleared
in xylene and embedded in tissuemat (M.P,
56-88°C). Serial frontal sections (7-10um)
were stained in Gomori’s Chrome alum haema-
toxylin phjoxin — CAH — (Bargmann, 1949)
(1% haematoxylin 50 ml + 3%, chrome alum
50 ml + 5% Kl Crg 0, 2m|+ 5% H’SO‘S
1 mil); Heidenhain’s azan (Gurr, 1956);
aldehyde fuchsin — AF (Cameron and Stecle,
1959) (0.50 gms of dry crysials dissojved in
100 cc of 70 % alcohol) and resorcin fuchsin —
RF {(McGuire and Opel. 1569) (1 gm resorcin
fuchsin dry dye dissolved in 90 cc. of 70%
alcohol + 2 ¢¢ (12N) HCI). Always maximum
diameters of both cells and nuclei were taken
into account by oculometer for determination
of their dimensions, Olympus (light) micro-
scope was used for the present study,

RESULTS

Macroscopic studies

It is confined to the cephalic region of the
brain and is well protected by calcified
carapace. It is situated deep beneath the
carapace in the mid-line behind the eyes and
above the epistoma.
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Virtual exposition of anatomically three
distinot lobes — the proto, deuto and trioto-
cerebrum of the brain is not well discornible.
The dorsal most lobe of the brain or proto-
cerebrum always remains conspicuous in con-
trast with other two lobes —a condition which
necessitates to designate it as * cerebral mass’.

Microanatomical studies

Cell groups: In general, five NSC groups
like B, through By are encountered. B,
remains extended from the ventral to dorsal
and at the supradorsal region it is represented
by bilateral anterodorsal patch which bears
resemblance with hexapod parasintercercbralis
region (PL. 1 A). B, group is restricted antero-
laterally and essentially comprises of two
sets of small cluster to each half of the brain
(PL. 1 B). The third NSC group B, is rather
extendud at the lateral margin and encountered
at the m d-dorsal plane of the brain (Pl. IC).
The small but conspicuous B, group is located
at the postero-lateral profile and demonstrates
possession of conspicuous NSC types (PL
I D). The last or the fifth NSC group B,
is restricted to the postero-midial part of
the ganglion and has much resemblance with
B; group (PL. I E). Of the five NSC groups,
B, and B; remain unpzired while the rest
are paircd. Indeed, majority of the NSC
groups are encountercd at the medial than
either dorsal or ventral plane of the ganglion
in question. Spatial arrangement of NSC
groupings is dependent upon the confluence
of the ueuropilar mass which is rather distinct
at the dorsal than the ventral profile.

Neurosecretory cell types

A type : Largest of all the cell types with
an average diameter of 60 um and are either
round or pear-shaped with or without axonal
processes. Nuclei remain oval to round with
an average diameter of 21 gm. The cytos
plasm is more or less homogemeously distri-
buted with secretory inclusions. Sometimes
aggregation of NSM in the form of clusters
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ar¢ noticeable in the vicinity of the axon hillock.
Vecuoles within the cytoplasm are not seldom
and may contain secretory granules. Evidence
for both axonal aud peripheral discharge of
NSM are often encountered (PL I D, F).

B type : These are medium types of cell
ranging from 12 to 24 um with an average
diamcter of 18 um. They may be oval,
polygonal or pzar-shaped in appearance and
have axonal processes. The vesicular nuclei
with average diameter of 9 um are centric
and possess ill-defined nucleoli. The fine
cytoplaswric inclusiors are scarcely distributed
within the perikarya. Occurrence of peripheral
vacuoles lacking secretory inclusions and coale-
scence of these vacuoles are oftem detecled.
Occasional transport of NSM, through axonal
processes, is visible (PL. I D, F),

C type : Size ranges of these types of cells
vary from 12 to 16 .um and possess average
diamecter of 14 pm. They are either oval,
round or polygonal in shape and may have
with or without axonal processes. Round
nuclei with conspicuous intranuclear material
are mostly centric and have average diameter
of 10 pm. Discrete sceretory inclusions are
often distributed within the cytoplasm whcere
presence of vacuoles is not scarce (PL. IF).

Tiny type: In association with the afore-
said types of umique id.ncifiable neurons,
existence of a few cluster of tiny deep stained
cells is also noticed and their dis:ribution is
chiefly restricted at the midvuntral plane of
the brain. Critical observations reveal that
average size of this category of cells is 5 pm
and are round in shap:, The nuclei are,
however, disproportionately large and possess
average diameter around 3 pm. Sometimes
possession of very short axon like processes
devoid of NSM are detected in these cells
(PL. 1 B).

- Distribution of neurosecretory cell types : As
regards groupwise distribwtion of NSC types
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both A - and B - cells are encountered in all
the NSC groups while C < cells are restricted in
By, Byand B,. The tiny cell groups, however,
are confluent with the B, < than auny other cell
groups,

Neurosecretory products of the ganglion §
Majority of the NSC types do expal their
elaborations through axounal transport. Evie
dence for the transport of NSM through the
axonal tracts originating especially from B,
and By groups has been explicitly clear when
intracerebral course of the axomal bundle.
on their way to optic lobe is followed upons
Besid:s these, migration of neurosecretory
product in cells espacially belonging to B,
group is accomplished in a imanner which can
be considered as peripheral discharge. In
consequence, intercellvlar deposi.ion of NSM
becomes conspicuous (Pl. 1 D).

Discussion

Location of NSC, in the supraocsophageal
ganglion of P. monodon reveals exposition
of several cell groups. Probe on the occurrence
of cerebral cell groups in crustaceans has been
made to elucidate their interrelationship with
Tuspuct to tran: port and/or release of secretory
material (Matsumoto, 1958). Existence of five
major groups of NSC, in the dzcapodan brain
is attribated as a usual feature in sub-orders
like rupian’ia and natantia. Besides these,
spociel emphasis has been paid to probe into
details conceming  indi:pensability and
characterization of a particular group so as to
categorise the latter into sub-groups (Bliss er
al, 1954 ; Matsumoto, 1958). In the present
study, the orientation of NSC groups in the
brain exhibits close resemblance with that
of C. laevis (Pillai, 1961)and C. weberi (Naga-
bhushanam and Vasantha, 1972) with reference
to their morphologicel features and uniformity
in appearance. Whether concentration of
NSC, in the form of groups in aquatic mandi-
bulates especially natantia (P. monodon) has
any implication with regard to their taxa or
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due to diversity of behavioural and phenomena)
potential within the individual of a particular
group in connection with the involvement of
large number of NSC is still obscured (Rowell,
1976).

. Classification of NSC, in the species under
study is princzipally based on their shapes
size (in descending ord.r) and morphological
characteristics of the secretory product which,
in fact, advocated by most of the crustacean
neuroanatomists. Accordingly, three princi-
pal types of NSC have been distinguished in
the body of the cerebral ganglion and is in
conformity with the observations of other
investigators (Enami, 1951 ; Bliss e# 4l., 1954 ;
Pillai, 1961 ; Nagabhushanam and Rao, 1966),
Indeed, such classification of NSC, is in no
way stressing upon standard principle as
the previous investigators followed different
methods of characterisetion and thus reveals
‘lack of wniformity’. Furthermore, most of
the earlier workers attempted to classify the
neurosecretory perikarya that are located in
the eyestalk and at length applied the same
principle throughout the nerve centres including
cerebral ganglion and ventral nerve chain

(Durand, 1956} where axons from the * peri-

karya of origin' termipate to neurohaemal
organs of the protocephalic neurosecretory
system. Although major emphasis has been
given to the distribution of cell types in deca-
podan brain (Parameswaran, 1956 ; Ramadan
and Matta, 1976) not much concrete data
concerning the involvement of cell types for
the formation of groups have been recorded
vet (Bliss er al, 1954 ; Pillai, 196} ; Naga-
bhushanam and Vasantha, 1972; Ramadan
and Matta, 1976). It was Matsumoto (1938)
who first made an attempt to describe com-
paratively the structural entity of all the NSC
groups that are available in the brain of five
species of orabs. In their studies on both
crab and prawn, Nagabhushanam and Rao
(1966) and Nagabhushanam and Vasantha
(1972) described four to five groups of NSC
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and in the former they have mentioned the
groupwise distribution of cell types while
in the later this is lacking. In our study on
Penaeus, the existence of the NSC group is
in partial agreement with crab and crayfish
(Bliss et al., 1954), five species of crabs (Matsu-
moto, 1958), a crab (Nagabhushanam and Rao,
1966) and a prawn (Nagabhushanam and
Vasanths, 1972).  Inso far the total number
of groups, only five are encountersd im P.
monodon in contrast with maximum seven
out of which two can be considered es special
for containing cells like D and E types as
reported by Matsumoto (1958). Although
Nagabhushanam and Vasantha (1972) des-
cribed five groups of breir NSC, in prawn
C. weberl, no clarification with regard to
their composition has been attempted. In
Penaeus, however, clear indication for the
distribution of cell types in each group is
understood. Trend for the distribution pattern
of the major cell types demonstrates close
parallelism with that of Matsumoto (1958),
But a difference in their (A and B types)
dimension as well as cytomorphological
features exists, In fact, A type with its swaller
dimension in P. monodon is found to be distri.
buted in all the groups instead of B,, B, and
B, of five species of crab (Matsumoto, 1958),
while more or less identical pattern in the
distribution of B typs is observed in all the
NSC groups in both the cases. Thus all
that matters is the cytomorphological characs
teristics and not with pattern of orientation,
Homogencous confineraent of a particular
cell type to a group(s) as envisaged by Matsus
moto (1958) or Nagabhushanam and Rao
(1966) is mnot tenable in P. monodon where
heterogeneous composition is the rule.

In view of the available isformation (Pillai,
1961 ; Nagabhushapam and Vasantha, 1972 .
Ramadan and Matta, 1976) concerning the
intracerebral  meurosecretory pathways  in
decapod crustacea, it is increasingly clear
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PLate T A, The cerebral ganglion of P, manadon showing bilateral disposition of B, neurosecretory
cell group (AF-reaction, X 150), B. B, group deep at the base of the optic nerve peduncle.
Note the cluster of intensely siained tiny cells (arrow) and their relationship with B, group
(AF-reaction, X 375), C. distribwion of neurosecretory cells in B, group girdling at the
lateral margin of the brain (Azan-reaction, ¥ [50), D, exhibiting smalt group (B,) enriched
with CAH-positive A and B cell types at the posterolateral pari of the brain. Note peripheral
discharge (arrow) from some of the neurosecretory cell bodies { X 375), E. postero-median
B; group situated at the ventral profile of the brain. Note its discontinuity with the B,
group following neuropilar invasion (arrow) (AF-reaction, % 150) and F. a typical group
(B,) containing AF-positive A, B and C types of cell. Note microanatomical distinction
and secretory ¢ycle in these unique identifiable neurons (X 1500),
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that axonal migrafion from the perikarya of
origin exists for eventual discharge of the
active principle (hormone?) into the circula-
tion. Alternatively, the possibility that the
pericaryons may liberate active principle
direcily into the tisswe fluid — a fact that has
been considered more particularly in conace-
tion with the NSC.: of the thoracic ganglia
in decapod Crustacea (Parame.waran, 1956 ;
Matsumoto, 1958 ; Miyawaki, 1960) is not
ruled out. Our findings, om the cerebral
aeurosectstory pathways in Penageus, clearly

us

indicate axonal migration via optic lobe from
restricted NSC groups (B; and By) in coatrast
with other NSC groups where, of course,
direct di-charge cannot be discounted. In fine,
morphophysiological characteristics, nature and
localisation of NSC, in groups coupled with
their involvement for the discharge of neuro-
secrétory ¢laboration in the supragesophageal
ganglion of P. monedon rcpresents a hetero~
gencous pictur: so as to  substantiate the
concept of species specification despitz the
existence of eco-variable fuctors.
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A CRITICAL STUDY ON THE BAD FFFECTS OF UPWELLED WATERS
ON FISHERIES, AS EXEMPLIFIED BY THE SITUATION OF THE
KERALA-KARNATAKA REGION OF THE WEST COAST OF INDIA

A, V. 8, Murty

Sclence House, 58-Girinagar, Cochin-682 020

AMSTRAST

The inter-seasonal oscillation of the deoxygenated layer off the Kersla-Karnataka Coast

and its encroachment to shallower regions of the shelf due to upwelling and its effects

on

both demersal and pelagic fisheries of the region were studied in detail, The resulls in broad, indi-
cated that the oxygen depletion worked out differently on pelagic and demersal groups of fishes
stressing the need for studies of tolerance limits of different species of fishes for deoxygenation of
waters and the toxic effects of bacteria on fishes, as upwelling areas are known for heavy bacterial 1oads,

INTRODUCTION

THE REGIONS of upwelling are well-known
for their fertility and their consequent fish-
production (Wooster et al.,, 1967). However,
the depleted conditions of dissolved oxygen
on account of upwelling is generally believed
to be the cause for reduction of fish catch
especially pelagic, even though the surface,
and sub-surface waters are enriched by
nutrients uplifted in the process of upwelling.

Favourable conditions exist in the waters
off southwest coast of India (Kerala-Kamataka
region) for upwelling process during summer
(pre-monsocon and monsoon), especially during
monsoon (Sharma, 1968 ; Sastry and D'Souza
1972 ; Lathipha and Murty, 1978). Deoxy-
genated waters of the deeper layers crecp-up
towards shallower regions across the shelf,
The oscillating conditions across the shelf
of the deoxygenated waters in descrete seasons
over the year and their influcnce on both
pelagic and demersal fish landings were criti-
cally studied in the present paper,

The author acknowledges with thanks the
benefit he derived in discussing with Mr. K. N,
Kurup and Mr. K. Prabhakaran Nair, Scien-
tists of CMFRI, Cochin, about various coms
mercial species of fishes from the Indian waters,
Thanks are also due to Dr. P. S, B. R. James,
Director of CMFRI for his permission to go
throogh the fish catch records of the Institute,

MATERIAL AND METHODS

UNDP/FAQ Pelagic Fisheries Project had
collected hydrographic data by organising
a good number of systematic cruises conducted
during the years 1971-1975 covering the southern
and sotuhwestern coasts of India. The cruise-
wise dissolved oxygen data presented in their
reports numbei 3 and 16, (UNDF/FAQ Pelagic
Fisheries Project 1973, 1976) beiween Quilon
in the South and Karwar in the North of the
southwest coast of India (from 9°N to 15°N
have been considercd here. Treating arbis
trarily 1 ml/l of dissolved oxygen as index
of upper limit of oxygen deficiency of water
the depth at which this isoplith of low oxXygens
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occurred has been determined in each of the,
vertical sections. Selecting the three main
seasons namely, monsoon (June to August/
September), post-monsoon (November to
January) and pre-monsoon (March to May),
the seasonal depths of locations of the 1 ml/1
isoplith of dissolved oxygen were determined
for the four self-cross sections, Karwar, Kasara-
&od, Cochin and Quilon (Fig. 1). The catches
of fishes from the same region (Kerala-Karmna-
taka) and for the same period were taken
from the quarterwise landings of the CMFRI
fish catch records. The species considered
among demersal fishes were elasmobranchs,
catfishes, perches, soles, prawns and other
crustaceans. Sardines, mackerel, ribbonfish,
apchovies, tunnies, carang'd., seerfishes, bara-
cudas, hilsa, billfish and mullets were the
pelagic fishes available m this arca. It was
the general case that oilsard ne and mackerel
constituted the major fisheries among the
pelagic, predominated by oilsardine. (Fishery
Resources Assessment Division, 1982, 1986).
In the amnual catches for the years under
study, oilsardine contributed 59%, and mackerel
269 of the pelagic catches and the rest of
the species each contributed about 5% or
even less. Hence, oilsardine and mackere}
together were treated to represent pelagic
fisheries from the area. Following a special
technique (Murty, 1985), the quarterwise fish
landings were converted into monthwise land-
ings from which the seasonwise landings were
prepared. The seasonal catch figures were
expressed in percentage of the annual (all the
three seasons put together) catches of the
demersal and pelagic fisheries separately
(Fig. 2).

RESULTS AND DISCUSSION

Deoxygenation

It is clear from Fig. 1 that the deoxygenated
waters were limited to the slope region beyond
the shelf edge (below 100m depth) during
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pre-monsoon  and  post-monsoon  periods.
During monsoon period the poorly aerated
waters entered over the shelf repion. The
upslope of the 1 ml/l isoplith of dissolved
oxygen towards coest is a clear indication
of upwelling during monsoon. The rate
of upwelling is estimated generally from
the time rate of ascent of upsloping
isopliths of parameters of temperature, density
or dissolved oxygen towards the coast, or
from the temperature diffcrence from the sea
surface and a suitable dopth within the Ekman
layer. Many authors made estimations of
upwelling rate in the shelf waters of the south-

-west coast of India, Treating the stable

thermal conditions of wiater as reference, a
conscrvative estimate of the averege rats of
vpwelling in th: waters by middie of monscon
period wa; made as 35 an/day by Murty
(1981). By detailed studies of vertical sections
of temperature and dissolved oxygen, Narayana
Pillai (1982) found that upwulling in these
waters ranged between 23 crojday and 86 cmf
day. Johanmessen et al. (1987) made an
estimate of upwelling at the rate of 150 em/
day. Longhurst and Wooster (1990) used
the trends of pre-monsoon (March and April)
sea level changes as an index of secular
studies of remotely forced upwelling in these
waters.

