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PREFACE

The Central Marine Fisheries Resoarch Institute made a significant achievement fa developing
indigenously the technology for pearl culture in the year 1973. The success was heralded as one which can
fead to the establishment of a new industry for production of cultured pearls in the country. This hope
‘materialised in later years and a joint venture commercial project by Tamil Nadu Fishories Dovelopment
Corporation and Southern Petrochemical Industries Corporation has boen established in the year 1983.

The famous British marine hiologist late James Hornell, as early as in 1916, remarked that pear] cultore
is the only way of making the pearl oyster resouros of the Guif of Mannar economically remunerative, = Sub-
ssquently, starting from 1938, attempts were made in India to develop the technology for pearl culture.
“These efforts by the Department of Fisheries of Governments of Tamil Nadu and Gujarat, 1cspectively at
Krusadai and Sikka, did not result in the development of techniques for production of spherical cultured
pearls, but important contributions on the pearl oyster biology wero made. Against this background the
CMFRI started an experimental research project on pearl culture in 1972 at Tuticorin which gave the early
breakthrough in 1973, Since then, the Institute developed a strong rosearch centre for pearl culture
at Tuticorin and also collaborated with the Department of Fisheries, Government of Tamil Nadu, in the
TICAR ad hoc Scheme on Pearl Culture during 1973-1978. Several lines of investigations on pearl oyster
tesource, biology, ecology, farming and pearl production were taken up simultancously under expanded
research projects which had yielded very valuable results, The most important of these is the sucoess achieved
in 1981 on the development of hatchery technology for production of pearl oyster which has the potential for
solving the problem of nonsavailability of oysters from the natural beds. The technology has been tested
ropeatedly over the last five years and scaled up for large-scale production. This has also led to a now
programme of sea-ranching of pearl oyster sced on the natural beds in the Gulf of Maanar for
sepopulating the beds as well as understanding the causes for the fluctuations of the resource.

A 'number of research papers on pearl cuiture have been published from timg to time but these
1ie scattered in various journals, It was considered nscessary to bring together ali the information in ons
publication and this Bulletin on Pear] Cultare was designed for the purpose. The chapters have been written
by experts in the field and contain the Iatest information on pearl cultuve in Indin. The Bulletin contains 20
chapters covering all aspects of pear] oyster resources, pearl culture and hatchery production of seed.

The Bulletin gives a comprehensive coverage of pear! oyster resource and ecology of pearl oyster beds ;
morphology and physiology of pear] oyster ; spat collection in the inshore areas including the harbour basins ;
methods of pearl oyster farming and farm management ; techniques of cultured pearl production and quality
of cultured pearls ; technology of hatchery production of pearl oyster ; sea-ranching ; transfer of technology
and problems and prospects of pearl culture in India. It also includes a chapter giving the results obtained
‘by the Department of Fisheries, Govt. of Tamil Nadu under the ICAR ad hoc Scheme on Pearl Culture,
Finally, the Bulletin gives an annotated bibliography of the Indian works on pearl oyster resource

and culture,

There has been a constant flow of requests for information on the technology of pearl culture from several
quarters including the industry, prospective entrepreneurs, scientists, academicians and scholars, I sincerely
hope that this Bulletin will be found useful by all concerned.

Dr, K. Alagarswami has designed and edited this Bulletin. Dr. A, C. C, Victor did the difficult job of
reading the proof of the chapters and Shri P. T. Mecnakshisundaram helped in the printing of this Builetin,
To all the scientists and other staff of the Institute who have contributed the chapters and assisted in this
publication I wish to record my deep appreciation of the good work they have done. '

Cochin P, S, B. R. James

January 1987 Director
~ Central Marine Fisheries Research Institute

iii



- India is endowed with a pearl oyster resource which
bas been exploited for the natural pearls from time
immemorial and, in the historical past, pearls have been
one of the precious objects, along with spices, exported
from the ports in the South. The Gulf of Mannar and
Gulf of Kutch are the well known haunts of this
resource and pearl fisheries had been crganised in the
past from Tuticorin and Jamnagar respectively. The
‘paars’ of Gulf of Mannar have yielded to very
valuable fisheries in the past, the most successful of
which has been the fisbery series of 1955-1961. Since
then the beds have gone back into a recessive phase
without much of pearl oyster stock as has been the
typical situation in the past. ¢ ‘khaddas’ of the
Guif of Kutch, after yielding to a moderate fishery in
1966-67 season, have likewise, been unproductwe since
then.

The Central Marine Fisheries Rcs_arch _ Institute,
has been involved in the survey of the pearl banks,
along with the chank beds, in the Gulf of Mannar since
1959 and the pearl oyster beds were chartered. The
ecology of these beds has been studied in detail. The
Institute started an experimental project in pearl culture
in 1972 at Tuticorin witk a field laboratory at
Veppalodai. This project laid the foundation for
multidisciplinary research in pearl culture which is
being implemented witk adequate infrastructure faci-
lities. This chapter briefly reviews the developments
in pearl culture research in India, the results of which
are presented in the following cbapters of this Bulletin.

Barly atiempts in Tamil Nadu and Guqarat

- Late James Hornell who took the responsibility of
investigating the prospects of the Gulf of Mannar pearl
fisheries along the Indian as well as Ceylon coasts in

- Preseny address 1 1*CMFRI', Cochin 682031,
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' INTRODUCTION

K. ALAGARSwAMI}

the nearly part of the present century for the purpose
of improving the pearl oyster resources and conditions
of fishing grounds came to the conclusion that'the
only economically sound way of making the Indian
and Ceylon pearl fisheries permanently and regularly
remunerative is to concentrate upon the inducement of
pearls by artificial means in comparatively limited
‘numbers of cultivated pearl oysters....’ Following
this recommendation, the erstwhile Madras Fisheries
Department commenced experiments on pearl culture
at Krusadai island at the head of the Gulf of Mannar
in 1938. This work continued intermittently over a
period of about three decades and resulted in giving
valuable information on some aspects of the biology
of the Indian pearl oyster, farming and ecological condi-
tions. However, success in respect of pearl culture
technology was limited to obtaining ‘two imperfect
pearls * away from the site of implantetion and © mother-
‘of-pearl ball’ attached to the shell and ooat.ed with
‘nacre. :

Similar early attempts have been made in Gujarat.
Presumably based on the advice of late James Hornell,
stone enclosures with sliaices were constructed near
Sikka for farming pearl oysters. Experiments on
pearl culture which commenced in 1956 did not resuit
in developing the technology.

Breakthrough in technology _
Against this background, the Central Marine
Fisheries Research Institute started a research project
on pearl culture in 1972 at Tuticorin with a field labora-
tory at Veppalodai. An early breakthrough was
achieved and the first spherical cultured pearl was

Jproduced on 25 July 1973, heralding the development
.of pearl culture technology in India. The technology



for farming of pearl oyster in the open sea adopting
raft culture and production of cultured pearls has been
developed.

Scheme on pearl culture

In the immediately following period, directed pearl
culture research was organised by the CMFRI in colla-
boration with the Department of Fisheries,
Government of Tamil Nadu under an ad hoc scheme on
pearl culture of the Indian Council of Agricultural
Research which was implemented from October 1973
to September 1978, During this period multiple
production of cultured pearls was achieved ; surgical
equipments for nucleus implantation were developed
indigenously ; the growth of cuitured parls was
studied ; the problems of biofouliog and boring orga-
nisms in the farm were elucidated ; pearl oyster resource
of the Gulf of Mannar was studied with reference to
insurgence of non-fiucara component in the paars and
inshore areas ; growth of pearl oyster in the farm was
observed ; the ecological conditions of Veppalodai
farm were investigated ; and certain physiological
experiments were carried out, Concurrently, the
Department of Fisheries, Government of Tamil Nadu
gained expertise in the field of pearl culture and re-
established a pearl oyster farm at Krusadai island.

EBxperimental work at Vizhinjam

Chance occurrence of pearl oyster spat on the ropes
nsed in mussel culture in Vizhijam Bay enabled the
Institute to build up a pearl ovster stock through farm-
ing and subsequently trial production of cultured
pearls, The Department of Fisberies, Government of
Kerala subsequently executed a pilot project on pearl
culture for a period. Monitoring the spat fall in the
bay was continued and it was noticed that as the bay
was being developed as a fishing harbour, the spat fall
became reduced vear afier year as also the fucata com-
ponent of pearl oyster. Increase in suspended silt
made it more and more difficult to raise oyster stock,
However, the programme gave valuable datz on the
biology and farming of pearl oyster.

Further research on pearl culture

The ecological conditions of the experimental farm
at Veppalodai were found to deteriorate with the
commencement of operation of fishing trawlers in the
area resulting in poor growth, weakening and higher
rate of mortality of pearl oysters. Farming was shifted
to the Tuticortn harbour basin and better results in terms
of growth and survival of oyster were obiained,
Continued monitoring of pearl oyster beds showed
that some of the northern shoreward paars had
moderate populations but the age composition was
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static in any given season. An interesting feature
observed in the beds was the heavy mortality caused by
predatory gastropods. Emphasis was given to contro)
of fouling and boring organisms for which simpie
methods were evolved. The pearl oyster resource
potential of Andaman and Nicobar Islands was
sorveyed in 1978,

Development of hatchery technology

Having realised that all the success achieved in pearl
culture will be of no avail in establishing an industry
unless steady supplies of pearl oysters are assured, top
priority was given from 1978 to the project on develop-
ment of batchery technology for production of pearl
oyster spat. Techniques for induced spawning of
pearl oyster were developed and the early developmental
stages of pearl oyster larvae were described. The
progress was at standstill at the straight-hinge larval
stage for a considerable period until the fagellate
Isochrysis galbana became available for culture as food
of the pearl oyster larvae. The breakthrough came in
1981 when the first batch of pearl oyster spat was
produced in the laboratory. This signified yet another
important development leading to the establishment of
a moderate hatchery for large-scale production of
peatl oyster spat.

Juvenile rearing

At this stage, rearing the spat from about 0.3 mm to
the minimum size ot about 45 mm when the oyster
can be used in surgery for pearl production had to be
accomplished. This needs a period of a little more
than a vear. Considering the space, volume of sea
water and the food requirements, it is not practicable
to rear the pear! oyster in the batchery for more than
the absolute minimum period. The spat can be trans-
planted at about 3 mm and reared in the farm in special
regring baskets to ensure that they do not drop out
through the meshes, a free flow of water is maintained
and that they are proteoted against predation. Growth
and survival are two important factors in juvenile
rearing. Pearl oysters produced in the hatchery have
been grown over a period of three years, employad in
surgery for pearl production and used as brood-stock
for raising further generations.

Sea-ranching

With the above technology, it has become possible
to reverse the flow of pearl oyster from land to the sea
for certain investigations. Commencing from the end
of 1985 a sea-ranching programme was taken up to
study the possibility of replenishing the natural stock
on the beds and to understand the factors responsible
for the fluctuations of the wild populations. Moni-

PEARL CULTURE



toring is a major technical and logistic problem in this
effort. If sucoessful, revival of pearl fishery may
become possible. It can also supply grown oysters
suitable for cultured pearl production.

Commercial pearl culture

The developments in pearl culture rescarch have
led to the establishment of a commercial pearl culture
project in the ocountry. The Tamil Nadu Fisheries
Development Corporation Ltd and Southern Petro-
chemical Industries Corporation Ltd started a joint
venture project in 1983 with a collection base at
Tuticorin, farm at Kursadai and surgery at Mandapam,
This is a landable pioneering effort on the part of the
Government and Industry.

Technology transfer

In an effort to transfer the technology of pearl
culture and pearl oyster hatchery, the CMFRI has
organised training courses for the beneflt of the fisheries
departments in the maritime States and Unioh Terri-
tories. This has been taken advantage of by Gujarat,
Karnataka, Kerala, Tamil Nadu, West Bengal,
Andaman & Nicobar Islands and Lakshadweep,
besides Konkan Krishi Vidyapeeth. In order to instil
confidence in the technology, consignments of pearl
oyster spat produced in the hatchery have been pre-
sented to some of the programmes in the States/UTs.

Thrust areas

As the dictim goes, research should aim ecither at
improving the trontiers of knowledge or at increasing
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the frontiers of production, ideally both. The CMFRI
has so far had a good measure of sucoess in both the
frontiers in the fleld of pearl cultugre. However, there
are several areas of research which need to be taken up.
Some of the major priority areas in pearl culture would
be identification of sites, site-specific farming techno-
logy, critical ecology of pearl culture grounds,
identification and control of disease, species-specific
technology for Pinctada margaritifera and possibly
P. maxima. Andaman & Nicobars and Lakshadweep
as special areas for pearl culture, shell-bead technology
which is an engineering problem, improvement of oyster
quality through genetic studies, increase in production,
improvement of quality of cultured pearls through
selective breeding and mantle tissue culture. On the
hatchery front the thrusts would be on control of repro-
duction enhanced larval survival, synchronous larval
growth and spat setting, economic¢ nursery rearing and
higher assured survival of spat in mother-oyster culture.
Besides, an area which is totally open for future is
freshwater pearl culture though this will not be within
the mandate of CMFRI.

The Bulletin on Pearl Culture has been designed to
present information on the several aspects of pearl
oulture briefly outlined above. Primarily,the results
of research carried out at CMFRI since 1972 have been
incorporated under different chapters, This includes
results already published and those which are given for
the first time. The chapters have also reviewed the
relevant literature from outside India, particularly the
publications from Japan.
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MORPHOLOGY AND ANATOMY OF INDIAN PEARL OYSTER

T. S. VELAYUDHAN! AND A, D, GaNDHI

INTRODUCTION

In India, great sirides had been made in the techno~
logy of culture pearl production from the Indian pearl
oyster Pinctada fucata (Gould). For achieving satis-
factory results in the production of culture pearl, it is
absolutely essential to have a precise knowledge of the
morphology and anatomy of the animal in view of
the fact that the mantle and the gonad play a pivotal
role in the production of good quality pearls. Herdman
(1904) has given an excellent and detailed account of
the anatomy of the Indian pear]l oyster. Hynd (1955)
and Kuwatani (1965 a, b) have also contributed to
our understanding of the morphology of the pearl
oysters from Australian and Japanmese waters, in
addition to throwing light on the functional role of
the digestive and reproductive organs. Based on a
number of dissections made on the oysters of the
Tuticorin rogion, the present account on the anatomy
of the most important systems of the pearl oyster is
presented in the paper.

PTERIDAE AND ASSOCIATED FAMILIES

The Indian pearl oyster Pinctada fucata belongs to
the family Pteridae. It differs from other bivalves in
possessing a lorg and straight hinge. The long axis
of the shell is not at right angle to hinge. The left
valve is usually deeper than the right. There is a
byssal notch on cach valve at the base of the anterior
lobe. The colouration of the periostracum varies ;
often brownish with radial markings (Rao and Rao,
1974).

In the genus Peria, a member of the family Pteridae,
the shell is much longer than high, the outer surface
smooth and conspicuously scaly and the hind angle

1 Present address : CMFRI, Research Centre, Tuticorin-628 001,
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is always definitely prolonged, often greatly so. This
prolongation usually appears as a definite wing-like
expansion marked off from the rest of the shell by an
oblique elevated area extending from the umbo to the
hind lower margin.

The species belonging to the family Ostreidae are
generally characterised by very much reduced foot.
Byssus gland is absent. Gills are fused to the_mantle
and the shells are fixed to the substratum by the left
valve which is larger than the right one. '

In Pinnidae, the Pinna shells are broadly triangular
in shape. The posterior margin is truncate or convex-
rounded. The valves are very high and thick or rather
thin or fragile. Valves are franslucent and of light
horn-brown to dark purplish brown colour. 8 to
17 radial ribs, which are sometimes scarcely visible,
are present.

In Mytilidae the shell is inequilateral with umbo
situated either terminally at the anterior end or sub-
terminally, very close to it. The anterior adductor
muscle is always much less strongly developed than the
posterior (anisomyarian condition). Modiolus spp.
(weaving mussels) usually 11 to 70 mm in length,
attach themselves to substratum by means of byssus
threads. The shell is thin, transparent, semitransparent
or opaque ; margins clevated, arched or straight and
colouration with hairy periostracum.

Species OF PEARL OvySTERS
Pinctada chemnitzii (Philippi)
The anterior and posterior ears are well developed

and the convexity of the valve is much less. The
valves are yellowish-brown with about a few or more

PEART. CULTURE



whitish cream yellowish markings from the umbo to

the margin of the shell and the growth processes are
rather broad. The non-nacreous border -is brownish
without any conspicuous blotches, :

P. sugillata (Reeve)

The hinge is very much shorter than:the widest
anterio-posterior axis of the shell, The convexity of
the right shell valve is moderate. The colouration of
the shell is dark grey with a tings of brown. Pos-
teriorly the nacreous border as it meets the hmge hne,
presents a wavy course, .

P, margaritifera (Lmnaeus)

. Teeth are entirely absent from the hinge margin,
Antenor border of the body of shell extends far
in advance of the anterior ear lobe. Shell valves are
moderately convex. The concentric laminaze on the
external surface of the shells are conspicuous in young
animals., The nacreous layer is iridescent, silvery and
distally sooty black in colour. Because of the dark
marginal colouration this species is called * hhok-hp
pearl oyster.

P, anomioides (Reeve) |
.The posterior ear and posterior sinus are absent

The right vaive is nearly flat but the left is moderatoly

convex. Externally the valves are translucent. - Fainf
radial markings are present. The nacrecus region is
well developed and its posterior border meets the hinge
at right angles.

P. atropurpurea (Duoker)

This species is disti ngmshed. from the previoys species
by its copper red colouration, thinner and more trans-
luoent valves and the posterior nacreous border meeting
the hinge at an acute angle.

P. maxima (Jameson)

" This species does not possess denticles on the
hinge. The valves are more flat and less hollowed out
than in P mgarinfera The hinge is larger than in
P. margaritifera. However, in the adult, the posterior
portion of the hinge is not prominent as in- P,
chemnitzii.  The valve is less rounded than in P
margavitifera. The cardinal portion may be coloured
in 2 dense manner, dark brown, or purple, sometimes
with spots of the same colours, but mostly deeper
shades,

P, fucara (Gould)

" 'The left valve is deeper and more coricave than the
right. The valves are more or less rounded in outline
with flattened dorsal edge ending in pro;aotmg wings
or auricles in front and behind,
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DESCRIPTION OF THE SHELL OF P, FUCATA

The shell is thin, about 1.5 mm thick over the greater
part of its extent, and lired by an exceedingly briltiant
layer of nacre or mother-of-pearl. The outer side of
the shell is usually marked by 6-8 radiai bands of reddish
brown colour on a pale yellow background. The
growth processes or projecting imbricating I[amellae,
which arise from the external surfaces of the shells
are laid down by the animal at successive intervals at
the distal border. The anterior ear is larger than in
the other species. The non-nacreous border on the
inner surface of the valves possesses brownish or reddish
patches coinciding with the extermal rays. The
nacreous areas of the ears relative to the rest of the
shell decreases with age slightly.

Immediately below the hinge line, the posterior
border is frequently indented by a sinus markirg of the
area of the shell known as the posterior ear, where the
sinug is deep ; the posterior ear is relatively large. The
byssal groove is short, forwardly curved depression
on the external surface. of the right valve running from
the umbo to the byssai notch.

The large adductor impression is placed subcentrally
occupying § to 4 the diameter of the shell The
pallial line and scars caused by the insertion of the
pallial muscles are fan-shaped bundles formed of fibres
radiating outwards. Usually there are 12-15 inser-
tion scars between the umbonal region. Besides these
distinct scars, is & narrow continuous insertion band
confluent with the posterior and ventral edges of the
adductor scars. Its scar merges with that of the adduc-
tor scar. The hinge line is a narrow edge and runs
along the greater part of the straight dorsal -edge ;
elongated narrow ridge-like lateral teeth are present as
paired elevation of the nacre of the hinge line, posterior
to the ligament.

The shell is composed of three layers, the outer,
middle and inner. The very thin outer layer is un-
calcified cuticular ° periostracum’, an extremely
delicate horny layer which allows the colour of the
layer below to show through and becomes worn off
in old shells. At free margin of the shell the perios-
tracum is very thin, transparont and extends beyond
the calcareous matter and reflected to join the surface
of the ectoderm cells of the mantle edge in the longi-
tudinal groove where it is secreted,

The middle or prismatic layer of the shell shows a
cellular structure being formed of calcareous prisms or
columns running transversely to the surface and appear-
ing polygonal in section, The prismatic layer is
deposited by the mantle epithelium near the free edge

3



just behind the margin which forms the periostracum
and many such layers of fusion may be formed succes.
sively, each new one inside the last, as the shell grows.
The inner layer is the nacre formed of numerous deli-
cate lamellae of the organic matrix conchiolin and
talcareous matter. It is transparent under microscope
having fine granular appearance in surface view.

GENERAL ORGANISATION OF THE ANIMAL

Manile

The mantle secretes all parts of the shell, The free
edge of the mantle lobes is thickened, pigmented and
fringed with branched tentacles. The pallial edge of
the mantle is attached to the shell, a little away from
the margin, Each pallial lobe may be divided into
three parts : the central, distal or muscular and marginal
mantle. The central pallial area extends from the
middorsal line to the pallial ling, where the shell is
marked with muscle scars. At the points of attach-
ment of the adductor, the retractors, the levators and
pallial muscles the tissue of this part of the mantle is
soft, mucoid and opalascent white in colour, The
distal or muscular area is translucent and capable of
considerable contraction by its muscles and extension

2 3 4
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1 17
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Fiws. 1. Pinctada fucata with right shell remoed.

1, Mantle lobe, 2, Mid-dorsal line, 3, Right levator
of foot, 4. Left anterior levator of foot, 5. Right anterior
levator of foot, 6.Oral aperturs, 7.Byssus, 8, Pallial
muscles, 9. Converged end of pallial muscles, 10. Outer end
of pallial margin, 11, Papillae of middle lamellas of pailial
margin, 12, Adductor muscle, 13, Pallial fold, 14, Exhalent
orifice,  15. Left mantle lobe, 16, Right retractor of foot,
and 17. Foot,

by the influx of blood into the large sinus it contains.
It is formed of a thick layer of loose connective tissue
traversed by nerves and blood space and by the radiat-
ing fan-like bundles of pallial muscles (Fig. 1, 8).
This region is sensitive to foreign particles.

The marginal region or mantle edge is chiefly a
thickening which endsin two thin membranous folds
with pigmented papillate edges (Fig. 1, 11). The outer
fold bearing digitate papillae is in the same place as
the inner surface of the shell and forms the true pallial
edge. The inner fold which bears the flattened pal-
mate papillae, which may be called the pallial veil or
velum projects inwards at right angles from the mantle
edge, so that the veil of one pallial lobe stretches
towards that of the other, The inhalent aperture is
somewhere about the middie of the ventral surface,
while the exhalent aperture is at the posterior end
opposite the opening of the anal funnel and supra-
branchial chamber. The exhalent aperture is broadly
ovoid or almost circular. Along the posterior margin
of the body, from the pallial fold (Fig. 1, 14) upwards
to the posterior end of the hinge, the papillae of the
veil become greatly reduced in size and simpler in form
and in the region of the posterior auricle of the sheil,
they approach in character those of the pallial margins
(Fig. 1, 10). The free pallial margin together with
the velum, is in most cases deeply pigmented, dark
grey and the degree of pigmentation varies in yellows
and browns,

The ciliated pallial path

The inner surface of the pallial lobe is ciliated, but
at the ventral truncate edge of the labial palps, a
specially marked ciliated path begins which passes to
the base of the velum, parallel with which it runs until
it reaches the anterior wall of the pallial fold where it
passes over the velar edge by means of a slight folding
of the latter. The cilia of this pathway are in conti-
nuous Mmotion, by which means the unsuitable particles
collected by gills are sent forwards but rejected by the
palps and counveyed away and passed out from the
pallial fold.

The inner surface of the outer mantle fold

The free surface of the columnar epithelial cells of
the outer mantle fold is provided with numerous
microvilli,
The outer surface of the middle fold

Large numbers of ciliary epithelial cells with micro-

villi are arranged zonally or in.a cluster along the
longitudinal line over the middle region of the mantle

fold,
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Foot

The foot (Fig. 2, 1} is a highly mobile, tongue-shaped
organ capable of great elongation and contraction.
It arises from the anterior region of the visceral mass
nearly midway between the mouth and the intestinal
lobe and the anterior branchiae flanking it on either side,
The major part of its bulk is composed of network of

Fie. 2. Respiratory excretory and terpoductive
systerns of Pinctada fucora,

1. Fmts 2. Byssus Elalld. 3. R-oot; 4, Pedal groove,
5. Adductor muscle, 6, Retractor, 7, Left anterior levator,
8, Muscular ctenidial axis, 9. Gonad, 10. Reno-genital
aperture, 11, Efferent branchial vein, 12. Afferent branchlia
vein, 13, Anal process, 14, Byssus, 15. Retractor,
16, Pericardial gland, 17. Nephridium, 18, Gill,
19. Ctenidial axis and 20. Right posterior levator. - '

fibres running in various directions thus ensuring a
wide range of movement and it is so extensively pene-
trated by blood spaces that the organ is highly control-
lable. T

Byssus gland

The byssus gland organ (Fig. 2, 2) is lodged at the
proximal end of the foot upon the ventral aspect. The
byssal gland lodges the common root (Fig.'2, 3) of a
bundle of stout laterally compressed bronze green
fibres, the byssal threads., Each fibre of the byssus
anchors the pearl oyster to rocks and other objects by
means of a discoid attachment at the distal extremity,
The anterior edge of the mouth of byssal gland passes
into the pedal groove (Fig. 2, 4) extending medially
along the whole of the remaining length of the ventral
surface of the foot. ' '
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MUSCULAR SYSTEM

The pearl oyster is monomyarian, possessing only
the posterior adductor (Fig. 2, 5) the largest and the
most important muscle in the body.

Adductor muscie _ :
The adductor muscle stretches transversely across
the body from valve to valve. It is a massive wedge-
shaped bundle. The narrow end points upwards and
lics immediately behind the ventricle of the heart.
The terminal part of the rectum runs in the middle
line along the posterior surface. Two distinct regions
of the muscles are obvious ; one, a narrow tendonous
strip made up of white glistening fibres forming the
posterior border and the other, broad and massive
semitransiucent fibres occupying the remainder of the
mass .The power exerted by the adductor in bringing
the valves together by its contraction is very consider-
able with rapid action resembling ratchet mechanism,

The retractor

The retractors of the foot are a pair of symmetri-
cally disposed muscles lying in the horizontal plane
of the body (Fig. 2, 6). The V-shaped muscles origi-
nate from the byssal gland. The ends are attached to
the right and left valves without making a separate
scar on the nacre.

Levators

The levators of the foot are four, two anterior and
two posterior (Fig. 2, 7). Bach of the anterior pair
has its insertion at the apex of the umbonal recess of
its respective valve passing vertically downwards on
cither side of the mouth spreading laterally, fan-like
as they go. The left anterior levator is stronger and
by contraction of the strong cord of fibres, the food is
drawn over the left side of the valve which is convex
and more spacious. The posterior levators are two
short insignificant bundles (Fig. 2, 20) which originate
high upon the anterior levator, exactly on level with
the mouth passing through the visceral mass to be
attached to the valves behind the anterior levator scar,
The contraction of the anterior levator (Fig. 2, 7)
causes the foot to be retracted and dorsally raised
The intrinsic muscles of the foot are diffused forminga
muscular enveloping sheath in the foot, with ill-defined
muscle bundles passing from side to side, providing a
framework wherein ramify the tubules of the digestive
glands. The branchial muscles cause the shortening
of the gills and withdrawl of their posterior extremities,
They run within each ctenidial axis (Fig. 2, 8) from
end to end, close to the dorsal edge.” There are also
muscle bundles running longitudinally down each side
of the principal filaments, '



Pallial muscles

The pallial muscles (Fig. I, 8) are all retractors,
and together constitute the orbicular muscle of the
mantle, They are a series of fan-shaped muscles
radiating towards the mantle edge from a number of
insertion cenires (15-18) of various sizes arranged semi-
circularly. Together these form the well marked
pallial line of scars on the shell, With the exception
of heart and the somewhat indistinot appearance of
striation on the larger portion of the adductor, the
muscle fibres throughout the body are non-striped.

DIGESTIVE SYSTEM

The ozsophagus (Fig. 3, 2), stomach (Fig. 3, 3) and
the greater portion of the intestine lie within the
viscero pedal mass. Two horizontal lips conceal the
aperture of the mouth. The labial palps (Fig. 3, 4)
are smooth on the surface, turned away from the mouth
and grooved on the opposed faces enclosing the mouth
aperture. The mouth (Fig. 3, 1) is a large, slit like
depression placed transversely between the anterior
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F1G. 3. Digestive system of Pirctada fucata.

1. Mouth, 2. Oesophagus, 3. Siomach, 4. Left
outer labial palp, 5. Left inner labial palp, 6. Crystalline
style, 7. Liver, 8. Digestive diverticula, 9, Descending
portion of intestine, 10. Ascending portion of intestine,
11. Rectum, 12. Anal process and 13, Byssal gland,

levator muscles of the foot. The cavity contracts
inwards to the narrow width of the short conducting
tube, the so called oesophagus, which is straight, dorso-
ventrally compressed and ciliated. The hinder end
opens into the anterior end of the stomach which is an

8

organ of surprisicrg elaboration. Folds and depres-
sions diversify the walls and floor of the stomach and
break them into definite areas. 1In life, it is too delicate
and too intricately united with the surrounding tissues
to be dissected free. The tissues consist largsly of
greenish brown masses often termed as liver (Fig. 3,
7) (which have no resemblance to that organ in the
vertebrates) or better termed as digestive diverticula
{Fig. 3, 8). Dense clusters of secreting alveoli open
into ductules and these larger ducts lead into the cavity
of stomach. The most conmspicuous portion of the
stomach is a slightly projecting vertical fold arising
from the posterior wall marking out the cardaic stomach
into a right and left chamber. This fold disappears
towards the roof where it is smooth and unbroken,
except for a well marked pit. The wide bipartite
opening into the intestine and intestinal casccum marks
the binder end of the pyloric chamber. A peculiar
{gelatinous) rod flattened and oblique occupies a sub-
ceniral position anterior to where the postero-ventral
fold disappears midway along the floor. To the right
of this area of the dendritic plate is a ridge with a furrow
running up to tbe antero-lateral bile duct. A deep
rugose-sub-oesophapgeal pit is well marked, anterior
to the dendritic plate and high upon the right lateral
wali. The posterolateral furrow leads from the
posterolateral duct towards the intestinal aperture.
On the left side, a short anterolateral fold lies between
the preintestinal depression of suboesophageal pit.

There are eleven terminal ducts opening into the
intestine-—(g) anterolateral duct, (#) posteroiateral
duct opening in posterior third stomach, (c) the postero-
ventral duct, () three subventral ducts, (¢) two pre-
intestinal ducts opening withip preintestinal depression
and (f) three small suboesophageal ducts below the
oesophageal aperture.

. The head of crystalline style projects out of the sac
where it is formed and across the cavity of the stomach
where it bears against an irregular area of cuticle
bearirg a projecting tooth, known as the gastric shield.
This area is not ciliated.

The intestine may be divided into three sections
of approximately squal length namely the descending,
the ascending portion and the rectum (Fig. 3, 9-11).
The first portion passes ventrally through the posterior
part of the visceral mass. Then it passes behind the
base of the byssal gland and between the two pedal
retractor musocles wherefrom it changes its direction
curving forwards and downwards to the visceral mass
passing on as ascending branch. A longitudinal fold
projects inwards from the anterior and one from the
posterior wall of the descending intestine. The apices
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of the two folds are so close together at the lower third
so as to form two distinct tubes. The larger cavity is
completely filled with a clear gelatinous solid oylinder,
the crystalline style (Fig. 3, 6). The narrow tube on
right side is the true intestine, the wider left being the
sheath of the crystalline style which is imperfectly
separated from the anterior portion of intestine with
which it communicates by a longitudinal cleft. The
upper end of the style certainly projects into the
stomach.

The valvular folding of the intestingl ridge gives
eatrance to the ascending intestine which curves back-
wards along the base of the visceral mass to the left of
the descending intestine (Fig. 3, 9). The ascending
portion crosses to the right at the posterior extremity
of the ventral surface of the visceral mass where the
two intestinal divisions intersect. The intestinal loop
thus formed is the visceral loop. From the point of
intersection the ascending intestine turns sharply up-
wards, running parallel with and closely adjacent to the
upper part of the descending portion (Fig. 3, 10). The
portion of the intestine forming the second limb of the
visceral loop is continued into it as a somewhat undu-
lating ridge disappearing midway, At the point where
this diversion of the intestine assumes a dual course,
an increase takes place in diameter, side by side with the
appearance of a long longitudinal fold-typhlosole,
projecting from the anterior wall, curving over to the
posterior side of the tube, then running vertically up-
ward without further change of course. Longitudinal
furrows channel the surface. As it approaches the
level of the floor of the stomach, the typhlosole thins
down rapidly to a low ridge, and, the intestine itself
then curves postenorly in the direction of the heart.
This change in direction and thinning of typhlosole
marks the beginning of rectum.