Unlike temperature, dissolved oxygen is
a nonconservative property of sea water, due
to biological and bacteriological interferences
and this is especially true in the case of neritic
waters. Therefore, it may be said that the
parameter, dissolved oxygem, serves ouly as
a rough index of upwelling. Coastal upwelling
occurs largely within a few tens of kilometres
(Wooster, 1978) from coast. From the ten-
dency of isotherms to run parallel to the coast,
Cushing (1971) observed that the boundary
of the California upwelling ranged from 100 km
to 200 km off shore. It may be inferred from
Fig. 1 that upwelling occurred, in the northem
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region, Karwar, within 100 km from coast monsoon and pre-monsoon. It occurred from a
at a depth of about 100m from sea surface, as  little more far off distance and from more deep-

DISTANCE FROM COAST (Km}

190 80 60 40 20 Q 100 - To 60 40 20 o
T ' Y T Y oT T T T ~Y T
50‘.' E
i
1004 Y
w
[~]
150 4
200+

[ _-f'

" @=Monsoon Ci=Pgst - monsoor ¥ A: Pre. monsoon
20} INDIA J/J
5 @-Kar'war
Kasaragod
ARABIAN M BAY OF h 9
N | SEA B sengaL  |BrCochin
't % (AYQuiton
L L
70%E so* 90"

Fig. 1. Bocroachment of deoxygenated waier at different cross-shelf sections.

indicated by the coincidence of locatioms at off er waters in the middle (Kasaragod < Cochin)
shore of the 1 ml/l isolines of oxygen during and southern (Quilon) regions. By comparing
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the rise of 1 ml/1 isolines of dissolved oxygen
during monsoon over the shelf in all the four
places, we may infer that upwelling was weak
and limited to marrow layer from the shelf
bottom in the regiom of Karwar. In the
middle and southerm regiovs, upwclling was
more intense and it ipfringed into a wider
column of water. The influence of upwelling,
perthaps through the process of diffusion,
extended to as close to the coast as 10 m bathy-
metric contour in the northern region (Karwar),
to 10-15 m depth in th: middle region (between
Kasaragod and Cochin) and only upto 30 m
depth in the southera region (Quilon). Follow+
ing a different method (summer minus winter
dynamic dcpth variations), Lathipha and Murty
(1978) obtained similar results on regional
diff:rences of inmtemsity of upw:lling along
the southwest coast of India,

Risheries

Fisheries operations are traditicnally cons
ducted with canoes (non-mechanised fishing
boats) in the depth range of 15-25 m, while
the mechanised fishing vessels operate in
the depth range of about 26-60 m. However,
fishing operations with mechanised vessels
would not exceed 80 m bathymetric contout
of the shelf bottom. There were no major
changes in craft, gear or fishing effort from
year to year, during the study period (19714
1975). Introduction of purse seines was only
a later development (Jacob et al,, 1982) in
Indian  wmarine fisheries, Purse seines,
S00-600 m in length and 50-60 m in depth
with the mesh size 20-30 mm came into effect
for pelagic fishing operations only in later
half of 1979 in the waters of Cochin for the
first time. Therefore, fishery-sindependent fac-
tors would have played a major role in affecting
the fisheries.

Out of the total annual landings of the
demersal fishes, more than half of them (56%)
were captured during monsoon season (Fig. 2).
Tho remaining fraction was shared mcre or
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less equally by the other two seasons. The
catch:s of demersal fishes during monsoon
period were the highest, when the poorly
aerated waters occupied the entire range of

fishing depths of bottom-trawl operations
in the waters,

In this connection, it may be mentioned
th2t Banse (1939) ob erved that the demersal
fishes disapp ared from a band of shelf bottom
in the depth range of about 20-40 m in these
waters in Scptember-October, 1958, Com-
paring with dissolved oxygen close to the
sea bed in the area, he attributed the dis-
appearance of demersal fishes to the poorly
aerated waters, even though Banse (1968)
observed that on some occasions the trawl
calch rates were higher in certain regions of
poorly azrated waters. Further, he advanced
a coneception of poorly aerated *band’ of
shelf region in the depth range of 2040 m
which he recommended to avoid for profitable
trawling from ecither side of the band, byt
npot within the band during the upwelling
period, 1.e., moosoon season (Banse, 1959),

Such a band, if existed, required to be flanked
by two equally valued isolines of dissolved
oxygen on the shelf bed. It means that a
layer of deoxygenated water has to be sands
wiched between two aerated layers. The band
thus imposes the condition that the dissolved
oxygen values should go on increasing with
depth from the lower border of the band,
similar to the values maintaining their increase
towards sea surface from the upper edge of
the band. There was no report of increase
of oxygen with depth at any level over the
shelf of these waters in cruises conducted by
FAQ/UNDP Project vessels * Rastrelliger* and
* Sardinella® or by Indo-Norwegian Project
vessel R. V., ‘Varuna’, There is no scope
for existence of such a ‘band’ of dissolved
oxygen with a clear lower margin on the shelf
bottom in these waters, resulting from wup-
slope of isolines due to upwelling effect. How-
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ever, it would be possible to come across
‘ patches’ of oxygen-deficient water at certain
locations of she!f floor due to intense bacterial
decomposition of dead organic substances
deposited at those locations.

The seasonality of pelagic fisheries presented
a contrasting picture from that of the demersal.
More than half (57%) of the annual catch
of pelagic fishes was got during post-monsoon
period, where as it was onesfourth (27%)
during presmonsoon and only one-sixth (16%)
during monsoon period (Fig. 2). Analysis
of oilsardine and mackerel catches (Virabhadra
Rao, 1973) for the decade of years, 1956-1965,
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Longhurst and Wooster (1990} opined that
any invasion of the shelf by water with low
oxygen tension would tend to exclude oil-
sardine along with other pelagic as well as
demersal species from the coastal region.
But the catches of demersal species were very
high during monsoon, even though almost
the entire bottom of the shelf was occupied
by oxygen-deficient water. So, demersal species
were not affected, at least at their fishable
age, by the low oxygen water on the shelf
bortom. Regarding pelagic fishes of which
oilsardine have the lifespan of about 2 to 3
years (Antony Raja, 1969), if deoxygenation
alone was the question of inconvenience for

Demersal,

[ eeegic

s gli gl

Post- monsoon

Pre -monsoon

Fi6. 2. Seasonal apportionment of fish catches (separate percents,
for demersal and pelagic fisherics), o=

from Kerala-Karpaiaka Coast indicated that
the monsoon or pre-smonscon catches constis
tuted only about one-sixth of the post-monsoon
catches of the same fishes, The fact that
pelagic catch was lowest during monsoon
and it improved tremendously by subsequent
season {post-monsoon) might tempt one to
believe that the retreat of deoxygenated water
to the deeper depths beyond the shelf edge
by post-rronsoon favoured pelagic fishes with
good column of aeration in the shelf waters
from sea surface. But, the pelagic fish catch
during pre-monsoon was almost equally poor
as that of monsoon, even though the entire
volume of water present in the shelf was free
from deoxygenation during pre-monsoon
period.

them, the pelagic fishes could have stay:d in
the water column overlying 1 mlj1 isoline
within the shelf itself where there was a plenty
of water space with oxygen tension even during
monsoon seasop. Therefore, the deleterious
effects of deoxygenation during monsoon on
pelagic fishery is only superficial. Other
environmental parameters possibly with the
combination of biotic factors might be res-

ponsible for the seasonal shift of the pelagio
fisheries, -

Thus, the inter-seasonel trends of bulk
catches of fishes, whether they are demersal
or p:lagic, did not explicitly relate to the
derogatory effects of oxygen deficicncy in
the waters. But, there were a number of
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instances on record that trawling near Cochin
resulted in very poor catches, when the poorly
oXygenated water was prevalent at the bottom
(Banse, 1959 ; Sankaranarayanan and Qasim,
1969) and a few instances of mass mortality
of fish in open parts of the Arabian Sea asso-
ciated with oxygen depleted waters (Papikkar,
1969). In the abnormal cases, mass mortality
was related being death by volcanism, by
poisonous  gases, chiefly H,S8 (Margaretha
Brongersmasanders, 1948) and by abrupt change
in temperature and iun salinity of the sea waters
caused by passing cyclones (Nakai, 1939),
All such instances are aperiodic and uot
prolonged. In the light of thosz correlating
instances. it is hard to neglect the bad effects
of deoxygenation on the fishes, Thus, some
of the individual instances vyielded results
opposite to the interseasonal bulk results.

Inferences

It is a usual tendency to link up the dwindling
catches of fish to the immediate or apparent
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cause of low oxygen in the waters. The cons
trasting seasonal response of demersal and
pelagic fisheries for the shelf-inundated poorly
acrated waters stresses the need for determining
tolerance limits of the concemed species for
low oxygen by conducting physiological and
behavioural studies of fishes by simulated
experiments under controlled conditions from
board research vessels,

The real reason for dwindling catches may
perhaps be sought in the toxic effects of bacterial
load which is predominant in upweliling areas,
It is therefore mecessary to be cautious in
interpreting the fluctuations of fisheries to
the effect of depletion of oxygen caused by
upwelling. There is an urgent need for a
systematic bacteriological study in the direc-
tion of their toxic influences on fishes, especially
in case of mass mortality and enmass d:pletion
of fisheo from a patticular region.
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OBSERVATIONS ON THE WHALES BALAENOPTERA EDENI, B. MUSCULUS
AND MEGAPTERA NOVAEANGLIAE WASHED ASHORE ALONG
THE INDIAN COAST WITH A NOTE ON THEIR OSTEOLOGY

ABSTRACT

The Baleen whales Baloenoptera edeni, Bealaenoptera musculus and the Megaptera novaeangHae
were reported from the Indian Coast. The skull of a B. edeni washed ashore in Dhanuskodi Island
in the Gulf of Mannar and that of Megaptera novacangliae from the Malabar Coast were studied. The
identity of B, edeni was confirmed based on the study of its nasal bones, Biological significance of
the occurrence of whales washed ashote along the Indian Coast is also discussed.

JAMES AND SOUNDARARAJAN (1984) summarised
the information on the whales washed ashore
along the Indian Coast and discussed the
probable reasons for their strandings. Further,
the declaration of the Indian Ocean as a Marine
Mammal Sanctuary has focused the attention
of the Intermational Agencies like Intervational
Whaling Commission, World Wildlife Fund
and IUCN to study the Marine Mammals
of the Indian Occan (Alling er al., 1982;
Alling, 1986 ; Leatherwood, 1985; Mohan,
1985 2. b, 1987 ; James and Mohan, 1988 a, b,
Payne, 1987). Investigations of the ‘Tulip’
Expedition have brought to light a wealth
of information on the distribution, abundance
and behaviovr of humpback whale, blue
whale, Bryde’s whale and the smaller cetaceans
{Whitehead, 1985 ; Alling, 1986 ; Alling et al,
1982 ; Leatherwood, 1985, 1986).

As the information on the osteology of
the whales occurring along the Indian Coast
is meagre, the skull of Bryde's whale Balae-
roptera edeni and the lower jaw of Humpback
whale Megaptera novaeanglice are siudied

Though B. edeni has not been so far reported
from the Indian Coast, B. borealis a closely
related species has been rep:atedly reported
along the coast. (Venkataraman et al., 1973 ;
Anon,, 1988). Some of the earlict records
of * Balaenoptera sp.’ are B. edeni. Thz Blue
whale B. musculus appzars to be a common
species along the Indian Coast (Jones, 1953 ;
Danial, 1963 ; Kewalramani, 1964 ; Nair and
Jeyaprakash, 1987). But M. novaeangliae is
not common along the Indian Coast. It
has been reported carlier from the soutkwest
coast of India by Mathews (1947), Chacko
and Mathew (1954) and Muthiah ez al. (1988).
However its ‘song’ was recorded from the
Northern Indian Occan and Sri Lanka (Leather-
wood, 1985; Whitchzad, 1985).

Observation

A male B, edeni of length 13.0 m was washeg
ashore at Beypore near Calicut (12°20°N-
76° 30'B) on 2-7-1979. It was charactérised
by about 55 throat grooves extending utop
naval, Flippers were 1.03 m in length forming
about 1/12 of the total length (Pl I A). Another
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carcass of the same species measuring 13.52 m
in length was observed in one of the islets
near Dhanuskodi Island in the Gulf of Mamnar
(9°02° N<79°30" E) on 20-2-1983. The skuil
and other parts of the skeleton were collected
with great diffioultizs. The carcass was in
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the Northern latitudes. The following rela-
tionship was obtained :
Y= —211 +099 X,

The correlation coefficieat ‘r’ was 0.89
indicating a close relation between the length
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Fia. 1. Relation between lengths of B, musculus washed ashore along the Indian Coast

and the latitudes of their occurrence,

a highly decomposed statz. It was mutilated
by the fishermen searching for ¢ Ambergeris’,
The skeleton is kept at the museum of the
Regional Centre of CMFRI, Mandapam Camp
The details of the measurements are given in
Table 1,

A female blue whale (B, musculus) of length
19.2 m was washed ashore at Paravana (12°
10°N — 76°30°E) near Caliout on 29-9-1988,
The leng h of the flippars were 2.5 m forming,
about 1/7 of the total length. There were
abou: 80 throat grooves reaching the umblicus.

To stuly the relationship between the total
leng:h of B, musculus stranded along the
Indian Coast and the northern latitudes of
their stranding, these parameters were plotted
against each other using the formula Y =
a +bx, where X watotal length and Y =

TaBLE 1. Measurements (s} on the skull of Balaetiop™

tera edeni mea.rwbsg 13.5m [ "4
4
% of
Characters Coblgg}o-
length
Condylobasal length 2450
Length of rostrum 1380 56.3
Width of premaxillaries (in
the middle) 235 9.6
Width of rostrum at base 692 . 28.2
Greatest perorbital width 155 30.8
Lease supraorbital width e 1042 42.5
Width of premaxillaries 228 9.2
Greatest width of post
temporal fossae 1080 44.0
Greatest width of pterygoid 155 51
Greatest length of ramus L2445 993
Distance from tip of rostrum o .
to internal nares 1530 624
Greatest width of external narcs 124 50
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PLATE T A, Balaenoptera edeni, 13 m washed ashore near Calicut, B, Skeleton of Belacnoptera edeni, 13.5 m washed ashore
near Dhanuskodi on 20-2.1983 : (a) Nasal bone, C. Megaptera novaeanglice (Humpback whale), 14.3 m washed
ashore near Kasaragod on 15.1.1988 and D, Lower jaw bone of humpback whale washed ashore near Kasaragod,
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of the whales washed ashore and its proximity
to the equator (Fig. 1). It was observed
that the calves of the whales were found nearer
to the equator (Fig. 1) indicating its breeding
there.

The lower jaw bone (PL I D) of female
humpback-whale of length 14.3 m which
was washed ashore near Kasaragod (12°20'N
and 79°05’E) was studied for the first time
in India. The jaw bone measured 3.17 m
in lengtb and is kept in the museum of the
Research Centre of CMFRI, Calicut.

Remarks
B, edeni is one of the common species of
baleen whales found between 40°S and 40°N

Research Centre of CMERI,
West Hill, Calicus-673 005,

285

prefsrring warm waters (Gaskin, 1972), 1t
has been reported from Sri Lankan Coast
in large numbers (Payne, 1987) and from
the Indo-Pacific (Ohsumi, 1981 ; Leatherwood,
1986). However it is desirable to study the
identifying characters of B. edeni and B. borea-
fis in details as their range of distribution
overlaps and they have some external simitari-
ties.

The agthor is thankful t¢ Mr. M. P. Siva-
dasan for his help in the preparation of this
note.

R. S. LAL MOHAN
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AGE AND GROWTH OF THE CLAM SUNETTA SCRIPTA (L)
IN VELLAR ESTUARY, EAST COAST OF INDIA

ABSTRACT

Length frequency methed was not helpful in detecting age and growth of Suneita seripta because
of its prolonged breeding periods at Porto Nove waters, All the other methods iz, probability plot
and von Bertalanffy's equation showed general agreement in the growth pattern, 5. seripta attained
17.55, 26.63, 32.48 mm during Ist, 2nd and 3 year respectively and life span of this species was 3 to

4 years.

Sun-tta scripta is an economically important

clam in appreciable quantities at different
places in east and wes: coast of India (Mohan
and Damodaran, 1972). Despite its great
food value and culture praspects, the biology
of the species is little understcod. A few
reports ¢re available on the rat= of growth

and ag. in <lam species (Rao, 1952 ; Kalyaua-

sundaram and Kasinathan, 1983; Jayabal,
1984). Age and growth studies provide an
insight in the age cless structure, changes in
abundance and the relation of the stock to
their relation to fihing, The present study
deals with age and growih of the clam
8. scripta.

The authors thank Prof. K. Krishnamurthy,
Director frr facilities provided aad MAB
Project Departmeat of Environment, New
Delbi for financial support.

Materigls and methods

Random samples of S. scripta were collected
at monthly intervals for a year between October
1984 and September 1985 from the shores
of Porto Nove (11°30'N; 70°46'E).

Growth rate was dstermined by probability
plot method (Cassie, 1956 ; Harding, 1949),
von Bortalanffy’s equation (von Bertalanfly,
1938 ; Pantalu, 1963) and Ford Walford graph
(Walford, 1946), shell length (greatest antero-

posturior length) was measured to the nearest
0.1 mm using a vernier calliper. The data
were arranged in size groups of 1.5 mm iater-
vals., As the number of total observations
varied in different months, size frequencies
were converted into percentages.

Results and discussion

Length-frequency distribution . Size groups
6.2-7.7 mm were present during October 1984,
March, April, May and June 1985 while
maximum height of S. scripta (35-0 - 36.5mm)
present during November 1984, January
April, July and Auguet 1983, During December
1984, size groups 254-26.9 mm showed
peak abundance, The groups 12.6<15.7 mm
174-22.1 mm and 23.8-31.7 mm were pre-
sent in all months, Size groups 22.2-23.7,
31.8-333mm were available throughout
the year except Jamuary and March 1985
respectively.

Due to continwous breeding habits (Dravida-
mani, 1985) of S. scripta length frequency
method did not give any clue. Secondly
some year classes may not be represented in
the catches and overlapping the distribution
of older size groups is likelv to yield erroneous
results by Peterson’s method.

The cumulative percentage of occurrence
of different size groups was plotted on arith-
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matic probability paper to note the point
of inflection. Growth of S. scripta was 6.9
mm in 0 yaar and was 17.55, 26.63, 92.48 mm
during 1st, 2nd and 3rd year respectively.
The life span appears to be 3to 4 years
(Fig. 1).

This method is used for species which have
prolonged spawning periods. The probability

"FT r ¢ oy =
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the growth patten. For this growth curve,
it could be observed that the ‘0’ year clam
attains 6.41 mm, the Ist year 17.49 mm, 2nd
year 25.91 mm and the 3rd year clam 32.30mm.

PordsWalford graph

Ford<Walford graph constructed for . seripta
by plotting Lt 1 against Lt, where Lt
is the height of the animal at a2 particylar

i
™
»
" /
S “Cumlative- frequency
Fia, 1. The cumulative (J4) occurrence of different size groups of S. Scripia,

method of separating the polymode! length
frequency distribution has been used to find
out modal lengths of different year classes.
This method is found to be very useful in
getting a higher degree of accuracy in sorting
out the different size groups contributed from
different broods.

Von Bertalanffy’s growth eguation : Length
calculated for different years using this equation
plotted along with the observed lemgth for
some period showed a general agreement in

17

age. The straight line obtained from the
Lt against Lt 41 when intersected by 45*
diagonal from the origin, Lec (length at
infinity) was attaimed, it was found to be
5248 mm in 8. seripta.