The rectum (Fig. 3, 11) runs posteriorly through the
upper part of the pericardium. Beyond this it curves
ventrally and passes round the posterior aspeot of
adduoctor muscle in the median line, ending in an erectile
ecar-like provess, the anus, situated opposite the
exhalent orifice of the mantle. The anal process (Fig. 3,
12) is comparatively larger and slightly ocurved. It
stands out at right angle to the last section of the reotum,
and the tip is directed posteriorly, The anal aperture
is situated at the base on the ventral aspect.

RESPIRATORY SYSTEM

The gills (Fig. 2, 18) consist of four crescent shaped
plates, two half gills on each side which hang down
from the roof of the mantle cavity like book leaves,
They rvepresent a series of ciliated sieves the whole
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constituting a feeding surface of utmost efficiency.
Two rows of long delicate branchial filaments (Fig. 2,
19) are inserted at right angles along the whole length
of the axis or vascular base which extends from the
ventral border of the palps anteriorly ourving round
ventrally and posteriorly to a point opposite the anus
with its convexity first forwards and then downwards.
Where they terminate the mantle lobes of the two sides
are briefly united by way of the inner mantle folds thus
dividing the mantle cavity into a large inhalent chamber
containing the gills and 2 much smaller exhalent
chamber, Water enters by the one and leaves by the
other. The outwardly directed parallel filaments of
each series are folded upon themselves, so that they are
V shaped, the folding being in such a way that that
external filaments tuen outwards and internal inwards,
Consequently each branchial plate furrow of the double
filaments, consists of two lamellae, the direct and the
reflected, which enclose narrow interlamellar space,

The common base of each ctenidium is a vascular
attached ridge reaching from the anterior end of gills.
Hollow outgrowths, inter-lamellar junctions, contain-
ing branches from the afferent vessels convey blood
from the axial trunk to the base of reflected lamellae.
The blood enters certain of the individual filaments,
flows outwards to the free margin, passing over to the
direct filaments returning inwards to the branchial or
ctenidial axis (Fig. 2, 19) where it joins the different
vessel by openings along each side.

Neighbouring fllaments are joined by continuous
organic union mainly at the lower and the upper ends
of the reflected filaments, where there are longitudinally
running blood vessels. Elsewhere the filaments are
joined chiefly by the interlocking stiff cilia of the large
ciliated discs which occur at intervals, throughout
their length. The rormal function of the ordinary
cilia on the branchiae is to create a curreat of water.
which enters the pallial chamber and passes over and
through the branchial lamellae so as to purify the blood
flowing in the filaments and to convey the food particles
to the mouth. Yonge (1960) has elaborately dealt
with the mechanism of the food movements to the
palps from the water current thus set up.

CmMCULATORY SYSTEM

This consists of a heart with a series of arteries which
lies above the adductor, being contained in a pericar-
divm (Fig. 4, 1) and consisting of & single ventricle
(Fig. 4, 2) ard a pair of contractile thin walled auricies
(Fig. 4, 3), onc on each side. They receive blood
from the body by way of the gills and the mantle, and
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pass it to the ventricle. Back flow is prevented by
valves. There it is driven by contraction into the
anterior and posterior aorta (Fig. 4, 5). The latter is
short and serves the adductor, rectum and the anus ;
the rest of the body is supplied by the anterior aorta

which gives off 2 series of minor arteries (Fig. 4). These
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Fia, 4. Circulatory systemy of Pinctadn fucata,
1. Pericardium, 2, Ventricle, 3. Auricle,

"4, Anterior gotta, 5. Posterfor aorta, 6. Posterior pallial
artery, 7. Hepato pedal artery, 8 and 9. anterior pallial
artery, 10, Pedal artery, 11. Efferent branchial vein,
12, Afferent branchial vein, 13, Visceral artery,
14, Anterior hepatic artery, 15. Posterior hepatic artery,
16. Upper labial artery. 17. Lower labial artery,
18. Right mantle lobe and 19. Gill,

open into the sinuses or blood spaces in which blood
slowly circulates, The aorta finally communicates
with a pair of large blood vessels that run around the
margin of each mantle lobe. Deoxygenated blood is
collected in veins (Fig, 4, 12) which carry it either into
the gills or excretory organs, Blood flows round the
organs and is purified by removal of waste products of
metabolism. From the kidney it is pumped into the
marginal vessel of the mantle by a pair of accessory
hearts. Finally blood from the mantle together with
that from the gills returns to the heart through efferent
branchial vein (Fig. 4, 12) by way of auricles, The
blood is colourless,
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EXCRETORY SYSTEM

The excretory system consists of the paired nephridia
and numerous small pericardial glands (Fig. 2, 16)
projecting from the walls of the auricles. The
nephridia (Fig. 2, 17) consist of two large symmetrical
pouch-like sacs oceupying either side of the hirder half
of the viscero<pedal mass. Each opens into the peri-
cardium by a wide duct and to the exterior by a minute
pore. They intercommunicate by a wide channel
beneath the auricles, I outlines each is roughly
triangular, the apex passing into the channel under
the auricle, while the elongated base looks towards
and forwards coinciding with the base of the anterior
third of the gill of that side, and thus conforming to the
inclination of the gilt.

The outer wall of the nephridium is thin and mem-
branous ; it is fused with the body wall, as is also the
most amterior portion of the inver wall, namely, that
strip extending from the base of the gill to the viscero-
pedal mass. From this line it runs back, overlying and
ip contact with the hinder part of the gonad, gradually
narrowing as it approaches the auricle.

The external renal aperture is 2 mipute oval opening
with a sphincter muscle. It opens immediately below
the genital aperture within an inconspicuous lipped
slit placed at the junction of the inner plate of the inner
gill with the visceral mass at a point about midway
between the ventral border of the latter and the base
of the faot.

Each nephridium consists of a glandular and non
glandular portion. By separating the right and left
ctenidia and reflecting each, the glandular region is
seen as narrow, elongated coloured strip, yellow or
pale brown or even dark dull red, bordering the anterior
part of the inner base of each giil. It consists of spongy
tissue, occupying the anterior angle formed by the
meeting of the inner and outer walls of the- organ, and
the secretion passes from the cavernous chambers of
the glandular region directing into the spacious cavity
of the main or non-glandular portion.

The passage connecting the right and left nephridia
lies beneath the auricles. It is a wide tunnel with thin
membranous walls, bounded behind by the lower part
of the pericardium. While in front its wall lies against
the visceral mass below it fuses with the body wall and
so forms part of the root of the adductor embayment
of the suprabranchial chamber. The renopericardinal
tubules are a pair of wide lateral prolongations of the
precardiac part of the pericardium, thinwalled and.
membranous and directed forwards. Each gradually
narrows towards the anterior end where it opens into

PEARL CULTURE



the nonglandular part of nephridium of its own side.
The aperture is a curved slit, with the concavity facing
towards the ventral aspect. It has but one lip, the tube
opening at a very acute angle. It is situated upon the
inner wall of the nephridia. A small area around is
tinted with brown pigment. The presence of accessory
pericardial glands on the walls of auricles is said to
have excretory function. These glands are dark brown
in colour. The lower or auricular end of the peri-

cardium is also glandular. Its epithelium is thrown .

into folds formed of granular vacuoolated cells of the
same character as those of the nephridium,

NEervous SYSTEM

The laterally symmetrical nervous system has three
pairs of galglia (1) the cerebral ganglia at the sides of the
oesophagus, (2) the pedals joined to form a single
ganglion at the base of the foot and (3) a pair of large
visceral or parieto-splanchnic ganglia lying upon the
anterior surface of the adductor.

The stout paired cerebrovisceral connectives (Fig, §, 1)
link the cerebral with the parieto-splanchnic ganglia,
while a pair of cerebro-pedal connectives (Fig. 5, 4)

F13. 5. Nervous system of Pinctada fucata.

1, Cercbro-visceral connective, 2, Cerebral
ganglion, 3. Cerebral commissure, 4, Cerebropedal
connective, 5. Pedal ganglion, 6. Visceral ganglion,
7. Branchial nerve, 8. Posterior patlial aerve, 9. Visceral
commissure, 10. Adductor muscle,  11. Right mantle.
12. Left inner gill and 13, Right inner giil.

join the cerebral with the pedal nerve mass. The
oerebral ganglia are supra-oesophageal in position, and
a nerve cord or commissure passing over the oesophagus
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connects the two cerebral ganglia (Fig. 5, 2). A single
stout transverse visceral commissure forms the two
parieto-splanchric ganglia (visceral ganglia) (Fig. 5, 6).

The cevebro-visceral connectives taking tbeir rise at
the posterior end of the cerebral ganglion, each passes
backwards and downwards bound within the visceral
mass till it merges opposite the upper angle of the base
of the foot. Then it passes ventrally over-laid by the
renal sinus entering the tissue at the base of the gills.
It turns slightly forwards still passing ventraily and ends
in its respective parieto-splanchnic ganglion. The
cerebral ganglion of each side gives off anteriorly a stout
nerve, the anterior common pallial. This passes for-
wards, bifurcating. The outer branch (external pallial
nerve) runs along the pallial edge, uniting and anasto-
mosing with the corresponding external pallial branch
of the postetior common pallial trunk. The lateral
palps and otocysts are ‘innervated by the cerebral
ganglia.

The cerebro-pedal connectives arise from the
posterior and outer sides of the cerebral ganglia and
run downwards within the visceral mass just behind the
levator muscles of the foot to the pedal ganglion. They
lie close together in their course, Three principal
nerves arise from the pedal ganglion (Fig. 5, 5) which
innervate the foot and the byssal gland. Each of the
visceral or parieto-splanchnic ganglia receives from
above the stout cerebro visceral connective, the two
ganglia being themsclves united by a single transverss
visceral commisure (Fig. 5, 9). Each ganglion also
gives off two stout distributory nerves an anterior
lateral and a posterior lateral. Each branchial nerves
(Fig. 5, 7) leaves the ganglion at the anterior lateral
corner, turns down into the base of the gills and then
backwards to the posterior tips following the afferent
vessels. The posterior pallial nerves (Fig. 5, §) emerge
from the posterior end of the visceral ganglion ; from
the base of each, a stout nerve passes straight back till
it reaches the pigmented pallial semse organs of its
respective side, a little anterior to the anus,

The common pallial trunk passes backwards and out-
wards bifurcating ; the external branch, the larger,
is the externat pallial nerve. The inner branch follows
a median course but divides, The outer of the resultant
perves becottes the median pallial nerve; the inner
internal palligl merve. By the ramification of these
three nerves in the muscular marginal region of the
mantle and by their anastomosing a complex network
of nerves termed °pallial plexus’ is formed.
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REPRODUCTIVE SYSTEM

The sexes are separate except in occasional cases,
The gonads are paired but asymmetrial ; they form a
thick envelop covering the stomach, liver and the first
two sections of the intestine, connecting a greater part
of the outside of the proximal portion of the viscero-
pedal mass (Fig. 3, 9). The gonads do not hide the
byssal gland, When the viscero-pedal mass is viewed
from the right side of the byssal gland it is seen as a
broad band reaching from the base of the foot back-
wards to the right retractor muscle. This band appears
to divide thé right gonad into a larger part dorsally
and a ventral smaller portion. No portion of the re-

productive glands extends into the foot proper or inte
the mantle, :

The male and female gonads are practically indis-
tinguishable. Both are creamy yellow in colour. The
male gonad in some cases is rather paler than the female.
The gonads, testes or ovaries as the case may be, consist
of branched tubuli with myriads of succate caeca, the
alveoli. The spermatozoa and ova develop in these.
The accumulated ripe gametes fill these alveoli and
tubuli and later pass into three trupnks which converge
into one just within the external genital aperture (Fig, 2,
10), This opens immediately dorsal to the renal
aperture of the same side,
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BIOLOGY OF PEARL OVSTER PINCTADA FUCATA (GOULD)

INTRODUCTION

Comprehensive account on the biology of the Indian
pearl oyster, Pinctada fucata (Gould) has been wanting.
Age and growth of pearl] oysters of the Gulf of Mannar
was studied by Herdman (1903), Hornell (1922), Deva-
nesen and Chidambaram (1956), Chacko (1970) and
Chellam (1978). The age and growth of the pearl
oysters of the Gulf of Kutch was studied by Gokhale
et al. (1954), Narayanan and Michael (1968) and
Pandya (1975). Chellam (MS) has traced the growth
of the pearl oyster from the settlement of the spat in
the hatchery, whose day of spawning is known, to
the age of three years, reared in the farm at Tuticorin
Harbour. '

Study on the food and feeding habits of the pearl
oysters in Indian waters is scanty excepting the work of
Herdman (1903) and Chellam (1983). Ota (1959 a
b, ¢, d) has studied in detail the feeding habits of
Pinctada martensii from Japan with particular reference
to seasonal changes, nuclear insertion and -different
conditions of culture grounds, Kuwatani (1965 a, b)
has traced the anatomy and function of the stomach of
the Japanese pearl oyster and the feeding mechanisms
with reference to passage of charocal particles in the
digestive systems.

Not much is known about the reproductive biology
of the pear] oysters in the Indian waters excepting the
work of Herdman (1906), Hornell (1922 8) and Chacko
(1970). Cahn (1949) and Uemoto (1958) have found

a relationship to exist between temperature and spawn.

ing in oysters of the Japanese waters. Tranter (1958
¢, d) observed biannual spawning in the Australian
pearl oysters, :

Present addvess * CMFRI, Reseatch Centre, Tuticorine-628 00f.
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A, CHELLAul

MATERIALS AND METHODS

The study on the growth of pearl oyster was based
on periodic measurement of pearl oysters under culture
(Chellam, 1978). Chellam (MS) has used spat pro-
duced in the hatchery to trace growth over a period of
three years. The dorsoventral measurement indicated
the length, taken monthly, on the averages of 30.50
oysters, The weight was the averages of 30-50 oysters
belonging to different batches grown in the Harbour
farm, whose day of spawning was known,

Chellam (1983) had preserved the pearl oysters
immediately afier collecting them from the natural
beds and farms, in $9 formalin and the stomach and
intestine were examined qualitatively for their contents,
He had fed experimentally with the laboratory reared
pearl oyster larvae to find out the fate of the larvae
ingested,

. To study the reproduction of pearl oysters in the farm
at the Tuticorin Herbour (Gulf of Mannar), monthly
samples of at least 30 animals were collected and
analysed during the period January 1980 to December
1981. The length (DVM), thickness and weight were
recorded. The left valve of the oyster was removed
by cutting the adductor muscle of the side along the
shell, After nothing the colour and fullness of the
gonad visually, the stages of maturity were confirmed
through smear. The gonad follicles were anastomi-
sing in nature, covering most of the dorsal and ventral
surfaces, penetrating into the visceral mass extonding
upto the labial region wher fully mature. The viscera
was removed from the right sheil and preserved in
Bonin's solution for 48 hours. The gonad was trim.
med from all other tissues and transforred to 709
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(V/V) ethanol for storage. It was then dehydrated,
embedded in paraffin, sectioned at 7 microns and stained
with Delafield’s haematoxilin and counter stained with
eosin.

AGE AND GROWTH

At the farm at the Krusadai Island, Devanesen and
Chidambaram (1956) have found the rate of growth of
spat of five months and above to be 5%. As the age
increases, the rate of growth decreases., The growth
was 45 mm at the end of one vear, 55 mm at the end
of two years, 60 mm ax the end of three years, 65 mm
at the end of four years and 70 mm at the end of five
years, The weight of the oyster was 10 g, 30 g, 45 g,
60 g and 70 g at the end of first, second, third, fourth
and fifth years. Chacko (1970) came to similay con-
clusions by observations on natural populations in
the pearl banks of Tuticorin during 1954-57. Chellam
(1978) has found the growth of the pearl oysters to
be moderate in the shaliow water farm at Veppaledai.
The growth increments were greater from September
to January when the quarterly mean temperature was
28.47°C and salinity 31.48 %,.

The age and growth of pearl oysters of the Gulf of
Kutch, based on the number of growih rings on the
shells, was studied by Gokhale er @/, (1954), Narayanan
and Michael (1968) and Pandya (1975). In the Guif
of Kutch, the pearl oysters, Pinctada vulgaris (Schu-
macher) (= P. fucata) grew vigorously in winter months
when the temperature varied from 23°C to 27°C and
growth ceased in summer (Gokhale er al, (1954).
The relative increase batween age and lingar measure-
ments was studied by Narayanan and Michael (1968)
and the growth in lengih (height) was found to be 44.05
mm, 61,68 mm, 76,20 mm, 81,62 mm, §5.15 mm and
86.65 mm at the end of first through sixth year.

Chellam (MS), while tracing the growth of Pincrada
Jucata produced in the hatchery and grown in the farm
at Tuticorin Harbour, found the spat to attain 8 mode
of 47,0 mm at the end of first year, 64,5 mm at the end
of second vear and 75.0 mm gt the end of third year.
The estimated von Bertalanfly growth parameters were
Loc =79.31 mm, K =0.07557, to ==0.44 months, The
corresponding weights at ages 1 to 3 years were 8.3 g,
3.6 g and 454 g respectively. The length-weight
relationship was found to be a curvilinear one and was
different for the first, second and third year geoups of
oysters, The equations derived were ;

Log Y = — 2.5430 + 1.9477 LogX —1 Year
Log ¥ == —7.0902 + 47532 Log X — II Year
Log Y = — 2.5827 + 2,2629 Log X — JII Year
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where X = dorsoventral measurement (fength) in mm
and Y = weight in g.

The observations on the increase in length (dorso-
ventral axis) is in conformity with the growth observed
in oysters of the Gulf of Kutch (Narayanan and Michael,
1968), The increase in weight is in agreement with
that observed at the farm at Krusadai Island, Gulf
of Mannar by Devancsen and Chidambaram (1956)
and the observations at Tuticorin (Chacke, 1970).

FooD AND FEEDING

Herdman (1903) noted unicellular organisms includ-
ing infusorians, foraminifers and radiolarians to form
largely the food of pearl oysters. Inclusion of minute
embryos, larvae of various animals, algal filaments,
spicules of alcyonarians and sponges was also seen
in the stomach of peari oysters. Ota (1959 d) has
seen bivalve larvae inthe stomach content of the Yapanese
pearl oysters which were simijlar in size to that of the
swimming bivalves in summer months, Chellam (1983)
has reported the presence of diatoms, flagellates, larvae
of lamellibranchs, gastropods, heteropods, crustacean
nauplii, appendages and frustules of copepods, spicules
of sponges and unidentified spores, algal filaments,
detritus and sand particles in the stomach and intestine
of P. fucata collected from the farm. The oysters
collected from the natural bads were also found to
contain the same organisms in their stomach and intes.
tine. The size of the straight-hinge larvae found in
the stomach measured 57.5 to 115 u in length and
that of the umbo larvae ranged in size from 162.5
to 2325 u in length., The sizes of the planktonic
lameflibranch larvae preseat in the farm area were
close to those of the larvae found in the stomach of
the pearl oysters.

By experimental feeding of starving pearl oysters
with straight-hinge larvae, Chellam (1983) found that
within 45 minutes all the larvae in the water had been
filtered and ingested. The larvae, ejected as pseudo-
faeces, were found entangled in mucus. The faecal
matter extruded within 2 hours contained larvae alive.
The trochophore larvae of 5 hours old, when fed,
passed through the pseudofaeces and faeces and, if
separated from the mucus and reared, developed fur-
ther. The larvae retained in the stomach for more than
two hours were either dead or feeble and inactive,

Korringa (1952) after studying the feeding methods
of lamellibranchs, concluded that they are a wasteful
feeder, Only part of the material ingested can be
digested, No evidence of selection of food is found

PEARL CULTURE
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and the actively feeding oyster appears to ingest any-
thing that it can take in. Some micro-organisms
found in the stomach are not digested and emerge
from the oyster unchanged, often alive, These larvae
very rarely succeed in freeing themselves from the
mucus and organic deiritus they are wrapped in and
therefore are doomed to perish.

REPRODUCTIVE BIOLOGY

In P. albina, Tranter (1958 ¢) has divided the gonadial
stages into stages of development and stages of regres-
sion. The stages in development is subdivided into
five stages and the stages in regression into three,
This was felt to be too elaborate and overlapping for
the oysters of the Gulf of Mannar and hence the modi-
fied version of Alagarswami (1966), Walter (1982)
and Brousseau (1982) is followed in the classification
of gonad stages in P, fucata, in this paper. Based on
the external appearance and also microscopic exami-
patien of smear and gonad sections, gonad develop-
‘ment in pearl oyster, P, fucata is divided into five stages.
The stages are described below based on the gonad
development in the female,

Stage | : Inactive[spent resting

The gonad shrinks completely and becomes translu-
cent. In some case, it is pale orange in colour. Large
vacuolated yellow (fat) cells present in the interfollicular
space, The sex is mostly indeterminate, Undetec-
table minimal gonad development may start in this
stage (PL. I A, B).

Stage 2 : Developing/maturing
The transparent nature of the resting gonad is lost.

The gonad becotes distinguishable from other viscéral

tissue. Gametogenetic materials begin to appear in
the gonad. As the stage advances, the gonad begins
to branch a little along the posterior side of the retractor
muscle and advances to the anterio-dorsal region.
The gametes begin to proliferate along the follicle wall,
In advanced stages, the interfollicular space becomes
reduced and in females, the lumen of the follicle may
contain some free eggs also. Most of the oocyies
(78%) are irregular in shape and without germinal
vesicle (nucleus). The average size of the oocyte is
60.0 x 47.5 p and the germinal vesicle, if present, is
20.0 = (PL. I D).

Stage 3. Mature

The gonad spreads on to most of the vxsceral tmsues
It is mostly vellowish cream in females. A little prick
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- are few and 987, of them are spherical,

on the gonad makes the gametes to ooze profusely.
In females, the lumen of the follicle is filled with free
and enlarged oocytes, Some of them are attached to
the follicular wall. Majority (657%) of the oocytes
are pyriform in shape. The average size of the cocyte
is 68.0 X 50.0 u with a well defined germinal vesicle.
The average size of the nucleus is 25 4 (PL I E).

Stage 4 : Partially spawned

The gonad becomes loose and the visceral epnthehmn
becomes dull. The follicle shrinks with the reduction
of the gametes in the'lumen. The oocytes are free and
found along the follicular wall. Most of the oocytes
(62%) are spherical and nucleated. The average size
of the oocyte is 51.7 u. Externally, this stage has
similarity to stage 2 (P, II B).

Stage 5: Spent

The gonad shrinks further with a few left over gametes
in the lumen of the follicles, Ruptured follicles are
seen in some cases and the lumen some times contain
ruptured cellular materials, The oocytes, if present,
The average
size of the oocyte is 54.5 u (PL. IT D).

The foregoing description of the spent stages applies
to the animals which have recently undergone oogenesis
only. Otherwise they will transform to the spent
resting stage quickly. In males also the same pattern
of reproductive activity takes place. In stages 2 and
3, the colour of the gonad is pale cream (Plate 1, Fig.
C, E). In other stages of oogenesis, the gonads of
males and females appear similar externally (Pl II

A, Q).

SEASONAL DISTRIBUTION OF MATURITY STAGES

Table 1 gives the monthwise percentage distribution
of the maturity stages of pearl oyster in the Tuticorin
Harbour farm for the period from January, 1980 to
December, 1981, The development of gonad appears a
continuous process and there does not seem {o be
any time lag in transformation from stage to stage.
Analysing the data, it was seen that the seasonal distri-
bution of different maturity stages can be better ex-
pressed by combining the five stages into three cate-
gories, The developing/maturing and mature stages
are combined to represent gonmad development, the
partially spawned and spent gonads to represent gonad
regression and the spent resiingfinactive gonad. Fig,
1 depicts the gametogenic activity of the oysters in the
Harbour farm based on the above catcgones of classi-
fication,

Pt



SEX Ratio

In the farm, the inactive, maturing and mature
gonads were represented almost in a)l the months of

The distribution of sex among the different size

groups of pearl oysters farmed at the Tuticorin Harbour
is given in Table 2. In the smallest size group (16-20

mm) with developed gonads, 63.2% were females.

the year. The partially spawned and spent gonads
were present throughout, excepting a break in February

aad May, 1980 and April-May and September 1981.

The percentage of resting/inactive gonads was less

But in the group 16-25 mm, the sexes were equally

during March-May and September-October (1980)
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Only in the large size groups examined

(56-65 mm), the females dominated (57.2%). In
size groups 26-55 mm the males dominated (62.7%).
On the whole, the male-female distribution among

The gonad differentiation began in the spat (produced

the 452 pearl oysters ranging in length from 16-65
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“in the hatc'het‘y and reared in the farm) of seven months

old and in another month the gonad was sexually
mature. They spawned when they were nine months
old.

TasLe 1. Percentage frequency of gomad stages in oysiers of
Tuticorin Harbour farm for the period 1980 and 1981,

——

Percentage frequency of gonad stages

Year/month
! (9] ) () “) 3)

P : 8.7 6.2 40.0
Jan 29.8 15.3 . . K
Feb% 43,6 42.8 100 .. 3.6
March 2.3 7.0 44.0 12.0 4.7
April 2.5 18.0 49.5 6,0 24.0
May 5.3 120 69.0 3.1 10.0
June 20.0 . .. 60.0 20,0
July 18,9 10.0 54 30,0 357
August 26.5 3.0 28.0 1.0 35.5
September 14.3 . 5.7 8.0 720
October 6.8 43.2 9.5 30.3 10.2
November 20.3 10.2 30.5 17.0 22.0
December 30.5 7.8 28.7 9.0 24.0

1981
January 20.0 . . 75.0 5.0
February 16.0 35 16,0 50.¢ 14.5
March 36.0 22.0 24.0 8.0 10,0
April 8.0 16.0 76.0 . ..
May 40 36,0 320 8.0 ‘e
June o 4.0 60.0 300 6.0
July 370 130 —_ — 500
August 680 40 40 .. 240
September — 167 83.3 —_ -—
October 20,8 333 250 20.8 —
November 400 160 8.0 6.0 300
December 16.0 8.0 50.0 — 26.0

TaBLE 2. Sex distribution among different size groups of pearl
oysters in the Tuticorin Harbour farm.

Length ran; No. of No. of %  No.of %
(rnm) it oysters  males females
16—20 .. 19 7 (36.8) 12 (63.2)
2123 . 1 18 58.3) 13 (42.0)
26—30 .. 23 13 (5635 10 (43.5)
31—35 . 4 22 64.7) 12 (35.3)
36—A40 .. 33 2 66.T) 11 533.3)
41—45 .o M 21 61,4} 17 (38.6)
4650 e 72 46 63.9; 26 536,1)
51—55 e 84 53 63.1 3 36.9)
-56—60 L e 62 2 (43.5) 35 (56.5)
61—65 . 50 21 (420) 29  (58.0)
SEX REVERSAL

The mature males and females were separated through
.smear examination and reared separately for a period
of 10 months, The oysters were narcotised to observe
the gonads, Periodic examination of the gonads of
these oysters showed that there was sex reversal in’
these oysters (Table 3), The reversion from male to
female was noted on three occasions and from female
to male on one occasion. One male reverted its sex
wice. EAN
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TanLe 3. Sex reversalin pearl oysiers.

Date No.of No,of Male— Femalo— Dead
males females femaks  male
2821980 .. 48 26 - - =
11- 61980 .. 36 26 1 - 1
5- 81980 .. . 33 23 3 - 14
7101980 .. 27 20 - 2 10
3121980 .. 21 19 5 — 4

INFLUENCE OF ENVIRONMENTAL PARAMETERS ON
REPRODUCTIVE CYCLE OF PEARL OYSTERS

Table 4 gives the environmenta]l parameters that
prevailed at the Tuticorin Harbour farm during 1980
dnd 1981, In Fig. 2, the temperature, salinity and pH
during the years is depicted. From the Figs. 1 angd 2,
a relationship is found to exist between the temperature
and the gametogenic activity (gonad development)
and spawning (gonad regression) in oysters of the
Harbour farm, During 1980, the percentage frequency
of the spawning and spent gonads (gonad regression)

" was high in January, (46 %), June (80%), July (65.7%)

August (42.5%) and September (80%). In December,
oysters with gonad development and gonad regression
were somewhat equal, ie, 33 percent and 36.5 per cent
respectively, During 1981, higher percentages of gonad

TaBLe 4. Environmental data of the Harbour farm (1980 and 1981).

Year/month Temp. Salinity Clarity pH  Rainfall
(g 9] (opt) . (m) {mm})
1980 -
January v 252 31.84 1.00 8.15 —
February 60 3330 1,50 850 —
March 28.8 3402 @ 1.5¢ 8.20 —
April 30.5 34.89 1.75 817 M4
¥ a4 35,38 2,00 3.15 —
June 29.0 3548 0.50 115 -
Fuly 26.7 3492 1.50 7.82 —
- August 27.0 34.55 1.00 7.90 1.2
September 28.1 34.10 100 800 179
Qctober - 29.7 .36 0.40 765 88.8
November 29.2 34,11 1.25 7.85 240.%
December 26.4 3253 075 8.05 2031
1981
January 26.% 31.93 1.2% 8.10 0.3
February 271.2 32.10 2.87 8.12 202
March 2948 3.9 2,28 793 163
April 3140 3335 223 810 185
May 30.60 3394 2.30 800 246
June 27.33 M7 2.05 7194 138
Iuly 27.84 31.89 .18 8.03 34
August 2675 3385 194 807  —
2905 3399 2.78 8.04 415
October 2910 3376 312 8.07 S58.7
November 2813 1T 3.64 139 340
December 26.47 801 282

3116 4389




regression was noted in January (80%), February
(64.5%), Yuly (50%) and Novembzr (36%). During
the period of ginad regression in the years 1980 and
1981, a corresponding lowering of water temperature
(Table 2) was also seen. Majority of the gonads were
in the developmental stages during February (51.7%),
March (51%), April (67.5%), May (81%), October

for this parameter in pear] oyster reproduction or other
environmental conditions, A rainfall of 240.5 mm
and 203.1 mm was recorded in November and Decem-
ber, 1980 at the Harbour area with a continuous rain
in low intensity till December, 1981 which was respons-
bile for the comparatively low saline condition in that
year,
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Fig, 2. Monihly averages of salinity, temperature and pH in the Tuticorin farm (1980 and 1981).

(51.7%) 1980 and April (92%), May (88%), June
(649)), September (100%), October (58.3%) and
December (589) 1981. During the corresponding
months,the surface temperature was found to be high
(Table 2),

~ The salinity range in the Harbour was not much
(Table 2), Like temperature, though not pronounced,
biannual peaks were noted (Fig. 2). The major peak
was during May-June (1980 and 1981) and the minor
one during October-Novembar (1980) and September-
Octobar (1981). The salinity may also play a combined
role with temperature in the gonad development and
spawning. In both the years, the peaks fzll more or
less close to that of temperature. The pH ranged from
_7.65t0 8.50, However, no relationship could be noted

i8

DscussioN

Earlier works on pearl oyster reproduction from
different parts of the world confirm Orton’s Rule
that ‘if temperature conditions are constant or nearly
so and the biological conditions do not vary much,
animals will breed continuously’. Herdman (1906)
and Hornell (1922 a) have reported two peaks of
spawningin Sri Lankan and Indian pearl oysters; during
May-July and November-January in the former and
April-May and September-October in the latter. The
peaks of spawning coincided with the southwest and
northeast monsoon periods. According to Chacko
(1970), spawning takes place in all the months of the
year, In Japan, the spawning occurs when the water
temperature reaches 25°C and pH. 7.8 (late June to early

PERAL CULTURR



August) (Cahn, 1949). In the Ago-Bay (Japan), it
continues from June to middle of July (Uemoto,
.1958). In Australian waters also, the P. albina breeds
continuously throughout the year but most activey in
April-May when the sea temperature begins fo fall
(Tranter, 1958 c). In P. margaritifera the major
spawning was in early January and late July and the
lesser spawning in other months (Tranter, 1958 d).

In the Tuticorin Harbour (Gulf of Mannar), two
peaks of spawning, during June-September (1980)
and December (1980) February, July-August and Novem-
ber (1981) were observed. A slight reduction in tem-
perature had triggered the spawning in both the years
of observations, The increase in water temperature
had resulted in gonad development., The range in
salinity and pH was not much in the farm area and
their influence on the maturity and spawning of the
farm oysters, if any, was not known. Tranter (1958 b}
has noted highest frequency of ripe gonads in warmer
months and highest frequency of spent gonads in cooler
months, Most rapid decrease in gonad ripeness
(spawning) coincided with the decreasing sea tempera.
ture, Lesser spawning occurred during other months
of the year. Ripe gonads were presemt throughout and
therefore spawning was possible throughout the year.

‘P, margaritifera to be 73%.

The sex ratio of 604 animais of 3 and 4 years old
was 56:44 in Japanese waters (Uemoto, 1958), In
the Harbour farm, among the 452 animals ranging in
lengih from 16-65 mm, males dominated when they
were below 55mm, The oversll sex ratio was 57 :43.

Pinctada albina sexually matured within the first 6
months (Tranter, 1958b). In the Tuticorin farm, the
P, fucata was mature within 8 months and spawned
in the ninth month, From the natural bed, the smal:

-lest oyster with mature gonad was 15,5 mm in

length,

Cahn (1949) reported the maximuym sex change in
Tranter (1958c) has
observed 17 sex changes, 7 protandric and 10 proto-
gynic, within a period of 15 months in P. albine. He

.observed that protandry dominated the sexuality of all

oysters and that the succession of phase continued

‘season by season, Uemoto (1958) noted 13 herma-

phrodite animals having spermatozoa in the ovaries
which were in the process of sex reversal. Ia the
oysters from the Harbour farm, in a period of 10 months,
19 protandric and 2 protogynic reversal of sex was
observed. A maximum of 30% of them changed the
$¢X on one occasion, '
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SOME ASPECTS OF PHYSIOLOGY OF PEARL OYSTER

INTRODUCTION

Pearl oysters of the genus Pincrada occur in different
environments, from the intertidal zone to shallow
coastal waters as well as at depths of 12-23 m as on the
pearl banks of Gulf of Mannar. A knowledge of the
physiological characteristics of pearl oyster is necessary
for successful rearing in the farm as well as for pro-
duction of quality pearls, Realising this, several
studies have bzen carried out on the physiology of
Pinctada fucata of the Japanese seas. Itoh (1976) has
studied the relation of oxygen consutiption and
ammonia nitrogen excreted in the adult oyster to body
size and water temperature. Cahn (1949) has reported
the role of oxyg:n during conditioning of the pearl
oyster P. martensii. The influence of low saline water
on growth and mortality of P. martensii and quality
of cultured pearls has been studied by Katada (1959).
In India there have been only a few studies on the
physiological aspects of pearl oyster. Variation in the
metabolic rate of P. fucata and P. sugillata collected
from two different environments has been studied by
Dharmaraj (1983). Alagarswami and Victor (1976)
have reported the salinity tolerance and rate of water
filtration in P. fucata, Seasonal variation of bio-
chemical constituents of pearl oyster in the Gulf of
Kutch has been reported by Desai ef al, (1979). The
results on oxygen consumption and salinity tolerance
already published (Dharmaraj, 1983; Alagarswami
and Victor, 1976) are briefly summarised. Other
observations are reported for the first time in this paper,

MATERIAL AND METHODS

For the biochemical investigations pearl oysters
(45-60 mm in dorso-ventral measurement) were collected
from pearl banks of Gulf of Mannar. The soft
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parts were dried immediately in oven at 80°C to
constant weight, and the water, glycogen, lipid and
protein contents were delermined. Glycogen was
estimated by the method of Oser (1954) and followed by
Umbreit et al. (1959), lipid by extraction with a mixture
of methanol chloroform (Bligh and Dyer, 1959) and
protein by semimicrokjeldahl method (Bock and
Benedict, 1915). The biochemical constituents of the
homogenised animal (without shell) and also of specific
organs such as the gonads, hepatopancreas, adductor

muscle and mantle in different phases of reproduction
were estimated.,

Pearl oysters for the experiments on salinity tolerance
and rate of filtration were obtained from the natural
beds off Tuticorin coast inthe Guilf of Mannar (Alagar~
swami and Victor, 1976). Seawater of experimental
salinities was prepared by adding freshwater to normal
seawater for dilution and adding fresh common salt
collected from the salt pans for increasing the concen-
tration. In all, 16 experinmtents were carried out in the
salinity range of 14.01%, to 57.99%, with larger inter-
vals of about 4%, to 5%, nearer the normal salinity and
smaller intervals of about 1%, to 2%, nearer the-
extremes. The neutral red technique of Cole and
Hepper (1954) was employed to study the rate of
filtration. The optical density of the solution was read
out in a photocolorimeter (Alagarswami and Victor,
1976).

The rate of oxygen consumption was estimated by
Winkler's method and expressed in terms of ul
of Ogfhour, The post-oxposure rate of oxygen con-
sumption was estimated based on wet tissue weight in
varying femperature from 260°C to 29.4°C (mean
27.9°C). P. sugillata from pearl banks (21.8-54.0 mm)
and P. fucata from pearl culture farm (30.0-54.5 mm)
were used for anaerobic study (Dharmarai, [983).
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BIOCHEMICAL CHANGES IN PINCTADA PUCATA
ASSOCIATED WITH REPRODUCTION

Water

The water content in the pearl oyster P. fucata was
more than 70 9 in the total tissue as well as ir individual
organs like gonad, hepatopancreas, adductor muscle
and mantle. The mantle had a high percentage of
water, being 81.999% wet weight in immature stage,
86.39 % in maturing stage, 85.37% in ripe stage, 84.16 %
in spent stage and 85.85% in resting stage (Table 1),

TaARLE 1. Percentage of waler content In tissues of

Pinctada fucata
Water content {
Organ )

Imma- matu- ripe Spent resting

ture ring
‘Fotal tissue . 81,13 7994 7950 8210 8141
Gonad o 41 W05 TR TIes 7595
Hepatopancreas .. 7690 7391 70.88 7042 70.76
Adductor muscle .. 7910 79.14 73355 7490 74.01
Mantle .. Bl99 8639 8537 8416 B5BS
Glycogen

The glycogen level increased sharply from 2.649%
to 22.51%; in the total tissue and from 6.99% to 22.79%,
in the adductor muscle from maturing to spent stage.
It declined in the resting stage to 13.93 % and 12.23%
in the total tissue and adductor muscle respectively
indicating low metabolic energy demand. Durirg
gametogenesis glycogen level rose in gonad from 2.63%
to 11.65%, in hepatopancreas from 3.91% to 10.349;,
in adductor muscle from 6.999 to 22.79% and in the
mantle from 1,919 to 9.97%. In all the organs the
glycogen content declined after spawning. The data
show accummulation of glycogen reserves in all the organs
during gametogenesis and utilization during spawning,
Accumulation of glycogen and lipid showed similar
trend in the gonad, hepatopancreas and mantle. Bio-
chemical changes during reproductive cycle in P. fucara
are shown in Fig. 1.

Lipid

In the case of lipid the individual organs did not
show wide variation in different stages of reproduction.
The level increased gradually in the organs till ripe
stage. In the gonad it increased from 3.61%; to 8.65%,
in the hepatopancreas from 4.97% to 8.22% and in the
mantle from 3.18% to 5.60%. In the adductor muscle
the livid level remainad almost constant, There was
a close relationship between the levels of glycogen and
lipid during the reproductive cycle both showing similar
trend except in the adductor muscle,
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Protein

The protein content was over 50% in the individual
organs during maturation of gonads. It declined
sharply in the total tissue from 93.43% ir immature
stage to 66.81 % in spent stage and increased in resting
stage. In hepatopancreas the level came down to
51.22% from 79.659% between the immature and spent
stages and increased to 78.029% in resting stage. In
contrast, the protein content of the mantle increased
steadily from 60.69% in immature t> 82.26% in spent
stage and decreased to 76.67 % in the resting stage. In
gonad and adductor muscle the pattern of protein level
was similar showing an increase from 62.91% to 66.67%,
in the former and 68.99%; to 79.19% in the latter during
maturation and a decline when the gonad was in fully
ripe condition (56.10%; to £9.20%) ir the respective
organs, : C

ENERGY STORAGE AND UTILISATION

Requirements of reproduction

Growth results when energy gain is in excess of
energy expenditure. When the energy acquisition is
less, endogenous reserve is- used upfor mainterance
metabolism of the body. Bivalve molluscs may
regulate individual components of energy balance in
order to maximise net energy gain. Food availability
fluctuates in nature with peaks and troughs. - There-
fore, a common response is to lay down reserves like
carbohydrate, lipid or protein during the periods when
food is abundant for later utilization, In most marine
bivalves glycogen is the major carbohydrate storage
reserve. The adductor muscle is a storage organ for
glycogen. The steady increase in glycogen level in
adductor muscle from §.999; in the maturing stage to
22.79% in the spent stage is related to maturation- and
spawnilg processes. A similar rise noticed in the
gonad from 2.63% to 11.65% might be attributed to
the requirements of high gamete output, During
gametogenesis glycogen in the hepatopancreas also
increases from 3.91% to 10.34% which may be
mobilised to other organs, The glycogen cyole in the
mantle is similar and ranged from 1.91% to 9.97%
whicy may be utilised for maintenance metabolism.

Lipid is another source of energy available for various
metabolic activities. In all the organs the variations
in Tipid level closely resemble those of glycogen levels.
Among the organs, the gonad showed high percentage
of lipid (3.61% to 8.65%) d.ring maturation which is
mostly utilised for gametogenesis. In the case of adductor
muscle, as it had high glycogen for its activity, the lipid
level remained unchanged throughout the reproductive
cyole. Storage and utilisation of lipid in the mantle
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and hepatopancreas are associated with mataration of
gonads. When the energy demands for gametogenesis
are more, the maximum growth efficiency is less. In
some molluscan species reproduction is not initiated
until somatic growth ceases, while in others growth con-
tinues after the age of first maturity but an increasing
proportion of surplus energy is utilised for gameto-
genesis (Bayne and Newell, 1983).

Glycogen utilisation during starvation

Dwring the periods of starvation the metabolic energy
demands must be met from endogenous reserves.
Weight loss indicates utilization of energy reserves for
maintaining body metabolism. In P. fucara the gly-
cogen content decreased considerably during different
stages of starvation as shown below :

Starvation duration Glycogen %
Day 0 . 2523
Day 7 .- 21.66
Day 14 . 8.07
Day 21 .. 1.66
Day 28 .. 1,32

The level of glycogen showed 14% reduction after
7 days of starvation, 68 % after 14 days, 769% after
21 days and 97.75% after 28 days of starvation, The
study showed that P. ficata relies to a large extent on
their glycogen reserves during starvation.

OxYGEN CONSUMPION

The results of experiments on oxygen consumption
as reported by Dharmaraj (1983) are summarised here.
The rate of oxygen uptake of pearl oyster varies in
accordance with the size, physiological state and
environmental conditionsr. Oxygen consumption of
P. fucata collected from the pearl banks at a depth
range of 12-23 m and of P. sugillata from the pearl
banks as well as from the nsarshore waters (depth 0.5-
1.5 m) was estimated. In P. fucata oxygen consump-
tion of the size group 40-50 mm was 1,339 ulfh, 50-60mm
1,650 plik, and 60-70 mm 1,810 pih, The rate of
oxygen consumption of P, sugillata (from pearl banks)
of the size groups 20.30, 30-40, 40-50 and, 50-60 mm was
255, 345, 588 and 1,045 pl/h respectively and P, sugillata
(from nearshove waters) of the size groups 10-20, 20-30,
30-40, 40-30, 50-60 and 60-70 mm was 618, 828, 510,
879, 1,170 and 1,361 p!/h respectively, It has been noted
that P. sugillara of similar size groups collected from
two ecologically different conditions exhibited
differences in metabolic rate. :

4

Post-exposure rate of oxygen consumption

P. fucata tested for oxygen consumption were kept
out of water for different durations such as 6, 9, 12, 18,
21, 24 and 30 hours and the post-exposure rate of oxygen
consumption was estimated on wet tissue weight basis
in varying temperature from 26.0°C to 29.4°C (mean
27.9°C). Oysters exposed for 9, 12 and 18 hours showed
higher rate of oxygen consumption during the first
hour on reimmersion and normal rate of consumption
was observed from second hour. P. fucata exposed to
6 and 21 hours showed less rate of consumption during
the first hour itself on reimmersion. On return to
seawater after 21 hours of exposure the oysters closed
their valves partially throughout the experiment,

Conditioning time and shell activity

The conditioning time, ie., the time taken by the
shellfish to open valves on immersion, in the case of
freshly collected pearl oysters ranged from 2 to 65
minutes, whereas the oysters exposed to air for 9 to 21
hours took 0 to 15 minutes, The amplitude of shell
activity of nonexposed oysters was accelerated below
ambient oxygen concentration. A minimum shell
activity was recorded in normoxic conditions, At
lower oxygen level the shell opened to a maximum
extent, thus exposing the gills fully to the medium.
The oysters in well aerated seawater kept their valves
open only narrowly.

Tolerance limit in anaerobiosis

P, fucata was found to be less tolerant to anaerobic
condition than P. sugiliata. Mortality of the former
in anaerobic medium set in early from 19th hour, In
the case of P. sugillata from nearshore water the morta-
lity began from 24th hour. P. sugillata from the pearl
banks were found to tolerate upto 27 hours of
anacrobiosis.

Exposure 1o air

P. fucata exposed to air for 21 hours showed 100%
survival at the end of the period but at the end of 24
hours they showed very little shell movement and died,
During exposure, oysters showed shell activity upto a
period of 18 hours and it ceased on further exposure.

SALINITY TOLERANCE AND RATE OF FILTRATION

The results of study on salinity tolerance and rate of
filtration reported by Alagarswami and Victor (1976)
are summarised here. The pearl oyster, a truly marine
form, has been found to tolerate a wide range of sali-
nity from 249/, to 50%;, for short durations of 2-3 days
under experimental conditions. The estuaries and
adjoining marine realms along the Indian coast are
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influenced by the enormous discharge of river water
during the monsoons and are subject to salinity
fluctuations,

Experiments on salinity tolerance were conducted
in the following salinities (%,) 14.01, 1503, 1595
16,99, 19.02, 24.03, 26.05, 29.03, 34.05, 38.05, 42,97,
45.00, 50.07, 52,08, 55.09 and 57.99. In normal sea-
water with 34,059, salinity all the oysters opened
immegiately on immersion. In dilutions the average
conditioning time showed variations from 16 min. in
26.05%, and 22 h 10 min in 14.01 %,. The oysters opened
within the 1st hour in the salinities of 29.03, 26.05 and
24,03%,, during the 6th hour in 19.02%, and in I9th
hour in 15,03 and 16.99%.. On the other hand, in
higher concentrations the conditioning time showed a
narrow variation from 12 min in 50.07%, and 4 h
45 min in 57.99%,. Inthe lowest salinity of 14.01%,
the oysters did not open during the first day but re-
mained open for considerable period during the second
day. In dilutions of salinity from 15.03 %, to 16.99 %,°
the oysters remained open only for a short time during
the first day, but for a longer duration on the second day,
Between salinities of 19.02 and 29.03%,,, the oysters
remajned open for 47 to 939 of the duration on the
first day itself. In the immediate higher salinity con-
centration of 38.05 to 45.00%, the oysters remained
open for 58 to 999 of the time on the Ist day itself,
Tn the salinity range 50.07-57.999;, the oysters showed
a decrease to 27.33%, of the time during the first day
and in 52.08%, the duration was 72%,. In this higher
range of salinity the oysters remained open for 78 to
100 % of the time during the second day. Shell activity
was maximum jn the normal seawater, In dilutions
and in higher salinities the shell activity decreased
gradually,

The rate of mortality was 100% among the oysters
kept in the salinity of 57.99, 55.0%9 and 14.01%,, 67%
in the salinity of 52.08%,, 50% in the sainity of
15.03%, and 109 in the salinity of 15,95%,.

The rate of filtration was studied in the salinities of
13.98, 19.90, 24.10, 34.23, 43.97, 49,90 and 56.96°%,.
Filtration was maximum in mnormal seawater being
33.79% at the end of 1 hr, 52.19 at the end of 2 hrs,
76.1% at the end of 4 hrs and 92.6%; at the end of 8 hrs.
In the two salinities of 13.98 and 19.9%, the rate of
filiration was poor, bzing 13.7%; and 22.9 % respectively
at the end of 4 hrs, In the salinity of 24.1%;, filtration
was 51,39 at the end of 4 hrs. In the higher salinity
of 56.96%,, the removal of neutral red was 41.8% at
the end of 4 hes and in 43.97 94, it was 49,59 forthe same
duration. At 49.9 %, the removal was 53.7% at the
engd of 4 hrs.
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The mortality rate at the end of 48 hrs was 3 out of §
oysters in the salinity of 19909, and was total'in the
salinities of 13.989%, and 56.96%,. In other salinities
there was no mortality. :

Byssus FORMATION

Byssus is secreted by the byssal gland and assembled
by a specialised region of the foot. It consists of threé
parts : the root, stem and disc. The root is deeply
embedded in the base of the foot and resembles an
artist’s paint brush. It consists of small fibres of
flesh colour which emerge from different points and
converge to form a single stem, The arrangement
of small fibres facilitates b:tter anchorage. Attached
to the root is a tanned acellular stem which is thick
green in colour and forms a thread. The disc at the
end of the thread is meant for adhesion to the
substratum,

When a new thread is formed, the foot is extended
out of the shell with the tip touching the substratum,
During this quiescent period, components of the thread
are secreted into the byssal groove and moulded there
in the form of a thread by muscular contractions. Afier
a brief time in this position the animal withraws thy
foot allowing the new thread to remain attached.

Formation of byssus thread in the spat and adultg
upto 30 mm in size (DVM) was rapid. When the

byssus threads were detached, immediate extrusion of
foot was seen leading to the formation of new byssus

thread, even during day time. In the oysters of 30 mm
and above, though their threads were detached they did
not extrude the foot during daytime, Movement and
attachment of these oysters took place mostly during
night.

Some oysters with byssus threads in situ first cjected
the existing threads and developed fresh threads. In
other cases attachment was seen even before the old
byssus threads were cast off. Byssal attachment takes
place always with the right valve down to the substratum,
Among oysters of 20.0-25.3 mm, 30,0.36.79, attached
within § hrs during day time and the rest during night.
But among those of 33.5-54.2 mm, none attached
during day and 78.8-93.8% attached during night.
The number of byssus threads in oysters ranged 10-28,

DisCUsSION

In most marine bivalves the major biochemical
components such as glycogen, lipid and protein are
chiefly related to reproductive cycle. In Mytiluy
edulis the seasonal cycle of storage and utilisation of
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glycogen is closely linked to reproduction (Bayne, 1976).
The biochemical components of the pearl oyster
P, fucata showed a definite pattern of changes in the
individual organs during different reproductive phases.
The trend in glycogen levels indicated a uniform pattern
in the gonad, hepatopancreas, adductor muscle and
mantle, The increase in the glycogen content during
gimetogenesis was kept up till spawning time, Vahl
(1981) reported that mature individuals store more
glycogsn and this is done at the expznse of rapid growth.
Desai ez al, (1979) reported that in P. fucata of Gulf of
Kutch glycogen and lipids are stored during prespawning
period and they decline in posispawning season.
Presence of high glycogen content in the adductor muscle
showed its glycolydic nature. According to Surya-
parayanan and Alexander (1971) the slow muscle of
Lamellidens corrianus has 2 low glycogen and high
lipid content than the fast muscle and it may utilise
lipids as the main fuel for oxidative metabolism.

Mane and Nagabhushanam (1975} attributed the low
lipid content in several bivalves to their sedentary way
oflife and their capacity tosurvive anaerobic conditions,
In the present study the lipid-in the adductor muscle
of P. fucata was low and was maintained almost constant,
Probably the high glycogsn content in the muscle may
provide energy for oxidative metabolism during acti-
vity. Zaundee et al. (1980} sugg:sted that in Mytilus
edulis lipids are the main source of enegy production
in growing mussels and may be utilised during gameto-
genesis, Voogt {1972) found that all bivalve species
investigated by him are able to syathesise fatty acids
from acetate, Teshima and Patterson (1981) showed
that the American oyster, Crassostrea virginica is able
to synthesise sterols from acetate, In P. fucara the
trend of quantitative changss in glycogen and lipid
was the same. It is probible that they are associated
with the reproductive cycle.

Starvation experiments showed lipid to bs the most
important reserve in C. gigas (Riley, 1976). ‘Nagabhu-
shanam and Dhamne (1977) reported that in Paphia
laterisulea lipid contents remained constant afier
starvation for twelve days, glycog:n content decreased
and water con‘ent increased. Small individuals with a
relatively low glychg:n reserve increase considerably
their protein catabolism during starvation, whereas
larger individuals rely to a greater extent on their rela-
tively high glycogen stores (Bayne, 1976)., In our
study the glycrg:n content of P. fucata declined pro-
gressively during different stagss of starvation. The
reduction in the glycogen level has gone to the extent
of 97.75% after starvation for 28 days,
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The biochemical components of the byssus thread
are derived from various exocring glands in the foot,
These glands are named as (1) white or collag:n gland,
(2) mucous gland, (3) phenol gland and (4) accessory
gland (Brown, 1952; Allen er al., 1976). From the
functional point of view the collagan gland secretes the
major fibrous components of the thread (Vitellaro-
Zuccarello, 1980). The gland secretes a substance
that may promote the funciion of a colloidal gel when
mixed with other components (Tamarin et al., 1976).
The phenol gland produces the adhesive substance for
the disc as reported by the same authors, The role of
the accessory gland is not known.

The byssus of Mytilus and Modiolus appears to con-
tain collagen as sugg:sted by the high glycine content
and presence of hydroxyproline. As the pearl oyster
Pinctada alba has high glycine 242 residues per 1000,
the presence of collaga:n in the fibres is indicated.
Stary and Andratschke (1925) showed that the material

in Mytilus and Pinng byssus threads was a sclerotised
protein,

The average dissolved oxygen content in the bottom
water of pearl banks was 4.37 ml/l and that of the pearl
farm in harbour 4.77 mlfl. P. sugillata collected from
these two areas showed variation in the rate of oXygen
consumption, The oysters from the pear! banks
exhibited low metabolic rate characteristic of benthic
species. Further the oysters from the pearl banks
withstood anaerobic condition for 27 hrs whereas
the same species from nearshore waters could tolerate
only for 24 hrs. P. fucata survived upto 1%h hrs,
in anaerobic medium, The species withstood 21 hrs of
exposure to air. | is probable that in aqueous
medium the metabolic end products might readily be
released which in turn caused deleterious effect on the
oysiers, Korringa (1952) reported similar feature in
Gryphaea virginica. Ina practical situation, P, sugillata
were transporied to a distance of 1,896 km from Tuti.
corin to Dhauli in a duration of 43 h without mortality
by covering them with wet jute piece but occasionally
immersing them in seawater. The survival time of
wedge clam Donax cuneatus exposed to air at room
temperature (30° C) was found to be 69 h and that of
D. faba in the same conditions 94 hrs (Rao and Kutty,
1968).

-In P, fucata the oxygen consumption of the size
group 40-50 mm was 1339 plfhr of 50-60 mm 1650 pl/ht
and of 60-70 mm 1810 ul/hr. Oxygen tension of the
medium should be ascertained while conditioning the
oysters before nucleus implantation for pearl production.
The information on the relationship batween the shell
gaping and oXygen temsion in the medium has much
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value in the controlled culture of oystersinthe labora-
tory, The measure of shell gape has been recognised
as an indicator of the level of oxygen in the medium
and it is inversely proportional to oxygen level.

Experimental results on salinity tolerance and the low
saline conditions observed in Veppalodai farm showed
the range of salinity which the pearl oyster could survive
(Alagarswami and Victor, 1976). The tolerance limit
of P. fucata appears to extend over a wide range of
24 and 50%, at least for 2-3 days. Katada (1959)
found that the unoperated oysters remained unaffected
in the density ranging from 6.53 to 21.90 during the
first 24 hrs, whereas the operated oysters could remain
so only for the first 12 hrs, He concluded that the density
of 15,00 which is nearly equal to a salinity of 20.65%;,
was the safe limit for the Japanese pearl oyster. Accor-
ding to Alagarswami and Victor (1976) a salinity of
about 249, appears to bz the safe limit in dilutions
for P. fucata of Gulf of Mannar. The European

mussel Mytilus edulis occurs in salinities ranging from
30 to 10%, and even as low as 4%, in some arcas
and the American oyster Crassostrea virginica lives for
‘weeks at salinities just above freshwater (Gunter ez al.,
1973).

In C. virginica a sharp reduction in salinity fiom 27
to 20, 15,10 and 5%, decreased the pumping rate
to 24, 89, 91 and 99.6 %, respectively for approximately
6hrs after transfer (Loosanoff, 1953). Decreased
filtration rate has been observed in the pearl oyster in
lower salinities and it is less than 259 in salinities of
149, and 20%, even after 4 hrs, In Meretrix casta
the rate of filiration was adversely affected both at
low and high salinities (Durve, 1963). In the clam
the filtration rate remained fairly high even at salinities
of 45 and 56%, and bacame erratic at 64%,. In
P. fucata the rate of filtration was high in the higher
salinity range,
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INTRODUCTION

The importance of pearl fisheries in the Gulf of
Mannar and the unpredictability of annual fishery due
to the disappearance of oysters from beds or failure
in oyster spat settiement over the banks have stimulated
pearl oyster experts in the past to devote considerable
attention to find out the probable causes, Kelaart
(1859), Herdman (1903-1906) and Hornell (1905, 1913,
1916 and 1922) have contributed much to our knowledge
about internal or external relationships of the pearl
oyster with one kind of animal or other in the same
habitat, besides some valuable information on the
anatomy, reproductive biology and growth of oysters
in the beds, Where observations on the associated
fauna and flora, their distributional abundance and the
topographical features of the banks are concerned
Mahadevan and Nayar (1967, 1973, 1974 and 1976)
have given useful data and information based on their
direct underwater observations by SCUBA diving,
Thus the main line of investigations had bezen to look
at the problem from the angle of possible predation
of oyster stock by bottom dwelling fishes, and other
animals and competition for space and food by cohabi-
ting organisms or seasonal settlers. The effect of sand-
drift over the banks, the role played by water movement
and current in the dispersal of the planktonic larvae of
pearl oysters, the failure of oyster banks to reproduce
on account of predominant homogenous populations
during certain years were also advanced by earlier
workers (Malpas 1929, Devanesan and Chidambaram
1956). Thus these studies on oyster tended oaly to
touch the fringe of the problems of synecology.

It is now clear that studies on integrated ecology
are necessary since the ecological set up of the pearl
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oyster habitat is intricately connected with a variety of
factors or combination factors. Although some investi-
gations had bxéen dome in previous years in selected
segments of the Gulf of Mannar relating to the producti-
vity, plankton and hydrography these have not been
decisive enough to arrive at any conclusion about the
extent of their exact influence on the pearl oyster
biology and reproduction. Some of our knowledge
on these factors relates to the Japanese and Australian
species through the works of Kawamato and Motoki
(1954), Kobayashi and Yaki (1952), Kobayashi (1940),
Mori (1948a, b), Ogawa (1952) and Tranter (1938a,
b, ¢, 1959). In recent years precise information on
reproduction, larval devclopment and spat settlement
of the Indian pearl oyster Pinctada fucata has been
provided as evidenced from the experimental studies
of Alagarswami er al. (1983 a, b, ©). '

. The present paper suminarises and evaluates informa-

tion of interest available to date on the response of
pearl oyster to intensity. variations of major abiotic
and biotic ecological factors.

SEA-LAND FEATURES OF THE SHALLOW REGION
OF THE GULF OF MANNAR

Substratum .

Wadia. (1975) refers to the peculiarity of the peninsular
east coast of India which has a wide bed of alluvial
margin in addition to the deltaic deposits of the mouths
of all major east coast rivers. Along the Gulf of
Mannar the sea-land boundary is almost uniform and
regular but for a few indentations in places where it is
intercepted by rivers forming * Concave crescents ' of.
tidal inlets. The coast is gently sloping. There are
no major estuaries in the Guif of Mannar except for
Tambaraparni, Vembar and Vaipaar which are of
seasonal nature and categorised as minor ones. A deep
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muddy gully off Tambaraparni river mouth (depth
upto 40 m) meanders a fow miles in the sea and is congi-
dered as a repository of silt and organic sedimenzs brought
down by the river while in spate, during October-
Decembzr. The deposition of sediments by these
rivers is only next in importance to those from other
rivers of the Coramandsf coast since a gzneral spreading
of alluvial deposits upto 20 m depth zsne in the Gulf
region by major rivers is reported by glologists. The
rocky bottom within this zone is therefore subjected
to an overwash of sand and mud. The intensity and
nature of sediments depend on direction and velocity
of prevailing current apart from the effects of wave
action and swell, The result of the interaction of the
natural forces at work determines the extent and
contour of the rocky exterior, season afier.season.

The 8-10m depth zone mearer the coast all along the
Gulf of Mannar from Tiruchendur to Tuticorin, a
distance of nearly 25 nautical miles is characterised by a
narrow bzlt of submergzd dead coral black formation
gradually emerging as a fairly broad fringing live coral
reef towards the windward side of 20 islands or * Sand
Cdys’ located between Tuticorin to Pamban, a near
distance of 150 nautical miles north of Tuticorin, The
coral reefs are mostly hermatypic and serve as a barrier
against wave action, geiting the brunt of pounding
waves. Majority "of the broken branches in this
process, forming the spit and wash are pushed to the
leeward shallow areas and intertidal flats. The
outer reef edgs areas also gt strewn with fragments
and these gt pushed away by boitom swells and
current forces to the deepar seaward region accumu-
lating and gatting consplidated under coarse sand and
cotal grains forming pits and hollows on the sea floor,

Patches of hard ground of very low profile known as
‘Paar’ are characteristic of the depth zone from
16 m-23 m, These lie roughly in line parallel with
and at a distance of 10-16 nautical miles from land.
Majority of them are located between 8°-20° N Lat. and
9°.00’ N Lat. within 78° 15’ E long and 78°25" E Long,
There are formations north of 9°.00° N, Lat. but are
considered not very important from the point of view
of pearl oyster settlement, From 8°-35’ N. Lat, an inner
series is recognisable at 15-17 m dep(h Whereas the owter
series is locaied at 20-23 m depih, the intervening stret-
ches bzing coarse and fine sandy sea floor,

There is no strict line of demarcation batween the
paar and sandy reglon The surface of paar consists
of rock which appears in many areas of recent origin

formed of corals and shells to certain extent and to a
great extent by * Calerete comipound of sand' and

Beighbouring organic remains -cemenied to- & contis

oy
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nuous mass by calcium carbonate, The character of
rock varies considerably partaking usually the character
of the circumjacent sand. The latter is made up
principally of calcium grains formed from the commi-
nuted remains of shells and corals thus giving the
true character of limestone, Where it is not calcrete
it is of coarse sand, wholly inorganic containing quartz
graing derived from °granulitic rock® brought by
rivers, Elsewhere shells of foraminifers (Heterostigina,
Orbitolites and Amphistigingy mixed with calcareous
remaings of many animals form rocky mass. The
Indian pearl oyster, Pinctada fucara, settles down in
largz numbars on the rocky substratum of this type
and attains harvestable size at the end of the third year
of its growth when pearl formation also reaches exploi-
table proportions. The rocky bad supports a variety
of marine plant and animal assemblagss, which are
characieristic of the region constituting well recog-
nisable and defined pearl bank biota, Maha-
devan and Nayar (1974) have described in detail the
characteristic fauna and flora of the peari banks in the
Gulf of Mannar.

Variety and abundance of bottomt fauna greaily
depend on the physical and chemical structure of the
substratum, The type of substratum is said to play a
pivotal role in modifying the pattern and rate of repro-
duction of animals living on it in addition to settling
and metamorphosis of pelagic larvae of benthic forms
{Bacescu, 1972}, A widely discussed problem is that
of the faciors which determiine the settling of the pearl
oyster larvae, their distribution and completion of lifs
cycle. . Recent observations at the Tuticorin Shellfish
Hatchery Laboratory on the fertilised pearl oyster eggs
indicate that these egg: initially settle down on the
bottom and only when the cleavage advances do they
rise up and bzcome pelagic (Dharmaraj-personal comnmy-
nication). If the subsiratum is sticky or loose or soft
there is- every possibility of the fertilised eggs being
locked up or covered by soft sand without allowing
them to float up for completing the pelagic larval phase.