In the mouth of Vellar Estuary, Katelysia
opima (Kalyanasundaram and Kasinathan,
1983) has a length of 26.65, 36.62 and 43.15
mm during 1st, 2nd and 3rd year respectively.
Growth of Meretrix meretrix (Jayabal, 1984)
attained 47 mm and 61.5 mun during 1st - year
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2nd year respectively. But the growth- of  Growth rate at Ist and 2nd year was high
the present species was 17.55 mm, 26.63 and whei compared to 3rd and d4th year whicn
32.48 mm during 1si, 2nd and 3rd year res- is similar to that observed earlier in Porto
pectively and longivity of the species is 3 to Novo waters (Kalyamsundaram and Kasi-
4 years, This result agrees well with the nathan,’ ‘1983 ; Jayabal, }984). o
longivity of K. opima and contradict' with -

the longivity of M. meretrix (Jayabal, 1984).
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ARTHROPOD FAUNA OF LITTORAL ZONE IN TWO ISLANDS
OF HOOGHLY ESTUARINE COMPLEX, WEST BENGAL, INDIA

| Aﬁsmcrr.

This study analysss the species OompOSItlon and density of macm-arthropod fauna of four. iiuoral
zohes, two each in Chuksar Island and Sagar Island. Characteristics of these zones were the domi
nance of insects, apecially staphylinid beetles,

IN RECENT TIMES, the studles on marine a.nd ‘momentum in troplcal and tcmperate Zones.
estuarine littoral ecology has gamed immense In India, the ploneer work on bemhos was
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dove by Annandaie (1907).-Choudhury ef al.
(1980, 1984), Bhunia and Choudhury (1981);
and Nandi and Choudhury (1983) initiated
stidits in Hooghly estuarine complex. -But ali
these studlies bypassed the presence- of insects
in the littoral zome. - Not-énly in India, but
all over-the ‘world, insects have been'ignored
as an estuarine or marine component (Cheng,
1976). Although insects are reported along
the seashorcs, - b there is’ considerable lack
of htera.ture related to the ecology of marine
insects- - (Weng and Chan, 1977). This has
tempied the authors to study the insect
dominated littoral zones of the said estuary,

Authors .are grateful to the authorities of
S. D. Marine Biological Research Institute,
Bamankhali, Sagar Island and to the Director,
Z.8.1,, Calcutta.

Materials and methods
The present survey was conducted in Chuksar

Island and Sagar Island, situated between
21*30°N a;ad 22°15’N and 88°0'E and 89°5'E.

TARLE 1. Ab?o!k Jactors at four stations

Soil- Soil- Water
‘tempe- - mois- salinity

ture ture
0 A (%)
Statiom T 2 228 2183
Station I 25 19.7 22.70
Slauon 1 H 27.5 14.-} 16.49
-Station IV 25 9.2 . 1489

At first, the collection spots were. identified

by the marks of reworked sand on the exposed
sandflats. ‘Building of small mounds were
caused ‘mainly by the activitics of staphylinid
beetle ‘which dig tynnels at the time of rece-
ding tide, (szth and Hein, 1971 ; Evans ef al.,

1971). Samples w'efe col!ected, durmg lhe_
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post-monsadn manthis: (Navember to February,
1983-84) with the help -of a corer, "covering
25 em® surface soil.. In each station, three
1 m? plots were marked and five samples
were collected from each plot. Repeated
removal of soil from exactly the same  place
during consecutive fortnight collectlon was
avonded

EBsondfiar |
ESlvidat peot |
¢ Studyares |

Fia, 1, The positlon of study dreas at Chuksar
Island and Sacar Island, i

Soil temperatue, SOll mmsture _and. watcr
salinity was measyred. dur'ng the' timz | of
samphng.
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Statistical analysis such as relative abun-
dance, dominance index and spcies diversity
index was calculated by using standard accepted
formulae (Odum, 1971).

Description of collection sites

Station I: This station was situated in
Chuksar Island which was completely uninha-
bited by man. The island was traversed by
a narrow creek and the actual collection spot
was at the mouth of the creek (Fig. 1). The
collection area was totally devoid of any
plant life and experienced heavy wave] action.
Twice a day the arca was inundated by tide
water,

-'TanLs 2. Relative abundance (50)

NOTES

coaretata, Salicornia

Ipomia sp.

sp., Sweada sp. and

Station III : It was located in the southern
part of Sagar Island. Collections were done
by the sides of a small blind channetl (Fig. 1)
originating from Gangasar Creek. This area
was partly surrounded by large stable dumes
which was mainly coversd by fwo creepers
viz. lpomia sp. and Launia sp. Dupe base
was covered by a spiny green grass Porteresia
coaretate. A small patch of luxuriant, but
gradually diminishing mangroves existed on
the Jandward side of the main creek. The
collection site was inundated during each
high tide which lasted for about 1 hour.

of different species in four stations

L]
IngeCTA CRUSTACEA ARACH-
NIDA
. E & A - i
& é % g a:' i A . % .g .
x 2 Lo § i g
-~ ~ - g8 n 2 0=
¥ 8 8 ¢ § £ 2l 3 0F % 2 3
. . + . A1l [a ] N :O: =
q & 85 B O 8 2 <~ R X e
Station I 91.6 42 17 975 125 .. 125 253
Station IT 744 174 69 98.7 1.3 13
Station ITT 66,2 19.5 1.3 52 .. 9221 26 39 65| L3 13
Station IV 562 124 157 63 906| 63 631 31 31
Station 1I': The narrow tidal creek which Statlon IV : This site was also in Sagar

traversed the Chuksar Island made a consi-
derable tidal pool at the heart of the island.
Duting ebb it was completely exposed and
got inundated during flowtide. In this station
collections were made on the bank of the tidal
pool (Fig. 1), ie, on the hygropsammon
zone which was just beyond the waterline.
Substratum of the sampling arca was muddy
due to gradual deposition of silt. The nearby
vegetation was very poor and represented
only by grass and sucoulents e.g. Porteresia

Island and was <ituated at the end of a blind
chann<] (Fig. 1) originating from the Begua-
khali Creck. Huge sand dunes protecting
this spot which were well covered by Ipomia
sp. and Launia sp. Pew Acanthus sp. and
Salicornia sp. was also preient. On the
landward side of the dumes a large (about
10 sq. km) mangrove forest was in existence
whetre Phoenix sp. predominate.
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Reslts and discusston

Estuary is a transitional zone between the
freshwater and the sea and therefore the
typical estuarine forms are unique in their
habits. The physical conditions in estuaries
are very stressful and the species diversity
correspondingly low. But estuary is a nutrient’
trap and so this region is packed with life.
Insects were the most successful group to
occupy the present sites of investigation. In
all four stations the relative abundance of
jnsects were more than 90%, (Table 2). Among
insects’ Bledius (Hesperophilus) helfert popu-
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Dermaptera were the other insect species
which were encountered only in one station
of the four described. Amphipods repre-
sented by two species viz, Ampelisca sp. and
Telorkestia sp., were present in all four stations,
Crabs (Metaplax intermedia) were recorded
from station I only. Spider Lycosa sp. was
the cnly representacdive of class Arachuida,
Both the stations of Sagar Island inhabited
by Lycosa sp., but the stations of Chuksar
Island were devoid of it. In extreme environ-
ments dominant species are fewer in number,
Station I was subjected to maximum wave

¥ro. 2. Population density (No/m® of different species at four stations,

lation always headed the list (Fig. 2). B. (H))
birmanus was present in station II.IV and
ocoupied a major portion of the insect
fauna. Another staphylinid beetle B, (H.)
dilutipenis, was recorded from both the collecs
tion sites of Chuksar Island, but totally absent
i Sagar Island. Trilophus interpunctatus,
Georyans sp., Tachys sp., Salduncula sp. and

action and tidal interplay ; salipity was also
very high here (Table 1). In station I, domi«
nance index was maximum (84.3%) and corres-
pondingly species diversity index was minimum
(0.169). In statien I, III and IV, dominance
were divided into more number of species
and hence dominance indices were comparas
tively low (Table 3). Specizs diversity indices
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Tuu 3. Specles diversity index and a‘omm index— of station 1«1V were 0.332, 0.468 and 0.577

.of Jowr mmm B

e

Staﬁon Station Slat:on Station

- respectively (Table 3);.-it. proves that_when

the effect of the physical factors -over . en'vm:me»rr

‘T - W+ WM - IV ment decreaies  the, mumber of dominapt
p - e * species as well as species diversity increases.
Spedes vemty . L - During extreme environmental coriditions, .onfy
indf," L (-"1_6.9 '!9'3_32 0468 0.577 a few specaes are adapted to it, but they Blfow_
,D.Wi ndex (%) .. 843 588 482 365 maximum' in number which. might be die 10
S S - : - less competntlon
Depariment of Zoology, 4:P.C. College, - T.K POI’MR
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¢ Department of Marine Science, University of
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COMPARATIVE STUDIES ON THE FEEDING HABITS OF
MARINE AND ESTUARINE CARANGIDS

ABSTRACT
The gut" contents of 42 species of carangu{ fishes occurﬁng at Visakhapatna'm on the east coast
. of India arg analysed, OF these eleven species also occur jn Godayary and Vellar Bstuaries on. the
cast coasts The gut contents of Alepes djedaba from Visakhapatnam region, Godavary Bstuary anc[
Vella.t Batuary and of A!epes kalla from Vlsakhapatnam and Vellar Bstuary are compar,ed

cmmms, ooustltute-a commerclall_y important
group of fishies along the Indian Coast, The
juveniles: and - subadults of somé species are
also reported from the estuaries and brakish-
water ‘areas where théy capstituic a fishery,

Some. of the earller.. work' done on"ihc-’..i’ﬁc;«'l

-of ‘carangids. was: based - on ;observations on

single species. - Chacko (1949)Tanalysed . the
food- of Caranx: hippos” and - Cdranz-.sansin

“fromx: the Gulif of Mammar, Bapat .ang- Kil



(1932) gave d -brief account of the food of
Chorinemus - toloo. Datar(1954) -and Sreeni-
vasan (1975) ‘reported the-food and-feeding
habit of Selaroides leptolepis. Kagwade (1965)
reported the food of Caranx kalls. Reuben
(1969) investigated the food of Malabar tre-
vally Carangoides malabaricus from Bay. of
Bengal. - Sreenivasan (1979) ‘gave an account
of feeding: biology of the scad Decapterus

| 263
Novo. The ‘present investigation is on the
qualitative analysis of the food contents of

the horse mackerels collected for the syste-
matic study.

. The ‘author is grateful to Prof. S. Dutt,
under whose guidance this investigation has
been cartied out.

Fi6, 1. Relation between dentition, gilirakers and stomach contents in carangid fishes,

dayi from Cochin region, Venkataraman (1961),
while giving ihe food and fecding relaiion-
ships of the inshore fishes off Calicut region
on the Malabar Coast, described the food
of Caranx kalla and C. djedaba. Rao (1967)
while giving an account of food and feeding
habits of fishes from trawl catches in the Bay
of Bengal, described the food of a few carangid
species such’ as Chorinemus Iysan, Atropus
atropus, Caranx sexfasciatus, Carangoldes mala-
baricus, C.: chrysophrys and C. armatus - from
Visakhapatnam region. Venkatramani  and
Nytarejan (1983) descsibed. the food of €.
malabaricus” and Alepes kalla from Porto

Material and Method

The present study is based on the monthly
and fortrightly samples obtained from the
trawl catches at Visakhopatnam during 1977
to 1985 and also from samples collected from

. the Gautami-Godavari Estuary (Yanam) and

Vellar Estuary during 1985, Based on the
state of distention of stomachs, the intensity
of feeding was recorded, they were classified

8s empty, 1/4 full, 1/2 full, 3/4 full and gorged

depending on the amount of food present
in the stomochs. The food elements were
identificd as far as possible upto family or
genus level depending upon the intactness of



264

organisms and the state of digestion. A total
of 435 specimens belonging to 42 species 17
genera and 4 subfamilies were studied.

Discussion

The carangid fishery at Visakhapatnam starts
generally during August to March with peak
season from September to February. At this
time the inshore waters are rich in plankton
comprising a large variety of edible zoo-
plankton after the monsoon period. Hence

it seems that carangids and most other fishes.

utilise the continental waters with plenty
of food as feeding grounds and breed else-
where, This abundance of zooplankton is
also noticed in the stomachs of the fishes.

NOTES

length were noted to consume microplank-
tonic forms like copepods and larval cruste-
ceans. Horse mackerels are generally pelagic
in habitat (a few arc demersal) and they are
geverally carnivorous in habit. The change
in the food pattesn between the juvenile and
adult carangids is dependent upon the arca
of filtration formed by the gill apparatus as
demonstrated by Magnuson and Helt (1971).
Sreenivasap (1979) has also observed the
change in the food pattern of juvenile and adult
scad Decapterus dayl,

Eventhough pla.nktonic.forms such as chaeto-
gnaths (Sagitta, Krohnitta), coelenterates,
ctenophores (Plewrobrachia, Beroe), wrochor-

. o AEPES  DIEDABA .

Viashhapatngm Godevary wtusry Vellar estuary
’Z: — ’: gE gz 9: E
gttitnie ittt HUEAH:
o sl |
B -

16, 2. Percentage occurrence of food items in the stomachs of A, Mnnddkaﬂc.

It appears from Table 1 that the main food
constituents of carangids are macroplank-
tonic forms, such as shrimps (Acetes spp.)
prawn larvae, crab larvae, stomatopod larvae,
squids and juvenile fishes like clupeids, leio-
gnathids, etc. Fishes below 10 cm in total

dates (Oikopleura, Fritillaria, Doliohas and
Salpa), polychaetes, ostracods and echino-
derm larvae are very common in the plankton
of this region, they are absent in the gut coun-
tenis of carangids. It shows that Horse
mackerels are selective in the food fabits.



NOTES 265
TasLe 1. Stomach conrents of camjd;,co!_l_ccud Jrom trawl catches at Waliair region

No. of No. of Size Total . .
: specimens specimens  range gill Stomach contents Remarks
Species examined withempty (TLin rakers - :
stomachs mm)

1 2 3 4 s .6 7

Sconsberoides 23 8. 84.1000 13-19 Juveniles have small Well developed:
commersonianis fish, cephalopods canine teeth
and fish scales, on jaws, -
Adults have anchovies
and teleost remains

S. tala 3 1 190-193 - 12-13 °  Digested remaing of same
cephalopods, teleost
fish and decapod
crustaceans

S. lyson ' 25 10 202-421 21-26  Acetes, juvenile same
clupeid fishes

8. tol 30 18 181-344 22.27 Stomatopod larvae, same
. Anchoviella, Acetes,
megalopa, copepods
like Pontella, Labido-
cera & Lacifera, Zoea
and mysis stages of
prawns

Trachinotus blochli 5 2 120.185 14-19 Digssted material,  Jaw teeth feeble,
: . appendages of pharyngesl teeth
shrimps molari form,

T. russellit L 2 155.432 23-28 Digested material, same
megalopa larvae

T. batllonit 2 — 262-300 23-25 Digested material, crab same
juveniles

Elagatts bipinmulatis 4 - 281-350 3837 Juveniles of prawn, crab
and remains of telcost
fishes

Gunarhanodon speclousus 8 1 43.60 26-30 Acetes, ostracods,

- copepods,
mollusc larvae,
leiognathid juveniles
and sand grains

Seriolina migrofasciats 6 2 260.345 810  Loligo, juvenile Demersal feeder
L ' prawns Gill rakers reduoc.
ed in size.




Arwopus atropus 39 = 10

“Tagia’l. (CoM)
= 2 3 4 s 6" ?
Seriola rivolina 2 - 280-310 1%16  Juvenile squids, Gill rakers not
. o juvenile fish reduced in gize.
Decapterus russellii 8 — 142214 4451 Acetes, juvenile prawns,
_ . .- - - - juvenileleiognathids,
D. macrosoma -~ - juvenile clupeids,
D, maccarellus . Strolephorus spp. fish
and D, kurroldes scales, Contained the
same variety of
organisms
Megalaspis.cordyla - 43, - 123 . 84-365 , 2533 Juveniles have cope-
’ . pods like Labidocera,
Undinula & Eucalanus,
Megalopa, mysids.
Adults have Anchoviella,
- app., ieiog“a(hl 'dsn
sciaenids, Rastrelliger
X o 8pp. Trichiurus spp.
Alectis ciliaris 3 ... 148174 1921  Megslope, lucifer,
' juvenile teleost and
crustacean remaing
and cuttlefish
I P Jjuveailes.
A, indicus 20 13 87-190 31-36 Acetes, stomatopod
- Co Lo Ld larvae, juvenile cepha- -
K . o lopods.
Uraspis helvius 10 . 140-267 19-25 Digested remains of
. R LY fish and crabs.
Carangotdes Acetes, juvenile clupeids,
malabaricns . . o DA leiognathids, Lucifer,
. megalopa, mysis,
alima Jarvae and
DL A S S cephalopods,
C. preaeustus, C. ilampanoides, Contained almost
C. chrysophrys, C. mmfeop!wrm, the same variety of
C. ferdau, C. gymmostethys, Organisms, :
C. uti, C. hedlandensis & C. armamr, atc
Ulua mentalis 2 C 1 153-155 80 Digested material  Gill rakers
. copepods, numerous,
-_142-212 %3034

Acetes, alima and crab. . Probably-d. -
larvae, copepods like demersal feeder,
Temora, Ponrella,

ey T
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Tagus-L.. (Contd,) -

R AT TENRPRN S 4 5 6 - 7 -

Sl - - 18 — 170263 3842 Acetes; juvenile crabs,

< erumenophthalmus . - . * - fishes, fish eggs,

. T Foraminiferans.
Alspes dledaba. . 60 .15 130-255 173745 Copepods, Lucifer,
L L s+ megalops, cycloid scales,
A kalla s -7 78-178 3645  Copepods, Acetes, prawn
oo : : : . : ’ " larvag stomatopod :
N ) _ _ _ iarvae,

A, melanoptera . 2 2 168-240 25 Copepods Acetes.

A vari - 13 2 13133 . 3236 Acetes, copepods, megalops,

B o : S - juveaile clupeids. _

Carapx sixfasciatus = 18 4 - 102-252 2225 . Juveniles feed on canine teeth

A . : Acetes and larvac of on faws
crustaceans, Adults
feed on juveniles of
clupeids, leiognathids
engraulids, trichiurids

_ and cephalopods.