"The macrophytic algae which grow in the pearl banks

and whose thallus is often covered with calcareous
algae also serve as-substrate for very small molluscan
spat which may later on migrate to a more agreeabls
hard- substratumt. The size of granules, kind and
amount of organic matter associated with the substrate,
degree and mobility of subsirate, degree of hardness
of solid substrates and the total area of a given type
play a key role in the prosperity of pearl oysters in the
natural beds. The reasons for the record of irregular
oyster settlement in these areas may bz due to possible
effects- of the change in the nature of sediment and
silt covering the substratum and thus moadifying it.
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Primary Production

Galathea expedition reports give out a value of
.0.01 to 2.16 gC/m?*/day (5 eeman Nielsen and Jenson,
1957, quoted by Qasim, 1979) for the shelf region of the
Bay of Bengal. Nair ez al. (1973) state ihat the primary
production of Tamilnadu coastal areas lying in less than
50 m depth zone averaged 1.33 gC/m?/day. But the
Gulf of Mannar area, pariicularly the zone where pearl
oyster bxds are situated is rich in coral reefs, The
productivity in this zone has bzen observed to reach
7.3 gC/m?%/day (Nair and Pillai, 1972) which appears
to bz fairly high compared to the values obtained in
other areas of east coast nearshore waters, WNair (1970)
estimated that the near inshore regions where the
euphotic zone is 6 m deep, the column production
amounted to 1.2-1.5 gC/m?%/day due to turbidity and
annual gross produciion was 450 gC/m?/, But just
outside the zone where turbidity is not high enough to
affect light penetration the euphotic zone extends from
15-40 m depending on depth and distance from shore,
A daily production of 3.5 gC/m?® is met with thus
indicating the highly produccive nature of this region,

Wind, Water movement and current

Wind velocity shows a trimodal oscillation with
maximmm in June, August-Sep.embar and Decembar
and minimum in March-April. The velocity is greater
in southwest monsoon period.

The importance of water movement as an ecological
factor is frequently underestimated. Gessner (1955)
‘states that this is 2 potent factor as it is in the case of
temperature and light, Very little is known with
reference to the various parameters of water movement
over Paar area excepting extrapolation from local
-current and tide conditions. There is a general drift
of water over pearl banks from south to north batween
April to September and -from north to south during
height of noriheast monsoon with intermittent periods
.of calm and variable movement from February-April.
Many days in late April to early June there is a bottom
swell, of water in east-west direction over the Paar area.
These are critical months for oyster reproduction.
‘Population replenishment might depend upon conditions
of water movement, Devanesan and Chidambaram
(1956) state that the water drift and current over the
pearl banks of Ceylon and India may carry the larvae of
pearl oyster from one coast to the other, thus holding
the- view of interdependence of the pearl banks of
Ceylon and India for getting replenishment of oyster
population. There is another possibility also. Depen-
ding on the direction and rapidity of water movement
the pearl oyster larvae, at the plantigrade stage, might
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-reach such areas in the sea with unsuitable sea bottom

where they perish after settlement. All these factors

thus play a vital role,

Light

It is a recognised fact that throughout euphotic
and littoral regions the various modalities of light
modified by the time of the day and year and latitude,
the presence or absence of water movement and the
depth and clarity of water exert effects upon functions
and structure of marine invertebrates, The periodicity
and the width of shell opening is said to be influenced
in natural bads by alternating light and darkness. The
width is narrower in light but broader in darkness,
due to the effect of light on adductor muscle. Hence
the rate of filtration of water is likely to be affected
during day time in areas where light penetration is
greater, This is more frequent in depths beyond 20 m
and less so in shoreward banks during the months
from December to April.

Turbidity _

Not much has been done to study the turbidity in
various seasons of the year except the observations by
Malupillai (1962 a) who recorded that visibility over
pearl banks varies from 6.0 m in July to 19.0 m in

‘November to February., The pearl oyster larvae are

photopositive in the veliger stage and metamorphosis
proceeds normally under favourable light. There is a
view that turbidity during metamorphosis is desirable,
shielding the larvae against ultraviolet radiation in
shaded areas. Conditions in nature, over the pearl
banks in May-July satisfy this requirement.

Flood water discharged from east coast rivers during
the northeast monsoon rains in October-November,
catry with it. considerable silt which creates great
turbidity over the pearl beds, particularly over the
shoreward lying banks. This introduces a new dimension
to the problem of growth.and survival of oyster popula-
tion met within 12 m-15m depth range.

Temperature

There are a few general records of long-term studies

‘on temperature varjations, Sewell (1927) and Herdman
'(1903-1906) gave a general picture. Chacko et af,

(1954), Prasad (1957), Malupillai (1962b) Freda
Chandrasekaran ef al, (1967) and Freda Chandrasekaran
and Sudhakar (1967) are the mgjor studies relating to
Gulf of Mannar., Herdman (1903-06) stated thatths

“general temperature of the sea-water in the paar varies
“from 27°C (January) to 32.5° C (May). Freda Chandra-

sekaran et al. (1967 a) found a general uniformity in the
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tempzrature patiern  ranging from 25.6°C30.-6°C.
Chacko and Sambandamurthy (1969) observed an
annual range of 2,7°C for 1962-63, Alagarswami et al,
(1983 b) were able 10 induce mature P. fucafa to spawn
by increasing the temperature from 26,5°C-28°C to
32°C-35°C. In the case of Japanese pearl oyster,
Kobayashi (1948) found that the optimum temperature
for fertilisation was 28°C-30°C. In the Indian pearl
oyster fertilisation in laboratory tanks was noficed to
take place in the 27°C-28°C range,

There appears to be some correlation between
temperature and the breeding behaviour of the pearl
‘oyster. The breeding season is more restricted in higher
latitudes and occurs during warmer months, In
lower latitudes there is a less restricted breeding sason,
-and major spawning occurs outside warmer months
{Pinctada fucata: 7-10 N ; P, margaritifera: 17 S).
Orton (1920) states that in those parts of the sea where
temperature conditions are constant or nearly so and
where biological conditions do not vary much, animals
breed continuously. Tranter (1958 d) statesthat thereis a
particular threshold temperature which, when exceeded
all the year round, permits continuous breeding and,
when exceeded only in summer, restricts breeding inten-
sity to summer months,

Uuder laboratory conditions temperature variations
appear to affect the larvae of pearl oyster at the time of
settlement. Alagarswaml et al, (1983a) state that the
‘larval set” was achieved after 24 days in temperaturs
range of 28.2°C-29. 8°C whereas it took 32 days to
settle when the temperature range was 24.3°C-27.2°C.
The lower the temperature the greater the time taken
for completing metamorphosis and settlement.

Salinity

Sewell (1927) stated that the salinity in the Bay of
Bengal is high in the southwest monsoon period and
low during the northeast monsoon months. In the
Gulf of Mannar, according to Malupillai (1962 b),
the salinity reaches 35.199%, in September. Freda
Chandrasekaran et al, (1967) found low salinity in
January increasing upto JYune, dropping in July
(30.2%,) and increasing again in August (33.5%).
This was maintained till November when there was a
lowering in December. The highest average salinity
was 3599, in November and the lowest was 27.40%,
in December, The annual range in the value was
7.9%, JYayaraman (1954) noted a salinity range of
28.35%, in January to 36.49%, in May. The mean
annual range was 7.4%,. Alagarswami and Victor
(1976) found the average values of salinity in the oyster
farm at Veppalodai (near Tuticorin} ranging between
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32.15%,-33.50%, during 1974-1976. The lowest vaiue
recorded was 31.26%, in January, 1974,

The above data would indicate the pattern of salinity
variations that can be normally encountered in the
pearl oyster beds. Although the pearl oyster lives
within this range, seasonal fluctuations in conjunction
with other environmental factors are known to exert
influence on the physiological functions and reproduc-
tive activity of the oyster. By and large the pearl
oyster being truly marine form in its entire life cycle is
not known to tolerate great variations in salinity.
However, some pearl oyster farms in Japan are known
to be located in areas which are subject to the influence
of freshwater discharge from rivers,

Lower salinities have a depressing effect on filtration
rate of bivalves (Cole and Hepper, 1954). Alagarswami
and Victor (1976) found that in the laboratory experi-
ments the rate of filtration was generally higher in high
concentrations than in the dilution. In salinities of
13.90%,, and 56.96%,, mortality was total after 48 hrs,
whereas 3 out of 5 oysters died inthe salinity of 19.90%;,
in the same period. Katada (1958) stated that low
saline waters of 14,355, did not cause mortality in the
spat and 2-3 vear old oysters in Japan during experimental
duration of 72 hrs. In one case of extreme lowering
of salinity to 15.69%,, observed inthe Veppalodai farm
during November, 1977 on account of the admixture of
flash flood freshwater, the oysters did not suffer mortality
for 24 hrs as the very next day the salinity was restored
to 26.53%, (Alagarswami and Victor, 1976). Malpas
(1929) stated that changes in temperature and salinity
induce the pearl oyster to spawn. He contended that
low salinity in December-January and high salinity in
July-August acts as breeding stimylus, This can be
considered only as one of the probable factors influen-
cing the spawning. Hornell (1910), Moses (1928)
and Rao (1951) corrclated spawning maxima with
changes (dilution) in salinity for Crassostrea madres
sensis, Detailed assessment of salinity effects and
tolerances is difficult in natural conditions because the
efiects may be increased, decreased or masked by
other simultaneously effective environmental factors
like light, iemperature, water movement and interactions
batween co-existing organisms.

Dissolved oxygen

Values ranging from 6.84 ml/l in October to 3.4 ml/|
in September appear to be comnion in pearl oyster
bads. A trimodal curve has been noticed with distinct
peaks in June, October and January with a decline in
April, September and November. It looks as though
the oxygen saturation is greater in northeast monsoon
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thonths and less in southwest monsoon months, The
oyster is not stressed much due to limited range of
high and low concentrations, It is a known fact that
the metabolism of many molluscs is independent of
ambient oxygen tension until some low oxygen tension
is reached. Dharmaraj (1983) observed that the
oxygen consumption was 1,339 pl/h for oysters of
40-50 mm size; 1,650 pl/h for 50-60 mm and 1,810 ul/h
for 60-70 mm, After conducting exposure experiments
it was found that Pinctadd fucata withstood
exposure upto 21 h, and mortality started from 19th
hour in anaerobic medium, when the *oxygen debt’®
crossed the safe level,

Silicate and Phosphate

Jayaraman (1954) recorded phosphate content of
0.16 ug at p/1 (October ) to 0.27 pg at P/1 (February).
The silicate content showed wide fluctuations from
9.0 ug/l in March to trace in October and January,
June-July, November-Deceraber, February-March seem
to be silicate rich months, Jayaraman (1954) reported
values of 3.7 g at Si/l in September to 7.0/ug at Sifl in
February in Mandapam area of the Gulf of Mannar.

AssOCIATED FAUNA AND FLoxrA

The very fact that the fauna and flora of the pearl
banks comprise the whole assemblage of more than
2,700 species of animals and 200 species of plants
(Herdman, 1906), small and large, makes the study of
interrelationship among them very complicated although
it is well recognised that the nature and demsity of
such animate surroundings have a profound effect on
the well being of the stock of oysters in the beds. Maha-
devan and Nayar (1967) have added more information
about the density and distribution patterns of the
pearl oyster bed biota in different depth zones,
Sponges, starfish, molluscs (gastropods particularly),
crustaceans, annelids, coelenterates and fishes among
the fauna and the Juxuriant growth of different species
of algae belonging to Rhodophycea, Phaeophycea and
Chlorophycea dominate the pearl oyster beds.

Characteristic of the area is the dense growth of
sponges, especially in the northern Vaipar area. Adulo-
spongus tubulatus (Bowerbank). Phakellia donnani,
Siponochalina communis (Carter), JIotrochota spp.,
Clathria procera (Ridley), C. indica Dendy, Mycale
grandis Gray, Zygomycale parishii (Bowerbank), Phyllo-
spongia spp., Sponglonella spp. and Suberites spp. are
abundant. Dense forest-like growth of the gorgonid
Juncella Juncea Pallas and J. gemmacea {Valcnc:enncs)
is noticed in the northern area. :
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The growth of the coral Heteropsammia sp. is characs
teristic of the inner series, Montipora sp. and Echi-
nopora sp. are the other corals in addition to Porites sp.

The molluscan fauna is mostly represented by
myriad numbers of Modiolusspp. spreading like mattress
on the bottom, Large Pinng spp. are found in good
numbers rooted in this layer of sand covering the rock
in many places, Cypraea tigrinus are seen in rocky pits.
Oliva spp., Conus spp., Nassa sp. and Bulla ampulla
are the other common shells,

Among the echinoderms Lamprometra palmata pal-
mata (J. Muller) and Comanthus (Comanthussis timorens)
(7. Muller) are the most common under rocky crevices
and over the gorgonids and sponges. Holothuria
edulis Lesson, Protoreaster lincki (Blainville) and tests
of Clyspeaster humilis (Leske) are the other common

species.

The fish fauna is fairly rich and consists of Scolopsis
bimaculatus Ruppell, S. vosmeri (Bloch), Abalistes
stellaris (Bloch), Upeneoides spp., Chaetodon spp.,
Pomacanthodes annularis (Bloch) and Lutjanus Hneolatus
(Rippell). Large fishes like Gaterin spp., Ennacacentrus
miniatus (Forsk)), Epinephelus spp., Lethrinus sSpp.
and Siganus spp. are abundantly seen.

The flora is poor in the southern area but in the Vaipar
area Gracilaria spp., Hypnea spp. and Sargassum spyp.
are common.

Compared . to the inner series, the outer series is
richer in fauna and flora qualitatively and quantitatively,
The formation of the outer series runs in a southeast
to northwest direction, generally between 15-25 m
depth range. The formations are fairly extensive
stretches of rock whose outcrops differ greatly from
tubular fragments, rock of a metre or two across, to
great areas of a km in extent. Fine grained sand
covers the rock filling up the hollows and crevices occas
sionally cutting off the continuity of paars to give the
impression of sandy bottom, Actually the hard core
of the bottom can be easily detected by removing the
enguifing sand of 5-10 cm thickness. Live corals are
seen as a low fringe running along the 18-19 m depth
on the castern side of the paar. Broken and worn
out fragments of pearl oyster shells, cockles, Pecten spp.,
Conus spp. etc. are scattered about in great profusion.
Balls of Porolithon sp. from the size of a nut to that
of a lime are seen on the edges of the rocky expanse,
All through the length and breadth of the paar are a
number of pits fanging from 0.5-1 m diameter and of
equal depth, Such pits are inhabited by a number of
small and la:ge fishes, eels and lobsters. The general

33



set-up of the area appears ideal for the settlemenit of
oysters as the horizontal clarity at the bottom exceeds
15 m on most days and because of the variety of
fauna and flora inhabiting the area.

The concentration of sponges is very high especially
in the upper (northern) regions of the paar. The pre-
dominant species are Petrosia testudinaria (Lamarck),
P. similis Ridley, Aulospongus tubulatus (Bowerbank),
Axinella donnani (Bowerbank), A. symmetrica Dendy,
Spirastrella inconstans (Dendy), Suberites spp., Cliond
vastifica Nancock, Clathria indica Dendy, C. procera
(Ridley), Mycale grandis Dendy, Raspailia hornelli
Dendy, Myxilla arenaria Dendy, Iotrochota purpurea
(Bowerbank), Pachychalina subcylindrica Dendy and
Phakellia donnani (Bowerbank). There are other species
of Auletta, Spongionella, Hippospongia, Phyllospongia
and Hircinia met with in the 25 metre depth line
also,

The area is rich in coelenterates with a conspicuous
growth of anemones, alcyonarians and gorgonids.
Some of the fieshy alcyonarians that are common are
Sarcophytus spp., Lobophytum spp. and Sclerophytum
spp. Spongodes rosea Kukenthal, Nepthya sp., Soleno-
caulon (tortuosum Gray, Suberogorgia sp., Acantho-
gorgia sp., Lopohogorgia sp. and the gorgonids.
Juncella juncea Pallas and J. gemmacea (Valenciennes)
karbouring many commensals are noticed commonly.

Octopus (Polypus spp.) are common in pits and holes.
Great numbers of dead, empty broken shells are found
in crevices and faults in the rocks haunted by the
octopus. Pearl oysters are particularly preyed upon
by them thus posing the question as to whether they
are the chief enemies of the pearl oysters. On many
occasions the octopus has been noticed to open the
shell valves of the oysters and eat the flesh.

The echinoderm fauna is found to be lacking in
abundance as a whole. By far the crinoids are the
most abundant, found attached to the gorgonids,
under coral blocks or on sponges. Lamprometra pal-
maia paimata (Muller) and Comanthus annularis (Bell)
are the most common., Among holothurians, Holo-
thuria edulis Lesson is the most common. The synap-
tid Chondrocloea striata (Sluiter) is common in deeper
waters. Of the sea stars, Protoreaster lincki (Blainville)
is the most abundant although P, gffinis, (Muller and
Troschel) and P, gustralis (Lutken) are also seen rarely,
The southern areas are more thickly populated whereas
in the north and shoreward areas there are only 2 per
100 sq, metre, The other sea stars are Pentaceraster
multispiralis V. Martens, Linckig laevigaeta (Linnaeus)
and occasional specimens of Culeita schmideliana (Retz),
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Protoreaster nodosus (Linn.), Astropectén indicus
Doderlein and A. monocanthus Salden are also seen.

Of the cake urchins Clypeaster humilis (Leske),
Echinodiscus auritus (Leske) and Laganum depressum
Lesson are common. Of the heart urchins Echino-
lampus ovara (Leske) and E. glexandri de Lorial appea-
red here and there, Among sea urchins Salmacis
bicolor Agass, and Salmacielle dussumieri (L. Agassiz)
occur wherever dead coral blocks are covered by coarse
sand. Inthe crevices of the coral stones and under the
boulders live many numbers of ophiurcids of which
Astrob clavate (Lyman), Ophiocnida echinata (Lung-
man), Ophiocnemis marmorata (Lamarck), O. cata-
phracta (Brock) and Ophiocnermis dubia (Muller &
Troschel) are more common, All over the rocky
bottom, fishes are found abundantly, Numeri-
cally Abalistes stellaris (Bloch), Sufflamen capistratus
{Shaw), Odonus niger (Rippell), Scolopsis bimaculatus
Riippell and S. vosmeri (Bloch) are the most abundant.
But wherever the area is rugged with boulders and pits
fishes like Gaterin spp., Lethrinusspp., Ennedcentrus sp.,
Epinephelus spp., Pomacanthodes annularis, Lutfanus
sebae (Cuvier), Prerois miles (Bennet), Chaerodon spp.,
Zanclus cornatus (Linn) and Heniochus acumingtus
(Linn.) live in large numbers,

Throughout the rocky expanse studied the density
of algal vegeiation seems to be moderate especially on
the eastern edge between 17-25 m line. The flora on
the southern areas seem to be luxuriant with Sargassum
spp., dominating in most of the areas. Among the
red algae Gracillaria edulis and Hypnea valentiae are
common, The other common species in the pearl
banks of the outer series are Caulferpa (3 species),
Codium sp,, Halimeda spp., (2 spp.), Dictvota (3 spp.),
Pading spp., Porolithon sp., and Spathoglossum sp.
It has been remarked by Varma (1960) that the algal
flora of the pear]l beds is mostly of the types found in
coral beds or rocky regions of Indian coast, irrespective
of depths, In other words there appears to be no
selectivity for algae with regard to depth.

Many of the below mentioned animals have beep
identified by pearl fishery workers as important enemies
of pearl oyster either by direct aggressive action or
indirectly in the struggle for existence. In order of
importance tn causing pearl oyster destruction they
are :

Modiolus spp, (Weaving mussel)—by completion and

smothering oyster spat settlement.

Ottopi—Predation ; by killing and preying on flesh,

Fishes—¥Predation by Balistes, serranids, rays and

skates—by crunching the shells and eating the meat,
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Boring polychaetes—by drilling the shell valves after
setting on them (Polydora sp).

Boring sponge—by riddling the shell valves with
minute holes for gaining substratum for living

Seastars—by tearing the shell valves apart and
feeding on oyster meat,

Boring gastropods—by gyrating holes on shell valves
and feeding on the meat (Nassa spp., Sistrum spp.,
Murex spp. and Cymatium spp.).

Crabs and lobsters—by destroying byssal threads and
killing the oysters.

In a vast environment like the sea-bed, control
would be impossible. Large-scale colonisation of
oyster spat in the rocky area might help to offset the
effects since it is likely that considerable percentage of
stock might survive after what would be destroyed by

_enemies, The oysters are often found in clusters piled

together in such profusion so as to interfere with one
another’s growth and stunting many, Except for
parasitic infestations by cestodes and trematodes which
do not necessarily kill the oysters, very little knowledge
exists as regards microbial diseases, Understanding
these may provide one of the vital clues for the dis-
appearance of oyster stock from densely populated
beds.
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PEARL OYSTER RESOURCES OF INDIA

K. AvLacarswami!, A, CHELLAM?, A. C. C. VicTOR?, 8, DHARMARATR, T, 8, VELAYUDHAN? AND A, D. GaNDHI?

DISTRIBUTION

The peasl oysters belong to the genus Pinctads Roding
under the family Pteriidae. They enjoy a world wide
distribution occurring in almost all the seas of the
tropical belt and also in the subtropical region. Six
species of pearl oysters occur in the Indian waters viz.,
Pinctada fucata (Gould), P. margaritifera (Linnaeus),
P, chemnitzii (Philippi), P. sugillata (Reeve), P, anomiol-
des (Reeve) and P. atropurpurea (Dunker), of which
P. fucata alone has contributed to the pearl fisheries
in the Gulf of Mannar and Gulf of Kutch. P, fucarta
is distributed in the Red Sea, Persian Gulf and the
Indian and Pacific Oceans. In the Indian waters,
these oysters are found in large numbers on * paars’
in the Gulf of Mannar which extend from Kilakarai
to Kanyakumari, In Palk Bay the pearl oysters are
found on coarse sandy bottom and in the Gulf of Kutch
on intertidal reef known as ‘khaddas’. In the south-
west coast of India (Vizhinjam, Kerala), P. fucata
spat are collected in large numbers on mussel culture
ropes, The black-lip pearl oyster P. margaritifera is
confined mostly to Andaman waters. From Laksha-
dweep, settlement of spat of P. fueata and P. margari-
tifera are found on the ridges of rocks and corals,

TOPOGRAPHY

- The pear]l oysters are always found attached by
byssus to some hard substratum such as rocks, dead
coral outcrops or sand grit covered with marine organ-
isms. In the Guif of Mannar, the areas of occurrence
of pearl oysters are known as pearl banks or * paars’.
The Gulf has about 65 such pear] banks located bet-
ween Kanyakumari and Rameswaram (Hornell, 1922),

Present Address ; 3 CMFRI Cochin-682 03t,
: * CMFRI, Research Centre, Tuticorin-682 00}
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These banks lie at a distance of about 12 to 20 km
away from the coast at depths of 15 to 25 m. Hornell
(1922) divided these paars into three divisions viz.,
Northern or Kilakarai Division extending from Adam's
bridge to Vaipar, the Central or Tuticosia ‘Division
extending from Vaipar to Manapad and the Southern or
Kanyakumari Division extending from Manapad to
Kanyakumari. Of these, the central division is the
most productive one in view of the fact that out of the
40 fisheries that had taken place between 1663 and 1961,
39 fisheries had been in the paars located in this division.
A notable feature of these fisheries is their irregular
character, fishing sometimes being conducted after
long intervals. This is due to the periodical decline
of fishable quantities of pearl oyster population in
the pearl banks for a number of years. The probable
factors responsible for the decline of oyster population
are failure of spatfall, pests like weaving mussels and
boring worms, predation by gastropods, octopi, sharks,
rays and sea breams, overgrowth of algae, changes in
the oceanographic conditions, occasional silting and
non-availability of sufficient number of breeding popu-
lation (Hornell 1916, Mahadevan and Nayar, 1973).
In the Gulf of Kutch, the pearl oyster reefs are scattered
along the southern part of the Guif of Kutch, There
are about 42 known pearl oyster reefs covering an
area of 24,000 ha located between Sachana on the east
and Ajad on the west. These beds are located in the
intertidal region and are exposed at receding tides
(Pandya, 1974),

HisToRY

From tine immemorial, the pearl oyster resources
along the Indian coast have been exploited and the
fishing rights passed on in succession from one ruling
power to anmother. Hornell (1922) gives the history
of the pearl fisheries of the Gulf of Mannar, During

37



the 16th centuary, the history of pearl fisheries is intri-
cately connected, on the one hand, with the °ruling
power * {the Nayaks of Madura, Nawab of Carnatic
and the Portuguese with their battles for controlling
the land and sea of that region) and on the other with
the * Paravas * who traditionally exploited the fisheries
and the ‘ moors * who had an interest in pearl fishing
largely for trade (Hornell, 1922), With the indepen-
dence of the country in 1947, the rights over the pearl
fishery are being fully exercised by the Government
of Tamil Nadu. Similarly the pear] fishery of the Gulf
of Kutch was under the control of the Jam Saheb of
Nawanagar and the fishery was conducted under unique
rules (Hornell, 1909), In 1926, a separate department
called “ Moti Khata’® was organised to manage the
fisheries and finally, with the merger of the Nawanagar
State with the Indian Union in 1948, the pear] fishing
came under the control of the Government of Gujarat,

Peart. FisHERY SERIES 1953-61

Chacko (1970) and Mahadevan and Nayar (1973)
have given vivid accounts of the pearl fisheries of the
series 1955-61. Oysters of the central sector including
Tholayiram paar and the zone south to that which
includes Kudamuthy paar, Karuwal paar, Poonthottam
paar, Kuthadiar paar, Sayathonpathu paar and Raja-
vokku Chippi Sothitha paar were fully exploited during
the fishery., From the account of the paars fished,
number of oysters fished and the effort spent, it is
evident that oysters ranging in length from §5-75 mm,
in the age group 3-3} years, formed the fishery. During
the entire period of fishery, Tholayiram paar was fished
in all the years of the series, A maximum number of
26,679 oysters per diving unit were collected in the
year 1958,

PoST-FISHERY CONDITION OF THE PEARL BANKS

Baschieri-Salvadori (1960) during December 19358
to May 1959 had seen in the pearl banks of the northern
sector (Pernandu, Nagara and northern and central
parts of Tholayiram), 132 oysters per square meter,
In the central sector (southern part of Tholayiram
paar, Kuthadiar, Melonpathu, Vadaonpathu, Sayathon-
pathn, Pulipundu, Kudamuthu and north Karwal)
the number per square meter was 74 while in the southern
sector (Tiruchendur and Manapad) large quantities
of both aduit and young oysters were found. About
the post-fishery condition of the pearl banks, Mahadevan
and Nayar (1968) report that ‘the pearl oysters were
very few, almost absent, most of them baving been
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fished and the remaining either perished or eaten away
by predators.”

The oyster population in three paars (N, Tholayiram,
Karai Keluthi and S, Tholayiram) was less than 1
oyster per square yard and the population in the northern
paars (Devi, Cruxian, C, Thundu, Authurai arupagam
and Vanthivu arypagam) was * rare® while in the other
15 paars, no oyster was available during 1961-62 and
1962-63 (Sambandamurthy, 1966 ; Chacko and Sam-
bandamurthy, 1969). The pearl banks off Rameswaram,
Thondi and Kilakarai were not productive during 1965
(Rajendran and Chandrasekaran, 1969), .

SurvEY OF PEARL OYSTER BEDS DURING 1975-1986 IN
THE GULF OF MANNAR

Intensive survey of the pearl oyster beds of the Gulf
of Mannar was taken up by the Central Marine Fisheries
Research Institute from the season 1975-76 onwards.
The facility of SCUBA diving was utilised for the
survey, The central region, as referred by Hornell
(1922) is divided into north and southern group of
paars (Fig. 1), The northern group of paars are near-
shore paars, lying within a depth of 7 fathoms. This
group extends from Vaipar periya paar in the north to
Pasi paar in the south. The southern group includes
the Tholayiram paar in the north to the Karuwal paar
in the south, The depth at which these pearl banks .
situated ranges from 8 to 10 fathoms,

The results of the survey of the northern group of
paars is given in Table 1. From the table, it is seen
that there are a lot of fluctuations in the pearl oyster
setilement from year to year during the period 1975-
1686, Only in one season (1981-82), the oumber of
spatfoyster exceeded 35 per diving minute,

The pearl banks of the southern group of paars was
not at all productive during the years 1975 to 1986
(Table 2), Only during the season 1979-80, more
number of oysters (4.5 oyster) per diving minute were
collected from this group of paars. During 1980-81,
only one spat of the size 22,2 mm was collected out of
10 hours and 38 minutes of diving, During the season
1983-84, no oysier could be collected during 2 hours and
8 minutes of diving effort.

Rameswaram group of paars (Palk Bay) were sur-
veyed during August 1974 and September 1978, The
paars in this group included Narikuzhi, Kannika,
Kondal, Nadu and Kothandaraman Koil piditha paar.
The depth of the paars ranged from 2.5 to 6 fathoms,
During August 1974, 245 oysters were collected. But
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Tapte 1. Collection of pear! oysters from the northern group of paars from 1975 1o 1986

Year Diving Hours MNo. of Size and (mean) Paars surveyed
hrs. min. ?stcrs mm)
shed
1975-76 25,26 165 9.0 —43.8 Devi, Paduthamarikan, Fernando, Vanthivu
(24.5) Arupagam, Kurichan, Nagsrsi, Vaipar,
periya, Karai, Utti and Uduruvi.
1976-77 58,27 5748 11.6 —57.0 Devi, Paduthamarikan, Vanthivu Arupagam,
339 Kurichan, Nagarai.
1977-78 58,50 9720 6.2 —69.3 Devi, Kurichan.
24.7)
1978-79 . 98.16 347 154 -—69.6 Devi, Vaipar periva
(34.8) .
1979.80 . 29,44 9371 9.5 —58,0 Devi, Kurichan, Nagarai, Vaipar Periva
(32.00
1580-81 18,10 45 7.8 —31.1 Devi, Paduthamaraikan, Fernando, Vaipar
(19.6) Periya
1981-82 46,25 99568 8.2 —50.5 Kurichan, Nagarai
(29.5)
1982-83 44,36 36461 36.0 —62.0 Kurichan, Nagarai
“41n
1983-84 1343 260 7.5-373 Devi, Fornando, Kurichan, Nagarai, Padue
221 thamaraikan
1984-85 39.40 10890 9.0 —47.5 Devi, Fernando, Kurichan, Nagarai, Vanthiva
(30.5) Arupagam
1985.86 . 8.25 190 18.5 —42.6 Vanthiva Arupagam, Fernando, Kurichan
(23.0)
Tanpe 2. Collection of pearl osyters from the southern group of paars from 1975 to 1980
Year Divi Hours No. of Size renge and Paars surveyed
I-E:S Min. oysters and (mean)
fished (mm)
1975.76 60 50 820 5.5 —46.4 Tholayiram, Kudamuthu, Kuthadiar, Puli-
(24.1) pundu, Poonthottam, Katuwal, Sayathu
Kudamuthu, Karai Kudamuthu, Outer
Kudamuthu, Sayathu onpathu, Vada
onpathuy,
1976-77 29 15 2240 13,1 —58.0 Tholayirtam, Kudamuthu, Kuthadiar, Pulis
37.1) pundy, Poonthottam, Karowal, Sayathu
Kudamuthu,
197718 4 7 428 124 —670 Tholayiram, Kudamuthu.
(29.8)
1978-79 22 12 233 15.2 —61.3 Tholayiram
(374)
1979-80 8 58 2302 16.2 —57.5 Tholayiram, Kudamuthu, Pulipundu, Poon-
(39.9) thottam, Karuwal.
40

PEARL CULTURE



in September 1978, :mly 12 pearl oysters with length
ranging from 43.56.5 mm were collected in 4 diving
hours,

DENSITY OF POPULATION

To have a picture of the density of pearl oysters
available at the different paars, the oysters collected
were combined paar-wise for the entire period of obser-
vation. The diving hours here indicated the total
time spent underwater in collecting the oysters, Table
3 and Fig. 2 give the picture of the paar-wise collection
of pearl oysters during the years 1975-1986. In all,
a total of 289 sea trips were made to the pearl oyster
beds and 2,39,025 oysters collected. Nagarai paar
was the most productive one yielding 52.73% of the
total collection. Vaipar Periya paar and Kurichan
paar accounted for 6.02% and 5.37% respectively.
It can be seen from Table 3 that, of the 595 diving
hours spent on surveying the pearl oyster beds of the
northere and southern groups, 36982, of the effort
was spent on Devi paar, The number of oyster per
diving hour on different paars is given in Table 3.

Table 4 gives the diving effort and the number of
oysters collected season-wise for the period 1975 to
1986. It is evident from the table that the least number
of oysters were collected during 1980-81 and the more
successful season was 1981-82, the one following the
unproductive season.