C. %ein., C. meclampygus Feed on same catgory of organisms,

C. ignobilis and C, tille ‘ I '

$hstaneés of food preferences have also been  which they utilise as feeding grounds. Spcc]es

observed earliecr by Sreenivesan (1974) in
Megalaspis cordyla where even the larvae show

selectivity of feeding preferring only & few

gf the many copepods found predominantly
‘1 the environment.” Karuna ( 1959) and Ven-
katramanj (1983) have reported an instance
5f cannibalism twice in-the guts of A, atropus.
There appears some correlation between the
matirity: of the fish and feeding intensity.
:Strikingly the stomachs of immature and spent
forms are empty. But in a few instances
full- stomachs. were observed even in ripe
femalcs of .D msel!u

.A: comparison of . food constituents of Mmarine
and estugritte garﬂngid species,

.qutv of the Jnvemlcs a.nd subndults of

such as . commersonianus. A, kalla, A. djedaba,
A, mate, C, sexfasciatus, C. sem, C. ignobills,
C. melampygus, C. malabaricus, C. gymmo-
stethus and C. crysophrys are recorded from
Godavari Estuary as well as Vellar Estuary.
Some specimens of A. djedaba and 4. kalla
are collected from Godavari Estuary,” Vellar
Estuary .and from Visakhapatnam . Coast.
Since they are collected in the same .season

and they belong to the same length group a

comparative study made regarding the - -gut
contents of 4. djedaba from all the three regions
and of 4, kalla beiween Vellar Estuary and
Waltairregion. - -

Specnmens of A cb‘edabu (130 185 mm’ TL)
from - Visakhapatnam'~Coast - have voprpods
such ns-Temora, Pseudodiaptoms Centropages,
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ete, Lucifera, megalopa larvae and teleost
scales in their guts. Phytoplankton or flla-
mentous algae are not observed in the stomachs
of fishes examined from this region. Speci-
mens of A, djedaba (125-154 mm TL) from
Godavari Estuary have mostly digested material
of unknown origin, copepods such as Temora,
Oncaea, etc,, juvenile prawn, crustacean appen-
dages, megalopa larvae and mysids in their
guts. In addition most of the stcmachs
have plant debris, algal fllaments. sandy
clay and cycloid scales, Phytcplenkton is
represented by Coscirtodiscus and Thalssiothrix,
Specimens of A. djedaba (90-182 mm TL)
from Vellar Estuary have mostly mysids.
juvenile prawns, zoea larvae, amphipods, cope-
pods. cycloid scales and sand grains in their
guts. Phytoplankton or algae are absent in
the stcmachs.

Specimens of A, kefla (80-150 mm TL)
collectcd frcm  Visakhepatnam region have
copepods, Acetes, juvenile prawns, alima larvae
and digested fish remains in their stomachs.

Marine Living Resources Department
Andhra University,
Visakhapatnam-530 003,

NOTEs

Specimens of 4, kalla (65-145 mm TL) collected
frcm Vellar Estuary have mostly copepods,
mysids, isopods., digested fish remains and
grains in their stomachs. The presence
of phytoplankton, algal fllaments, plant debris
and clay particles in the stomachs of A. djedaba
collected frcm Godavari Estuary may be due
to their abundance in the surface regions,
and the presence of which in the stomachs
appear to be strange, because the carangids
are considered as sclective feeders. Speci-
mens of A. djedaba and A. kalla collected
from Veliar Estuary have mostly mysidy
and juvenlie prawns, which are replaced by
Acetes spp. in most of the specimens from
Visakhapatnam region. Sand grains are abun-
dant in the stomachs of A. djedaba and 4,
kalla collected from the estuaries, The remsin-
ing food items such as copepods and fish
scales are same in all three regions. Probably
A. djedaba also shows scale feeding behaviour

since fish are absent in the diet and tecth are
feeble in this species,

A. SHAMEEM
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- LENGTH-WEIGHT RELATIONSHIP AND RELATIVE CONDITION OF
LEIOGNATHUS BREVIROSTRIS (VALENCIENNES) FROM THE PALK BAY

ABSTRACT

The length-weight relationship of Lefognathus brevirostris which supports a commercial fishery in
the Palk Bay at Mandapam is found to be logarithmic, expressed by the formula :
Log W =—4.8512 4 3.004 Log L indicating an isomomeiric growth pattern of the fish in its natural
habitat, The mean relative condition of the species is 0,996 which denotes the normal well being of

the fish in this reglon.

THs SILVERBELLY fishery of Mandapam region
is constituted prinzipaMly by two species,
namely Lelognathus jonesi and Leiognathus
brevirostris. The latter ranks second in respect
of its production. The average annual land-
ings of this species during 1985-1987 amounted
to 8.54 tonnes forming more than 18%, of the
total catch of Silverbellics, Though a detailed
study on the biology and fishery of L. brevi-
rostris was reported by James and Badrudeen
(1975), information on Length-weight relation-
ship is not available. Hence a study was

80"
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Length - weight relationghip of L. brevirosiris,
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Fuo, 1.

undertaken to elucidate this relationship and
the relative condition to add to the existing
knowledge on the biology of the fi.h,

The authors are grateful to Dr. P, S. B. R,
James, Director, Central Marine Fisheries
Research Imstitute, Cochin for his kind
encouragement,

The material for the present study was
collected from the catch landed by trawlers
operating in the Palk Bay off Mandapam.
A total of 267 fishes ranging from 65 mm-
138,0 mm in total length were used to study
the length-weight relationship and relative
condition of the fish. The total length of
the fish measured from tip of the snout to
the tip of the caudal lobe were grouped in
5 mm class interval. After removing the
external moisture, each of the fih was weighad,
The average weight was calculated for each
class intervals. The length-weight relatjon-
ship was calculated by employing Hile’s (1936)
Patabola : W = CL* where * W~ is the weight
in grams, * L’ is the total length in mm and
C and n are constants, The value of Log C
and n are determined by fitting a line to the
logarithms of L and W. :

The relative condition (Kn) was estimated
by employing the formula Wjw where ‘W?*
is the empirical weight and * w’ is the calculated

weight.



The length-weight relationship of L. brevi- The reiative conditicy (Kn) of L. brevi-
rostris is fcund to be Lcg W= —4.8512 4+  rostris ranged between 0.96 and 1.11 with
3.004 Leg L. - The empirical and caleulated & mean value of 0.996: It -shows that the
weight of the fish at different sizes were given  condition of the.fish is good i in the. ecosystem.

TABLE 1, Length-weight relationshilp and the relative condirion Joctor (Xu}

of L. brevirostris
TL. No.of ' ‘Bumpirical . Calculasted  Relative
(mm) - fish - WL W@ o ccndition
6 5 4.40 3.93 T
70 9 4.88 491 0.99
75 19 5.86 6.04 097
80 30 . 7.08 7.33 0.96"
85 L3 | 8,93 8.80 L1,
90 27 10.38 10,45 0.99
95 45 12,13 12.29 0.98
100 24 14.35 '14.34 1.00
105 19 15.84- 16.60 0.95
110 21 ‘19,28 19,09 . 1.00
115 10 123.20° 2.8 1.06
120 6 . 25,33 M 1.02
125 3 2766 ... 2804 .. 098
. 130 8 3050 . 3154 - - 096
135 .2 3450 - . 3533 . - . o097
. MeanKs. .. . D9
in Table 1" and Fig. 1.- The length-weight |
relationship indicates closely - the cubic . law HAMELD BATCHA
(n = $.004) which describes- the. isonietric o
growth of the fish. - - - : M. BADRUDEE -~

Central Marine Fisheries Research Immm.
Cochin-682 031
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' GROWTH AND PRODUCTION POTENTIAL OF YOUNG GROUPER.
EPINEPHELUS TAUVINA (FORSKAL) REARED IN FIXED NET CAGES

i Growth of Epinophelus tauvina was studied in the fixed cage culture system in Mandapam (Gulf
of Mannar) ¢oastal waters employing nect cages of §x5X 2 m dimznsion made of HDPE net. material

~ with 20 mm mesh size, 'The fishes were fed with trash.fish onge in 2 days and the culiure period varied
from 163 days to 334 days. The average growth increment in length was 145.5 mm in 8,71 months
at the rate of 16,3 mm/month and the averags growth increment in weight was 413.9 g at the rate of
47.5 g/month, The basic growth data were subjected to various statistical analysis and different para.
mecters have been esiimated. The asymptotic growth Lo is 671 mm, the growth constant X is 0.4619
and the age at 0 length teisassymed to be O. Thelife span is estimated to be 10.7 yrs and the natural
mortality coefficient M is 0.4333 at 1 % survival level. The optimum age for harvesting is estimated
to be 3 yrs and the optimum cylture period which can yielo the highest production for this species
is 28 months for the prevailing age at stocking of 8 montbs, The cost ang retum of this culture

technigue is also discussed,

In FinFIsH culture, reariog of selected species
ib restricted locals or physical enclosures
such as fixed and floating cages within a natural
expanse of water like sea, lake, etc. is gaining
importance and wide usage in view of its
inhcrent advantages. In recent Years, this
method has been widely used by several coun-
tries apart from Southeast Asian countries
where this is practised for the past several
decades (Hamsa, 1983). In Malaysia, culture
of estuarine groupers (Epinephebus salmoides
Maxwell) in floating net cages is carricd out
by many fish farmers commercially on a small-
scale (Chua, 1973 ; Chua and Teng. 1977).

The groupers being different from other

cultivable species such as mullets,” Chanos.

etc. in their behaviour and mode of feeding

and in order to assess their suitability for cage

culture, a research.- project of the fixed and

floating net cages was initiated at Mandapam :

in 1984. Present account deals on the growth

and production poteptials  of the grouper
_Bpingphelus rauvm (Forsskal) reared in ﬂxed
" et cages.

The authors are gratefulto ShriC, Mukundan
for his valuable suggestions for the improve.
ments of the paper and to Shri 8, Muhadevan
for providing the required facilities and
guidance at the Regional Centre of CMFRI,
Mandapam cemp.

Materials and methods

Experimental fish: Juveniles of Epinephelus
tauving (P1. 1A) in the size range 139-250 mm
were collected alive from drag et operations
and special perch-traps. They were initially
maintained and fed on trash fish in the wet
laboratory for a minimum period of 2-3 weeks
before stocking in the fixed net cages.

. Culture vages : Net cages of 5 X5 %2 m
dimension were fabricated with HDPE net
material with mesh size of 20 mm. The cages
were fixed in shallow waters of 2 'm depth

“near. CM.F.R.L jetty in the Gulf of Mannar

with the help of casuarina .poles which were

- coated with- Kriside .to minimise fouling.
“The cages were tied 1o the poles errected . at
'ag:hsmnwoﬂm,in suchamannerthat the
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bottom of the net was just about 40-50 cm
above the sea bed (PL. 1 B). A 70 m long
bridge constructed with casuarina and bamboo
poles alongside the cages, served as working
platform at the time of sampling, feeding and
other maintenance work. The poles and net
cages were cleaned periodically in order to
minimise the fouling mostly by algae and
barnacles. The stocking rate was 100 fish/
cage and the fish were periodically measured
and weighed while changing the net cages.

NOTES

and Teng (1978). They experimentally proved
that optimal growth, good food conversion
and higher survival rate were obtained in
grouper cultured in net cages fed to satiation
with one feeding in 2 days. The trash fish
used as food were mostly low cost fishes tanded
by mechanised trawlers as by-catch.

Results and discussion
In all four experiments were carried out

during 1984 and the growth data are given
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Growth curve of E.fauving as per the growth parameters obtained from the culture
experiments. The age at recruitment into the culture system ‘tr’, the corresponding
length- at recruitment, optimum age for harvesting and the corresponding size are indicated.

Pood and feeding : The groupers were fed
" with chepped trash fih at a rate of 10% of
their body weight at 48 hours frequency. i.e.
‘once in 2 days as recommended by Chus

in Tables 1-5, It may be seen that after a
period of 334 days, the fishes reared in. cage

"1 have attained average length of %63 mm

and average weight of 770 g from the initial
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PLate T A, Juveniles of he grouper Epinephelus tanvina, B, Fixed net cage in the sea, C. A portion of harvested E. tanvina and
D. E. tawvina at harvess.
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average stocking size of 184 mm and average
weight of 92 g with growth rate of 16.4 mm
and 61.9 g per month (Table 1). In experi-
ment 2 the fish have grown from 179 mm and
102 gto 265 mm and 288 g at the rate of 16.1
mm and 34.8 g/month in a duration of 163
days (Table 1) and the growth in experiment 3
was from 190 mm and 97 g to 335 mm and 521
g at the rate of 17.1 mmand 50.1 g/month in
258 days (Table 1), whereas in experiment 4
the growth was from 139 mmand 42.5 g to
295 mmand 410 g in 307 days at the growth
rate of 15.5 mmand 63.5 g/ month (Tahle 1).
The survival was 979, 92%. 90% and 79.1%
in these 4 experiments respectively.

273

in Table 3. All these cstimates were sum-
marised in Table 4 .to obtain the average
values of different paramoters as detailed
below.

Assuming ip nature that the survival is
one per cent among the population of this
grouper when they attain a length of Zoc—
0.5 om, the T aax is obtained using

In(l ~ Lo — 0.5
Lec
— K

and employing the relation NN, = 0.01 =
eMT an estimate of natural mortality ‘M’

-, .

TaABLE Y. Growth in length and weight of Bpinephelus tauvina reared in fixed net cages jor
different duration of time a8 Mandapam during 1934
Daration of Growth Growth Growth Growth
Experimental Expt. increment rate .. increment rate

Cages {months) in mm mm/month ing g/month

1 10.95 179.0 16,4 678.0 61.9

2 ‘e 5.34 86.0 16,1 186.0 348

3 . 8.46 145.0 17.1 424.0 50.1

4 10.07 156,0 155 367.% 36.5

Mean 8.71 141.5 16.3 413,9 47,5

The data on the mean length at starting
of the culture experiment (L,), at harvesting
(Ly) and growth increment (mm/day) were
subjected to further analysis to obtain the
asymptotic growth Le< as per the method of
Gulland and Holt (1959) and the growth

constant X from the relation Ko (Lo:—y—f) and

the results are shown in Table 6. The Lec
is estimated to be 671 mm and the growih
constant K 0.4557. In addition to this the

average length L and growth rate were regressed

to obtain 4 sets of growth parameters Le<

and K. Anotherset of Leoand Kwere obtained

from the average T and growth rate as shown
18

is acrrived at as per the example Lec 692+
K 0.4739. -

In (i =~ 687)
692
T o = ——W = 10.4 ¥is,

Ny/N, = 001 = ¢~104M and M == 0,4428 at
1% survival. The mean Iength at entry (L,)
into the culture expariment 1 is 194 mm and
the age is 0.6522 yr. For this study the age
at 0 length ie. 1, is taken as 0 as ¢, is always
close to O in most cases. The optimum age of
exploitation t, and the potential yield per
recruit ¥’ have been estimated-as: per Krishnan
Kutty and Qasim (1968). The asymptic growth



274

in weight Wec have been estimated from the
length weight relationship equataon

Log Wm— 4.5817 + 2.9130 Log L wherein
the length in mm and weight in g (Table 4),

NOTES

L, w671 [1—9-34619 +t)} wherein 4,
is assumed to be-zero. The growth curve
obtained' from the estimated values ‘as per
the above said equation is given in Fig 'l
wherein the leng'th at. recruitme_nt into the

TARLE 2, Imm“wmofcuhwacmrmmm).mﬁa:MmMm of the experiment
(L), average length (L) and growth rate of Bpinephelus tauvina reared in. fixed -net- .

- cages, The asymptotic growth L ., Is estimated to be 671 mm by regressing L on the

growth rate as per Gulland and Holt (1959).  The estimates of K were obtained from the

. relation

- - . IGWW‘P :
Experimental Li{mm) Ly(mm) L (mm)X - Duration - rate _
Cages - : (day) Y in mm)'day (Armual)
1 184 363 2735 i 0.5159 0.4921
2 . 179 265 2220 163 0.5276 0.4289
3 190 335 262.5 258 0.5620 0.5022
4 . 139 295 217.0 307 0.5081 0.4085
Mesn 173 314.5 24375 265, 0.5334 0.4557

TaBLE 3. Estimates of Leo ond K from the average length (L) and average growth rate taken

4 experiments,
Experimental Averagelength L. Average growthrate L (mm) K (annual)
Cages in mm mm/day

“ T . 2794 05352 0,5669
t - 2287 0.5275 0.4871

6 _
3 o 2584 0.5744 0.51%

4 ve 220.0 0.5059 N 0.4571

Mean . 246,1 0.5348 0.,5165

The average of all these parameters obtained
from the 4 experiments have been taken as
the reliable estimate and based on this the
growth of E. tauving may be expressed as par
von Bertalanffy growth equation as followed :

culture system e L, 173 mm and the age
fr 0.6470 year are indicated along with the
optimum age of harvesting fe. ¢, 3.0 years
and the length Ly 507 mm. This is' to say.
that the E. tauvine measuring 173 mm gged
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8 months and-weighing 87 g may ‘be reared
to aftain'a length of ‘507 mm and-weight of

2.0 kg in 28 months. ' It is desirable to harvest -

this ‘spacies when they are 3.0 years old as

the yield ‘per tecruit of this spacies estimated -

to be the highest at this stage, J.e. 703 g and
this tends to decline in ages either, higher or
lower than 3.0 years. LU T
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were - uprooted -during this study. - In- order-
to extend the culture period, two alternatives
are available (@) artificial breakwater may be
provided to protect the cages from wind -and
wave action during monsoon or (b) cage
culture may be carried out in relatively -calm
area, . Otherwise this work can be carried

. out only during October to April at Mndapam

TAnLE 4, Estimates of varlous parametérs obiained froms the net cage culture experiments

. Expt,1 Exp.2 Expt.3 Expt.4 Data  Data
Parameters from from  Average
Table6 Table?

Leo (i) . 692 675 687 674 671 624 6n
K (Annuzl) 0.4739 0.4314 0.4869 0.4068 0.4557 0.5165 0.4619
Tmex (1) 104 11.4 10.1 12.1 10.8 9.4 - 10,7
M1 % (survival) 04428  0.4040  0.4560  0.3806  0.4264 04899  0.433)
tr (1) 06522 07143  0.6649 05677 06543  0.6286  0.6470

ty (o) 2.9368 3.2768 2.9031 3.4766 3.1034 2.7181 3.0774
Ly (mm) 524 511 520 510 508 4n 507
Wy © 2,186 2,032 2,138 2,020 1,998 1,603 1,99
Y @® . 778 721 770 668 703 578 703
Wool(®) i 4915 4,572 . 4812 4552 4,493 3,636 4,497

Yaman (1982) reported a growth of 0.6 kg
per fish in 10-12 months in the case of grouper
(Epinephelus spp.) fed extraneously with trash
fish. Lee (1982) recorded the growth in
Epinephelus-tauving from 100 g to 600-800 g
in 6-8 months in net cages floated in Singapore
coastal waters,. Lanjumin (1982) obtained a
growth of 600-700 g/fish from 150-200 g in
5-6 months in E. tauvina cultured in the floating
net cages in Indonesian coastal waters, In
the present study, the growth rate of E. tauvina
cultured in fixed net cages in Indian conditions
is significant and comparable with elsewhere.