Seecies CoMPOSITION

Another important observation on the resource is
the incursion of multispecies Pinctada populations
especially in the inshore waters, which was not known
before. They comprised of P. atropurpurea, P. ano-
mioides, P. sugillata and other Pinctada species. Species
other than P. fucata and P. margaritifera are referred
to here as ‘ flat * oysters as in all these species the bulge
of the valves is not as prominent as in P. fucata. They
wore most abundant in the shoreward paars, such as
Paduthamarikan, Karai, Devi and Fernando tharn in
the offshore paars such as Tholayiram, Karuwal, Uiti
and Uduruvi paar in certain years (Fig. 2). The flat
oysters on the pearl banks constituted 20,8% of the
total collection in 1975, 68.25% in 1976, 17.63% in
1977, 6.32% in 1978 and 6.99% in 1979, In the year
1980, a sudden increase to 509 was noticed and there-
after the flat oysters were not present in 1981 and 1982,
They reappeared with 14.49, in 1984 and 23.69%; in
1985 (Table 4). These species of flat pearl oysters
at present do not carry any significance in pearl culture,
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Their declining trend which was noticed in 1977 and
1981 to 1985 and that of the 1009, P. fucata component
obtained in the vears 1981 and 1982 would indicate
that the incursion of multispecies Pinctada population
was a temporary phenomenon. The economics of a
pearl fishery, in future, would be badly affected if the
flat pearl oysters were to occur in any significant pro-
position,

S1ZE DISTRIBUTION

For the study of size frequency distribution, only
P. fucara was taken into account, In Table 1, the size
range of oysters collecied from the northern group of
paars for the entire period is given. It is seen from
the table that the average size ranged from 19.6 to
477 mm, The minimum size of the spat available in
the collection indicated the fresh settlement during
the season itself, The maximum size observed was
69.6 mm. The percentage of the size group 50.0-69.9
mm, among the oysters collected, never exceeded 6
per cent (Table 5) during the period. The same trend
was observed in the southern group of paars for the
period 1975-1980 (Table 2j. The average size of oyster
ranged from 24.1 to 39.9 mm, The minimuym and
maximum size of the spat/oyster collected during 1975
to 1980 was 5.5 and 67.0 mm. In Fig, 3, P. fucata
collected from differemt paars during the period 1975
to 1986 is combined to give size-wise distribution and
percentage frequency.

To find out the recruitment and growth of oysters
on the pearl oyster beds, the pearl oysters collected
from Devi paar for the two successive seasons (1976-77
and 1977-78) were studied (Table 5). In the beginning
of the season, 1977-78 (November), the size group 10-20
mm and 20-30 mm were the dominant ones. This had
moved to size group 30-40 mm in the month of March
(1978) few individual moving to the groups 40-50 mm,
In the next season (1978-79), the size groups 20-30 mm
and 30-40 mm were the dominant ones. But at the
end of 4 months, viz.,, April, 1979, this had moved to
next group (40-50 mm) with a few numbers moving
further to the 50-60 mm group. In order to find out
whether different pearl banks of the soutkern and
northern group of paars get the spatfall simultaneously
or at different times, Dovi and Kurichan from the
northern group and the Tholayiram from the southern
group were selected and the oysters were studied for
the period 1975 to 1981, season-wise (Table 6). The
mean Jength and mean weight were taken as the para-
meters. It may be seen from the table that the spatfall
was simultancous on all the pearl banks for the period
of ohservation,
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TABLE 3. Paar-wise collection of pearl oysters during the period 1975 to 1986 from the pearl

banks of the Gulf of Mannar

Narmne of the paar No.of Diving  Timespen¢ Total No. Percentage P.fucara  Flat oysters
sea effort in % of oysters in total % a
trips Hours collected
Northern poars ;
Devi paar 101 220.00 36.97 66181 27.69 67.18 3282
Nagarai paar 39 80.13 13.47 126038 5273 99.99 0.01
Vaipar periya paar 15 4178 7.02 14394 6.02 96.00 3.90
Kurichan paar 20 40,30 6.77 12824 537 93.36 6.64
Fernando paar . 13 27.00 4,54 8328 3.48 78.13 21,87
Van Thivu Arupagam paar L 10 13,60 2.29 1328 0.56 88.63 11.37
Paduthamarikan paar 4 1.63 1.28 501 0.21 26,55 7345
Karai paar 4 7.22 121 36 0.02 47.22 52.18
Utti paar and Uduruvi paar 2 4.00 0.67 2676 1.12 99,51 0.49
Southern paars ¢
Tholayiram paar 40 73.35 12.33 4428 1.85 90.49 9.51
Saith Kudumuthy paar 12 38.63 6,49 875 0.37 86.99 13.01
Karuwal paar 7 15,72 2.64 1300 0.54 93.38 6.62
Poonthottam paar 4 5.42 091 25 .01 96.00 4,00
Pulipundu paar 7 4.35 0.73 33 0.01 90.90 9,10
Kudamuthu paar 3 3.97 0.67 12 0.005 33.33 66,67
Vada onpathu paar 2 3.42 0.57 8 0.003 87.50 12,50
Sayath onpathu paar 1 2.33 0.39 — -— — -
Koothadiar paar 1 2.00 0.34 33 0.013 %79 21.21
¥ada Kudamuthu paar 2 1.97 0.33 3 0.001 100,00 —
Karai Kudamuthu paar 1 1.92 0.32 -_— — —_ —
Rajavukku Chippi Sothitha paar 1 0.25 0,04 1 0.0004 100.00 —
289 595.00 99.98 239028 100.00
TaBLE 4. Season-wise collection of pearl oysters during the peviod 1975 to 1986 from the
Dpear! banks of the Gulf of Mannar
No.of  Diving Total P. fucata Flat ovsters No, of
Season sea effort ters pA oysters
trips in Hrs. oglvt:cted Nos. b4 Nos, %  per diving
hour
1975-76 32 21.00 1244 0,52 985 79.18 259 20.82 15
1976-17 50 120.03 27208 11,38 8638 31.75 18570 68.25 267
197118 43 67.22 12322 5.16 10150 82,37 2169 17.63 183
1978.79 ki) 110,23 35919 15.03 33650 93.68 2269 6.32 326
1979-80 31 56.52 12335 3.16 11473 93,01 862 6.99 217
1980-81 2% 35.09 101 0.04 50 49,50 5 30.50 3
1981-82 2 46.25 99569 41,66 99568 100.00 1 — 2164
198283 23 44,36 36457 15.2% 36457 100.00 — —_ 829
1984-85 18 42.45 13621 570 11657 85.58 1964 14.42 319
1985-86 8 8.25 249 0.10 190 76.31 59 23.69 0
Total 289 59500 239025 100,00 212828 89.04 26204 10.36 402
CMPFRI BULLETIN 39 43
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TAWLE 5. Lengthjweight distribution of pearl oysters of Devi puar during two scasons, November 1977 to April 1978 and November 1979

to Aprif 1979

% of oysters in size groups

2% of oysters in weight groups

Petiod 099 10199 20299 30-39.9 40499 50-599 60-69.9 Mean 0-59 6-11.9 12179 18239 24299 30-359 36419 Mean
@m) (mm) @m) (om) (@m) (@m) (@m) (@m @ @ ® ® ® @ ® ®
Nov 77 .. 16 360 333 156 108 2.6 — 2548 6747 1948 734 285 143 118 025 5.66
Dec 14 329 520 102 2.6 0.7 02 2314 9158 480 215 090 038 007 0.I2 3.10
Jan '78 . —~ 182 566 208 33 1.0 0.1 2529 8677 927 209 132 o011 033 Oli 3.96
Feb . 08 296 605 8.4 0.6 0.1 — 2780 8424 145 072 036 0.8 — — 4.56
Mar A 29 255 686 3.0 — — 3137 4706 5098 19% @ — — — — 6.48
Apr .- 71 505 374 43 0.7 — 2867 7846 1797 206 094 019 019 019 487
Nov *78 o - 12 306 444 22 16 — 3395 5007 3238 1380 300 045 030 — 7.50
Dec . - 14 313 529 136 0.8 — 3330 5375 3602 835 144 029 013 006 6.92
Tan'19 -~ - 34 312 M7 23 -— ~ 3670 2531 3869 2311 1119 146 024  — 10.92
Feb B 12 7.9 469 404 36 — 3898 1644 4520 2532 g2 082 — -— 11
Mar - - -_ 48 535 360 53 64 3942 646 5324 2552 950 114 076 038 1235
Apr . o - — 14 500 457 2.5 04 3632 647 425 3738 899 216 075 @ — 13.00




TanLE 6.

Lengthjweight distribution of pearl oyster at three different paars during the seasons 1975 10 1981

Devi paar Tholayiram paar Kurichan paar
vesr No. of Mean Mean  No, of Mean Mean No. of Mean Mean
oysters length weight oysters length weight  oysters length weight
(mm) ® (mm) (&) (mm) ®
Oct 1975—Apr 1976 . 53 23.58 2.57 51 23.38 3.15 14 24.64 314
Oct 1976—Apr 1977 3174 32.89 10.50 482 714 8.80 6 37.65 11.75
Oct 1977—Apr 1978 4871 25,59 4.07 214 29.86 8.10 — — —
Oct 1978—Apr 1979 5108 35.36 8.23 97 3742 9.01 —_ _—
Oct 1979—Apr 1980 . 756 32.65 5.96 754 39.02 12.69 151 37.25 10.65
Oct 1980—Apr 1981 .. 3 21.00 200 1 2.20 530 - — —

EXPERIMENTAL DREDGING

Collection of oysters by diving in the natural pearl
oyster beds depends on clarity of water. On certain
months, wher collection of oysters from the natural
beds became impossible, it was resorted to use a light
dredge. Accordingly, an experimental lighe dredge
was fabricated in the year 1978 and operated on a few
paars in the Gulf of Mannar and Palk Bay. Inall, a
total of 14 oysters were collecied with the dredge on
2 trials. In 1956, the first dredge was employed in
Sri Lanka for harvesting oysters. The dredge had the
capacity to scrap up as many as 45,00,000 oysters a
day. The dredge inflicted massive disaster on the pearl
oyster beds, brought up seed oysters as well as mature
oysters and had a detrimental effect on future prospects
of pearl fisheries (Sivalingam, 1958).

COASTAL AREAS

At Vizhinjam Bay, an experimental pearl oyster
farm was established in 1976 through the several thou-
sand pear! oyster spat collected from the Bay. The
spat were Collected by suspending various types of spat
collectors at the column water, 2 m below the surface,
At the Tuticorin Harbour basin, the inner sides of the
breakwater wall offer suitable site for the settlement
and growth of pearl oysters, The breakwater has a
greater slope and is filled with quarry rubbish leaving
numerous crevices in which oysters are found settled,
On the outer sides of the breakwaters there was very
poor spat settlement as they are directly exposed to
the breakers, A survey of breakwater was organised
in November-December 1974 and a total of 2393
oysters were collected. In the first year of observation
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P. fucata formed about 15% of the samples, In the
subsequent years 1975 and 1976 P. fucate component
showed a decline to 8.7% and 3.3 respectively. In
1977 there was considerable reduction in the density of
population as well as P, fucata component (0.5%). The
reason attributed to the decline in oyster settlement
may be due to the spreading of corais on the breakwaters
(Alagarswami, 1977).

ANDAMAN AND NICOBAR ISLANDS

The survey of the Andaman and Nicobar Islands
conducted by C.M.F.RIL in 1978 provided some im-
portant information on the pearl oyster resource and
pear] culture potential of the region (Alagarswami,
1983). The marine ecosystem of the Islands with
numerous creeks and protected bays offer some of the
best sites for pearl culture operations. The main
species of pearl oyster which occurs at several regions
is the black lip pearl oyster Pinctada margaritifera.
The other there species available in the region are P,
Jucata P. sugillataand P. anomioides. P, margaritifera
generally occurs in the intertidai rveef flat to depths
of 10 m. The reef flat is coralline interspersed with
hard sandy bottom. The oysters are found attached to
live on dead corals. Their population density is low
on the intertidal reef flats. Moreover the survey report
indicates the presence of suitable ecosystem for the
culture of black lip oysters.

LAKSHADWEEP

In Lakshadweep a sizable population of pearl oysters
belonging to the species P, fucara and P. margaritifera
were raised by susponding plain aylon rope and other
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spat collectors in the column waters of the lagoon
(personal communication from C. G. Koya, Depart-
ment of Fisheries, Lakshadweep). The lagoon is
calm and water is clear during most part of the year.
The bottom of the lagoon is mostly hard, rocky or
coral stone or sand grit covered with marine planis,
The lagoons of the Lakshadweep Island appear to be
good for attempting pearl culture.

GENERAL REMARKS

The information so far available indicate the fluctuat-
ing nature of the pear] oyster populations in the pearl
banks of the Gulf of Mannar. Many reasons have
been put forward as the causes of fluctuation. Herdman
(1903) attributed the bottom currents caused by south-
west monsoon to be responsible for the °successive
broods of young oysters to appear and as regularly
to disappear’. Shifting of sand causes widespread
mortality to oysters both young and old besides the
natural enemies (Herdman, 1906). Predation by some
fishes (Hornell, 1916), moray eels (Baschieri—Salvadori,
1960), settlement of Modiolus sp. covering the spat
(Mahadevan and Nayar, 1973) and predation by gastro-
pods (Chellam er al., 1983) are some of the factors
found responsible for the mortality of pearl oysters
in the natural beds.

Replenishment of the beds of the Gulf of Mannar
on the Tndian and Sri Lankan coasts was considered
possible by reciprocal supply of spat (Hornell, 1916).
Hornell also discussed the possibility of rehabilitation
of the deep water pear] banks from the scattered oysters
of the shallow water around the reefs and islands at
the head of the Gulf , But Devanesan and Chidam-
baram (1956) are of the opinion that the pearl banks
get tepopulated through self effort only. Alagarswami
(1977) opined that the replenishment may be due to
larval drift.

As a measure of conservation, transplantation of
‘young strikes’ or brood of oysters to paars which
afford better condition (Hornell, 1916), maintaining a
¢ breeding reserve * in the Tholayiram paar (Devanesen
and Chidambaram, 1956) and development of hollows
in the pearl beds by filling with rocks to provide better
anchorage (Baschieri-Salvadori, 1960) have been sug-
gested.

The intensive survey made by the Central Marine
Fisheries Research Institute on the pearl banks of the
Guif of Mannar from 1975 to 1986 indicates the conti-
nuation of the same trend as has been existing in the
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pearl banks since the post-fishery season (1961) to 1974.
However, good settlement of spat was seen on some of
the pearl banks of the northern group of paars during
some seasons. But the same population did not conti-
nuously exist in the next year as evidenced from Table 5.
Mahadevan and Nayar (1973) are of the opinion that
the shoreward group of paars (Karuwal and Kudamuthu
group) have been useful in sustaining oysters of fishable
siz¢. The observations made for a period of 11 years
rule out the possibility of oysters of fishable size (50 mm
and above) in the northern group of paars. This was
indicated by Hornell (1916) and Mahadevan and Nayar
(1973). No pear! fishery has been conducted in the
northern group of paars so far, As far as the deep
water southern group of paars were concerned, the
settlement of spat was very poor during the period.
The comparison of pearl oyster settlement on the
northern and southern group of paars indicated that
the spatfall was simultaneous. Alagarswami and
Chellam (1977) based on the study of shell characters,
felt that the population of the three paars, Tholayiram,
Pulipunde and outer Kudamuthy had a tendency of
heterogeneity among the populations,

The pearl oysters grown at Krusadai farm (Gulf of
Mannar) attained the length of 45 mm, 55 mm, 60 mm
and 70 mm at the end of first through fifth year (Deva-
nesan and Chidambaram, 1956). Chacko (1970) also
saw a similar age and growth situation on the oyster
population in the pearl banks of Tuticorin based on
his observations made during 1954-57. It was also
seen that the spat of wpto six months old attained a
length upto 36 mm. The oysters produced in the
hatchery and grown in the protected farm at the Tuti-
corin Harhour {(Gulf of Mannar) had grown to 47
mm at the end of first year, 64.5 nm at the end of
second year and 75.0 mm at the end of third vyear
(Chellam, MS). The oysters of the Guif of Kutch
also had shown similar growth rate (Narayanan and
Michael, 1968). Based on the above works, it can be
confirmed that the pearl oysters upto two years old
were available on the pearl banks of the Gulf of Mannar
during the period 1975 to 1986, But the percentage
of two vear old oysters was very less. The bulk of the
oysters belonged to ‘0’ age group (Table 1 and 2).
Baschieri-Salvadori (1960) has seen in the central sector
(including Tholayiram paar) more oysters to reach the
full maturity of third or fourth years and in the northern
paars (Vaipar paar in the north and Tholayiram in the-
south) the pearl oysters rarely reach full maturity.
Alagarswami and Qasim (1973), based on the collection
of pearl oysters from November 1972 to June 1973 on
Pulipundu; Outer Kudamuthu and Tholayiram paars
felt that the populations on the Pulipundu and Outer
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Kudamuthu were denser than the Tholayiram paar.
Oysters of the size group 45-65 mm were dominani
during this period.

On considering the resources of pearl oysters of the
Gulf of Mannar for the period 1975 to 1986, it can be
seen that there were spatfall but of fiuctuating nature,
Unless there is a series of good spatfall, the possibility
of revival of pearl fisheries is remote at least for some
years to come. The good spatfall in the northern

group of paars during some seasons might be due to the
farming of oysters in the inshore waters.

Added to the physical and biological factors affecting
the survival of pearl oysters in the pearl banks, the
recent industrialization along the coasts of Tuticorin,
the operation of more number of trawlers and the in-
creased movement of ships in the vicinity of the pearl
banks may also affect the ecological conditions of the
pear] banks,
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INTRODUCTION

For running a pearl culture industry, a steady supply
of pearl oyster seed is a pre-requisite.
pearl oysters from the natural beds is not always depen-
dable, owing to their irregular production. Inspection
of pearl oyster beds during the last three decades has
proved this. There are three ways to raise pearl oysier
spat for pearl culture farms ; (1) setting up of artificial
spat collectors at subsurface during oyster spawning
season (2) collection from the natural beds and (3)
hatchery production of seed.

In setting up of artificial spat collectors, the best way
is to provide the right type of spat collectors at the most
propitious time, especially during the peak spawning
season, in the farm area for the spat to attach in large
numbers. This will prevent the spat collector from
becoming fouled with barnacles and other organisms.
There are several practices for spat collection of different
species of pelecypod molluscs in different parts of the
world. In France lime-coated, semicylindrical ceramic
tiles are used to collect spat of Crassostrea sp. On the
east coast of the United States and along the Gulf of
Mexico, the most successful collectors have been
strings of scallop shells for the spat of American oyster
(Everson, 1968). In Japan, the materials that are easily
available in each region are used as collectors for the
spat of edible oyster ¢.g., bamboo, pine branches, twigs,
tiles, shells of oysters and other molluscs, slate, stones,
pebbles, carthern pipes, ropes etc. (Imai, 1970). While
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PEARL OYSTER SPAT COLLECTION

A.C.C, Vicrom, A, CHELLAM! AND S. DHARMARA)Y

ropes intertwined with twigs are used in Italy, metal
net baskets or triangular wooden frames with empty
shells inside are used for edible oyster spat collection
(Imai, 1970). In Japan long-line method is widely
used in which leaves and twigs were tied to ropes
as spat collectors for collecting scallop seed (Imai,
1970). In France, mussel seed are collected by suspen-
ding loosely woven ropes in the intertidal region
near natural mussel beds (Bardach er 4l, 1972). In
Japan, shells of abalones, oysters and scallops and cedar
sprigs are suspended from rafts from just below the
surface to about 3 m in depth for collecting the spat of
pearl oyster (Alagarswami, 1970). Achari (1980) has
described the spat collectors and breeding hapas made
of nylon frills used for collecting spat of pearl oysters
at Vizhinjam. The present account deals with the
results obtained while experimenting with various types
of spat collectors, for collecting pearl oyster spat at
Veppalodai and Tuticorin Harbour farms from
November 1975 to March 1981, A large number of
oysters, which were earlier collected from the natural
poarl oyster beds are introduced in the farms served
as the parent stock. '

RESULTS OF SPAT COLLECTION

Pearl oyster shell collectors . _

. Pearl oyster shells were pierced in the centre and
strung to a 2 mm diameter polythene twine and the
strings were tied to the iron frames in two rows, in
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each of the five sections of the sandwich type frame net
measuring 60 X 40 cm. Three such frames were tied
one below the other leaving a space of 1 m between the
frames and suspended vertically into the water column
so that each net is kept in place at surface, middle and
bottom waters (Fig. 1, 1). Five sets of such sheil
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pended from the raft the filaments from the bunch spread
in the entire water column from surface to bottom
(Fig. 1, 2). The syathetic ropes and filamentouns bunches
were of three colours viz. blue, green and yellow. At
the Tuticorin Harbour farm several such rope collec-
tors were suspended from the raft and were examined

cyster shell collectors

Fia. 1. Different types of experimental spat collectors used for pearl oysters,

collectors were under observation at the farm from
November 1975 through October 1976. In April,
15 spat had settled on shells and in iron frames and,
in June, 16 spat had setiled on shells and frames,

Rope collectors

The rope collector consisted of a 9 m main rope
made of synthetic material in which bunches of untwis-
ted nylon filaments were inserted at intervals of 25 cm.
One end of the main rope was firmly tied on the wooden
pole of the raft and the other end was tied to a granite
stone weighing around 5 kg, When the rope was sus-
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at fortnightly intervals from January 1976 through
April 1977, Periodically the collectors were removed
from the raft and sundried for a day or two before
being put into use, By this method the silt and the
fouling organisms were removed. During the entire
period of observation, only one spat was found settled
on the blue coloured collector in July 1976.

Synthetic filamentous spindle

Bunches -of synthetic monofilaments of 6 m length.
secured at both ends in the form of a spindle was sus-
pended vertically into the water column. The spindle
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was supported by a main rope in the middle, one
end was tied on the wooden pole of the raft and the
other end on a 5 kg granite stone. A good spread of
monofilament was noticed in the entire water column
commencing from surface to boitom (Fig, 1, 3). TIn
all a total of six such collectors were suspended from
the rafiin February 1976 and were examined regularly
at fortnightly intervals till the end of April 1977. Nine
spat had settled on the collector in July 1976. In
June 1976, 10 spat had settled on the main rope and
anchor.

Split bamboo collectors

Split bamboo reapers of 1.25 m length were arranged
vertically with either ends tied to two horizontally
placed wooden reapers leaving an interspace of 2 cm
so as to form a platform of 1.25 X 1,25 m. Four
such platforms were arranged at 2 m intervals and tied,
securely on 4 casurina poles i.e. one pole at each corner
and suspended from the raft, The bamboo platforms
after suspension occupied the surface, middle and bottom
water (Fig. 1, 4). There was no settiement of pearl
oysters on this collector.

Coconut shell collectors

Holes were made in the centre of half coconut shells
and the shells strung on a § mm diameter polythene
rope.of 8 m length at intervals of about 1.5.2.3 cm
with plastic spacers between the shells (Fig. 1, 5). Six
such shell strings were hung vertically in the water
fromthe raftin June 1976 and were examined at monthly
intervals till February 1977, No spat had settled on
these collectors.,

Apart from the above mentioned spat collectors,
several experiments were conducted on selection of
materials for effective collection of spat. Granite
stones, old fishing nets, lime coated tiles, black poly-
thene sheets and coir ropes were placed in book type

frame nets and suspended in sea water at depths 2 m,
4 m and 6m. None proved successful.

Spat settlement along the slopes of the breakwater

As spat are found to settle on granite stones along
the slopes of the breakwater of the wharf wall, 12 sets
of spat collectors made of untwisted nylon ropes spread
and tied with bamboo frames were kept on the slopes
in December 1980. The spat collectors were examined
at monthly intervals. The settlement of spat was totally
absent on all the collectors, However, dense settle-
ment of pearl oyster spat was noticed on the culturing
units such as baskets, frame nets and live oysters.

Experimentson* Hapa'

A breeding hgpa of 1 m® was fabricated with
velon screen of 1 mm mesh size and it was kept inside
another frame which was encircled fully with coir
ropes. Two ripe male and three ripe female oysters
were kept inside the hapa and suspended from the
raft at the surface water during June 1978. Various
spat collection materials such as black polythene sheets,
synthetic filaments and oyster shells were kept in the
outer margin of the Agpa. This was under obser-
vation at monthly intervals till March 1979. 33 spat
settled on coir ropes in August, 11 in November and
I in December 1978, However, no spat settlement was
observed on the other spat collectors suspended adjacent
to the hapa. The oysters inside the hapa had
spawned and entered the post-spawning phase,

Spat settlement on culture units

Even though collection of spat on cultch materials
did not prove successful, good settlement of pearl
oyster spat had been observed on the frames and meshes
of nets and on the cultivated oysters both at Harbour
and Veppalodai during the years 1973.1979 (Table 3]
Two peaks of spatfall were observed in the farm, one
in May-July and the other in October-Febrisary. How-
ever, 2 small number of spat was observed in all the
months.

TaBLE 1. Showing seitlement of pearl oyster spat in the farms ot Veppalodai and Tuticorin Harbour

during 1973—79*
Year Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec
{ farm

Vef&a;’odu: far .. .. e o . 173 128 163 . 7 1 4 12
1974 10 . . . .. 146 . .- . . 1 3

1975 .. 163 “a . 17 53 276 17 | 6 25 12

1976 . 15 4 .. 3 342 - .. . . . 24

in Havbowr farm _

TS farm . e 4 15 .. s6s

1976 . 68 e . 53 165 1444 47 . . v 4

1977 . 135 330 . 176 184 e . . . .o

1978 ce .. .. . .. .. . 141 15 1

- 1919 e 97 40 392 190 113 e .y .. - .-

*Note ; Farming had been suspended in the harbour from June 1977 to August 1978,
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DiscussioN

In Japan spat collection is done by lowering different
types of objects into the sea during spawning season,
Shirai (1970) has reported that good settlement of pearl
oyster spat took place on various types of culich

. materials namely bunches of cedar branches, strings of
common oyster and abalone shells and old fishnets when
lowered to a depth of 1.3 m jnto the sea., Cahn
(1949) has described an early experimental type of spat
collector used in Japan. It consisted of a small cage
84 x M4 x 20 cm formed by covering a heavy wire frame
with a 2 em wire mesh, The spat per cage varied from
1,000 to 16,000 but the usual average was from 7,000
to 10,000. In Papua New Guinea, Lock (1982) re-
poried about the success achieved in the collection of the
spat of the black lip oyster using plain nylon rope.
In French Polynesia, spat collectors made of polythene
sheets protected against predators by plastic net bags
gave best results for P. margaritifera. The collection
period was from November to January and the average
yield was 50 spat per collector (AQUACOP, 1982),

At Vizhinjam, roof tiles, strings of coconut shells
split bamboo, frilled nylon ropes, iron hgpa covered
with nylon netting and fish cages were tried as spat
collectors. Of these, the frilled nylon ropes, hapa
or fish cages covered with nylon screen and nylon
netting were useful as spat collectors. The profuse
gettlement of other fouling organisms affected pearl
oyster settlement (Appukuttan, personal communica-
tion).

Mahadevan and Nayar (1976) reported that the settle-
ment of pearl oyster spat on the paars was irregular

and subject to quantitative fluctuations. Alagarswamj
(1977) observed good spat settling in the inshore areas
and also resurgent population of species other than
P, fucata in the natural beds off Tuticorin in the Gulf
of Mannar, which he attributed to larval drift. '

Recent studies indicate that the settlement of edible
oyster spat Crassostrea sp. on cultch materials is in.
fluenced by various exogenous factors especially tempera-
ture, salinity, light, angle of surface, colour and texture
of surface as well as cleanliness (Quayle, 1980). The
depth at which the collectors are placed is very important
with respect to both getting the maximum number of
spat and avoiding the settlement of fouling organisms.
The proper time for laying the spat collectors can be
determined by examining the gonadal condition of the
oyster or by sampling the farm area with plankton
net to locate the drifting larvae.

Nayar ! al. (1978) observed that stray settlement
of pearl oyster spat on the heavily fouled surface of
iron piles of pier, underside of stecl drums wused as
floats for long time, channel buoys, keels and gunwales
of permanently anchored launches, They have also
experimented spat settlement on different spat collectors
such as pear] oyster shell strings, oyster growing frame
nets and cages, nylon twine, meshed iron ring, perforated
and slotted plastic baskets, polypropylene and coir
ropes and found that nylon twine meshes of circular and
square cages appeared to be the best substratum for
spat settlement. The present results reveal that the
oyster growing baskets and cages appeared to be best

spat collectors as compared with the other spat col-
lectors.
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PEARL OYSTER CULTURE IN VIZHINJAM BAY

K. X. APPUKUTTAN?

INTRODUCTION

In India, Gulf of Kuich in Gujarat and Gulf of
Mannar in Tamil Nadu are well known areas for pearl
oyster resources. Hornell (1922) gave the history of
pearl fishery of Gulf of Mannar in detail. Alagarswami
(1970, 1975) and Alagarswami and Qasim (1973) have
dealt with the distribution of pearl oysters in India,
exploitation, farming methods and teclinology of culture
of pearls. Mahadevan and Nayar (1973) reviewed
Indian pearl fishery resources and identified Pincrada
Sfucata as the common Indian pearl oyster from Gulf of
Mannar and Gulf of Kutch, Rao and Rao (1974)
have identified six important species of pearl oysters
from Indian Coasts. Preliminary idea of pearl oyster
resources from Gulf of Kutch is fromt Hornell's work
(1909). Later Easwaran ef al, (1968) described the
present status of pearl fishery in Gulf of Kutch and
Pandya (1974) gave pearl oyster fishery and culture
experiments in Gujarat.

Recently occurrence of pearl oysters has also been
reported from Kerala coast from Vizhinjam Bay.
Periodical settlement of oyster spat takes place in the
fishing harbour at Vizhinjam, which has bzen brought
to light by Central Marine Fisheries Research Institute
(Anon,, 1977, 1978), Through a research project of
Central Marine Fisheries Research Institute at Vizhinjam
the spatfall of pearl oyster in the fishing harbour
under construction has been taken advantage of in
raising pearl oyster stock, The Fisheries Department
of Government of Kerala had undertaken a Pilot
Project on Pearl Culture at Vizhinjam in the year
1976. The species composition of pearl oysters from
Vizhinjam was P. fucata, P. sugillata, P. anomioides,
P. chemnitziiand P. margaritifera in the order of abund-
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ance, Inthe present account the details of pear] oyster
culture work at Vizhinjam with special reference to
environmental features of farm, spatfall in different
years, spat collection methods, observations on the
biology of P. fucata and details on fouling and predation
in the farm from 1977 to 1980 are given,

ENVIRONMENTAL FEATURES OF VIZHINIAM Bay

Vizhinjam Bay situated in the southwest coast of
India, about 16 km south of Trivandrum (Long. 76°59’
E, Lat. 8222’30 N) in a narrow bay enclosed by 2
breakwater jutting into the sea on the western side
(Fig. 1), The depth of the bay varies from 10tol 5 metres
and the bottom of bay is muddy., This area is protected
from heavy wave action and violent wind and current
during monsoon period.

Temperature, salinity and dissolved oXygen content
of surface sea water of this bay was studied from 1977
to 1980 and the results are shownin Figs. 2 and 3. The
surface water temperature varied from 20.75¢C to
30,50°C, the lowest recorded in July 1978 (20.75°C)
and the highest in Januwary-February 1977 (30.50°C).
Salinity rang>d from a minimum of 31.44%, in July,
1979 to maximum of 36.31%, in October 1979, Dis-
solved oxygen varied from 4.05 mi/l to 5.85 mij]
during 1979-80. The minimum dissolved oxygen was
found in March 1979 (0.05 ml/l) and the maximum in
November 1979 (5.85 mi/L). Turbidity of water was
high during monsoon, especially from May to October.
Dharmaraj et al. (1980) have studied the seasonal
variation in rainfall, salinity, temperature, light pene-
tration, pH, dissolved oxygen content and availability
of nutrients from Vizhinjam Bay for a period of one
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year during 1977-78.  Their results agree with the
present observations and they have found the nutrient
value, high during nottheast monsoon period.

Temperature and salinity showed increasing trend
from QOctober to March and were low during June to
September when monsoon was active, During mon-
soon dissolved oxygen was high compared with rest
of the months. There was no marked change in these
features from year to year at Vizhinjam,

76" 56" 15" €

baskets and then to big box-type iron pearl oyster cage
covered with plastic twine mweshes,

In 1977, 60 spat eollectors of various types were released
and settlement in March-April period was found to. be
good. 1In the frilled nylon rope-spat collectors, 1-15
numbers of peat] oysters were found, A few numbers
were collected from mussel ropes suspended from rafts
and also from the nylon meshes of pearl oyster cages,
During November-December period spat settlement wag

g 22 30"

VIZHINJAM
HARBOUR

Fic, 1, Vizhinjam Harbour showing the site of rafis for pearl oyster farming,

OBSERVATIONS ON SPAT SETTLEMENT |

Experiments were conducted from 1977 onwards to
monitor the spatfall of pearl oysters in Vizhinjam Bay,
Various types of spat collectors were used to identify
a suitable spat collector for large -scale -collection of
peail oyster spat.: The spat collectors used were roof
tile, string of coconut shells, split bamaboo poles, frilled
nylon rope (PL. I A), iron hapa covered with nylon
netting and nylon net bags. These were released from
rafts near the mother oyster stock. Spatfall pattern
was noticed every year and the young ones were taken

out.from the spat collectors and stocked in plastic fruit’
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A total of 550 spat were collected, mainly from
frilled nylon rope. 807, of the spat collected were.
Pinctada fucata and rest flat oysters. :

In: 1978 Februaty-March period 100 numbers -of
frilled nylon rope, 55 roof tiles, 15 hgpas covered
with nylon screen and 15 nylon neiting bags were
released.” Insidé the hapas ‘and bags- mother oysters
were stocked to note the settlemént of spat on the
oysters. Frilled nylon ropes were takén to open sea
mussel rafts,” where also mother oysters were stocked:
ina few cages. 1t was found that good settloment of
spat”was observed in the spat collectors in the open sea:

33



rafts. Only 15 numbers of spst collectors could be re-
trieved from the open sea, when there was cyclonic
weather and ultimate damage of rafts, From these,
500 spat insize 15-34 mm, were collected. Tnside the
bay a total of 750 spat were collected, mainly from
frilled nylon rope (Pl. I B) iron hapa, mussel rope
and pearl oyster cages in the order of abundance.
The percentage of P. fucata was 60 to 709, and the
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collected from the spat settlers, pear! oyster cages and
mussel ropes from March-June period from the bay.
The percentage of P. fucata has come down to 30-403;
with the rest flat oysters.