“At Mandapam (Gulf of Mannar) the cuiture
pariod could not be extended beyond 11 moriths
as the culture cages are exposed to the fury
of strong southwest monsoon wind from
June to September every year. A part of the
net cages and supporting wooden structruers

and during monsoon period intensive seed
collection work may be carried out in addition
to the preparatory work for the ensuing season
for cage culture,

The other problem is the settlement of
fouling organisms on the net cages and wooden
structures. The net cages suspended in the
coastal waters of the Gulf of Mannar were
found infested mostly by algae and smaller
bivalve molluscs. The casuarina poles on the
other hand had only barnacles as foulers. The
cages and other supporiing structures were
petiodically. cleaned to control. the fouling-
organisms. The problems of fouling in cage
fish culture have been discussed in detail by
Milne (1972, 1979).

The economics of rearing Epinephelus tauvinag
in a fixed net cage worked out is given in
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Table 5. The operational cost of a single
cage of § X 5§ X 2 m size was Rs. 3,750 and
the value of fish harvested in a crop was
Rs. 5,760. The net profit out of a single
harvest after a period of ¢leven months was
Rs, 2,010. The method is simple and econo-

NOTES .

From the recent findings it is evident that
the fishes of Epinephelus tauving are highly
suitable for cage culture as their growth-and
survival rates are found to be good. The
availability of grouper seeds also indicates
the possibility of planning and developing

TABLE 5. Estimated cost and retirn outlay of a single 5 % 8 X 2 m fixed net cage for a culture
Period of 11 months presenty employed and proposed culture period of 28 months

A, Opetational expenses :
Cost of paimyrah poles (8 Nos.)
Cost of net material including fabrication charges
Cage instalation charges
Cost of Seeds 400 Nos @ Rs. 0.5/seed
Cost of feed (Trash fish)
Labour charges for feeding and maintenance

B. Gross Income :

Culture period  Culture period

Sale of 350 Nos. (assuming a survival rate of 90%) of marketable fish

weighing750-800 g cach @ Rs. 20 per kg(after 11 months) -
Sales of 360 Nos, of fish weighing 2,0 kg each @ Rs. 20 kg (after 28 months).

C. Net Income
D. Net Income per annum

~ 11 months 28 monghs

Rs. Rs.

200 200

. 1,500 1,500
. 100 100
200 200

650 1,655

1,100 2,800

Total 3,750 6,455
5,760 -

- 14,400

2,010 7,945

2,193 3,405

mically viable and can be easily adopted by
the fish- farmers. When the culture period is
extended to 28 months instead of 11 months,
the total expenditure is Rs. 6,455, gross income
is 14,400 and the net income is Rs, 7,945
which works out to an annual income of Rs. 3,405
against Rs. 2,193 per annum of 11 months.

Central Marine Fisheries Research Iusmute,
Cochin-682 031,

cage culiure into a viable small-scale commer-
cial farming in the cosatal areas around
Mandapam where the young group:rs occur
in fairly good numbers.

K. M. S. AMEER HAMsA®
H. MOHAMAD Kasim*

* Present address : Tuticorin Research Cent
CMER], T utteora 528 001 o to of
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EFFECTS OF DIFFERENT PHOTOPERIODS ON DIATOMS
PHALASSIOSIRA FLUVIATILIS AND SKELETONEMA COSTATUM

ABSTRACT

Effscts of different photoperiods on growth of Thahs.rmb-a Siuviatilis and Skeleronema costatum
revealed that both the species preferred longer duration of light for their maximum growth, The
growth of T. fluviatilis was higher than that of S. costanwm in different photoperiods, In T, flinlarilts
maximum growth was observed at continuous light (24 hrs) and in S, costarum at 20.4 LD cycles.
Short term exposure to light like 8 and 6 hrs did not enhance good growth in both the species.

LAGHT is one of the significant physical para-
meter that controls the productivity of the
aquatic ecosystem and responsible for the
temporal variability in local production, The
neritic spacies might be adapted to utilize
the light that occurs for ouly short periods
of time (Harris and Piceinin, 1977). Studies
on the effects of photopzriod on unicellutar
algae have been made by Paasche (1967, 1968),
Hobson (1974), Admirral (1977), Nelson and
Brand (1979), Chisolm and Brand (1981)
and Brand and Guillard (1981). The present
work deals with the effects of various photo-
periods. on growth of two centric diatoms
Thalassiosira fluviatills and Skeletonema costa-
fum,

Material and methods

‘ Thalassiosira fluviatills and  Skeletonema
costatum were {solated by single cell isolation
method from phytoplankton samples collected
from the mouth region of the Vellar Estuary
(11°29°N; 79°49’E). Unialgal culture of
T. fluviatllis and 8. costarum was grown in
F{2 medium (Guillard and Ryther, 1962)
under 3000 Ix continuous light at 30%, (Temp)
28+2°C, pH 7%£0.5). During preliminary
study, 3000 Ix light intensity was found to
promote maximum growth of T. fhuviatills
and S. costotum. The different durations
were determined by running the experiments
at various exposure periods to light.
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Exponentially growing cultures were inocu-
lated in 100 m! of F/2 medium and subjected -
to 24, 20, 16, 12, 8 and 6 hrs light of 3000 Ix
intensity for a pariod of 3 weeks with a sub-
culturing schedule once.in five days to fresh
medium. After three weeks, aliquotes of the
cultures were inoculated in duplicates to experi-
mental flasks having 100 ml medium and
incubated at various photoperiod as given
above for one week. Growth rate was deter-
mined using Guillard’s (1973) formula of

K= log, (Ny/Ny) _
Where K = divisions/day, N, and N, are cell
concentration at the end and beginning of a
period of time # —#, days.

Results

The effects of dlﬂerent photopcnods on
growth of T. fluviatilis and S. costatum is
shown in Fig. 1. Both the species showed
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“Fio, 1, Bffects of various photoperiods on division
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hlghest dmsnon rates at: conunuous hght
(24 hrs).’ T fhiviatilis cxlubued higher divi-

NOTES

sion rate than S. costatum. T. fluviatilis
‘showed low division rate at 6:18 Light:
Dark (LD) cycle and it represented 49% of
the final vield obtained 'at continuous light.
At 16 :8 and 12:12 LD cycles, there was not
much significant variation obsetved in growth
rate. S. costatum showed maximum division
rate at 24 hr exposure and it decreased in lower
incubation period. The final yicld increased-at
20 : 4 LD cycle by 3.2% over the cell number
abtained at continuous light and it decreased
to 85.7, 77.9, 82.6 and 79.4% to that of 24 hrs.
exposure at 16, 12, 8 and 6 hr lncubatlon
period respectlvely. S

Discussion

In the present investigation, since the inocula
~were taken from culture grown previously
in continuous light, erratic results were obtained
at first when the culture was incubated at
various photopsriods. But after nearly 10-18
generations had passed in 3 weeks duration.

. the cell counts taken in the two series of expari-

ments were found to be closely similar. In

- T fluviatilis the division rate -differed signi-
ficantly in’ different photoperiods.

In S
costatum except in continuous light; light

~and dark. cycle did not cause much “variation

in the division rate. In general, both the
species were found to grow at their maximum
when incubated in longer duration of- light.
The present result: could be compared with
that of Brand and Guillard’s (1981), where
Asteripnella glacialis, Ceratium candelabrum,
Gonyaulax polydera, Hymenomonas- carterae
and T. pseudonana teproduced more rapidly
in continuous light than in the light and dark
cycles. Bacteriastrum delicaiulum, - Biddulphia
sp, Corethron  criptulum, Cyclocoolithing
leptopora,” Dityhum “brightwellll, -~ Heimaulans
hauckli, Streptotheca tamnis and Thalassiosira
sp. grow exponentially in 14 ¢ 10 LD regime
(Brand and Guillard, 1981). In S. costatum
though the cell division was highest at conti-
nuous :light,. magimum - ¢&ll: dénsity. -oecurted
at 204 LD cycle. This suggest that
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S. costatum needs a few hours of darkness for efficiency, the light available at short duration.

maximum growth.

In coastal and adjacent water bodies, the
photesynthetic light duration is an unpredicta-~
ble one. The phytoplankton of these habitats
should be adapted to-utilise with its maximum

66 Gandhi Street, Amupurpalayam Pudur,
Tirupur-638 652,

The present investigation suggests that
S. costatum and T. fluviarilis are adapted to
variations in photoperiod.

SOUNDARI GURUSAMY
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DISEASFS OF CHAETDGSATHS FROM THE ARABIAN SEA

ABSTRACT

Thiroe different diseases, provisionally assigned as spot discase, awell disease and tail rot
were observed in chactognaths Sagivia enflata Grassi and §. dedorri Betnaneck, The st
showed high percentags of occurrence, The spot disease is cansed by fungi and the
is by bacteria. The cause of swell diseass is not yet known, The present report on the

11

two
tail

!

chaetognathy is recorded for the first time from the Arbian Sea,

KNOWLEDGE on the diseases of chastognaths
is very limited (Nagasawa and Marumo, 1984 ;

Nagasawa and Nemoto, 1984), Neverthe-
less, studies on the diseases of fishes, decapod
orustaceans and bivalves were made owing
to the economic importance and hence infor-
métion are available. However, gencral reviews
on the . parasitgs of chaetognaths (Hyman,

1959 ; Alvarino, 1964 ; Ghirardelli, 1969) con-
tained no information about the diseases,
Santhakumari (1986) recorded a ciliate parasite
from Indian Coast. According to Kinne (1930)
no marine organism seems to be completely
free from potential disease agents and animals

_belonging to all systematic groups centain

membars which can act as agent or host,
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Chaetognaths are important in the sense
that they are exclusively carnivores and are
the abundant group of the plankton community
in the sea. Sagitta enflata and S bedotti
are the common species occur in large numbers
in the coastal waters of India (Nair, 1972),

So far no work has been reported on the
diseases of chaetognaths from Indian waters
so the present report is worth recording.

Zooplankton samples were collected with
Bongo net of 0.5 m mesh size and preserved
in 4% formaldehyde solution in sea water,
Chactognaths were examined under the bino-
cular microscope.  Chaetognaths  having
diseases were separated and examined in
detall

A prehmlnary report is given here on three
diseases, temporarily assigned as spot disease,
swell disease and tail disease. Nagasawa and
Nemoto (1984) described the tail discase.

Spot disease’

The most common disease among iwo
chactognath species was the spot disease,
The spots were almost round in shape and
brownish in colour. The spots were found
all over the body (PL I A). The spots were

caused by the fungi. This infection was
noticed both in S. enflata and S. bedortt. 12

per cent infection.was noticed in this. set of ,

co]lecuon

Narionaf Insittute of Oceanogrdphy,
Cochin-682 018, Kerala.

T

Swell disease

Certain areas of the body surface was
projected outwards., These projections got
enlarged and in many cases these were found
in ruptured condition. The muscles were dis-
torted as shown in Pl. I B. Upto 5 such swell
areas were observed in a2 single spscimen.
This disease apparently seems to cause death
of the animal. This disease was also noticed
in both the species, but not as frequent as
the spot disease. Instances of this disease
was more pronounced in S, bedontf, The
percentage of infestation was found to be 4.8,

Tail disease

A portion of the tail of some of S. enflata
specimens were found to be opaque. Incidence
of this discase was very low compared to the
other two diseases. Nagasawa and marumo
(1984) described it as bacterial disease from
Japan waters. She observed that the bacteria
infected specimens died within 24 days.

Observation on live material in the labo-
ratory will be carried out in future and the
details will be known about the exact cause
of all these diseases.

The author is thankful to the Director,
National Institute of Oceanography, Dona
Paula, Goa for providing facilities.

Y. SANTHAKUMARI
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GROWTH PERFORMANCE OF RHIZOPHORA MUCRONATA IN
" FIELD AND LABORATORY CONDITIONS

AssTaact

Largs scale mangrove -plantations are undertaken for the west. coast of Maharashira State in
India. The attempts are being made for the first tim= and bass line data for successful afforesta.

tion programm is not available,

Therefore, to generate necessary scientific data, present study was

underiaken. The species used is Rhizophora mucronata. It is found that the survival percentage
is more under fresh water conditions. However, the growth mzasured in terms of height is more
under fisld conditions. This is ateributed to the altitudinal difference. However, survival/morta-

Lity is & diect effect of salinity,

THE GLOBAL status of mangrove ecosystem
was reported to be endangered (Pannier, 1979).
These ecosystems in last decade suffered from
lot of human pressure. Pannier (1979) empha-
sized the conservation of mangroves as an
‘urgent need’, - In India, especially, man-
groves face extensive human interferences.
The mahgroves along the coast of Maharashtra
State are under constant stress'due to human
activities, large arcashave become devoid of
mangroves. So as to change this situation
steps are being taken to afforest the barren
mangrove areas (Social forestry reports). How-
ever, for this kind of afforestation necessary
information is not available. From this point
of view present study was undertaken,

Rhtzophora mucronata (Lamk.) is a common
species of this area. It is an important species
for afforestation programme. The regenera-
tion of this species under laboratory conditions
is studied by Bhosale (1978, 1985). However,
a study on its growth under fresh water and
field conditions was lacking,

Material and methods

. The experiment started on 5th June 1987
in a view of celebrating the world Environ-
ment day. It was a joint effort of Social
Forestry Department, Ratnagiri and the mans

grove group of Shivaji University, Kolhapur,
N:arly twenty thousand propagules- of
R. mucronaia were planted directly in the field
at a distance of 1 m. The location was
Shirgaon area near Ratnagiri city. This area
had some plantations of previous year (1986)
also. The observations were continued on
growth performance after plantation by social
forestry.

Another site of direct plantation with
R. mucronata propagules is along Kalbadevi
Estuary, planted in Junc 1988 by Social forestry
group. The nursary was raised at Kothapur in
June 1987 and 1988, The growth performance
of the seedlings is given in Tables 1 to 5.

Results and discussion

The study was carried out by belt transect
method. At Shirgaon two belts are consi.
dered with three rows in each belt. The
Table 1 gives the performance of seedlings
planted directly in the field in June 1986,
In the Ist belt, total seedlings considered
were 66 (sample size) while in IInd there were
60. " The monthly - observations on seedling
survival and height above collar were recorded,
The survival was 91 to-.92%. in - November
1987. However, in December - 1988 it was
found declined to 63 to 74%. -1t indicates



p- ]
that even after one year growth, there can
bemortality o

The height above oollar is 33 95 cm in

November 1987 which in Novémber 1988

reached upto 63.74 and 59.5 cm in two belts
respectively. In December 1988 it reaches to 66

ber 1988 the number of primary and secondary

branches was. recorded. ' In both transects” the

record of average munber of primary branches

In 1987, additional area was covered for
plantation at Shirgaon. The total area under
plantation is 15 ha. Table 2 depicts the
results redorded Tor plantations of 1987, In
this case the two belts with 285 and 213 seed-
lings in each belt were considered. In Novem-

and 61 cm respzctively. In the month of Decem. et 1987 the survival was 75 and 76% while

in November 1988 it is lowered down to 23
to -30%. The mortality is observed where
8011 has hard and tldal ﬂow 1s restncted.

T‘uu I Gmm Wfomwm ofR. mwronata pmmrufe: qﬂcr Mcrﬂauraﬂon mmm
- fnlm 1986 :
Belt MNov. Dec. Jun, "~ Nov. : Dec,
87 ‘87 ‘88 88 88
Sumpl ‘ 66 66 .. 6% & . 6
) ue o 60 60 60 60 60
L seedii | 1 6 & 0 . 4
_ m o T n s s o 40 3
Cgeival % . . 1 9242 990 9090 424 24
S _/; o S o Ik 91.66 91,66 90.00 . 66,67 63,33
- Moralty % ¢ oL 1 15 910 910 2576 287
o 834 . 8.34 10,00 36,33 35.67
- ‘Height above oollar {cm) o 1 -39 37.84 51.30 63.74 66,47
P PRRTERTS 7 n ns 59.55

2909 5163 61.2)

per--plant is .7 while secondary branches
are- $ in Ist belt and 6 in the Hnd one,
In September 1988, flower buds were recorded
for the Ist time after plantation (more than
two years), In December 1988 15.03% plants
(ftom two belts) were found with flower buds,
while the prop roots were recorded in 45.08%,
plants, The observation on flowering and
prop root formation indicates that two-year
old R. mucronata seedlings can be taken ag
mature plant.. The area where these propa.
$ules were planted in muddy with fine textured
$0il and -feceives daily tidal water. Hord-
Jovngeno (1986) has reported that Rhizophora
is found in muddy soil. This may be the
reason Why the sgedlmgg at thls plaee show
better growth, ¥ - Sl

" The height above collar recorded -was
19.73 oxh and 16.53 em in November 1987 while
in November 1988 it reached upto 38.44 and
30.36 em. In December 1988, the height
.reached 39.94 and 32.56 cm. respectively.
Average number of branches recorded in two
‘belts is 4 and 3 while total number of leaves
arc 18 and number of scars are 24 in each
belt. In these -belts branchmg is observed
.from the collar. L

The growth ps rformance of R, mcranafa
under the nursery condition is given in Table 3.
The survival is more than -that in the field
"(1987). The survival p2reentage .decreased from
67 and 69% (June 1988) to 23 to 30% (Novem-
‘ber 1988) under field conditions while in nursary
the decrease- is upto.63 and 60%.° -



The plantation area is 13 ha along Kalba-
devn Estuary (June 1988) The total number
of propagules planted was 32 500. Four belts
with 73 secdlmgs in each were considered.
The belt 1 iz towards main stream while IV

Pi L
in- December 1988-to 37,07 cm as-lowest: and
4346 cm as highest average record “The
average number of leaves in three belis. are $
while in IVth belt number of leaves are 8.
The leaf scars m a.ll belts are.6.in number.

Tanie 2. Growth pet formance of R. muerouata proptmde: qﬂer dircct p!auauou in the

Sield in June 1987

Belt Nov,  Dec, Jun, Nev. - Desi

87 87 88 88 88

Samplosize 1 288 285 285 285 288

_ _ . H 212 213 213 213 213

Living seedlings w 1 26 216 193 6 67

o . o 164 164 149 64 63
Survival % - . w -1 7819 1508 6172 2386 .. 23
T R - D CH O 7699 7699 6948 3004 29.57
Mortality % . ol A 2492 3228 7614 7650
R S : 2300 2301 3052 699 7043
Height above collar {cm) w1 1973 2245 . 2687 3844 3954
n 16,53 21.14 3236

17.69 .36

is away from stream (Landward side). Here
the belts are right angle to tide direction,
The results recorded in Table 4. The survival
percentage varied from 77.33 to 97.34. The
height above collar recorded in August 1988
ranges from 19.85 to 30.47 cm. It increased

Tanis 3.  Growrh performance of R. mucronaia
propagules under nursery  condition
v . (Plansation June 1987)
Nov. Des Jun, Dec
1987 1987 1988 1988
Totalpropagules .. 30 30 30 . 30
Stivival % 9933 9933 6333 60,00
Mosiality % 657 667 3BT 40,00
Height above . .
etarom) .o 285 2486 3129 A

Simultaneous experiment with sample size
and living secdlings 20, was run- lmdcr
taboratory conditions. ‘The propagules werc
planted in June 1988, Under nursery condi-
tions all the seedlings are living upto December
1988 in which the height above collar increased

from 4.76 (Aug) to 9.91 (Sep.), 14.00 (Oct.)
18.83 cm ip December 1988,

- From Table: 4 it .is cléar that under
field conditions initial growth above collar
is fast upto August: However, the -rate of
further growth measured in-tefms of height
is low as compared to garden conditions:
Further, it should be 'noted that the plaats
under laboratory conditions ‘are ‘at "667 m

from MSL. Therefore, the difference i in helght
may be attributed. to altitudinal difference,
However, survival/mortality may be aﬂclltcct
result of salinity. The effect; of salt. on mpns
gioves s’ ‘feporied to adverse (ﬁhmd.:, 19889




Adrini, 1958 ; Henckel, 1973 ; Bosale et al, mann, 1967). ‘In the present study it is found
1983). Further, Henckel (1963) has pointed that leaf fall is greater under salinity conditions
out that vivipary in Rhmophoraceae 1tself is than under fresh ‘water. This supports our

TAMLE 4. Gmrd: ycr!orm of R. mucronata. tnder field trials-by direct plantation

in the field in June 1988
Belt Aug Sep. Oct. . ‘Nov.  Dec.
1988
Living seedlings P T 64 63 58 58
- -_,- - O 63 62 59 8
m 7 69 61 66 66
. . v u 74 14 i 73
Survival % " A | 8534 8534 8400 7.3 7733
. M 9734 8400 8266 7867 7.3
ID 9867 9200 8933 8300 8800
IV 9867 9867 9867 9867 9134
Height above Collar (cm) | 1 1985 0 2968 3131 3434 37.07
Vo T - W 2466 3587 1974 4438 4628
- IH 2862 3945 4240 4620 - 48.18
IV 3047 4033 4362 4685  49.46
Sample sizo 78 propagulos per belt.

an adﬁtative features for escape of seced from view that salinity is responsible for higher

the hazardous effect of salt.
is slowly acquired during the ontogeny (Henckel,
1963 ; Joshi et al, 1972 ; Lotschert and Lie

parrmen! of Botany, Shivafi. Univer.ffry,
Kolbapur-416 004,

ADRINI, }. 1938, Halophyten, In: Encyclo-
padia_of Pﬁt Phystology, pri%er verla,g. Berlin,
pp. 709-736,

. Ecophysiological studies on

Buosare, L. J
from We.mm Coast of India. Final
; , Shivaji University,
PP-

lhapur, India,
i ¢

Western
tiversity,

" m—— 1985 Studies on
Coast. - Rinal Report on Pro,l
Kolhapur

A, Ylwrmn

o
1983, Indian R:f We 8cl, 3: 265-236

Hnmo 1986. Ragearch on ma \'esoils
}s -D, Field and M.n"\?annnwi

%tm pptfmhﬂﬂ and
i‘m s

groves. ] Bsﬁgg_?"‘!?

Thesalt tolerance mortality under field conditions.
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ON THE OCCURRENCE OF A LARVACEAN TUNICATE (UROCHORDATA)
"IN THE MANGROVE WATERS OF HOOGHLY ESTUARY, INDIA

ABSTRACT

A larvacean tunicate is recorded for the first (ims from the mangrove waters of Sundarbans, Salieng
diagnostic features of the tunicate are illusirated and hydrological parameters of the habitat are eluci-

dated..

ON 27tH NovVEMBER 1986, 200 specimens of
larvacean tunicate were collected during the
plankton sampling in the Saptamukhi River
(21°43’N to 21°46'N and 88°18°E to 88°19'E)
on board R.V. Sagarputra of Calcutta Univer-
sity, It was for the first time that a larvacean
tunicate was recorded and recognised in the
Hooghly Estuary, the western part of the

Fia, 1.

Sundarbans. Later on these planktonic
tunicates were obtained frequently throughout
the year, but few in number. Saptamukhi
River is one of the seven tributaries of the
River Ganges. It expreiences tidal influx twice
daily with a maximum highest high tide of 5
metres. The southern mouth of the river faces
the Bay of Bengal. -

The conical net of bolting silk (0.5 m dia-
meter) of 0.0695 mm aperture was used for
plankton collection. The tunicates were sorted
out under a binocular, fixed in 49 buffered
formaldehyde and some of them after proper
dehydration, stained with eosin and mounted
with D.P.X. for permanent slides. Drawings
were made with the help of a camera lucida.

S T T i e
PR =

A tunicate larvacean from Hooghly Bstuary (X 40). (M = Mouth, N = Notochord,
P = Pharyageal opening and T = Tail),

Hydrological parameters (Salinity, D.O., pH)
of the habitat water were analysed by the
method of Strickland and Parson (1969).

The authors are indebted to S. D. Marine
Biological Research Institute, Sagar Island
and Department of Marine Science, Calcutta
University for laboratory and 'infrastructural



e

facilities. Financial support from D.S.T. and
DOEn, New D:lhi is thankfully ackoowledged.

Description and discussion

The Hoogly Estuary expariences three pro-
nounced seasons throughout the year. The
premonsoon (March to June) is the dry season
with occamonally high temperature,
soon season (July to Octobar) receives heavy
rainfall and the postmonsoon (November to
February) comprises partly of the winter
season with. comparatively lower temperature
and lesser . precipitation. . It has been found

: posterior (Fig. 1a,b),

The mon- . pharyngeal clefis one on each dorsolateral

thelium, but most of the fixed materials are
devoid of covering ; a long tail centrally
‘supported by notochord otiginites ffom the

" ventral part of the body ; papilated mouth mid

is located at the anterior end ; the intenstine
op:ns directly to the outside ventrally; the
anterior end of the body is narrower than the
There are.only two

side of the anterior end and each ‘opens
directly to the exterior.

The app:ndicularié.ns are the niost spséi‘a-
lised of all tunicates, belonging to the class

tasl e -
25 Aenee ""':3"!'-.. '/.\N'“ w-
‘FEOE et I N R ] g o I
o A=
00 *18
w
= L0 F somieet Lo Lone 6.4
£ N e S 4, ) / E
F § s } MNasn® 24
3-’. ..E . i A A i 3 § e » 2 " . ue
. A S G NDJ FM AMI ¢
1986 1967

Fig. 2. Hydrology of the habitat water (7

"} Water temperature, + ———e- - salinity,

+— —~ =~ + pH, @——@ Air temperaturc and = ———— = dissolved oxygen).

that the numb.r of larvaccan found in Sapta-
mukhi River increases during the pastmonsoon
period when the salinity of the surrounding
water mass becomes more than 20%,.

Members of appendiculatia found in Hoogly-
Matla estuarine complex possess the following
salient features :

‘Thesc are transparent free swimming plank-
tomc tunicates measuring 0.5 mm to 0.8 mm
long (except the tail) ; the body is enclosed in
8 trmparem oval house secreted by the epi-

‘Departmeut o)‘ 'Marme Scm:ce, L
Uu!wrsity of Ca!cuua, Ca!curm-‘mo 0!9

larvacea of the Subphylom Urochordata
and phylum chordata. The class larvacea
contains 70 species grouped in 13 genera and
3 families. These are found in the surface
marine plankton throughout the world. These
are adult and neotenic forms retaining most

“of the-larval tunicate characters. :Members
“‘of the appendicularia found in the Hoogly-

Matla estuarine complex are very clos¢ te
the members of the family Onkopleutldae
Further work to determine their generic and
spzcific status are in progress. .

BHRIGUNATH SINGH
Am:.mu CHOUDHURY
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DISTRIBUTION OF CHAETOGNATHA OFF QUEEN MAUD LAND, ANTARCTICA

AsstRACT

Chaetognaths from the zooplankton samples collected during the third Indian Scientific Expedi.
tion to Antarctica (1983.84) between the latitude 67°30°S and 68°30°S and longitudes 14°00°E and
20°00'E off Queen Maud Land, outside the pack ice were studied. This investigation revealed the
occurrence of Eukrohnia fowlerl, E. hamata, Sagitta gazellae and S, tasmanica, Among these four
species, | E. hamata formed 93% of the total chaetognaths, The numerical abundance -of
chaetognaths from the stations located in tlie southern, middle and nerthern lamudmal grids was
studied and the spatial distribution of the species was repored.

THE DiISTRIBUTION of chactognaths of the
Southern Ocean was extensively studied by
David (1955, 1958, 1965), Further, the chacto
giaths from the Antarctic Ocean were reported
carlier by Ritter-Zahony (1911), Burficld (1930)
and recently by Alvarino et al. (1983 a,b),
Hagen (1985), Kapp and Hagen (1985), Hagen
and Kapp (1986) and Srinivasan and Mathew
(1988). Altogether 14 sp:cies of the genera
Bukroknia (E. bathyantarctica David 1938,
E. bathypelagica Alvarino 1962, E. fowleri
Ritter-Zahony 1909, E. hamata (Moebius 1875)
Heterokrohnia (H. fragilis Kapp and Hagen
1985, H. longicaudata Hagen and Kapp 1986,
H. longidentata Kapp and Hagen 1985, H.
mirabills Ritter-Zahony 1911) and Sagma
(S. gazellae Ritter-Zahony 1909, S. macro-
cephala Fowler 1965, S. marri David 1956
S. maxima (Conant 1896), 8. planctonis,
Steinhaus 1896, S. tasmanica Thomson 1947)
are so far known from the Antarotic waters.

The aim of this study is to examine the
chaetognaths off Queen Maud Land and study
the spatial disteibution of the species involved
based on the samples collected from 21 stations,
Material and methods

The material for this study was, collected
by the second author during the Third Indian
Scientific Expzdition to Antarctica, from 21
stations located between 67°30°S and 68°30'S
and 14°00'E and 20°00°E off -Queen - Maud
Land, Antarctica. The Zooplankton samples
were collected as open oblique hauls from
100 m to surface with a 60 coi mouth diameter
Bongo net having a mesh size of 0.4-mm.
A TSK flow meter was attached to the net
for estimating the quantity of water filtered.
The samples were preserved in 4% neutralised
formatdehyde, The volume of the moplaqk-

ton was defermined by dtsplaeemcnt
as followed by Mathew (1986). The chaetds



gmthn from th: entire samples were sorted out,

identified, numerically counted and standardi-

sed for 1,000 m#* of water filtered. The details
of the sampling stations are given in Table 1.

NOTES

be 255 per 1,000 m? of water. Further the
average number of chactognaths from the
stations located in the southern, middle and
northern latitudinal grids was 308 spacimens

TanLe 1. Desails of the zooplankton sampling stations
Stagion Time Position Station Zoophn, Chaetog-
No. Date Hrs, Depth ec/ 1000 naths/
Lat. °8 Long. "B (m) m" 1000m"
1 2.3-1984 1100 &8930/ 14%00° 3528 2095 446
2 TI23984 T 17300 G . 15007 0 3T® . 3633 240
3 2.3-1984 2030 6830’ 16°%00° 3484 38.49 126
4 2:-3-1984 2340 689307 17%00° 3710 185.13 528
5 331984 0240 68°30°  18%0° 3982 96.12 784
6 3.3-1984 0600 63%30° 19%00° 4163 25.42 18
T 331984 1335 68°30°  20%0° 3801 41.29 15
B 33.1934 1645 C68%0° T 200007 4072 63,44 - T9s
9 3.3-1984 1855 68%00° 19%00° - 4163 45.51 92
10 3.3-1984 2146 63%00° 18%)0° 4163 107.85 656
11 431984 0045 68%00" 17%00° 3891 216.35 154
12 4-3.1984 0445 63%0° 16°00° 3800 91.66 122
13 4-3-1934 0300 63°00° 15007 375 134,91 17
14 4.3.19%4 1100 68*00° 14%00’ 3077 116.53 224
15 4-3-1984 1515 67%30" 14%00" 3352 142,15 433
16 4.3.1984 1730 T 15%0° 2996 248.83 929
17 4-3-1984 2000 6730° 16%00° 4072 54,57 231
18 4.3-1984 2239 67130 1700 4528 119,35 11§
19 5-3-1984 0100 87°30° 18%0¢0° 4344 188.69. 100
20 - §-3-1984 0400 67307 19°00/ 4549 32,30 . 16
21 5-3-1984 0653 6730’ 200007 4254 74.62 19
Results and discussion per 1,000 m®, 194 pur 1,000 m® and 263 per

~ The average zooplankton biomass from the
investigated area was 99.8 cc per 1,000 m®
and the biomass for the stations occupied
in the southern latitudinal grid (64.88 c¢/1,000
m®) was less than the biomass obtained from
the middle (108.51 -¢cc) and northern lati-
tudmal grids (121.81 cc). So a two-fold increase
in the zooplankton production was observed
between the southern and northern lautudmal
gnds

The averagc numerml count for
a. statlons was estimtcd and found

the

1,000 m® respectively, So altogether, 40% of
the specimens were from the southern lati-
tudinal grid, 34.5% from the northern grid
and the remaining 25.5% from the middle
grid, This does not give a clear picture of
increase or decrease of cheatognaths from
south to north or nerth to south latitudes.
As pointed out by Mathew (1986) chaeto-
gnaths were highly irregular in dlstnbutlon
with random aggregatmns

" The numerical abundanee or chactognaths
was mversely propomonal to the moplankton



NOTES

biomass. The average number of chaeto-
gnaths per station per 1,000 m? from northern
latitudinal grid was 263, where the Zooplankton
biomass was 121.81 cc. Whereas the chaeto-
gnath number per station psr 1,000 m?® ip the
southern latitudinal grid was 308, where the
zooplankton biomass was only 64.88 cc.

189

southern (146) grid stations, where the Zoo-
plankton biomass was also less.

Spatial distribution studies clearly show
that the chaetognaths were well concentrated
in the southern sector between 16°00°E and

15°00°

ta'00' e
[]

18°00’ 20%0"°
i

~67'30'S

L.6600' 5

- 68'30° s

51- 10024 101- 200

100" 1600

201-500

0 _4-67"30'5
68700 %

-68°30" 5

501-1000

L8730 S

68700 5

/-wao's.
s

t

180" 20°00° A

Fie, 1 a. Spatial distribution of Chaetognatha, b. Spatial distribugion of Eukrohwix

hamata and c. Sagitta gazelige,

However, in the case of euphausiids, more

number per station (301/1,000 m?®) was found

in the northern grid stations, where the Zoo-

plankton biomass was also more and less

numbers were found in the middle (168) and
19

19°00’E (Fig. 1 a). Further, the overall spatial
distribution of chaetognaths indicates the abun-
dance of these organisms in the middle and
western region of all the three latitudinal
grids than in the eastern region.
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Among the 12 zooplankton groups (Amphi-
poda, Appendicularia, Chaetognatha, Cope-
poda, Euphausiacea, Fish eggs, Fish larvae,
Gastropoda, Ostracoda, Polychaeta, Pteropoda
and’ Siphonophora) found in the samples,
Chaetognatha occupied the third place in the
'order “of: abundance (1.34%), the Copepoda
was the dominant group (91.39%) followed
by Fish eggs (3.93%) (Mathew, 1986). Chaeto-
gnaths were found in all the samples and they
were represented by Ewkrobnia fowlerl, E,
hamata, 8. gazellae and 8. tasmanica. Among
these four spzcies, F. hamtata was the dominant
one and it formed 939 of the total chaeto-
gnaths followed by S. gazellae (4%), S. tas-
manica (29) and E. fowleri (1%). E. hamata
was found in all the samples from the 21 stations.
The concentration of E. hamate was more
in the middle and western sector of all the
three latitudinal grids than in the eastern
sector of three latitudinal grids (Fig. 1 b).

S. gazellae was noticed only in seven stations
and they were very few in number, In the
northern most latitudinal grid, it was found

Zoological Survey of India,
Marine Biological Station, Madras.

NOTES

in the second and sixth stations. In the middle
latitudinal grid, it occurred only in the third
station and in the southern most latitudinal
grid, it was noticed in the first, second, fourth
and fifth stations (Fig. 1¢). So the distri-
bution of this spacies was more or less in a
diagonal manner.

E. fowlert formed only 1% of the total
chactognaths and this was found in three
stations (18, 19, 20) located in the northern
most latitudinal grid, §. tasmramica forroed
2%, of the total chaetognaths and it was found
in only one station (5) located in the southern
most latitudinal grid.

The authors thank Dr., Asket Singh, Zoo-
logical Survey of India, Caloutta, Dr. A, N. T,
Joseph, Marine Biological Station, Madras
and Dr. P. 8. B. R. James, Diractor, Central
Marine Fisheries Research Institute, Cochin
for the facilities provided. The second author
is- indebted to Dr. H. K. Gupta, leader of
the expadition for all the facilities given on
board the ship FINNPOLARIS.

M. SRINIVASAN
K. J. MATHEW®*

» Central Marine Pisheries Research Instiniute,
Cochin,
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ON A SPECIMEN OF TRIPTERYGID FISH ENNEAPTERYGIUS NASIMAE HODA
WITHOUT A PELVIC FIN

ABITRAOT

A mature male tripterygiid fish Ewneaprerygius nasimae Hada 1983, 35 mum in total length, without

here

IN BarLY FisHes, the pzlvic fins were located
well behind the pectorals, aiding in con-
trolling the vertical level through the water,
while in higher teleosts including family Trip-
terygiidae, they moved forward to the thoracic
region (PL. 1 A) and in association with the
pectorals, provided a four-wheel® braking
system (Harris, 1938). Reduction or mal
formation or otherwise abnormally formed
pelvics have been reported in many fishes
(Marr, 1945; Lea, 1965; Tandon, 1965;
Hettler, 1966 ; Radhakrishnan, 1973 ; Alvarez-
Leon, 1980). The present communication relates
to a sp:cimen of the male tripterygiid fish
Enneapterygius nasimae Hoda 1983, measuring
35 mm in total length, collected along with
other tripterygiids from the Karachi Coast
of Pakistan at Buleji (66°48’E, 24°51° N} on
November 14, 1979, The right pelvic fin
of this fish was absent and had not developed
(PL I B, C), although body colouration and
meristic/morphometric characters were found
compatible with the previous descriptions of
the species (Hoda, 1983). X ray analysis
revealed that the right pelvic fin structures
were lacking (Fig. 3) and the left p:lvic fin
was normally supported by its girdle. The
right pelvic region did not show any injury or
external thickening, being covered uniformly
with normal scales.