In 1980 February spat ranging from 24 to 35 mm
were collected which is presumed to be of November-
December spawning of the previous year. 3,895
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Fra, 2. Monthly average temperature and salinity in 1977, 1978, 1979 and 1980 in the farm site.

rest flat oysters comprising P. sugillata, P. anomioides
and P. chemnitzii, During November-December 225
spat were collected of which only 409, formed P.
Sucara,

During 1979 a total of 343 frilled nylon ropes were
released. 125 numbers were released in the open sea,
of which 45 only could be retrieved during May when
sea was rough, From these spat colleotors, 1350 spat
were collected with an average of 30 spat per collectors.
The size of spat ranged from 15 to 34 mm, 985 spat were

o6

numbers with 20-25% of P. fucata were collected from
the spat settlers inside the bay, During March-June
the spat settlement was very poor. 96 spat collectors
released during July have also not shown good settle-
ment, whereas it was interesting to note that profuse
settlement of spat was noticed in the nylon netting
covering the round fish cages suspended from rafts
for fish culture, where the area of attachment is more,
and the cage is a coylindrical one with 2-3 metre dia-
meter and 3-4 metre depth. 5 such cages were there
jnside the bay. From all these cages a total of 6,000
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spat were collecied from July to August. Another
250 numbers were collected from frilled nylon ropes and
oyster cages. A total of 10,145 spat were collected of
which only 20-30 % were P. fucata. Mortality of young
oysters was caused by crabs and 20-409, damage of
the oysters was observed.

OXYGEN ML /L

« T
-
z
I
=
E
o
z
I <
(7]
>
o
(=]
z
o
Fia. 3, Monthly averages of dissolved Oxygen in 1979

and 1980 in the farm site,

The observations showed that spat settlement from
March to June was fairly good in first two years but
in 1980 November-December setilement was good.
Peak period of spat settlement coincided with the
peak spawning period, It is also interesting to note
that the percentage of ocourrence of P. fucata gradually
decreased in the bay. Though several types of spat
collectors were iried, frilled nylon rope, nylonscreen over
hapa or fish cage seemed to be effective spat colleotors
for pearl oysters. It is felt that pearl oyster spat prefer
smooth surface for attachment as evidemced by its
preferonce towards the frilled nylon rope, nylon netting
and nylon rope, The depth at which maximum number
of spat occurred was upper 0,25 m, Very rarely young
oysters were collected from depth beyond 2 m from the
bay. The reason can be due to the clarity of water in
the upper water column and the pearl oyster larvae are
known to be phototrophic preferring surface water
area for settlement. Another factor which interferes
with the profuse settlement of oyster spat is the presence
of Modiolus sp. and Avicula vexillum which appear
simultaneously with pearl oyster spat settlement and
reduce the space for attachment of pearl oysters,
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Growth

Growth incremeént of farm grown pearl oysters
Pinctada fucata was estimated by examining samples
in the bay from 1978 onwards. During 1978-79
period peak modes of samples were traced for a period
of 10 months, In October 1978 peak mode observed
was 50-54 mm and through 10 months the peak mode
has shifted to 65-69 mm, Thus an average growth of
15 mm for ten months with growth rate of 1.5 mmy/
month was estimated. Again observations from August
1979 to May 1980 were made by keeping 100 numbers
of oysters ranging from 21-61 mm, In the first month
the peak mode observed was 45-49 mm and in the tenth
month the mode has shifted to 60-64 mm, thus showing
15 mm growth at an average of 1.5 mm/month. During
these observations, average length of pearl oysters was
calculated for every month and the results are plotted
in Fig. 4, It could be seen that growth increments
were 5.3 mm, 4.5 mm, 2.1 mm, 15 mm, 1.1 mm, 0.8
mm, 0.6 mm, 0.6 mm and 0.7 mm during the first
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Fia. 4. Growth of pear] oyster based on monthly average size
during 1989-80 and 1981

nine months, respectively. This shows that pearl
oysters in their young stage grow faster whereas growth
rate is not fast in adults, Observations on spat collected
from a single brood of same length range and kept in
cages for 3 months have confirmed this information in
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1981 beginning. In January pearl oyster spat showed
a peak mode of 10-14 mm, in February it was 25-29
mm and in March 30-34 mm, thus a growth increment
of 15 mm in the first month and 5 mm in the second
month. It is thus quite evident that young oysters
exhibit faster growth rate which siows down as the
oysters grow,

Spawning condition

Regular samples of P. fucata were examined to note
the gonadal condition of farm grown oysters in different
months. The gonadal condition was grouped into 5
major stages viz,, stage I—inderterminate-sexes could
not be identified; stage ITI—ova have not attained regular
shape, sperm non-motile; stage ITl—granulation in
the ovary appeared, sperm non-motile ; stage IV—
mature ova, motile sperm, reproductive body creamy
coloured-spawning stage ; and stage V—spent. The
percentage of occurrence of each stage in different
months from October 1978 to Decembzr 1980 is given
in Table | which shows that from December 1978
to January 1979 mature stage was high, Again during

TasLE 1. Percentage of maturity stages of Pinctada
fucata from Ocrober 1978 to December 1980

Maturity Stage
Moath -
1 I i v Y
1978 Oct . 50.60 50.00 ..
Nov . .. 6.67 9333 .. .
Dec N - .. 4333 4667 1000
1979 Jan .. .. 4667 1333 40,00
Feb . .. .. 10000 ..
Mar .. .. . 3333 66.67
Apr .. . .. .. 100.00
May .. .. .. .. 100,00 e
Jun .. . . .. 4667 533
Jul . . .. 6,67 30.00 63.33
Avg .. 100.00 . . .. .
Sept .. 86.67 1333 .
Qct . .. 90.00 10,00 .-
Nov .. .. .. 4333 56.67
Dec . . .. 4000  60.00
1980 Jan .. .. 70.00 .. 30.00
Feb . - ., 10000 .. .
Mar .. .. . .. 100.00 ..
Apr .. .. - .. 7000 3000
May .. .. ... 100,00 S
Jun e .. .. © L. 100000 -
Jul . .. .. .. .. 100,00
Aug .. 100,00 . .- .
Sept .. .. 100,00 ..
Oct .. .. .. 100,00
Nov ... . <. 100,00 PP
Dec .. ... 10000
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March to June 1979 another peak of spawning condi-
tion was observed with cent percent spawners in Aprils
May period. Thus two peak modes of spawning periods
were observed in all the years, which was found agree.
able with the spatfall periods observed. Incidentally
the peak spawning periods coincide with the southwest
and northeast monsoon also. Though these were the
peak spawning periods, spawners were found in almost
all the months of the year. There was slight variation
in the pzak spawning months from year to year.

Feeding habits

Examination of the stomach contents of pearl oysters
was made from Ociober 1978 to September 1979,
In October 1978, 939 of the oysters examined had
bivalve eggs and larvae in the stomach, Specific
identification of the eggs and larvae could not be done.
In November 1978, 279, of oysters and in January 1979,
6% of oysters had eggs and larvae. In the rest of the
period under observation the food item observed were
only digested algae and detritus.

FOULING AND PREDATION

The important fouling organisms found in Vizhinjam
Bay along with pearl oysters were rock oysters (PL I F),
barnacles, tubicolous polychaetes, ascidians, bryozoans,
alcyonarians, calcareous algae, hydrozoans and cri-
noids in the order of abundance. Apart from these
animals, amphipods, crabs, flat worms, free living
polychaetes and sea weeds were found in the pearl
oyster cages and also in spat settlers. Seasonal profuse
settlement of Modiolus spp. (Pl. ¥ C) and Avicula
vexillum were also observed. In 1977, 1978 and 1979
Modiolus and Avicula vexillum seitlement over the cages
and spat collectors were high during March- April. During
Novembzr-Decembzr 1980 heavy settlement of both
these bivalves was observed inside the bay. It could
be seen that spat collectors, when released are subject
to fouling and periodical cleaning of settlers is required
to kecp it clean for grod pearl oyster settlement, Pearl
oyster cages and fruit baskets used for stocking oysters
were also subject to heavy fouling (PL I D,E) when it
is kept for longer period in the bay. The main boring
organisms observed in the oysters were the polychaste
Polydom P and ‘spong: Cliona sp. The b;gger
shells ranging 60-80 mm often had borers in the um-
bonal area. The effect of these borers on settlement
and growth of oysters was also observed. The oyster
and barnacle settlement over the shells hinder the growth
of pearl oysters and bzcome a compstitor for food.
Sponge encrustation even closes the shells of oysters
leadmg to ultlmate d,estrucnon of the animal. Heavy'
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ouling by oysters, barnacles, ascidians and sponges
block the holes of fruit baskets and meshes of pearl
oyster cages obstructing free flow of water through them,
Cleaning of cages and spat collectors periodically was
found to bz effective to check the overcrowding of
fouling organisms., The fouling problem was not so
serious at Vizhinjam for pearl culture work except the
pariodical heavy settlement of Modiolus pp. and Avicula
vexillum, -Among the borers Polydora sp, causes blister
formation inside the shell. About 5% of the shells
examined had blisters due to polychaete boring.
About 3-89 of farm grown oysters were also subject
to Cliona boring. No serious destruction was caused
by this borer to farm.grown pearl oysters.

Predation by fishes viz., Diodon sp. and Arothron
nigropunciatus and Ostraceon spp. were observed in
1977, 1978 and 1979 in a minor scale. They usually
feed on young pearl oysters settled over spat settierse
In 1980 mortality of spat was caused by the predation
of crab Charybdis sp. which got inside baskets in very
early stage and completely destroyed the oyster stock.
In certain cases 1009 oysters stocked were subject to
predation. As a whole 20-40%; of oysters stocked were
subject to predation in 1980. The process of preda-
tion was closely observed in the laboratory keeping
the pearl oysters and crabs in fibreglass tanks (P1. 1 G).

The crab first broke the antero-dorsal margin of the -

right valve with the chelipede and cut the adductor
muscle, thus opening the shell valve. The crab ate
away the flesh portion within 4-5 hours. All the
oysters which were subject to crab predation had in-
variably a broken anterodorsal shell margin in the
right valve (Fl. I, H). The peak period of predation
observed was from October 1980 to JYdnuary 1981.
The size of pearl oysters subjected to predation ranged
from 20-40 mm, The oysters of higher length range
were” not subject to crab predation. Appukuttan
(1980) has observed mass-scale predation of mussel by
Rhabdosargus sarba from Vizhinjam Bay, but it is
interesting to note that these fishes were not causing
any destruction to oyster stock,

Discudsion

The ocourrence of pearl oyster spat in- Vizhmjam
harbour has led to the inmitial investigation of this
resource and attempts were made to raise a stock of
pearl oysters for pearl culture work. Alagarswami
(1977) has rightly pointed out that the success of sheli-
fish culture depends to a great extent on the ability to
collect and raise the spatr of cultivable species, = As
observed by Alagarswami (1977) a multi-species com-
position with' Pinctada ficata formmg major specles
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was observed at Vizhinjam, The protected bay is
ideally suited for peatl oyster farming. Victor (1980)

studied the seasonal changes in atmospheric temperature,

surface water temperature, salinity, dissolved oxygen,
pH, turbidity and silt deposition around the pearl culture
farm at Veppalodai, Gulf of Mannar, He has re-
ported double oscillation of temperature. High sali-
nity during southwest monspon and low, sa.hmty in
northeast monsoon and high silt deposition in Decem-
ber are some of the features observed at Veppalodai.
At Vizhinjam the spawning and high temperature
were interrelated. Both peak spawning periods were
observed during October-March coinciding with the
period of high temperature and salinity. Compared
with Gulf of mannar, the temperature and salinity
ranges were low at Vizhinjam Bay.

Spatfall pattern at Vizhinjam was studied by using
artificial spat collectors and as noticed at Tuticorin
(Alagarswami, 1977). Incursion of species other than
P. fucata was observed at Vizhinjam also. Experiments
at Vizhinjam have shown that frilled nylon rope and
hapas covered with nylon netting gave good results
during peak spawning period. Mahadevan and Nayar
(1976) also have suggested spat collection of pearl oysters
from spat collectors as more reliable method than the
collection from natural bed. Though there are two
peak spatfall period at Vizhinjam, spawners and spat
are observed in almost all the months of the year,
Alagarswami apd Chetlam (1977) described dimensional
relationship in Pinctada fucata and observed the
heterogenous nature of the population at Tuticorin,
At Vizhinjam also the heterogenous nature of P, fucats
is seen as two peak spawning periods are observed and
thus an overlapping of population, In 1977 and
1978 March spawning showed good settlement, whereas
in 1979 and 1980 November-December spawning was
good. Thus annual variation in spatfali was observed.

Malpas (1933) has used weight curve of pearl oyster
from Ceylon as a reliable index of age since it was
impossible to separate each generation of oysters from
the natural bed, as there is considerable overlapping
with successive spawning periods. Observations of
Devanesen and Chidambaram (1956) show that the
oysters grow to a height of about 36 mm in six months,
35.45 mm at the end of one year, 50-55 mm at the end
of second year, 55-60 mm at the end of third year,
60-65 mm at the end of fourth year and 65-70 mm at
the end of fifth year. Gokhale e al. (1954) and
Narayanan and Michael (1968) have observed that
pearl oysters from Gulf of Kutch grow. fairly fast
during the first three or four years and therefater show
little growth: Ohsermlons a-t V'z-hlnjam aiso show
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thet young oysters show faster growth and later growth
rate is very slow. Compared with other areas the
pearl oysters register a fast growth in first year itseif
at Vizhinjam. In Guif of Mannar two spawning periods
in an year are observed, one in the southwest mon-
soon period and the other in northeast monsgon
peried. Herdman (1906) found May-July and Novem-
ber-January as spawning period in Gulf of Mannar
while Hornell (1916) gave April-May and September.
October as intense spawning periods. Mahadevan
and Nayar (1976) also noted biannual spawning in
P. fucata after observing spatfall in the natural bed.
In the present observations at Vizhinjam two peak
spawning periods are observed.

Chellam (1930} observed bivalve eggs and larvae
in the stomach inclusions of pearl oysters during
certain periods of the year at Tuticorin. Phytoplankton
and detritus formed the major items of food of pearl
oysters at Tuticorin. The occurrence of bivalve eggs
and larvae in the stomach of pearl oysters need further
study to establish whether it is an isolated event
or 4 regular phenomenon.

"Rao and Rao. (1974) have listed the major fouling
organisms and predators found associated with
Indian pearl oysters, Mahadevan and Nayar (1976)
observed setilement of Modiolus spp. in the natural bed
around Tuticorin and stated that increasing Modiolus
settlement causes severe damage to the oyster bed from
year to year. Alagarswami and Chellam (1976)
studied the fouling and boring organisms found asso-
ciated with pear] oysters at Veppalodai, Guif of Mannar
and the seasonal variation in abundance of various
organisms and its effects on farming, At Vizhinjam
though fouling organisms were not comsidered as &

‘'serious problem for pearl oyster stocking, predation of

pearl oyster spat was alarming. Achari (1980) has
indicated the impact of introduction of pearl oyster in
the new environment and consequent concentration
_of their biological associates which are new to the loca-
Jity and the subsequent development of a parallel
community. The appearance of predators like crabg
in the bay can be attributed to this principle.
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HATCHERY TECHNOLOGY FOR PEARL OYSTER PRODUCTION

K. ALAGARSWAMI,' S. DHARMARAJ,? T. S. VELAYUDHAN® AND A. CHELLAM®

INTRODUCTION

The successful development of hatchery technology
for production of pearl oyster Pinctada fucata spat in
1981 at the Central Marine Fisheries Research Institute
(Alagarswami e al., 1983 a, b, c) is an important mile-
stone in the progress of research and development of
molluscan shelfish culture in India. This is evident
from the fact that subsequently, similar developments
have been achieved in the production of spat of the
oyster Crassostrea madrasensis in 1982 (Nayar et dal.,
1984), green mussel Perma viridis (Rangarajan, 1983)
and brown mussel P. indica in 1983 (Appukuttan et al.,
1984). These developments have resulted in the
establishment of a moderate shellfish hatchery at
Tuticorin which has become capable of mass produc-
tion of spat of any of these marine bivalves with a
certain degree of predictabilitly. Although the larval
rearing technology for the bivalves of temperate and
sub-tropical regions had been known for over two
decades prior to the above developments through the
works of Loosanoff ez gl (1963), Walne (1964), Imai
(1977) and others, the achievements in India have
established the validity and relevance of hatchery
technology for the tropical species and situations. The
present paper conSiders the subject in three parts $
first, it outlines the hatchery system ; secondly, it deals
with the experimental results obtained in pearl oyster
spat production ; and last, it critically evaluates the
technology with reference to its expected role in shell-
fish research and development.

HATCHERY SYSTEM
Site selection

Many factors are to be taken into account in the
selection of a hatchery site. The primary requirement

Present address : * CMFRIY, Cochin-682 031
¥ CMFRI. Rescarch Centre, Tuticorin-628 001
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of an operationzl hatchery is the uninterrupted supply
of good quality seawater free from pollutants. The
seawater used in the hatchcery should be free from
suspended particles and silt ana hence tbe site of drawal
of water should be rocky, coralline or sand mixed.
It should be away from industriat and domestic sewages.
It should not be close to river mouths, the fiooding of
which will dilute the seawater, resuiting in problems
during the times of monsoon. Plaoes experiencing
dust and hot summer winds are not ideal. Other
aspects to be considered are proximity to the naturai
resource and farm sites and logistics of transplantation,

Hazchery building

The hatchery building shouid be designed and con-
structed in such a way as to get maximum light and air
inside the hatchery. The roof should partly be pro-
vided with tranclucent fibreglass sheets. This will
provide light for the algal culture inside. In order to
minimise heat radiation, the height of roofing should be
sufficiently high. Glass panelled, large windows with
ventilation for free passage of light and air should be
provided. Air vents and exhaust fans are required
in sufficient numbers. Entry of insects, flies and birds
should be avoided by fixing fine wire mesh panels to
the air vents. Concrete flooring with sufficient gradient
and gutters for easy drainage of water should be pro-
vided, Provisions must be given for fresh water supply
and power supply inside the hatchery. In case of
extremely high ambient temperature airconditioning

" would help in sucocessful larval rearing.

Water management

Seawater drawn from beyond the low water mark is
usually devoid of silt and suspended particles. This
water is collected in a well, by placing PVC pipes of
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15 cm diameter, by gravitational force. The well acts
as a sump-cum-sedimentation tank., The water is then
pumped to a biological filter where the water passés
through coarse river sand, pebbles and charcoal. The
filtered water is stored in a sump with two compart-
ments, facilitating easy cleaning and maintenance.
The water stored in the sump is lifted to overhead tank.
This water is then drawn to the hatchery through PVC
pipelines. The water is allowed to pass through an
ultraviclet sterilising chamber to destroy the bacteria
and distributed to culture tanks.

The seawafer requirement of a hatchery is about
10,000 fitres a day when static or recirculation systems
are under operation. In the flow-through system, the
requirement will be very high, Metals -which get
rusted while in use should be avoided in the water cir-
culation system. Parts made out of materials like PYC
and stainless steel are preferable in the hatchery
operation.

The seawater filter system should be maintained
properly. Removal of sediment, replacement of river
sand and charcoal and washing and drying of pebbles
should be done periodically. The frequency for this
maintenance operation can be Jecided by monitoring
the bacterial load of the filtered water. Having an
additional filter bed as a standby will help in uninter-
rupted supply of filtered seawater.

Aeration

Air compressors can be either of piston or rotary
vane type. Rotary vane models give a high output at
low pressure and are less prone to mechanical failure.
Air is compressed into a storage tank, The automatic
out off allows the compressor to rest for a while, when
the storage tank is full. The air is passed through a
series of filters to remove oil and moisture and supplied
to the hatchery through PVC pipes of diameter 2.5 cm.
Air can be drawn at the required places from these
pipes running the entire length of the hatchery .at a
height of 3 m through the nozzles. The air is supplied
to the culture tanks through diffuser stones, :

By using electrical air blower, oil free air is supplied
to the tanks. The disadvantages of air blower are
(i) the air blower should run non-stop since there is no
storgge tank ; (ii) there is no provision to regulate the
air flow at the source and (iii) power failure will affect
the air supply to the tanks.

Larval food production

Flagellates measuring less than 10 pm form the main
food of pearl oyster larvae. The important phyto-
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flagellate used as larval food is Isochrysis galbana
(class : Haptophyceae). It measures 7 pm. Besides,
species of Paviova, Chromulina and Dicrateria have
also been found to be satisfactory food for the larvae,
Various culture media have been used depending on the
organism, class and genera. Usually for culturing
flagellates, Conway or Walne’s medium is used in the
laboratories for the ‘maintenanoe of the stock culture
as well as for mass oulture. The composition of
Walne’s enrichment medium is as follows ;

Solution—A
Ferric chloride (FeCl;. 6Hy0) .. 260g
Manganes¢ chloride (MnCl;.4H,0) 072 g
Orthoboric acid (H;BO,) 67.20 g
Sodium EDTA .. 9000g
Dibasic sodium acid phosphate '

(NaH,PO,. 2H,0) 4000 ¢
Potassiwm nitrate (KNQg) 200,00 g
Distifled water - oo 21

Solution—B
~ Zing chloride 210 g
Cobalt chloride - _ 200 g
Ammonium paramolybdate 090 g
Copper sulphate (CuSO,. 5H,0) 200g
Distilled water . 11
Acidify with HCl to obtain a clear

liquid,

“Solution—C
Viiamin By, 10.00 mg
Thiamine .o 200,00 mg
Distilled water ‘ 21
(To be stored in a refrigerator)

Culture medium :
Solution—A oo 10mil
Solution—B o 1ml
Solution-—~C e 1 ml
Seawater . .. 101

" Isolation : For the isolation of the required species

of phytoflagellates, the serial dilution culture technique
is employed, In this method mainly 5§ dilution steps
(the inocula corresponding to 1, 10-%, 10-3, 10-* and
10-4 ml) are employed. After filtering the seawater
through 10 micron sieve, the filtrate hasto be inoculated
to 5 series of culture tubes in various comcentrations.
These are kept under sufficient light with uniform
temperature (25°C). conditions. = After 1520 days,
discolouration of the tubes can bo observed. On
examination, the growth of umglgl species ‘can be
observed, Purification  of ' these omnuma can be
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done by sub-culturing the same in 250 m), 500 ml,
11and finally 3 or 41 Haufkin culture flasks as stock
culture.

Stock culture : Required quantitics of nutrients
are added to autoclaved or hoiled and cooled seawater
in Haufkin flasks, Walne’s medium is found to be the
ideal and suitable one to maintain the stock of all the
Haptophycean flagellates, About 10 ml of the ino-
culum in the growing phase is transferred to the culture
flask and placed under tube lights (800 lux). When
the maximum exponential phase is reached, light inten-
sity is reduced to 400 lux to enable further growth,
Normally the flagellates will enter the stationary phase
of growth after 15 days. In this phase the culture
can bs kept for a period of 2 mounths withowt
aeration,

Mass culture of algae :  Utilising the inoculum from
the stock culture room, the flagellates are grown in
Jarge scale in 20-1 glass carbuoys or in 1001 pergpex
tanks. Fully grown stock culture is used as inoculum
for the mass culture in these containers. About 250 m)
of the inoculum is nsed for the glass carbuoy and 2 1
for the perspex tank, These containers will have the
maximum concentration of cells in the growing phase
within 5 to 6 days. Adfier observing the thick brownish
yellow colour and noling the cell concentration using a
haemocytometer, the culture is drawn for use as food
for the pear]l oyster larvae, The composition of the
medium used for mass culture as well as mixed algal
culture is as foltows ;

Potassium nitrate 04g

Potassium dihydrogen 02g
orthophosphate

Sodium silicate 02¢g

Sodium EDTA . 02g

Filtered seawater .o 301

Culture conditions ; The right amount of illumi-
nation is an important factor for algal culture. Most
of the flagellates roquire less light during the stationary
phase, Too much of light causes early daclining of
culture, For the growth in mass culture 1,000-1,500 lux
is optimum upto 5-6 days, and for maintaining the
stock culture 400-500 lux is sufficient. A photoperiod

of 12 hr light and 12 hr darkness is ideal for main-

taining the stock as well as mass cultures, The algal
cultures are maintained best at 23-25°C, It has been
noticed that under aeration, the cultures remain in the
growing phase 2-3 days more. Aeration helps the
nutrients to be distributed uniformly in the medium,
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Broodstock maintenance

In order to get spawners throughout the year, the
brood oysters are kept in seawater, the temperature of
which is maintained at 25-28°C. They are fed with
mixed culture of algae at the ration of 4 1 per oyster
per day, the quantity being supplied twice a day at equal
intervals. The algal food is supplemented by raw
corn flour at 30 mg per oyster per day. Peart oysters
with maturing gonad fed with the above food for 45
days would spawn with 307 response. The mature
oysters can be kepr for prolonged period under 25-28°C
and the spawning of these oysters can be induced with
a slight elevation of temperature.

Larval rearing system

The eggs are fertilised as soon as they come in
contact with sperms, The fertilised eggs settle at the
bottom of the vessel along with unfertilised and un- -
developed eggs, broken tissues and muous, The
column water containg the excess sperm, The develop-
ing embryos are sieved carvefully through 30 pm mesh
and ate transferred to fresh seawater for further
development. At 3-4 hrs after fertilisation the morula
stage is reached. The embryos which are phototrophic
riso from the bottom of the vessel and congregate near
the surface leaving behind the unfertilised eggs, under
developed embryos and other debris at the bottom.
The morulae ave collected by siphoning them out
gently to another fresh vessel. Most of the embryos
reach straight-hinge stage within 20 hrs, The size of
larva is 57.5 pm. Congregation behavicur of the
larva still persists. One more sieving with 40 gm mesh
at this stage yields pure larval culture. Estimation of
larval concentration and stocking the larvae is done
at this stage. The larvae are fed from this stage on-
wards. Further growth depends mostly on the supply
of right type of food. Otherwise the larvae would
remain in this stage upto 30 to 40 days without any
further development. The straight-hinge stage is
counsidered to be a critical one.

In the Iarval rearing vessels, waler is changed onoe
in two days. The larvae are sieved through 40 pm
mesh and introduced to clean vessels containing sea-
water. A differential growth rate is noted in larvae
beyond straight-hinge stage and on any given day
during larval rearing, & wide range of sizes is seen.
To obtain better results the method of culling is resorted
to at different stages of development and the slow
growing ones are discarded,

 Aeration seems to affect the growth of pearl oyster
iarvae and leads to greater mortality, The effect of
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aeration is more pronounced in smaller vessels than in
larger ones. Agitation caused by aeration weakens
the larvae. The larvae prefer difiused light or darkness.
Fibreglass tanks are found to bz ideal for larval and
spat rearing, Mass production of spat is done in tanks
of one tonne capacity, The larvae show batter growth
and settlement in tanks painted with dark colour.

In the water circulation system, the tanks should
have provision for inlet and ourlet of water, The
outlet should be of an appropriate size fitted with a
sieve of nylobolt which prevents the passage of Jarvae
out. -

Disease control of larvae

Natural mortality of larvae/spat may occur even
nnder the best conditions, The weak and dying larvae
are found infected heavily by bacteria and protozoans.
In some cases the mortality is duz to epizootic organism,
Within a day or two after infection, heavy mortality
is scen among the larvae/spat. Infection by fungus is
peraips through untreated seawater. The mortality
of larvaefspat can b: minimised to a Iarge extent by
following certain precautionary -measures such as
(i) general cleanliness of all utensils used in larval
rearing ; (ii) sterilisation with germicidal wltraviolet
irradiation of the culture water and (iii) use of appro-
priate antibiotics to control bacteria. Streptomycin,
Kanamycin, Aurecmycin and Combistrep in low con-
centration have been suggested for use in larval rearing
systems. Use of antibiotics in higher doses bzyond
certain limits is likely to retard the growih or kill the
larvae. The commercial preparation of Terramycin,
Sulfathiazone and Sulfanilamide is considered to be
somewhat toxic e¢ven in low concentrations, '

Spat production

To enhance the survival rate of spat during the
nursery rearing phase, the fully developed larvae are
allowed to set on suitable collectors in the spat setting
tanks (Pl IIT A). The inexpensive, long lasting, light
materials such as fibreglass plates, bunches of mono-
filamont, old fish net, seasoned bamboo splits and
coconut shells are selected as spat collectors. In
general, theso materials should not lIeach out any
chemical on reacting with seawator which may affect
settlement and growth of spai. The spat collection

units should be compact and should facilitate easy in

situ transpiantation to the farm,

The spat on collectors are transplanted to the farm,
These are kept in cages which are again covered by old
fish net on the outer side, This provides protection to
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the spat from predators. The spat settied on the
culture tanks (PL III B) are removed carefully by means
of soft foam rubbsr and reared separately in spat rearing
net-cages. When the spat on the spat collectors attain
a size of 1015 mm, they are removed from the spat
collectors and reared in net-cages (Pl. III C, D, E).
Periodical maintenance of the spat and cages and trans-
ferring spat to fresh cages will minimise mortality
during the phase of juvenils rearing (P1. III F).

Flow chart

The different functions involved in hatchery operation
are shown in the form of a flow-chart in Fig. 1. The
chart depicts the basic steps in cach of the subsystems,
namely seawater treatment, algal food production and
pearl oyster breeding.

REesuLTs OF EXPERIMENTAL PRODUCTION OF
PEARL OYSTER SPAT .

Spawning and fertilisation

In pearl oysters with mature gonads, a simple changs
of seawater often leads to spawning. The shock of
shell cleaning is enough for some oysters to spawn when
they are returned to seawater. During some months
the peart oysters from the natural beds spawn when they
are brought to the surface and supplied with seawater
drawn from the surface area, In all the above cases
the males invariably initiate tho act of spawning,

followed by fomales,

In hatchery operation, occassional natural spawning
in the laboratory alone cannot bz depended upon, A
series of experiments have been conducted on induced
spawning of pearl oyster (Alagarswami et al,, 1983 2)
and the results are as follows (Table 1) :

Tapis 1. Induced spawning in pearl oyster Pinctada fucata
(After Alagarswami ef al., 1983a)

No. of oysters
Treatment Tested Spawned
Percen-
Male Female tage of
spawning
Tris, pH 9.0 e 28 4 18 78.6
Tris, pH 9.5 - 28 ] 2 393
Tris, 91% 1 !
H,0, (3.064 mM) - 16 3 | 62.5
NaOH, pH 9.0 o 2l - 8 -5 416
NaOH, pH 9.5 ‘e 19 6 1’ 634
. 6%
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Effect of hydrogen peroxide (HyO,): Different
concentrations of H,0, at 1532, 3,064 and 6.128
millimolars (mM) were prepared by adding 6.25 ml,
12.5 ml and 25.0 ml of 6% H,0, solution to 6 1 of
fresh seawater. The oysters were acclimatised for 12h
before experimenting. The oysters are kept in the
experimental medium for 2 h at the end of which the
solution was siphoned out and fresh identical seawater
was added. Spawning (18 12%) occurred after the
change to fresh seawater in the comcentrations of
3,064 m¥ and 6.128 mM H,0,.

Effect of Tris buﬁ'er: The buffers with different

pH such as 8.5, 9.0, 9.5 and 10.0 were prepared by

slowly adding Tris buffer to fresh seawater. Normal

seawater with a pH of 81-8,2 was used as control..

The duration of the experiment was 34 h. A
maximum of 78.6 %, of oysters spawned in the pH 9.0,
37.3% in the pH 9.5 and 209, in the pH 10.0. Spawning
response started botween I-2h in the Tris medium
itself. There was no spawning in the control.

Effect of alkali (NaOH): Solutions having a pH
of 8.5, 9.0, 9.5 and 10.0 were prepared by dissolving
pure pellets of sodium hydroxide in seawater. Normal
seawater having a pH of 8.0 and 8.1 was kept as control.
The duration of the experiment varied between 3-4 h.
68.4% of oysters spawned in pH 9.5 and 47.6% in pH
9.0. Spawning did not occur in other pH, In most
cases, spawning occurred in NaOH medium itself.

Effect of Hy0, in alkaline medium (HgO, + Tris) :
The alkaline medium by Tris buffer acts to increase
the porportion of animals that will spawn in response to
H,0,. Ogysters in Tris buffer solution at pH 9.1
formed the controls. The concentrations of H,0, used
here were the same as in the earlier experiment.
of oysters spawned in 3.064 m concentration of H,0,
buffer after the oysters were changed to fresh seawater
at the end of 4 h of treatment,

Effect of HyO, in alkali medium H,0, + NaoH) :
The pH was adjusted to 9.0 by adding NaOH pellets,
The H,0; concentrations wers the same as above,
The duration of the experiment ranged between 2-5 b,
Two oysters spawned mildly out of 21 tested at 6.128
mM concentration after changing to seawater. Spaw-
ning was observed in the control also.

Effect of injection of Nj10 ammonium hydroxide : A
dilute solution of N/10 NH,OH was prepared from a
stock solution. 0.1 ,0.2 and 0.3 ml] of the solution was
injected in the adductor muscle. 48% of oysters
spawned at 0.2 ml injection but none at 0.1 and 0,3 m],
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62.5%

In one experiment when the injection was given at the
base of the foot, all the oysters spawned profusely.
Opysters without injection were kept as control and no
spawning occurred in them,

Thermal stimulation : Experiments on thermal sti-
mulation also resulted in spawning when the
temperature was increased gradually from 28.5°C to
35.0°C.

Larval rearing

Spawning : Invariabily the males initiate spawning
in the normal condition (P. I A). The presence of
sperm in the water stimulates the females which follow
act within 30 minutes. Majority of the eggs released
first are pyriform, and measure 73.9 pm along the long
axis and 45,2 pm in breadth on an average. A large
clear” germinal vesicle (nucleus) measuring 24.7 gm in
diameter, is distinctly seen. The yolk cytoplasm is
Leavily granulated and is opaquoe (Pl. I B). The egg is
enclosed in a vitelline membrane which remains upto
trochophore stage.,

- Fertilisation : Soon after discharge, the eggs are
fertilised. They assume a spherical shape and the
germinal vesicle breaks down. The fertilised egg
measures 47.5 pm in diameter (Pl. I C). During the
process of fertilisation the first and second polar bodies
are released. The polar bodies persist on the embryo
even in the blastula stage.

Cleavage : The first cleavage begins 45 min after
fertilisation resulting in a micromere and a macromere,
Now the polar body lies at the cleavage furrow.
During the second cleavage the micromere divides
into two and the macromere divides unequally into a
micromere and a macromere. The stage with three
micromeres and a macromere is called Trefoil stage.
(Pl. I D). Macromere does not take part in
further divisions, Micromeres become smalier and
smaller in size after passing through eight celi, sixteen
cell and so on and reach morula stage (PL I E). Then
each micromere develops a smail cilium which makes
rotation movement of the embryo.

Blastula : The stage is reached 5 h after fortili~
sation. Reorientation of cells result in the formation
of blastopore and biastocoel.

Gastrula ¢ Gastrulation takes place by epiboly.
The cells convolute ard differentiate into different
layers. The archenteron formed at this stage comniuni-
cates to the exterior through the blastopore. The
embryo exhibits phototrophlsm. It takes 7 h to reach
thestage.
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Trochophore larva: The early trochophore larva
develops preoral and postoral tufis of cilia thus mark-
ing antero-posterior region of the embryo (Pl I F).
A single apical flagellum is developed in the typical
trochophore stage. The minute cilia noticed in the
blastula stage disappear. A shell gland of the dorsal
ectoderm secretes the prodissoconch I, The stage is
attained in 10 h,

Veliger : The veliger stage is reached by the for-
mation of straight hinge line, mantle, rearrangement
of preoral cilia into a velum and disappearance of the
apical flagellum, preoral and postoral ciliary bands.
The straight hinge larva measures on an average 67.5 gm
along the antero-posterior and 52,5 pm along the dorso-
ventral axis (PL II A). The stage is reached in 20 h,

Umbo stage : The development of straight-hinge
larva to umbo stage is gradual, Typical clam shaped
umbo stage is reached between 10-12 days measuring
135 x 130 pm (Pl II B), The shell valves are equal
and develops mantle folds,

Eye spor staget Eye spot is developed on 15th
day when the larva measures 190 X 180 um, The
eye spot is situated at the base of the foot primordium.
Eye spot is visible in a spat of 3.9 mm. The larva
develops ctenidial ridges (P1. II C).

Pediveliger stage ; The foot is developed on 18th
day at the size of 200 X 190 um. The transitional
stage from swimming to crawling phase has both velum
and foot (PL. I D). Later the foot becomes functionaj
with the disappearance of velum. 2-4 gill filaments
are seen at this stage.

Plantigrade : The stage is seen on 20th day and it
measures 220 X 200 um. Labial palps and additional
gill filaments develop. The shell growth is by the for-
mation of a very thin, transparent, uniform conachiolin
film around the globular shell margin except in
the vertex of the umbo region. This is the beginning
of the formation of the adult shell or the dissoconch
(P LN E).

Spat : The plantigrade transforms to a young spat.
The hinge line, anterior and posterior auricles and -the
byssal notch assume specific shape. The left valve is
slightly more concave than the right one (Pl lIF).
The spat attaches itself to the substratum with byssal
threads. The typical spat is recognised st this size
300 pm on 24th day,

The sizes and days given for the different larval and
post-larval stages vary from experiment to experiment
according to the environmental conditions prevailing
at that time.

Larval growth under different conditions

Larval density : Under identical conditions the
larvae showed differential growth rate at different larval
densities and was lowin higher densities. In the
experiment 1 of the Table 2 it can be seen that the
growth increment from the day of stocking to first
settlement was 1379 pm, 1347 pm, 1312 pm,
132.8um, 118.9 sm and 115.8 pm in the densities of 1, 2,
3,4, Sand 10 larvae/ml. The highest percentage (99.9 %)
of settlement occurred in 2 larvae/ml concentration and
the lowest (18.9%) in 10 larvae/ml. A similar trend
of settlement was also seen in the experiment 2 (Table 2)

TAbLE 2.  Larval density, growth and settlement of larvae of P, fucata

Larval den- Volume Average size of larvae (in p#m) Number Percentage
Expt. sity (laxvaf of water of spat of
No. ml) §)) settled spatfail
2nd day 8th day 15th dey 28th day
I 1 4 64.0 854 141.5 2019 3,588 91.5
2 4 64.0 934 1426 198.7 7,991 N9
3 4 64.0 91.8 1448 195.2 11,054 921
4 4 64.0 95.6 1428 196.8 15,540 971
3 4 64.0 95,8 138.8 1829 15,892 79.5
10 4 64.0 95,2 133.7 179.8 7,562 18.9
2 2 500 67.5 88.0 174.8 3022 3,156,334 316
' 3 500 67.5 67.} 1259 214.8 2,86,833 19.1
4 500 67.5 83.8 164.8 281.5 2,81,666 40 -
5 500 67.5 75 M4l WL 3,39,333 136
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where the percentage of spatfall was 31.6, 19.1, 14.0
and 13.6 in the densities of 2, 3, 4 and 5 larvae/ml.
In this particular experiment where the volume of
culture water was 500 1, the increase in growth was
2527 pm, 147.3 pm, 2140 pgm and 255.6 pm for the
larval densities 2, 3, 4 and 5 larvae/mi. From the
experiment it was seen that 2 larvae/ml was found to be
the optimum both for larval growth and spatfail.

Colour of larval rearing vessels: Apart from the
larval densities and feeding levels, the colour of the
larval rearing vessels was also found to influence the
spatfall. Vessels of black colour received more settle-
ment followed by white and light blue ones (Table 3),
In the three experiments conducted 1.4, 2.4 and 7.3
per cent larvae settled respectively. It was also seen
that the total spatfall in the black colour vessels was
64.5% in the first experiment, 73.7% in the second
and 47.7% ta the third. Among the white and blue
colour vessels the spatfall was almost similar.

TasLe 3, Effect of colour of larval rearing ianks

Culling : The effect of culling was not felt much in
the growth of larvae (Table 4). The survival rate of
spat obtained from the experiment was worked out.
Under identical treatment for 44 days in the hatchery
the survival was 91,3% in the non-culled case, 71.2%
in one cuiling, 624Y% in two cullings and 6829 in
three cullings. On transplantation of the spat to the
farm condition, the spat of non-culled experiment
suffered mozrtality but the spat got through culling with-
stood the farm condition well and more than 509 of
survival was obtained here than in the non-culled spat.

Aeration : Agitation of the culture water through
aeration was found to have direct impact on the growth:
and settlement of larvae. The result of the three exerpi-
ments conducted on this aspect is given in the Table 5.
The effect of agitation was more pronounced in smaller
vessels of 5 1 capacity than in larger vessels. The
growth as well as the seftlement of the larvae was
affected by aeration. The percentage of spat settlement
in aerated condition was 0.6%, 9.0%; and 8.7% in the
three sets of experiments whereas it was 15.9%, 4€.6%,

(FRP) on spatfall and 14.3% for the non-aerated experiments.
Total Volume No.of Percen.  SP3f production and rearing |
Byt Colour of Roof o pat, . taein Larval rearing was conducted almost throughout
stocked () (%) , setile. the year in the hatchery laboratory of Central Marine
(million) ment Fisheries Research Institute at Tuticorin and spatfall
was achieved in all the cases (Table §). However,
1 Black . 40 60 7?1’285)2 64.5 during the months May-August, the spatfall was at the
. ) minimum level. This was because of the high salinity
. White 40 - 3?6?;',%) 355 of the rearing water. This was particularly true in the
Black - year 1983 (Table 6). In addition to the rise in salinity,
2 - 30 &0 1(12'.%9 13'? heavy dust fall and warmer landward wind were
White .. 30 . 60 25,50 . 263 experience¢ during May-August at Tuticorin, Ococa-
o _ 085 sional spurt in the growth of ciliates resulted in heavy
3 Black .. 1185 500 86,555 477 mortality in larvae. This was more common only
| _ &) during May-August. It may be seen from Table 6
White ..o 1085 300 5(34-3‘;0 2.2 that higher rates of mortality in the larval rearing were
o ' . ) . ..  observed in the initial period. Later, steps were taken
_Blm _ 1185 300 433’%5 LS to overcome some of the problems of larval rearing
which resulted in bigher survival rates.
_ TABLE 4. 'Ef}'em of culling.on rl;clgrom‘h and settlement of larvae and survival rate of spar
" Av. flarvae (i No. f 3
Treatment - — Y Mho ATvee (mM) :pa.to magle
) 2nd 6th 12th 19th 22nd settled inlab
_ o ) . day day day day day (% (44 days)
No Culling .. 615 . 639 90.9 183.6 2 276 91.3
One Culling (at umbo) e = " 99.7 1928 2919 2(666597 71.2
Two Cullings (at umbo & eyed) . - - 070 - 1924 3152 1(:;.31';2) 624
Three cullings (at umbo, syed & . - = 105.6 1877 2887 16,296 68.2
S T - e
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TABLE 5. Effect of aeration on the grwarh and settlement of larvae

Larval Yol

Average growth of larvae in pm

Expt. £ N o
l densit of t in
Eﬁ'ﬁ'f’ Vessel Treatment (m! Y water 3rd ° 10th 1%h - 24th seitled & ° spatfall
: : : (8] day day day day % .
1 Glass beaker Non~aerated .. 2 5 60.7 954 152.5 . MM24 (1;5531 96.36
Glass beaker  Acrated o2 60.7 916 & 1030 2867 (0'6553 3.64
2 FRPtank Non-aerated L2 50 62.1 100.8 173.2 3510 ?‘?6537 81.87
Fn(gluﬂk Aerated o2 50 62.1 80,5 99.3 314.8 8,980 1813
{Blue) . _ 9.0
3 FRP tank Non-aerated .. 25 500 - — — — 1,690,943 62.31
(Black) (14.3)
FRP tank Aerated .. 25 500 - — —_ — 1,02,777 37.69
(Black) 73]
Transplantation 3 mm, Silt deposition and settlement of other

After spat setting in the hatchery they are further
grown in nursery tanks, Feeding with mixed algae,

especially with Chaetoceros enhances the juvenile

growth. Spat of 3 mm and above withstand trans-
plantation to the new farm environment. High morta-
lity is noted in transporting spat of size smaller than

TABLE 6. Pearl oyster spat production in the experi-
mental hatchery at Tuticorin during 1981—386

Expt. No. Date of spawning  No. of spat set
1 20-8-81 70,496
2 16-9-81 14,450
3 2-11-81 1,374
4 4-12-81 42,151
5 17-8-82 —_—

6 1-12-82 517,521
7 23.2-83 1,054,856
8 23-4-34 1,818
9 1-6-83 71

10 10-3-83 3,314

1 169-83 6,627

12 23.11.83 1,30,292

13 7-1-84 99,308

14 22-3-24 20,559

15 2-5-84 5,36,01%

16 16-8-84 22,260

17 1-1.85 6,00,000

18 17-2-85 - 6,700

19 19-3-85 10,32,000

20 24-4-85 7,60,000

il 23-6-85 10,500

2 28-8-85 9,93,000

23 26-11-85 70,000

24 10-12-85 6,18,000

25 15-2-86 5,60,534

26 19-5-86 2,14,131

27 26-6-86 13,068,965

70

organisms on the spat and culture containers greatly
affect the minute spat, The spat collectors with the
spat in situ are transported in wet condition and reared.
The spat settled on the tank are removed with sponge
and transported in water and reared further in net-cage.

CRITICAL EVALUATION OF HATCHERY TECHNOLOGY

The development of hatchery technology for pro-
duotion of pearl oyster seed has been timely
(Alagarswami et al., 1983) both in respect of this specific
resource and for marine bivalves in general, Seed
availability has been feli a major constraint in the
development of shellfish culture in India. The pearl
oyster resource in the natural beds of Guif of Mannar
and Guif of Kutch have fluctuared unpredictably in the
past and no one would venture into pearl culture with
total dependenoe on supply of oysters from the natural
source. Also, experimental spat collection in the
open-sea has not been successful and that in the coastal
waters has yielded mixed species populations at
Tuticorin and Vizhinjam, with a very low and un-
economical component of Pinctada ficara. Under
these circumstanoes, the hatchery technology has
proved very useful and given a positive direction to the
effort on pear] culture in solving the resource problem.

High level of production achieved in certain batches
of rearing, upto 2 maximum of 1.3 million spat, under
minimal conditions would show the viability of the
technology. Such mass production has enabled
development in another direction to attempt to
repopulate the natural beds themselves by sea-ranching.
This has a great potential to control or minimise the
vagaries of natural production and re-opern pear]
fisheries for natural pearls if successful. Pear! culture
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also can benefit considerably if full grown oysters can
be taken from the beds after a period for nuclens im-
plantation and subsequent culture,

The technology developed and practised is simple
for adoption and is of low cost in terms of equipment
and operational expenditure. The technology has
bzen tested under severe conditions of fluctuations of
environmental parameters and, under more ideal situa-
tions, the results can even be excelled.

Besides establishing a source of supply of pearl
oysters to pearl culture operations, the hatchery
technology has opened up new possibilities of improving
the quality of pearl oysier and thereby the pearls
through genetic selection and breeding, The Japanese
pearl culture industry is paying utmost attention to the
_genetic improvement of the stocks, without which the
production and value of cultured pearls is likely to
suffer. The areas for genetic studies are to increase
the shell growih, shell cavity size, and strains with
potentiality for secreting macre of desirable quality
te improve lustre and colour, The breeding pro-
gramme takes considerable time to establish strains of
desirable characteristics, but this approach has become
possible only through the hatchery technology. .

The spin-off from this development has bsen the

possibility of research in the microalgse which form
the food of the larvae. The techniques of isolation of
local species of microalgae and their mass culture
in the haichery facility have enabled several lines of
investigations on these organisms, '

Hatchery technology is multidisciplinary in nature
and there are several aspects which need further direc-
ted research, These relate to broodstock management
for contimzous supply of quality mature oysters for the
breeding programms ; genetic improvement as already
stated ; water quality management ; nutritional needs

 of larvae at different stages ; larval physiology ; ideriti-

fication of diseases and control measures; improve-
ment in larval survival ; synchronisation of growth and
metamorphosis ; spat setting requirements ; spat nutri-
tion and juvenile rearing.

Economics of hatchcery production of seed have to
be duly considered in terms of fixed assets and working
capital requirements, Given the fixed assets, the
break-even point of production can be minimised and
profitability enfarged only through achieving scheduled

production rates, high survival, fast growth, early

spat setting and high amount of success in juvenile
rearing. These aspects need carefn! consideration and
would decide the future of shellfish hatchery proe
gramme in India.
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PEARL OYSTER FARMING

A, CHeLLAM, T, S, VELAYUDHAN! AND A, C. C. VICTOR?

INTRODUCTION

The pear] oysters are reared for production of cul-
tured pearls, They grow and reproduce in the farm,
The nucleus implanted oysters grow in the farm and
secrete the mother of pearl around the nucleus. The
selection of a farm site is of paramount importance,
The selection should be based on an appraisal of the
life history and habits of the pearl oysters and the
ambience of the environmental parameters. It should
provide congenial conditions in the form of protection,
sufficient tide/current flows, clarity, optimum salinity,
temperature and adequate amounts of phytoplankton,
The farm area should be free from any form of pol-
lution,

SOURCE OF OYSTERS

The source of oysters for pearl culture is either the
natural populations in the pearl oyster beds and/
or from the hatchery. Spat collection in the sea is
done to augment the supply. Several pearl banks
are distributed off Tuticorin, Gulf of Mannar at a
distance of 12-15 km at depths of 12-25 m. Peari
oysters are collected by skin diving or using SCUBA
from the oyster beds. Wide fluctuations in the pro-
duction of pearl oysters in different pearl banks have
been noted during the last few centuries, as also during
the recent years, If and when the production in the
natural beds is good, the oysters can be collected and
used in pearl culturs. In the Guif of Kutch, the pearl
oyster population is sparse, They are found on the
‘ khaddas * in the intertidal flats. Collection is effected
by hand picking.

Y Present Address: CMPRI Research Centre, Tuticorin
628 001, '
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The recent achievement in the controlled production
of pearl oyster seed by hatchery method (Alagar-
swami et al,, 1983) has opened up a new chapter in
pearl oyster production in India. Millions of pearl
oyster seed are produced in the hatchery and reared in
the farm to adult size and are used in the production
of pearls. Dependence on the natural populations for
culture has largely been dispemsed with. Production
of pearl oyster in hatchery is more dependable and the
required quantities can be produced and supplied for
pearl culture.

Spat collection in Japan is done by sinking cedar
sprigs in bundles near the water surface in peak spawn-
ing season, Hyzex films and old fish nets are also
immersed to get spat settlement. The spat settled on
the materials are allowed to grow to a size of 2 ¢m
and separated and reared in cages. Almost the entire
requirement of pearl oyster supply to the culture industry
is met from this type of spat collection in Japan, The
attempts in spat collection in India hes not been suc-
cessful. This may be due to the occurrence of pearl
oyster beds in the open sea. In the inshore region,
particularly the recemtly constructed harbour basins

.of Tuticorin and Vizhinjam, some spatfall occurs but

the species compogition of pearl oyster includes pre-
dominantly those which are not useful in production
of pearls. : :

MBTHOD OF REARING _

Raft culture

This method is found to be the most suitable and
appropriate one to farm the oysters in the sheltered
bays, Wooden poles lashed with coir ropes and floated
with the help of 4 buoys and moored by 2 anchors
served well as a raft, Wooden barrels, empty oil
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drums coated with fibreglass, mild steel barrels and
FRP/form floation buoys are some of the materials

used in achieving buoyancy of the rafis. The dimen-
sions of the raft can be altered according to the sea
conditions and convenience of handling. A raft of
the size 6 m x 5 mis found to be a suitable one. - Rafis
are also fabricated with sized timber, The holding
capacity of a standard raft of 6 m X 5 m is 100 cages,
Due to rough sea conditions, independent mooring
of rafis is preferred to the serial type where several
rafts which are interconnected as commonly -practised
in Japan.

Collapsible raft

A collapsible raft with 16 empty oil barrels, arranged
in 4 rows and connected with one another by chain
was assembled. Four anchors were used at four
corners $o as fo stretch the structure in all directions.
From the interconnections, the pearl oyster cages
were suspended. During rough weather, the pear]
oyster cages came together due to wave action, rubbing
- against ome another and also on the bottom. Hence,
some damage to the boxes and oysters was noticed
in this system of cuiture.

On-bottom culture

In the Tuticorin Harbour basin where the break-
water was constructed with granite stones, the slope
of the breakwater has been made use of to culture the
pearl oyster by keeping them along it below the low
water mark. Inan area of 100 x 3 m, about 300 oyster
cages are kept, Due to constant splashing of water
along the slopes, settlement of fouling organisms,
especially barnacles, is virtually nil. However, the
growth of oysters themselves is less compared to the

" oysters grown from the raft.

CULTURE CONTAINERS

Juvenile rearing

Juveniles are reared in net-cages. It is a frame,
made of 6 mm steet rod with 35 cm sides, in the form
of a prism. All sides are encased with retrievable
synthetic fabric of velon screen. The mesh size of the
velon screen depends on the size of the spat reared.
The velon screen bag can be opened or closed as and

when required by tying the open sides with nylon.twine,

This velon screen bag with the stee] frame inside, is

again inserted into an old nylon fishnet bag having
meghes around 10 mm kpot to koot, This can also

be easily removed when required. The idea of pro-
viding this' additional protection is to ensure that the
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velon screen covering is not datnaged by predatory craba
and fishes. The flow of water is not affected by this
arrangement. The fouling intensity is also restricted
by the fine nylon meshes, The clogging of the megh
by silt and fouling organisms can be cleared by periodical
replacement of the velon screen bag. Suspension of
these net-cages from the raft is effected with synthetic
ropes. Spat of the size upto 20 mm are reared in these
net-cages.

Ordinary box-cages of the size 40 cm x 40 cm x 10
cm, which are used for oyster rearing, are also used
for spat rearing, by providing an additional velon
screen cover inside the cage.

Plastic baskets with numerous small perforations
which are available in the market, are used for rearing
spat of 10-20 mm. The bottom of the basket is per-
forated to prevent accumulation of silt inside the basket,

Oyster rearing

Box-cages of the size 40 cm x 40 cm x 10 ¢m with
a lid and meshed with 2 mm synthetic twine gre. used
to rear adult oysters. The size of mesh varies with the
size of oysters to be reared. These are good for general
culture of mother oysters,

Frame nets are useful to follow up the history and
performance of individual oysters. Generally  these
nets are used for keeping the oysters under experimenta-
tion, Two frames, 60 cm x 40 cm with 5 compart-
ments, meshed, and hinged at one end, open as a book.
The arranged oysters are held in the compartments
when closed. The space in between the two frames
is about 10 mm and is sufficient for the oyster to open
the shells while feeding.

SITE OF CULTURE

A sheltered bay with protection from the wind
and wave action offers an ideal site for farming the pearl
oysters. It gives protection not only to rafts but also
to oysters from rubbing with one another resulting in
damage to the growth. The pearl oysters open their
valves for feeding only when water is calm and un-
disturbed, The farm site should be sclected along the
coastline where such conditions prevail in most part
of the year. The bottom should be rocky or hard
substratum. The depth of water should be more than
5 m, River mouth should be avoided because of the
prolonged less saline conditions during floods. Places
where frequent blooms of noxious plankters occur
should be avoided. A mild current, which brings in
food and removes facces and -detritus from the farm
site, enhances the growing conditions in 2 farm site.

73
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Stock size

The density of the pearl oysters inthe culture grounds
should be kept at optimum level. Overcrowded culture
conditions can have such adverse effects as retardation
of growth, poor quality of pearls, slow formation of the
pearl layer and spread of diseases or parasites causing
heavy damage to the pearl oysters. A stock size of
70-100 oysters has been recommended for one square
metre in 5-10 m depth in the Japanese waters (Matsui,
1958). 1In the Gulf of Mannar a raft of the size 6 m X
5 m takes a load of about 100 standard cages, The
number of oysters to be reared in each cage is decided
by the size of oysters. 125 oysters in the size group
35-45 mm, 100 oysters in the size group 45-55 mm and
75 oysters in the size group 55-60 mm can safely be
reared without much deleterious effect on them, The
oyster load per unit surface area is dependent on the
depth of the farm and various other factors such as
physical conditions and primary production of the area
and needs to be worked out for each site.

Survival rate .

By adopting appropriate management techniques;
the survival rate of pearl oysters in the farm can be
enhanced.

“The stock size of oysters and the mortality in the
inshore farm at Veppalodai and the protected farm
at the Tuticorin Harbour is given in Table 1,

TaBLe 1, Pegrl oyster stock and percentages of moriality in the
Jarm at Veppalodai and Tuticorin Harbour during the year 1976-77

to 1982-83.
Veppalodai farm Tuticorin Harbour farm
Year
Stock size ;Mortality  Stock size 9imortality
197677 . .. 4910 2w - -
197798 .. 7,085 52 3,448 4.4
1978-79 10,276 268 21,869 104
1979-80 . 4,618 138 18,187 .97
- 1980-81 .. 32 . ND . ND ND .
1981-82 - - = 54,558 316
1982-83 T — 55891 588
ND : No data.

Note : MMMWmtmmmMon&ommm
pearloysterbedsandthespatproduoedmthehatch«y
wasnotinduded

The highest mortality inthe Tuticoriti Harbour farm
during 1982-83 was due to the predation caused by
the gastropod, Cymatiwn cingulatum. This predator
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got introduced in the farm accidentaliy along with the

'young oysters collected from natural beds (Chellam

et al., 1983), Periodical maintenance of the oysters
and culture containers and removal of fouling and
predatory organisms from the pearl oyster cages and
oyster help in minimising the mortality. Mortality
upto 26.87%, was noticed in the farm at Veppalodai,
due to deteriorating sea conditions in the site caused by
the introduction of shrimp trawling activities, This
led to the closure of the experimental farming in that
area subsequently,

Farm maintenance

On testing rafis of different types and dimensions,
the unit raft system with 4 floats with the dimensions
of 6 mX 5m was found to bz the most suitable one
for this area. Mild steel barrels made of 14 gauge
thick sheet, 3 feet long and 2 feet diameter with two
pairs of clamps welded to it, was found to bs long
lasting with maintenance. Lashing the wooden poles
with coir ropes was found to be convenient in raft
making. Lacaloid black, high build black and coal
tar were used for anticorrosive coatings, Periodical
painting of the wooden structure, scrapping and paing-
ing the floats and replacement of the coir ropes, will
enhance the life of the rafis, The FRP/foam floatation
buoys, though expensive, perform very well with much
longer life than any other tested so far,

A lot of undesirable organisms settle on the pearl
oyster during farming, Since these have a direct
bearing on the formation of low quality pearls, retarded
growth and mortality in oysters, they are removed
periodically depending on their intensity and seasons
of settlement. They are removed manually, Care is
taken not to damdge the shell margins, The culture
containers are brushed well to remove silt and other
outgrowths,

Monitoring of groﬁ:th and reproduction

Close observations on the growth of oysters of the
farm gives an indication of the suitability of the site for
pear] farming and pearl production. Culturmg density
in. the rafts and culture grounds are kept at a suitable
level. OQvercrowding affects the growth as well as the
quality of pearls, - The season of spawning is monitored
to make use the spent oysters for nucleus implantation
and to spread spat collectors around the area.

Control of boring and fouling orgmmms

Under faMmg conditions mejority -of the bonng
organisms of the pearl oysters were polychaetes and
sponges, Immiersion in-freshwater for 610 hours
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eradicated the boring polychactes. About 80% of the
boring sponges were_ killed -by immersing the infected
oysters in 0,19 formalin for 60 seconds (Velayudhan
1983). The barnacle, Balanus amphitrite variety has
been the main fouling organism in the farm throughout
the year. Apart from the main fouling organisms,
seasonal and temporary fouling orgamisms can also
cause Tiortality to farm oysters. As high as 37.29%
mortality was noted in the farm oysters at Veppalodai
- in June, 1974 when the oysters were not looked afier
for a continuous period of 120-150 days (Alagarswami
and Chellam, 1976), The amphipods and polychaetes
were controlled. by immersing in freshwater for 3-4
hours. Subsequent immersion in 0.1% formalin had

killed 50% of the barnacles and eradicated all the other -

fouling organisms (Velayudhan, 1983). Exposure of
the oysters and culture containers to the air for 2-3
hours had killed the fresh settled larvae and juveniles
of the fouling organisms. Suspension of the culture
containers at 5 m depth and modification of the culture
routine were some of the measures recommended to
avoid to some extent, the potential damage by fouling
organisms, Some snails in the family Cypraeida¢ and
Lamellariidae and some crabs are found feeding on the
compound ascidian in Japanese waters (Arakawa,
1980). The puffer fish (Tetradon sp.) is found to crush
the barnacle growth and Sigenus sp. to nibble on the
algal growth on the culture cages in the Tuticorin
Harbour farm

The pesticides, DDT (l 7) and BHC are found
effective in controlling fouling organisms particularly
barnacles (Arakawa, 1980). Compounds of chlorine,
copper- sulphate, ferric chloride, pentachlorophenyl—
NaCl, mercury, arsenate, blueing agents, naphthalene,
alkaloids and other poisonous chemicals used as
antifouling agents in oyster culture could pose health
problems (Arakawa, 1980),

ENV[RONMBNTAL Pmmm

Primary productiviry

The growth of pearl oyster and the size and colour
of the pearl is strongly affected by the water tompera-
ture, physiological state of the pearl oyster and the
condition of culture grounds. The latter seems to
depend principally on the difference in chemical consti-
tuents of the seawater as well as on the kind and amount
of plankton in the seawater. The chief source. of
conchiolin is probably found to be the nitrogen sub-
stance of the plankton (Matsui, 1958). Suzuki (1957)
while working on the relationship occurring between
the growth of pearl oyster aiid its environmental fadtors
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has found a seasonal relationship betwéen the contents
of carbohydrate, crude fat and crude protein in meat
and those of plankton. The aminoacid composition
in the pearl oyster and in the plankton by paper chroma-
tography revealed the presence of 13 aminoacids in
the meat and 12 in the plankton suggesting that the
plankton is the main source of aminoacids and proteins
of the pearl oysters, But the blooms of Trickodesmiwm

_ thiebautii had caused mortality to the oysters when

the bloom-rich seawater was used in experimenta tanks
at Veppalodai{ Chellam and Alagarswami, 1978).

Temperature

Temperature plays an important role in the biological
activities of pearl oysters in the temperate waters.
The optimum temperature forthe growth of oyster in
Japan is found to be 20-25°C., Above 28°C, the pearl
oysters show signs of exhaustion. Spawning is effected

by . heating the water temperature from 25-30°C

(Mizumoto, 1979), The thickness of the layers of
the pear] is affected by the minute changes of the water
temperature during the day and varies considerably
according to the seasons of the year. The deposition
of calciym is stopped at water temperature of 13°C
or lower and the oyster perishes at 6°C (Matsui, 1958).
In the Gulf of Kutch, Pinctada vulgaris (Schumacher)
grew vigorously in winter months when the temperature
varied from 23°C to 27°C (Gokhale et al., 1954). In
the -Guif of Mannar, a slight decrease in temperature
triggered spawning in the farm oysters and during
higher temperature, gonad development was observed.
Growth-temperature relationship is presumably valid
only upto a maximum temperature for optlmum
growih,

. Salinity

Pearl oysters seem to prefer high sahmties but

" "oysters raised in such water produced pearls with a
golden tint (Alagarswami, 1970), However, the effect

of salinity on the growth of pearl oyster is not clear,
An unusual dilwion of seawater to 15699, at the
Veppalodai farm in November, 1977 did not affect
the ‘oyster. (Alagarswami and Victor, 1976). The
pearl ‘oysters tolérated ‘o’ wide range of salinity from
24-50%;, for short dutation of 2-3 days, The salinities
14 %. and 55%, brought in 100 % moriality in oysters.

Depth

For farming pearl oysters the depth proferred is
usually 15-20 m as the growth of oyster is good at such
depths. .. _The minimum depth required is more than
5 m which is favourable for-formation of high quality
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pearls of pinkish colour though the rate of deposmon
of nacre is slow (Alagarswami, 1970). '

Bottom

Gravelly bottom is suitable and sandy and muddy
bottom are avoided (Alagarwsami, 1970). Matsui
(1958) has found the growth of pearl oysters to be
affected by the water temperature and nutritional
condition of the ground. The conspicuous variation
was on the width of the shell. The degree of convexity
of the shells has practical advantages because more
convex shells harbour larger pearls.