The meristic and morphometric characters
of the abnormat E. nasintae are given below :

a right pelvic fin collected from the Karachl Coast of Pakistan on November 14, 1979 is reported

. TL 35.0 mm, SL 28.5 mm. First dorsal
fin (D) : III, first spine height § mm, base
4 mm ; second dorsal fin (D,): XIII, first
fspine height 3.0 mm, base 9.5 mm; third
dorsal fin (D) : 9, third spine height 4.5 mm,
base 4.5 mm ; anal fin: 20, spine height
3.2 mm, base 12 mm. Origin of anal fin at the
level of 6th ray of Dy ; caudal fin : 13 with
4 procurrent rays, length 6.5 mm. Head
length 8.0 mm, breadth 6.5 mm, height
6.5 mm. Snout 3.0 mm ; eye orbit 3.5 mm;
body depth at Dy 6.0 mm, at Dy 50 mm;
‘caudal peduncle 3.0 mm; preanal distance
14.0 mm ; predorsal distance till D; 6.1 mm,
tifl Dy 9.0 mm, till Dy 19.0 mm. Cleft of
mouth 4.0 mm, maxillary reaches anterior
orbit, interorbital concave 1.0 mm; scales

‘strongly ctenoid, lateral line scales 40 with 16

pored scales, transverse scales 2-1-5, Vertebrae
10 4 24,

Proportional measurements are as follows :

InTL: Body height at D, 5.83, at
D, 583, at D, 7.00; caundal
p:duncle 12.67; predorsal at
D; 5.74, at D, 3.89, at D,
1.84 ; preanal distance 2.50,

Body height at D, 4.75,
at D, 4.75, at Dy 5.70 ; caudal
peduncle 9.50; predorsal dis-
tance at D; 4.67, at Dy 3.17, at
D, 1.50 ; preanal distance 2.04,

In SL :
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InHL: Height 1.6 ; body height at D,
1.33, at D, 1.33, at D, 1.60;
eve 2.29 ; snout 2.67; caudal
peduncle 2.67; pectoral 0.76,
caudal 1.14 ; first spine of D,
1.60, first spine of Dy 2,67,
third spine of D, 1.78. Caudal
fin length in pectoral 1.50,

In blenniids the pelvic fins no longer function
as pedestal for support in their benthic
habitat and thus functionally these fins are the
least important. In blenniids there is no
selective advantage in having pelvic fins
(Springer, 1968 ; Goslin, 1971), The absence of
the pelvic fin in this specimen supports this

Centre of Excellence in Marine Biology,
University of Karachi, Karachi-32, Pakistan.
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suggestion. In the absence of mechanical
injury, this retardation or malformation in the
early stages of development was retarded,
but subsequently has little effect on the physio-
logical functioning and growth of the abnormal
specimen of E. masimae under study.

The author is thankful to Dr. David A.
Clayton of the Department of Zoology, Faculty
of Science, Kuwait University, Kuwait for
his critical reading of the typescript and offering
valyable suggestions for its improvement and
to Dr. Seiro Kimura of Fisheries Laboratory,
Kyushu University, Fukuoka, Japan for kindly
X raying the abnormal specimen.

S. M. SpaMsuL Hopa
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PLaTe [ A, Female Ennzapterygius nasimaz Hoda. Paratype. 28 mm SL., B. Abnormal male of
E. nasimae 30 mn TL, showing absence of right pelvic fin and C. X ray photograph
of the abiormal male E. nasimaz,



ANNUAL REPORTS

ANNUAL REPORT OF THE SECRETARY FOR THE YEAR 1991

President Dr. P. 8. B, R. James, Vice-President Dr, C. T, Samuel and Members of the association,

I am very happy to welcome the members to the 33rd Gencral Body Meetmg and to
present the Annual Report for the year 1991,

The membership position shows an increase compared to the previous year. The pre-
sent membership position is as given below : -

Life member Individual member  Institution member Toi;al
Indiav .. 186 (173) 269 (260) 85( 82) —
Foreign .. 36 (34) 10 (10) . 105(105) 691 (664)

I am very happy to report that, as mentiovned in the last General Body meeting, in order
to generate interest among students in the objectives and activities of the Association, an Inter-
Institutional Science Quiz Competition was conducted by the Association at Cochin on 20-2-1992.
The response was very good and five teams representing various Institutions participated in the
competition. Other than the first and second prizes (Rs. 500/- and Rs, 300/- respectively), all
participants were given certificates also, On the Whole. it was a very successfui programme
which attracted many students.

As all of you are aware, the Association instituted Fellowship to eligible members in
recognition of their long standing membership and contributions to the Association. Till
todate. 134 Feliowships were given. This year 7 members have become eligible and Fellowship
will be given to them shortly.

I am also happy to inform the members that for the year 1991-92, the ICAR has sanc-
tioned a grant of Rs, 40,000 towards printing of the Journal. On behalf of the Association,
I would like to record our sincere gratitude to the Indian Council of Agricultural Research for
this kind gesture.

I wish to express my sincers thanks to the President and Office Bearcrs and especially
1o Dr. N. Gopalakrishna Pillai, Associate Secretary for the help and co-opsration in the working
of the Association. 1 also would like to thank Mrs. Lakshmy for her sincere help in the
secretarial work of the Association,

Thank you all,

Cochin-31. V. K. PiLLai
29-5-1992, _ Secretary
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ANNUAL REPORT OF THE EDITOR FOR THE YEAR 1991

Respected President, Vice-President, Distinguished Members and friends,

The year 1991 was yet another successful year in the publication of the Journal of the
Marine Biological Association of India. The Journal Volumed 33 was issued during December
1991 with 46 papers and 13 notes totslling 59 articles, and running to 460 pages,

_ The processing and editing of manuscripts for Vol, 34 for the current year 1992 were
taken up at the end of 1991. This volume 34 is fast progressing at the C, L. S. Press, Madras
with 31 papers and 12 notes comprising 43 articles and it is scheduled to release sometime in
September 1992, {.e. well before the end of 1992,

~ By completing Volume 34, we have 44 papers received for the Symposium on
Tropical Marine Living Resources and 81 papers received for the regular Journal, totalling to
125. These 125 papers and notes will be quite sufficient for 1993 and 1994 and 44 Symposium
papers will be completed in Volume 35 for 1993 and Volume 36 for 1994 along with some of
the regular papers received for the Journal.

I personally feel heartened that the support and help extended by all members of the
Association has enabled me to bring out the Journal on time and I am thankful to them,
1 sincerely thank Dr. P, 8. B. R. James, President of our Association for his support and encou-
ragement. I profusely thank Shri P. T. Meenakshisundaram. Joint Secrctary and Dr. C, P.
Gopinathan who has been co-opted as Associate Editor from August 1991, for their whole-
hearted timely, continued co-operation and help for the publication of the Journal. I gratefully
thank and appreciate the support extended by Shri A, D, Thomas Stepher and his staff at the
C. L. S. Press, Madras for their continued co-operation in bringing out the Journal on time.
Mis, Lakshmy Janakiraman, the Association staff has my appreciation for the assistance
rendered. I extend my sincere thanks to all members of the Executive Council and members of
the Association who are always extending their co~operation.

Thank you all,
Sd.

Cochin-31. K. RENGARAJAN
29.5-1992, Editor
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ANNUAL REPORT OF THE TREASURER FOR THE YEAR 1991

Dear President, Vice-President, members of the Association and guests,

_ I have the honourto present the audited statement of accounts for the year ended
31st December 1921. During the year under report Rs. 38,577.98 has been received under
the membership subscription and entrance fee againts Rs. 40,811,00 during 1990 showing a decline
of Rs. 2,233,02 in the current year when compared to that of in 1990. Through sales of Journals
reprints and memoirs the amounts realised in 1991 and 1990 were Rs. 26,580,50.and Rs. 54,327.85
respectively indicating a steep fall of Rs. 27,747.35 during the current year over that of in the
previous year. However, an increase of Rs. 3,126.50 was realised in the sales of special
publications and Symposium Proceedings of Crustacea, Mollusca, Indian Ocean, Corals and
Coral Reefs, Coastal Aquaculture and Endangered Marine Animals and Marine Parks, the sales
during 1991 and 1990 being Rs. 25,345.75 and Rs. 22,219.25 respectively. Under the Bank
jnterest the amounts realised in 1991 and 1990 were Rs. 15.885.95 and Rs. 14,533.90 respec-
tively thus showing an increase of Rs. 1,352.05 during 1991 over that of 1990,

This year the overall receipts stood at Rs. 1,36,323.43 against payments of Rs. 1,04.560.16
thus showing an excess income of Rs. 31,763.27. During 1990 overall receipts amounted to
Rs. 1,59.583.91 with an excess income of Rs. 47,423.39. Thus during 1991 overall receipts as
well as excess income Wwere less than those in 1990, - S S

- We are grateful to the I.C.A.R. for the grant of Rs. 20,000/- for the publication of the
Journal during this year. Members are requested to enlist new members and help to increase
the sale of publications of the Association to improve its income so as to meet the mounting expense
in the coming years towards printing the Journal and other items, Any suggestions to improve
the finances of the Association are welcome,

I am thankful to the President and all other Office Bearers of the Association for their
valuable advice and support. I am thankful to Shri K. E. Rangaswami, Chartered Accountant
for having audited the accounts and sending his report in time to enable me to present the
annexed audited statement of accounts for the year 1991. I am also thankful to Shri
G. Subbaraman of CMFRI for his valuable help in this regard,

Thanking you,

Cochin-31, K. ALAGARATA
29’5'] 992- Tmmer
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REPORT OF THE. AUDITOR TO THE MEMBERS OF
THE MARINE BIOLOGICAL ASSOCIATION OF INDIA,
ERNAKULAM, COCHIN-31

I have audited the attached Statement of Affairs of THE MARINE BIOLOGICAL
ASSOCIATION oF INDIA as at 31st December, 1991 and also the annexed income and Expenditure
account for the year ended 31st December, 1991 and report that ;

1. I have obtained all the information and explanation which. to the best of my
knowledge and belief, were necessary for the purpose of the audit.

2, The books of accounts are maintained on cash basis.

3, The Statement of Affsirs and the income and expenditure account referred to in
this report are in agreement with the books of account,

I my opinion and to the best of my information and according to the explanation
given to me, the said accounts give a true and fair view :

(@) In the case of the Statement of Affairs, the state of affairs of the Marine Biolo-
gical Association of India, Ernakulam as at 31st December, 1991 and §

(5) In the case of the Income and Expenditure account, the excess of income over
expenditure for the year erded on 31st December, 1991.
Sd.

Madupai, K. E. RANGASWAMI
16-3.1992, Chartered Accountant



THE MARINE BIOLOGICAL ASSOCIATION OF INDIA, ERNAKULAM, COCHIN, INDIA

Siarement of Affairs as at 313t December 1991

Ag at LIARtITIES As at As at ASSETE As at
31-12-1990 31-12-1991 31-12-1990 31-12-1991
Rz, P. Re. P. Rs, P Rs. P Rs. P. Rs. P,
General Fand
Balance as per last year 2,02,975.14 Cash with Treasurer 2,658.40
Cash with Office Bearers on
postage 238.09
Add 284.14 2,896.49
Excess of intome over expendijure  9,971,93 Cask at Banks
Symposia receipts _ . 2491825 Indian Bank, Emakulam 22,805.73
2,02.975.14 — 2,37,865.32 United Commercial Bank,
3,990.91 Due to Treasurer — Emakulam 193,94
21,7922 22,999.67
140,000.00  Fixed Deposit with Indian
Bank . 1,50,000.00
1,20.866,90  Short Term Depasit with Indian
Bank . 38,810.30
8,254.30 Typewriter 8,254.36
864,00  Bicycle 864.00
Legs: Writien off £64.00
14,904.50 Furnitre 14,904.50
2,06,966,05 2,37,865.32 2,06,966.05 2,37,865.32
Per my report annexed
Sd. Sd.
Madurai, K., E, RANGASWAMI K. ALAGARATA
16-3-1992, Chariered Accountant Treasurer

S14O4dTH TVINNY
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THE MARINE BIOLOGICAL ASSOCIATION OF INDIA, ERNAKULAM, COCHIN, INDIA
Income and Expenditure Account jor the year ended 315t December 1991

Year ended

Year ended BXPENDITURE Yearended  Year ended IncoME
31.12-1990 31-12-1991 31-12-1990 31-12.1991
Rs. P. Rs, P. Rs. P. ) Rs. P
9,600.00 To Salaries to stafl 10,600,00 707.5¢ By Entrance fee 931.00
1,24597 ,, Prnting and Stationery expenses 2.459.40 46,103.50 ,, Subscription 37,646 98
9,186,15 |, Postage expenses 9,466.05 14,533.90 ,, Ianterest from Bank . 15,885.95
74,24675 ,, Printing charges for Journal 74,250.95 54,327.85 ,, Sale of Journal, Reprints and Memoirs 26,580.50
14,238.10 ,, Interest to Bank _
3,_6_53_.55 »» Miscellaneous expenses 3,792.85 127.50 ,, Sale of Special publications 427.50
— ,» Cost of bicytle wiitten off $64.00 20,000.00 ,, Grant-in-aid from I.C.A R. for Journal 20,000,00
2i,340.73 ,, Bxcess of income over expenditure 9,971.93 3,711.00 ,, Miscellaneous receipts 9,933.25
1,33,511.25 1,11,405.13 1,33,511.25 1L,11,40518
Per my report annexed
sd. sd.
Madurai, K. E. RANGASWAMI K. ALAGARAJA
Chartered Accountant Treasurer -

16.3-1992.
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THE MARINE BIOLOGICAL ASSOCIATION OF INDIA, ERNAKULAM, COCHIN, INDIA
Receipts and Payments Account for the year ended 31st December 1991

RECEIPTS PAYMENTS
Rs. P. Rs. P Rs. P Rs. P.
To Opening Balance By Printing and Stationery 2,459.40
Fixed Deposit with Indian Bank, Ermnakulam,  40,000.00 »» Postage excluding advance 9,466.05
Short term deposit with Indias Bank, ., Printing charges for Journal 74,250,95
Eroakulam .. 1,20,866.90 +» Salary to staff 10,600.00
Cash at Indian Bank, Ernakulam 21,314.97 ,» Miscellancous expenses inctuding Audn fee 3,792.85
Cash at United Commescial Bank, Bmakulam 477.24 »» Cash paid to Treasurer 3,990.91
Advance with office bearers on postage .. 284.14
1,82,943.25 Closing balance
To Bntrance fee . 931.00 Fixed Deposit with Indian Bank, Emakulam 1,50,000.00
»» Membership subscription . 37,646,98 Short Term Deposit with Indian Bank,
»» Interest from Bank - 15,885.95 Ernakulam . 38,810.36
»» Sale of Journals, Reprints and Memoirs .. 26,580.50 Cash at Indian Bank, Brnakulam .. 2280573
. Sale of special publications . 427.50 Cash at United Commercial Bank, Ernakulam 193,94
+» Symposium on Crustacea e 2,310.00 Advance with Office Bearers on postage .. 238.09
+» Symposium on Mollusca e 2,227.50 Cagh with Treasurer . 2,658.40
»» Symposium ont Indian Ocean . 290.00 2,14,706.52
+» Symposium on Corals and Coral Reels .. 843.75
+» Symposium on Coastal Aquaculture .- 13,776.00
»y Symposium on Endangered Marine Animals
and Marine Parks . 5,471.00
»» Grant-in-aid from §.C.A.R. for Journal .. 20,000.00
+» Miscellabeous receipts .. 9,933.2%
3,19,266.68 3,19,266.68
Per my report aitached
sd. sd.
Madurai, K. E, RANGASWAML K. ALAGARAIA
16.3-1992, Chartered Accountant Treavurer
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REGISTRATION OF NEWSPAPERS (CENTRAL) RULES 1953
Statement about ownership and other particalars abowt newspaper
JOURNAL OF THE MARINE BIQOLOGICAL ASSOCIATION OF INDIA

FORM IV
(Ssx RuLk 8)

1. Place of Publication — Cochin,
2. Periodicity of its publication — Hall-yearly,

3. Printer's Name — Mr. A. D. Thomas Stephen,

Nationality — Indian,
Address —The C, L, 8. Press, 10 Vepery Church Road, Yepery,
Madras-600 007,

4, Publisher's Name —Dr. K, Rengarajaw, for the Marine Biological Association of India,

Nationality — Indian.
Address — C.M.F.R.1. Campus, Dr. Salim Ali Road, Cochin-$82 031,

3. Editor's Name -=Dr, K. Rengarajan,

Nationatity — Indian,
Address — C.M.E.R.1. Campus, Dr, Salim Ali Road, Cochin-5682 031.

6. Names and addresses of individunls who own the newspaper and partners or shareholders
holding more than one per cent of the total capital — Maring Biological Association
of India, C.M.F.R.I. Campus, Dr, Salim Ali Road, Cochin-682 031,

I, K. Rengargjan, hereby declare that the particulars given above are true to the best of my
knowledge and belisf.

Sd

Cechin-31, .
Daredy 31-10-1952, K. RENGARAJAN
Signature of Publisher



INSTRUCTIONS TO AUTHORS

Manuu:?t Reyuirements :  Only manu-
seripts solely intended for publication in the
Journal of the Marine Biological Association
of India may be sent in final form for consi-

ration to the Editor. Manuscripts should
be type-written on one side in double space
throughout on foolscap paper leaving 4 ¢m
margin and submitted ip duplicate consirting
of the original and one neat carbon copy.
About jone and a half manuscript foolscap
pages n clite type will normally reduce to
one printed page and manuscripts should not
exceed tweniyfive type-written pages including
Tables and Figures which should be Jess than
15 per cent of the entire paper. Major papers
are those longer than six pages of double
spaced (elite type) manuscript. If the manu-
script is from a thesis, it should be revised
and made suitable for publication in the
Journal, Before submitting the manuscript,
the suthors should check whether there are
inconsistencies the Tables and
Fig:ros and the text or within the text. Botb
Tables and graphs illustrating the same point
will not be accepted. As a rule, {ootnotes
should be avoided except when they are used
to credit institution contribution series number
and unpublished material. In Tables super-
script numerals should denote footnotes which
should be explained below the concerned
Table, with the first line indented.

Manuscript Detalls:  Acknowledgement
should be made preferably in the ‘Introduction’
in a separate paragraph. Indent the first line
of each paragraph except the first line under
* Introduction." Underscore only where italics
are intended as in the address under the
suthor(s) name(s), sclentific names and
source of publication in literature citation at
the end of the paper. Both in zoological and
botanical names only the initial letter of the
genus is capitalised. The specific and sub-
specific names always begin with a small letter
even if they refer to a person or place. Author’s
names after species, sub-species, varieties,
forms and notations such as sp. nov, and
80 on associated with scientific names should
not be underscored.

Material and Methods when given should
be limited to what scientists need in under-
standing the design of the study and in judging
whether the data obtained is adequate,
relative importance of the headings in the
MS should be shown by their position on the
I:age and by proper use of the capitals and
ower case a3 given below :

First order — CanTRE Heabing, AL
CAPITALS.

Second order — Centre Heading, Capitals
and Small Capitals.

Side heading — Capilals and lower case
underscored, not indented,

Run-in-heading — Capitals and lower case,
underscored and indented.

Names of all simple chemical compounds
other than their formulae should be used in
the text. When Greek symbols or unusual
signs which mormally cannot be typed are
used, they should be written out quite legibly
and made easy to differentiate as between :
*K* upper case and 'k’ lower case. Similarly,
complex mathematical equations should also
be clearly written out if they cannot be tiged
fully, Double space should be left above
and below the lines that have eltgilons and
formulae with superscript and subscript, Al
measurements should be given in the metric
systera only.

Title Page: The title of the manuscript
should be brief, but should encompass the
content of the paper and should be typed
wholly in capitals. This is followed by the
author(s) name(s) with the initials preceeding
the surname. No periods follow title or
the auvthor(s) name(s). The address of the
author(s) given below the name(s) should be
underscored with no period at the end,

On a separate slip, a condensed title for
running head of less than 45 letters inclusive
of spaces should be provided. Titles with
scientific names must contain 3 common iden-
tifylng term, e.g. *...the Fish Hoplolatilus
Jroticinctus (Gunther) . ., *

Abstract : All articles and notes should
bave an abstract in the form aceceptable to all
abstracting journals. For articles, this should
not exceed 5 per cent of the length of the
manuscript and should be typed in double
space starting on the title page leaving 5 cm
margin. The abstract should not be a sum-
mary of the work done, but should highlight
the salient poimts and recapitulate the find-
ings and conclusions,

Notes : Notes are those papers with fewet
than six_pages of double spaced (elite type)
manuscript and will have no cenl headings.
The title will be followed by an abstract and
the name{s) of the author(s) will be given at
the end of the article on the right hand side
of the page with the address on the left hand
side before ‘References” The ‘Reforences’
cited at the end of the note will be in the same
way as full papers, but will not have the titles
of papers,

b e : Cmﬁqﬁe’ of limtgfre_should
ve author, ti name of jourmal,
volome uumbory:grti inclusive pages.



INSTRUCTIONS TO AUTHORS

Abbreviations of the names of the Joumals
should be according to the * World List of
Scientific Periodicals® (4th edition, 1964-65)
or to recognised forms only, Examples:

Fogs, G. E. 1952. The production of
extracellular nitrogenous substances by
g%t%%?srecn alga. Proc. Roy. Soc,,B139 :

Harvey, H. W. 1931, Biological Chemistry
and Physics of Sea Warer. Cambridge
Univ. Press, London, 194 pp.

Morr, J. C. 1957, The Cardiovascular
system, In : M.E. Brown (Ed.) The Ph{:io—
logy of Fishes, Academic Press, o5
New York, N. Y., Vol. 1, pp. 103.109,

Scuarrer, M. B, anb J, C. Marr 1948,
Spawning of yellowfin tuna (Neorhunnu:
macropterus) and skipjack (Karsuwonus
pelamis) in the Pacific Ocean off Central
Ameriga, with description of juveniles.
F?shzy Bull. Fish, Wildi. Serv., U, §.,
&1 (44) : 187-196.

In the text, the references should be cited
thus : Fogg (1952), Schaeler and Marr (1948)
with the author(s) name(s) followed by the
year of publication in parenthesis.

Tables ;: Tables should be avoided if the
matter could be covered by the text. Tables
when given should not contain bulky data and
should be given on separate sheets and their
position in the text indicated suitably, They
should be neatly typed without any overlapping
of the columns and without vertical rules.
Fach Table should be numbered with Arabic
numerals (¢. g Table 3} and should have a
brief heading which is underscored, Both
Tables and graphs illustrating the same point
will not be accepted.

Dlustrations ; Drawings or illustrations
should be made in Indian ink on white Bristo]
board or good qualit{’ tracing paper or on
co-ordinate paper with blue grids and normally
to twice that of the final printed size. ;
size of the prinied srea of the Journal is
:ismxf 12.{?‘ l(l‘:m a.ndF;his wil]mbti the m#mum

or page Fi with legend. Figures
should be lmmbe;redg';::= Arabic numerals and
indicated in the text thus ; Fig.1 and should
have the Fig. number, legend, author and
abbreviated title of the paper or note on the
back. All lines, symbols, letters and numerals
must be neat and legible and letterings at
lei::t 1 mom high when reduced 1o appropriate
1 -

Photographs or photomicrographs for
teproduction must be clear and show good
contrast and must be free of clip markings and
cracks. Prints must be in glossy glazed paper
and of a size not smaller than 8.0 x5.5¢cm.
When photographs are grouped as one Plate,
then should be irimmed and mounted with
no space between those in the group as inten-
ded for final reproduction. Each photo of
such a group should be lettered with a block
letter (A, B, C, etc.} at the right bottom corner
and in the text indicated thus : Plate I A. Such
notations on Text-figures should be given as
(a, b, ¢, etc). Type-written lettering on
Figures is not acceptable,

Legends for figures should be written on a
separate sheet headed ‘Captions for ilustra-
tions' at the end of the mabuscript.

Scale of magnification of camera luclda
drawings should be indicated besides the
drawing itself,

Proofs and Reprinty: A galfey will
be furnished to the author along with an order
blank for reprints. The corrected proof along
with the order for the reprints should be promp~
tly returned to the Editor within 10 days of

" the date of despatch (15 days from abroad)

failing which it will be the responsibility of
the author if mistakes appear in the paper.
Authors may be charged for any changes
other than the printer’s errors. Authors are
also requested to keep the Editor informed
of any change of their address.

For every contribution, the author will be
supplied gratis 25 reprints of the article without
cover. In the case of joint authorship, 30
reprints without cover will be supplied gratis,
Extra ceprints should be ordered in multiples
of 25 and will be supplied without covers.

Institutional orders for extra reprinis must
also accompany the galley proof with full
instructions about invoicing.

All manuscripts, books for review and correst

pondence concerning the editorial matiers
should be addressed to ¢

THE EDITOR,

Marine Biological Association of Inas,
Post Box No, 2673, Dr, Salim Alf Road,
Shanmugam Road—P.0,, Ernakulam,
Cochin - 682 031, Kerala, Tndls.



JOURNAL OF THE MARINE BIOLOGICAL ASSOCIATION OF INDIA

(J. mar. biol, Ass. India)

The Journal is the official organ of the Marine Biological Association of
india and is issued twice in a year. The available volumes are :

Yol. 1.
Vol, 14.
Vol, 15.
Vol, 16.
Vol, 19,
Vol. 25.
Vol. 33.

Nos. | &2 (1959) To Vol. 13. Nos, 1&2 (1971)  Rs. 75* Each
» (1972) Rs, 150
» (1973) Rs, 200
Nos. I to 3 (1974) ,, Vol. 18, Nos. 1 10 3 (1976) Rs. 300 Each
Nos. 1 & 2 (1977) ,, Vol. 24. Nos. 1 & 2 (1982) Rs.150 Each
Nos. 1 & 2(1983) ,, Vol. 32, Nos. | & 2(1990) Rs.200 Each
" (1991) & Vol. 34. »  (1992) Rs. 250 Each

* Limited numbers are available.



THE MARINE BIOLOGICAL ASSOCIATION OF INDIA

Official organ : Jowmnal of the Marine Biological Association of India
(Free to the Members)

PROPOSAL FORM FOR MEMBERSHIP (INDIAN/FOREIGN)
To be completed and sent to the Secretary, Marine Biological Association of India,
C. M. F. R. 1, Campus, P. B, No. 2673, Shanmugam Road—P.O., Ernakulam, Cochin-682 031

For Individual Membership

Full Name with academic

qualifications, etc. (in BLOCK letters)
Nationality :
Date of birth/age
Occupation/Designation :
Type of Membership reciuiréd
Mailing address 1

s

aw

Life Membership/Annual Membership

Permanent address {

For Institutional Membership

Name of Institution (in BLOCK Iletters)
and mailing address

L)

_ [/We wish to be enrolled as Individual/Institutional Member of the Marine Biological
"~ Association of India from the vear ............. The entrance fee Rs. ......... Cedrnaenas

and membership subscription® R8. oo.vievrrriiveiarnnoaconas R arefis remitted ia cashfbyl
cheque/by M. O. to the Treasurer, Marine Biologlcal Assoclatlon of India, CM.F.R. L,
Campus, P. B, No. 2673, Shanmugam Road—P.Q., Ernakulam, Cochin-682 031,

------------------------------- LR

Dated.........ccovevin... vae Signature of the Individual | Head of the Institution

Cheques should include an additional amount of Rs. 500 towards bank commission and
handling charges.

~ ® For Membership Subscription, please see next page.
20



THE MARINE BIOLOGICAL ASSOCIATION OF INDIA
Official organ: Journal of the Marine Biological Association of India

TERMS OF MEMBERSHIP

India Foreign
Life Member .. Rs. 600 (+ Rs. 25 entrance fee) $100(+§ 5
entrance fee)

Individual (annual) .. Rs. 50 (+ Rs. 25 entrance fee} $15(+ 85
entrance fee)

Institutional (annual).. Rs. 200 (no entrance fee) $ 30 (no entrance
fee)

(Cheques should include Rs. 5 towards Bank commission and handling
charges)

Subscriptions may also be paid in Dollars, Pound Sterling or equivalent in
any other currency.

Members have the right and privilege to elect the Members of the Executive
Council and receive the Journal of the Association free. '

Remittances of subscription, etc. by Cheque/Money Order may be made in

the name of the Treasurer, Marine Biological Associatios of Indis and the corres-
pondences may be addressed to ;

THE SECRETARY, '

Marine Biological Association of India,
Dr. Salim Ali Road,

P. B. No. 2673,

Shanmugam Road-P.O.,

Ernakulam, Cochin-682 031, Kerala,



THE MARINE BIOLOGICAL ASSOQCIATION OF INDIA
BrRNAKULAM, CoCHIN-G682 031, INDIA

PROCEEBINGS OF THE
SYMPOSIUM ON ENDANGERED MARINE ANIMALS AND MARINSE: PARKS

The Proceedings of the Symposium on Endangered Marine Animals and Marine
Parks contain 65 papers and 1 Abstract presented at the Symposium held by the Marine
Biological Association of India, in January 1985 at Cochin, India. These 66 papers
and abistract have been classified in 4 major Sections as given below :

SecTioN 1: Marine Mammals

SecrioN 2 : Estuarine and Marine Reptiles

SecrioN 3 : Other Marine Vertebrates and Invertcbrates

SecTiON 4 : Marine Parks, Sanctuaries, Reserves, Zoos and Oceanaria.

I

' The Symposium was attended by 160 participants including 30 foreign experts
resentmg 16 countries. The papers presented in 6 Technical Sessions were discussed
and published in 505 pages in a single Volume with full rexin hard board binding.
Realising the importance of the subject matter, the urgent need of management and
conservation of the endangered and or vulnerable animals and the preservation of their
environments, the Symposium identified 15 important recommendations on the priority
areas-and 7 general recommendations which have also been included in this Volume.

This Volume meticulously edited by the eminent scientist Dr. E. G, Silas, is a
wealth of informations on the subject and priced reasonably for Rs, 500,

An Order. Eorm is appended:on the reverse for use.



THE MARINE BIOLOGICAL ASSOCIATION OF INDIA
CocHIN-682 031, INDIA

ORDER FORM
Ref.: Vol. 34 (1 & 2)
To
The Secretary,
The Marine Biological Association of India,
P. B. No. 2673,

Shanmugam Road—P. O., Ernakulam,
Cochin-682 031, India.

Sir,

Please register an order for ........ copyjcopies of the *Proceedings of the
SYMPOSIUM ON ENDANGERED MARINE ANIMALS AND MARINE PARKS °.

A Crossed Bank draft/Cheque* for Rs.fUS §............towards the cost, packing
and postage** is enclosed.

Please send us an Invoice for arranging payments.

Signature ..... P ee st eiseasevitetnsateviarosts

IR RN YN

Address  ...iiiieiiiiiitatiierartrierasanen

Please strike whichever is not applicable.

* The Cheque/Draft may be drawn in the name of the Treasurer, Marine Biologicatl
Association of India, P. B. No. 2673, Shanmugam Road—P.0., Emakulam,
Cochin-682 031, India.

** The Cheque/Draft should include Rs. 50 (for packing and postage by Inland
Registered Parcel) and US § 5 (for packing and postage by Registered Parcel by
Sea Mail) and Rs. 5 for bank commission and handling charges.



THE MARINE BIOLOGICAL ASSOCIATION OF INDIA
ERNAKULAM, COCHIN-682 631, INDIA

PROCEEDINGS OF
THE ¢ SYMPOSIUM ON COASTAL AQUACULTURE *

The ¢ Symposium on Coastal Aqueculture > was held in January 1980
by the Marine Biological Association of India. The Symposium covered
different culture systems in the coastal waters including the environment,
farm engineering, harvest and post-harvest technologies, training, extension,
management and legal 2spects of coastal aquacultyre. 322 sciertific papers
were contributed for the Symposium by the Scientists, Technologists and
Specialists from India and abroad. These papers, after screening, have
been published in the Proceedings of the Symposium as follows :

Part 1 : Prawn culture

Part 2 : Molluscan culture

Part 3 : Finfish culture

Part 4 : Culture of other organisms, environmental

studies, training, extension and legal aspects,
and recommendations,

Part 1 of the Proceedings on Prawn Culture was released in June 1982.
This part contains 54 papers, 9 short notes and 25 abstracts covering
different aspects of prawn culture technology and cognate subjects.

Part 2 of the Proceedings on Molluscan Culture containing 45 papers
and 14 abstracts om various aspects of molluscan culture methods and
related aspects was released in December 1983,

Part 3 of the Proceedings on Finfish Culture containing 42 papers and
6 abstracis on finfish culture and related fields was released in December
1935,

Part 4 of the Proceedings on the subjects mentioned above containing
66 papers and 16 abstracts was released in December 1986 to complete the
series.
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THE MARINE BIOLOGICAL ASSOCIATION OF INDIA
ORDER FORM

To

The Secretary,
Marine Biological Association of India,

P.B. No. 2673, Dr. Salim Ali Road, Emakulam,

Cochin-682 031, India.

Sir,

Please enter an order for the publication®

SYMPOSIUM ON COASTAL AQUACULTURE’

ReF: Vol M(1&2)

‘ Proceedings of the

1. Complete set Rs. 1000 -+ Rs. 100 for Packing & Postage (Inland)

(Parts 1 to 4)
US $200 + US $20 ” » (Foreign)*
2. Partlonly Rs. 450 + Rs. 20 " ” {Inland)
US$ 65+ USS 5 " " (Forcign)*
3, Part2 Only Rs. 400 ”'I“‘ Rs. 20 1] P (Inland)
USS$ 50+ USS 5 v ” (Forcign)*
4, Part3only Rs. 4004 Rs. 20 " » (Tnland)
USS$ 504 USSE 5 » » (Foreign)
5. Partd4only Rs. 500+ Rs. 25 » » (Inland)
US$ 65 USSI10 " " {Foreign)
Please find herewith enclosed a crossed Bank Draft/Cheque ** for
-1 SN berrriare e towards the cost, Packing and Posting,.
Signature............coh0iiiin.. NP
Name +.000vnitnns trreeerreseiiecana
Address

.....

3 Make a circle around the serial number for your requirements.

* By Sea Mail.

** The Cheque/Draft may be drawn in the name of the Treasurer, Marine
Biological Association of India, P.B. No. 2673, Dr. Salim Ali Road;

Cochin-682 031.



THE MARINE BIOLOGICAL ASSOCIATION OF INDIA

Ree. Vol 34 (1 &2)
ORDER FORM

Please enter the following order : _ Date..oovrenianannse
I. Journal of the Marine Biological Association of India

Volumes 1-6: Rs. 7500 each (Limited Volume 15: Rs. 200.00
copies are available}

Volume 7 : out of print Volumes 16-18: Rs. 300.00 each

Volumes 8-13: Rs. 75.00 each Volumes 19-24: Rs. 150.00 ,,

Volume 14: Rs. 150.00 Volumes 25-32: Rs, 20000 ,,
Volume(s) 1 Volume 33 & 34: Rs. 25000 ,,
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(Your continuation ordet | v/ | authorises us to mail and bill each volume
upon publication until the order is cancelled in advance. Please specify
volume number with which your order is to begin)

tI. Proceedings of the
Symposium on SCOMBROID FISHES (out of Print)

III. Proceedings of the

Symposium on CRUSTACEA 8 Rs. 600,00
1V. Proceedings of the
Symposinm on MOLLUSCA 1 Rs. 450,00
V. Proceedings of the
Symposium on CORALS and CORAL REEFS O Rs. 22500
V1. Bibliography of the Indian Ocean O Rs. 100.00
VII. Ribbonfishes of the Family Trichiuridae of India O Rs. 30,00
VIII. The Dinophyceae of the Indian Seas _
I. Genus Ceratiurn Schrank O Rs. 30.00
IX. The Dinophyceae of the Indian Seas
1. Family Peridiniaceae Schiitt Emend Lindemann O Rs. 30.00
X, The Goatfishes (Family Mullidae) of the Indian Seas 0 Rs. 30.00
XI, Special Publication dedicated to Dr, N. K. Panikkar 1 Rs. 150.00
XII. Proceedings of the
Symposinm on COASTAL AQUACULTURE (in 4 Parts) (] Rs. 1000.00
XNI. Proceedings of the
Symposiam on ENDANGERED MARINE ANIMALS
AND MARINE PARKS e ‘e [0 Rs. 500.00

Z] Your orders for items I to XIII and for continuation order for the Journa!,



Payments are to be. clfected on receipt of our invoice based on your order-

] The trade will be allowed a discount of 107, on all publications. A complete
set of all publications of the Association as shown in this list will cost Rs, 8,295
and on a siugle ordes for the complete set (Items I ¢to XIII), a discount of 152, will
be allowed. ’ _

All orders should be sent to:

THE SECRETARY,

Marine Biological Association of India,

P.B. No. 2673, Dr, Salim Ali Road, Ernakulam.
Cochin-682 031, Kerala,

INDIA.
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DATE veeevieraanees res . Signature