Repeated culture on the same ground often leads to
deterioration of the quality of pearls produced. A
very small amount of chemical substance dissolved in
the seawater which affects the quality of the pearl is
apparently related to the conditions of the bottom,
The organic substance discharged from the pearl oysters
‘and the fouling organisms are deposited on the sea
boitom and affect its chemical and physical state.
Removal of such deposited organic substances from the
bottom of the grounds often increases the production
(Matsui, 1958).

Qysters are equipped with food consumption cells
which directly remove organic matter and calcium
dissolved in water. This calcium passes through the
mantle to be deposited on the surface of the shell or
pearl in the process of formation. Presence of trace
metals in small quantities influence the colour of the
nacre (Shirai, 1970). When lime stone was placed in
a culture cage, growth of the oyster was accelerated ;
42 per cent of the pearls produced were of good quality

whereas only 16 % of those from the basket containing
no lifhe stone were of such kind (Matsui, 1958). -

Currem

- The farming area must be naturally sheltcred against
violent winds and waves. Tides and currents must be
sufficient to change the water completely and frequently
with oxygen and fresh plankton and carry away the
excretory waste, Current velocities of 5§ cmfsec and
over hinder the edible oyster (Crassostreg sp.) in its
filter feeding and therefore oysters can starve in the
richest -water when too strong currents prevail for too
many hours a day (Korringa, 1970). If the water
current is strong, the formation of pearl layer is fast
but the quality of the pearl produced willt be lower
(Kafuku and Ikenoue, 1983).

FProximity to river flow

Rich nutrients are discharged by the rivers into the
sea which help in high primary productivity of the
waters. The organic matter and calcium dissolved in
the wateris directly removed by food consumption cells
(Shirai, 1970). Hence, growth of oysters and a quick
secretion of nacre is possible at these places. A
prolonged dilution of the seawater due to heavy floods
during monsoon may affect the growth of oyster if
river mouths are selected as farm site,

Silt load

The silt load of the culture water affects he filtration
cfficiency of pearl oyster. A decline in the condition
of oysters noted at the Veppalodai farm, was probably

due to this cause besides other factors such as load of

boting and fouling organisms, pests, diseases, food
availability etc. (Alagarswami and Cheilam, 1976).
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ECOLOGY OF PEARL CULTURE GROUNDS

A, C. C. VIiCcTor! AND T. S. VELAYUDHAN?

INTRODUCTION

The growth of pearl oysters either in the natural
beds or in the culture farms is strongly influenced by
the oceanographical conditions of the ground, the
chemical substances present in the sea water, parti-
cularly some of the salt and trace elemenis, the quality
of the plankton taken by the oysters, hydrogen-ion
concentration etc, The kind and quantity of the
minute amount of the chemical substances and metal
ions might affect the quality of the cultured pearls
(Matsui, 1958). He also pointed out that the difference
in the water temperature and nutritional conditions
of the grounds strongly affect the growth of the oysters,
especially a conspicuous variation occurs in the thicks
ness of the shell which in turn influence the lustre,
colour, shape, degree of scratches and size and weight,
Besides growth, the propagation of the oysters depend
greatly on the quality of the water and the currents
prevailing from time to time. Alagarswami (1970)
has drawn attention to the necessity of hanging peari
oyster nets and cages at such depths where optimum
temperature conditions prevail and also the importance
of altering the depths of nets and cages when the
hydrological conditions change according to the seasons
of the year. A good current is also found to be neces-
sary not only as a source of oxygen but also to bring
in planktonic organisms on which the pearl oysters

- feed,

PHYSIOGRAPHY OF INDIAN COAST:

The configuration of Indian coasts is of a straight
stretch of exposed sandy beaches without any sheitered
bays and rocky coves except the shore line from Bombay
upto Karwar and that of Andaman and Nicobar Islands
where the coast line is irregular and crenulate (Easterson

Presemt Address ;: “CMFR], Research Cenire, Tuticorin-628 001,
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and Mahadevan, 1980). The major interruptions are
the numerous rivers and rivulets which open into the
Arabian sea and the Bay of Bengal. These rivers
discharge into the sea every year immense volumes of
water which bring along large quantities of organic and
inorganic substances, The shore line between
Mandapam and Kanyakumari is mainly sandy but
here and there the coast is indented and rocky with
some cliffs,

In Japan peari culture farms are located in enclosed
bays which have connections with open sea. Aveas
with minimal tidal effect are preferred for establishing
pear] culture farms, In places where bays are absent,
farming is done in open sea, such as the Seto Inland
Sea. Areas bordered by chains of Islands are desired
(Alagarswami, 1970).

TOPOGRAPHY

The pearl oyster Pinctada fucaia lives attached to
rocks or any other hard substratum with the byssus
threads on the bottom of the sea, In the Gulf of
Mannar it inhabits depths from 1020 m, The same
species occupies the intertidal habitat in the Gulf of
Kutch. Thus the species can adapt itself to varying
depth conditions within the above range. P. margariti-
Jera occurs in the intertidal flats of the Andaman and
Nicobar Islands. In the Guif of Mannar farming of
pearl oyster is being done at Veppalodai and at Tuticorin
Harbour basin. At Veppalodai the farm was in the
open sea located 1.5 km away from the shore where
the depth of the water is 4.5 m. Tt is bounded on the
east by two smali Islands and on the west by the main-
land coast. These two islands give some protection
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to the farm from winds and waves. In spite of the
presence of the two islands, the farm is exposed to
prevailing winds and some swells and therefore the area
is subjected to vigorous wave action. The farm at
Tuticorin Harbour is located within the two arms of
the breakwater and hence is protected from winds and
swells, The depth ranges between 35.75 and 6.5 m.
It is well known that the benthic ecology of the pearl
oyster grounds play a vital role in the rate of production
as well as the quality of pearis, Rocky and gravelly
bottom is more suitable. Matsui (1958) is of opinion
that culturing pearl oysters in the same ground often
causes serious decline in the rate of production as wel]
as in the quality of pearls. The fouling organisms
which settle on the oysters and culture materials dis.
charge enormous quantity of organic matter which
get deposited on the sea bottom. The sea bottom
of Veppalodai farm is hard and devoid of mud but
with a thin layer of shells and coral fragments. In
the Tuticorin Harbour the sea boitom is predominantly
muddy and devoid of weeds and sandy patches, The
accumulation of mud on the bottom of Harbour en-
closure is mainly due to the blasting of rocks at the
Harbour entrance.

WIND

Climatically, Tuticorin has four distinct periods
inthe year. November to February is the characteristic
north-east monsoon season, with the mean monthly
surface wind velocity of 22.45 km per hour. There is
heavy rainfall especially in November. The annual
rainfall in the Tuticorin Harbour basin varies from
345 mm to 863 mm and the maximum precipitation
occurs during November (221 mm) and December
(108 mm), With the onset of winter, local heat and
Imoisture give rise to tropical cyclones, most of which
originate near Andaman Islands and move in westerly
or north westerly direction towards the east coast of

India. The rains lash along with wind the Circar and.

Coromandal coasts and the southern districts during
October to December (Easterson and Mahadevan,
1980). March to May is the period of premonsoon
or summer and the prevalent wind is south east,
south south west and west with its mean velocity
tanging hetween 19.96 and 2591 km per hour. Next
comes the south west monsoon period from June to
the beginning of September. The west coast of India
receives heavy rainfall. But, for the Gulf of Mannar
coast the period June-August is the period of least
or no rainfall, The direction of the prevalent wind is
towards west and its mean velocity is inereased to
29.52 km per hour, September and October constitute
a transitional period with a fairly dry weather with
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occasional rains in October. In October the wind
velocity is decreased to 20.61 km per hour. A maximum
speed of 104 km per hour was recorded during June
1975 and a minimum of 10 km per hour during March
and October 1979,

WAVES

In the Voppalodai and Harbour basin, the pre.
dominant wave generating wind is north east monsoon,
in directions of north north east, north easi, east
north east and east. The size of the wave is due to
the velocity and the distance travelled (fetch) by the
wave generating wind. The north east monsoon is
powerful on the coast of Tuticorin and the water
becomes clear from mid October to mid April. During
this period survey of pearl oyster beds is possible by
direct under water observations by SCUBA. At the
entrance of the Harbour basin a maximum of 1.78
m wave height was recorded during the years 1974-
1980 and the monthly mean wave height ranges from
0.10 to 1.10 m, Inside the Harbour basin, where the
pearl culture rafts are moored, the wave height ranges
upto 0.90 m. At the entrance of the Harbour basin,
the duration between the successive waves is 2.90-5.41
seconds whereas inside the Harbour basin and at the
farm site it is between 9 and 11 seconds.

CURRENTS

A good current is necessary not only as a source
of oxygen but also to bring in the planktonic organisms
on which the pearl oysters feed. The current also
heips in removing the deposited silt on the oysters as
it flows through the farm. The water current to a larger
extent influences the propagation and dispersal of peart
oyster. :

The current system in this area is generated by the
south-west and north-east monsoons and is of low
velocity. At the entrance of Tuticorin Harbour basin
the current velocity ranged from 0,047 knots (March
1980) to 1.15 knots (Deccmber 1979). The current
velocity is high during the period of north-east mon-
soon, the velocity being 0.65, 0.69, 0.48 and 0.50 knots
during November, December, January and February
respectively,

TIDES N

Next to waves and currents, tides are the most
striking movemeonis of sea water. The vertical move-
ments of sea water can be transformed into tidal cur-

rents of high speed in narrow inlets, river mouths,
amall bays or entrapces to inland seas. = The tides.are’
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somidiurnal .in east coast of India. The strength
of the tide both at Veppalodai and Tuticorin Harbour
is extremely weak, The tidal amplitude is (.16 m at
neap tide and 0.70 m at spring tide.

TURBIDITY

In order to measure the rate of siltation, plankton
bottles of 270 ml volume with a mouth diameter of
2,54 cm are attached to nylon twins and suspended
from the raft to a depth of 2 metres for a period of six
days. In the laboratory the sediment was allowed to
settle in a measuring cylinder and the volume measured.
The rate of silt deposition at Veppalodai varies between
0.87 m] day and (March 1976) to 3.13 mi day and
{December 1975). Visual observations were made to
measwre the transparency of water using a sechhi disc,
At Veppalodai the transparency of water was very poor
during most part of the year, At a depth of 2.00-
2.75 m in the farm, the light penetration was confined
to 1,5m, At Tuticorin Harbour farm the lighi
penetration was confined to 1.00-4.5 m at a depth
of 575650 m, The south-West and north-east
monsoons are active in the south-east coast of India
resulting in large quantities of suspended matier in the
water, This accounted for high turbidity at both the
farms,

TEMPBRATURE

Temperature plays a vital role in the reproductive
activities of marine benthic molluscs of inshore waters,
The oceanographical data collected during the period
1980 to 1985 show that the monthly mean atmospheric
temperature exhibits, a clear double oscillation with a
single peak in July (31.5°C for 1980) and a depression
in December-January (25.9°C for 1982-83). April
and May are the months of high atmospheric tem.
perature, the highest individual value being in May
1983 (33.5°C). The monsoon months are colder, the
lowest individual value being in January 1982 (23.8°C).
At Veppalodai the annual temperature fluctuation in
the surface sea water is from 25,5°C in winter (Decem-
ber 1974) to 32.15C in summer (May 1978). At the
Harbour basin farm the monthly mean surface tem.
perature fluctuates between 25.2°C (December 1934)
and 31.6°C (May 1982)., Similarly the bottom tem-
perature rtanges between 25.2°C (December 1984)
and 31.6°C (April 1985) (Fig. 1). The lowest individual

surface temperature recorded during the present study .

was 24.3°C for January 1978 and the highest was 32.5°C
in May 1978. The surface and bottom water tem-
peratures have three distinct periods in the year, The
first, extending from January to April is the period of
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temperature rise in which the surface temperature is
invariably low in January, increases steadily and reaches
the maximym in April-May, The gradual increase in
the surface temperature is due to the reversal in the
direction of currents (Ganapathy and Murthy, 1955)
which brings highly saline water from the equitorial
region. The second, extending from June to October is
the period of temperature fluctuations in which the
temperature bzgins to fall in June until the minimum
is reached in July-August which coincides with the
period of south-west monsoon, The third extending
from Novembsr to December is the period of tem-
perature decrease in which the temperature begins
to fall in November until the minimum is reached in
December. The steep fall in the surface temperature
was primarily due to the onset of the rain bearing north-
east monsoon and the influx of freshets into the sea
from the numerous rivers and rivulets. In all these
years, the coincidence bztween atmospheric tem-
perature and surface temperature is not continuous,
although the air temperature was higher than the surface
temperatyre. The air and sea temperature appear to
be correlated with rainfall. The air temperature is as
low as that of surface temperature during peak rainfall
period. During non-rainy or least rainy periods in
June-August the air temperature is higher than that of
the sea temperature,

SALINITY

The pearl oysters are stenohaline and prefer high
salinities and when reared in such waters produce pearl
with golden tint. The monthly mean salinity in the
Harbour farm varies from 30.5%;, (December, 1983)
to 35.75%, (September 1983). The highest individual
salinity value of 36.68%, was recorded in September
1983 and the lowest value of 26.27%, was recorded
in December, 1983, The salinity shows 2 single peak
in July-August preceded by a. gradual rise from January
and followed by a gradual decline to December, High
saline conditions prevail over a period of six months
from May to October and low saline from November
to April. The period of high values and low values
coincide with south-west and mnorth-east monsoons
respectively. The salinity is lowest during January-

- February which is the result of rainfall in October-

November (Fig. 1).

DISSOLVED OXYGEN

The surface waters' of Tuticorin coast are rich in
dissolved oxygen throughowt the year. JYayaraman
(1954). opined that high oxygen values for surface
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waters could indicate increased photo-synthetic activity.
The monthly mean dissolved oXxygen at Veppalodai
ranges from 4.4 mlfl (November 1978) to 6.4 ml/l
{Auvgust 1978), The monthly mean dissolved oxygen
in the surface waters of Tuticorin Harbour farm varies
from 3.2 mli (November 1980) to a maximum of
6.0 m]/1in July 1983, while the bottom water dissolved
oxygen content fluctuates between 4.0 ml/I (August
1982) and 6.5 mlfl (February 1984). There is no

perceptible seasonal variation in the dissolved oxygen
(Fig. 1).

pH

The monthly mean pH values at the Veppalodai farm
varies from 7.96 (February 1974) to 8.42 (November
1974). In the Harbour farm the monthly mean surface
water pH and bottom water pH ranges were 7.7 (Octo-
ber 1982) to 8.30 (January 1985) and 7.73 (August
1983) to 8.30 (July 1984) respectively (Fig. 1).

PHOSPHATE

The inorganic phosphate of Tuticorin waters does
not show any perceptible seasonal variation, The

" monthiy mean surface water inorgamic phosphate

fluctuates between 0.16ug at P/1 (October 1980) and
1.66 ug at P/1 (August 1984) while in the bottom waters

it varies from 0.11 ug at P/1 (May, 1983) to 2.06ug
at P/ (December 1983) (Fig. 2).

SILICATE

The silicate content in the Tuticorin waters exhibit
wide fluctuations. The monthly mean silicate values
from surface waters ranges from 0.001'ug at Si/t (January
1983) to 9.872 ug at Sifl (June 1984), Similarly in the
bottom water the silicate values fluctuates between

0.001 xg at Sifl (Janvary 1983) and 10.975 ug at Sifl
(April 1982) (Table 1).

CALCIUM

The monthly mean calciumm content varies between
0.316 gfl to 0.454 g/l. The individual lowest valee is
0.311 g/l in January 1982 and the highest 0.466 g/l
in January 1985. The monthly average in the bottom
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water indicate a maximum of 0.447 gflin August 1982
and 2 minimum of 0.350 g/l in June 1984 (Fig. 3).

MAGNESIUM

The monthly mean magnesium vaiues for the surface
water of Tuticorin Harbour varies from 1,229 g/l (Decem.
ber 1982) to 1,406 g/l (June 1980), while the bottom
water varies between 1.229 g/l (September 1983) and
1.445 g/l (June 1980) (Fig. 3).

TaBLE 1.

in the surface waters. In the case of bottom waters
he values vary from 0.067 g/m3 (March 1984) to 6.592t
g/m® (June 1983) (Table 1).

PRIMARY PRODUCTION

The mean monthly values of gross production at
Veppalodai farm vary between 196 mgC/m3/12 hours
day (March 1978) and 377 mgC/m?/12 hours day
(September 1978), There are two peaks of production’

Monihly mean values of gross productivity, chlorophyil and siticate at Tusicorin Harbour farm for the

period January 1983 1o September 1985

Gross productivity Chlm?h"ﬂ (a) Silicate
Month 'Cm? m* at
Surface maf lma]g,otu:u'n Surface Bottom S’ﬂ.u'fm:e”8 S
Jan 1983 0.001 0.001
Feb 0,001 0.001
Mar 0.001 0,001
Apr 1.068 0.073 0.165
May 0.935 1.341 0.189 0.295
Jun 5.140 6.592 7.200 0.098
Jul 0.935 0.948 0.102 0.034
Aug 1.600 0.5 0.038 0.032
Sep 1.202 1.335 0.029 0.030
Oct 1.869 0.668 1.000 1.008
Nov 6,140 2.003 5833 5.649
Dec 1.469 2.136 5.583 9.895
Jan 1984 1028 772 6.942 2759 7.508 9.895
Feb 2240 2153 1.73% 0.267 327 3.740
Mar 257 103 1.335 0.067 6.143 6.552
Apr — — 0.801 0623 1151 1.638
May 876 —_ 0.701 0.173 1,549 1.646
Jun 382 283 0.801 0.468 9.872 8.875
Jul 1167 176 2.136 1.335 . 3,057 6,170
Aug 652 1869 3115 0.301 5.460 4313
Sep 1244 517 0.623 0.712 2.948 1.420
Oct 558 — 2.670 0.801 2.851 7.340
Mov 132 127 0.670 — 3322 8. 719
Dec 415 33 0.890 0.178 5.667 1.751
Yan 1985 200 243 0.267 1.060 0.601 0.601
Feb 47 329 0.359 0.801 2.94% 2211
Mar i15 176 1.268 0312 6.552 6.279
Apr 165 457 0.935 0.267 6.552 10.975
May 256 325 1.424 1.938 3.929 6.279
Jun 282 9 3.393 1157 2,184 3.822
Jul 188 795 3.325 2719
Aug 141 24 2,358 3112
Sep 12 2,498 1.532

CHLOROPHYLL

The chlorophyll values indicate a high seasonal
variability in Gulf of Mannar, Values ranging from
2 minimum of 0.267 g/m? (January 1985) to a maxi-
mum of 6,942 g/m? (January 1984) have boen observed
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one in May (345 mgC/m*/12 hours day) and another in
September (377 mgC/m*/12 hours day). Two depressions
noticed are in March (196 mgC/m?%/12 hours day) and

_in October (212 mgC/m®%12 hours day).

Table 1 illustrates the mean monthly values of gross
33
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productivity at Tuticorin Harbour farm, The results
indicate that there is considerable variation in wunit
volume production mgC/m®/day. Inthe surface waters,
the production rate ranges from 12 mgC/m3/day (Spe.
tember 1985) to 2240 mgC/m3/day (February 1984),
In the bottom waters the production rate varies from
9 mgC/m3/day (June 1985) to 2153 mgC/m?*/day (Febru-
ary 1984).

GROWTH OF PEARL QYSTERS

The pear! oyster Pinctada fucata under conditions of

raft culture at Veppalodai and Tuticorin Harbour
exhibits differential growth rate. The progress of
growth is better in younger size groups than in the older
groups. Growth is relatively faster during September-
January (Chellam, 1978). Comparative growth studies
reveal that the Harbour farm oysters grow faster and
could attain a size as large as 70 mm DVM whereas
the Veppalodai farm oysters grow to & maximum of
60 mm DVM. The large difference in the growth rate
and attainment of maximum size is attributable to
differences in the habitat namely greater depth, low
silting, lesser fouling and calm sea conditions prevailing
in the Harbour farm. Strong coastal current is also
responsible for erosion of growth shoots along the
margin of the shells and thereby causing retardation
of growth of Veppalodai oysters.

Studies on the maturity and spawning of P, fucara
indicate that it spawns intensly during July-September,
The average condition index of oysters is 50.5 at Veppa-
lodai farm, 52.3 at Harbour farm and 61.5 in the natural
beds. The flesh weight constitute 21.4% of total
weight at Veppalodai, 22.97; at Harbour and 30.4%
in the natural bads, These data would broadly indicate
that the ecological conditions at the three different
locations play a key role in the well-being of the oysters,

LARVAL LIFE

Like many benthic invertebrates with a sedentary
adult life and a dispersive larval stage, P, fucata larvae
settle and establish in new areas by larval drift. The
planktonic larval life span under laboratory condition
lasts about 18-20 days at the end of which it attaches
to the substratum by means of byssus. During larval
life, the free swimming larvae are being carried away
from the parental site by currents. Therefore, the
larvae which settle on a particular paar need not neces-
sarily be from the same area whereby mass spawning
in one area could result in dense settlement in another
area. This could be the reason for the wider annual
fluctuation in the density of colonisation of P. fucata in

different paars.
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PeARL PropucTioN

Despite the various ecological factors that affect
the growth of Veppalodai oysters, pearl-sac formation
proceeds normally and production of cultured pearls
has been equally good at Veppalodai farm and Harbour
basin, The average success in production of cultured
pearls through single implantation was 60%. In some
batches, even 1009 success could be achieved. In
multiple implantation, peari production with reference
to the number of nuclei was 68.3% and with reference
to the number of oysters was 180.6%. The quality of
pearls produced ranged from dull prismatic to bright
nacreous pearls. Pearls of differsnt colours have also
been produced. The more common colours are silver
white, cream and golden yellow ; less so is pink and
rarely steel grey.

DiscussIon

The present study has concentrated on some of the
ecological paramsters of the pearl cultwre farms at
Veppalodai and Tuticorin Harbour. Compared to
the environmental conditions of pearl culture farms
in Japen (Matsui, 1958 ; Alagarswami, 1970} and
Australia, (Hancock, 1973) those at Veppalodai and
Harbour farms are far different in regard to mapny
factors. The pearl oyster P. fucata whose natural
habitat in the Gulf of Mannar is in the deep water of
1520 m can bz successfully farmed in the shallow
waters of 4-8 m. At Veppalodai rough sea conditions
prevail during most part of the year while Tuticorin
Harbour is almost calm throughout the year. Silt
load and fouling is relatively heavier in the Veppalodai
area than in the Harbour basin and these factors ad-
versely affect the growth of the oysters. At the Harbour
basin the oysters grow faster and attain a greater size
than it does at Veppalodai. Despite the fact that good
quality pearls were produced at the Veppalodai farm,
Harbour basin has been found to give betier results on
the well being of the oysters and production of cultured

pearls,

In Japan, pearl oyster inhabits calm and serene bays
which have connections with the open sea, The salinity
in the bays is not appreciably decreased by the river
water Bowingin. As these bays are under the influence
of warm currents the temperature does not fall below
10°C. These bays have either rock or gravel bottom
(Matsui, 1958). Pearl oysters are cultured in shallow
waters of about 5 to 10 m deep where a large number
of organisms attach to culture rafts, cages and on pear]
oysters themselves (Matsui, 1958). Pearl culture is
also being practised in open seas such as the Seto Inland
sea and in arcas bordered by chains of small islands
(Alagarswami, 1970).
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A comparison of ecological conditions prevailing
in the pearl culture farms at Tuticorin.and Japan show
more dissimilarity than similarity, especially in regard
to some factors—protection from winds and waves,
depth and turbidity and temperature. According to
Victor (1983), in the absence of suitable bays in the
Indian mainland the shallow open coastal areas could
be considered for establishing pearl culture farms,

The Andaman and Nicobar group of islands have
many protected bays with clear water more similar
to that of Japan (Mahadevan and Easterson, 1983), In
Andaman group of islands pearl culture could be very

succesfully carried out in Port Cornwalis area, in the
bays of Ritchie’s Archipelago, around Shoal Bay, and
in the enclosed waters of Port Blair. The sheliered
waters of Expedition Bay and Nancowry harbour in
the Nicobars are also highly deserving for locating pearl
culture farms. In Lakshadweep the pearl oysters are
collected by hand picking from the lagoons. The
Lakshadweep Fisheries Department has started a pearl
culture unit at Bangaram in the year 1982. On the
notth-east side of the island the farm is located at 5-10 m
deep, The bottom is sandy and the water is fairly
clear with very little wave action. This arca may be
considered ideal for establishing pearl culture farm,
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PROSPECTS FOR SELECTIVE BREEDING OF PEARL OYSTERS IN INDIA

INTRODUCTION

Recently a variety of approaches has been introduced
in the field of genetics of molluscs, including Mendelian
genetics, cytogenetics, quantitative genetics, biochemical
genetics and hybridization. Wada (1975 a, b, 1985) has
estimated the response to selection for several attributes
of Pinctada fucata for shell variance of full siblings,
He analysed the genetic variability and gene frequencies
at three loci in two strains selecied for four to five
generations., The change of frequencies of colour of
nacre in the selected lines of pear] oyster to yellow
prismatic layer for five generations has been studied
(Wada, 1985), Wada (1976, 1985) and Wada and
Komaru (1985) have studied the chromosom
morphology of different species of bivalves, '

VARIATIONS iN INDIAN PeARE OvsTER POPULATION

In India, Alagarswami ef al. (1983) artificially pro-
duced pearl oysters from wild brood. Alagarswami

and Cheliam (1977) have reported the change of form -

and dimensional relationship in the pearl oyster P.
Jucata from Tholayiram, Pulipundu and Kudamuthu
paars and compared the regressions of different shell
characters in young and adult oysters from the three
paars which indicated the heterogenous nature of the
population. Hornell (1922) stressed the need for a
knowledge of the special growih peculiarities of pearl
oysters from the different beds since some paars by
reason of abundant food supply basten the growth
of oysters to surprising degree, while others where less
favourable conditions prevail have oysters of an un-
healthy appearance and stunted size. Herdman (1905)
reported that the pearl oysters from Cheval paar (Sri
Lanka) were fairly evenly distributed and in quality

! Present address ;: CMFRI, Research Centre, Tuticotin.628 001,
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they proved to be best of all those examined or fished,
They were all well grown, healthy and richer in good
pearls than any other. For pearl culture an accurate
knowledge of the various traits of the oysters from
different paars is necessary in order to pick up the
necessary traits to be developed in the brood stock,

The pearl oysters P. fucata and P. sugillata were
successfully crossed at the Central Marine Fisheries
Research Institute and viable spat were produced.
P. fucata without black lamellar growth on the outer
shell were produced by inbreeding. Attempts have
also been made to produce cont percent P. ficata
with black lamellar growth on the outer sbell by in-
breeding,

SELECTIVE BREEDING AND HERITABILITY OF
PEARL OYSTER

Acoording to Wada (1975 1, b, 1985) the estimated
heritability of the shell size of P, fucata was greater
at one year of age than at two years but not much
difference was observed in the shell shape. Wada
(1985) has mentioned the heritability of the shell trait
to be about 0.22-0.25 and that selective breeding of the
trait would be effective for other shell traits such as
shell beight and shell width also. Wada has reported
the change of frequencies of colour of nacre in the
selected lines of pearl oyster to yellow prismatic layer
for 5 generations. No significant difference was ob-
served in the mortality of pearl oysters and the rate of
low grade pearls between two groups such as white
and yellow prismatic layer secreting forms. Wada
(1985) specifically mentioned the frequency distribution
of shell weight of threc year old pearl oyster of back
crossed (TNT, NTT and the selected TL) lines in the
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third year, Wada (1975 a, b) conducted crossing experi-
ments between DD and DD as well as with beterozy-
gotes DF and DF. In the former only DD bands
appeared and in the latter three band types DD, DF
and FF segregated. And he explained the Namako
Lagoon of Kamikashijma Island may be geogra-
phically separated from other habitats of pearl
oyster, but it should not be assumed that the samples
consisted of two or more populations with different
gene frequencies as in the case of ¢xcess homozygotes
and he doubted whether negative heterosis operated.
He illustrated the zymogram of maleate dehydrogenase
(MDH) of crude extract from digestive diverticulum
showing mobility of each MDH band population.

Wada (1976) studied the morphology of chromosomes
of the oyster P. fucata (Gould) collected from the two
regions of Japan. Wada and Komaru (1985) explained
the karyotypes in 5 species of Pteridae, Haley (1977),
as reported by Newkirk (1980) has been following
the frequency of changes in the 5 fullsib families of
Crossostrea virginica. Matsui (1958), in Pinctada
martensii the right shell is slightly convex, whereas
the left shell is more strongly so. The degree of con-
vexity of shells is very important from the practical
point, because oysters with more strongly convex
shells harbour larger pearls. Haley (1978), as reported
by Newkirk (1983) explained that the sox determination
of these oysters was a three locus (two alleles each)
model with certain genotypes as fixed males and others

as fixed females and the remaining with potential sex
change.

From the studies on chromosomes of different
species of pear] oysters, it is clear that there are possi-
bilities for cross breeding of those bivalves which are
having same number of chromosomes, Singh and
Green (1984) have reported that the relative mortality
of the heterozygotes (faster growers) of Macoma
balthica during the larval period is oxpected to vary
from year to year depending on the environmental
conditions, particularly the relative abundance of the
phytoplankton blooms and faster growing heterozygotes
with higher food requirements have relatively higher
mortality. This may account for the poor spat years
whete relatively few larvae grow into spat and in such
years there are also slow growers which take longer
time to reach market size (Galtsoff, 1964).

* From the experimental results obtained in his obser-
vation and other studies Wada (1975) stated that the
pearl oyster of Namako Lagoon may be a form of P.
fucata (Gould) more or less genmerally differentiated
from the species of other habitats in Japan,
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AN APPROACH TO PEARL OYSTER GENETIC STUDIES
e INDIA

In animals with external fertilization meiosis takes
place in the egg and artificial process can be applied
to ecither gamete before fertilization or later to alter
genetic characters to fertilized egg or at any period
during the formation of zygote. Suppressing meta-
phase prevents replicated chromosome sets from separat-
ing into daughter cells and it can be achieved either by
physical means such as pressure or temperature shock
or by use of chemicals such as colchicine or its analogue
colcimid. The more phenotypic variation in a trait
the more intense the selection from the natural popu-
lations. The selected oysters are then mated according
to a prearranged plan. Unless there are sufficient
numbers of spawners, at least 50, significant inbreeding
may occur and a number of stocks can be taken and
performance evaluation could be done during the first

generation.

With very little or no information as guidance in
choosing stocks there are several approaches that can
be used. First, a simple stock based on available
information can be chosen. This can be risky if the
information on which the decision relies is incomplete.
Taking all our eges from one source is really * putting
all our eggs in one basket.’

Second, one can izke a number of stocks and do
performance evalvation during the first generation.
This will require maintaining stock identity and per-
formance records.

The third approach is to cross males and females
from different populations to form mixed base popu-
lation. This can be done if parents from & number of
stocks spawned together. We have produced pearl
oysters without black lamellar growth on the shell in
the laboratory. P. fucata and P. sugiliata were crossed
and spat were produced. Maintenance of brood-
stook is useful to keep the identity of the progeny
groups. If we keep each generation (50 males and 50
females) of each stock or line, the inbreeding rate will
be 0.59; per generation and total accumulation of in-
breeding after 5, 10 and 20 generations of 1, 3 and 5%
respectively (Newkirk, 1983). More control can be
exercised and consequently less inbreeding will occur if
separate lines are maintained. If the founding stock
has been derived from a small number of parents (10-20)
it is strongly recommended that separate families
should be maintained at least in the first generation.
Thereafter a number of pooled lines can be formed by
careful crossing of the original families. At present
the arossing of P. fucqta and P. sugillata is not continued
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due to the fear of the problem of interbreeding and
adverse effect on the local strains. The wild stock
is used as brood for increasing the farm stock. And
now we are using the hatchery stock also as one of the
lines for stock improvement. In the larval period as
well as aduit stage we face many problems such as
slow growth, mortality etc. To increase the quality
of pearls and growth and survival of oysters we have to
adopt some genetic approaches to raise the quality
of stock. From the natural stocks, these qualities
have to be identified and the broodstock with necessary
traits could be used for producing pearl oysters of
desired traits. The genetic diversity of different popu-
lations of pearl oysters of India has to be identified
to improve the quality of the product for
aquaculture.

The pearl oysters collected from different paars have
to be examined for the rate of pearl production, quality,

mortality, growth variance, shell size, shell weight,
meat weight and colour of nacre. Along with this,
hatchery development of stocks from the required
paars hias to be carried out. The heritability of pearl
oyster has to be studied. The genetic variability of
the pearl oyster P. fucata (Gould) collected from Gujarat,
Lakshadweep, Andaman Islands, Vizhinjam and Tuti-

. corin has to be determined by studies on the number

and gross morphology of chromosomes in pearl oysters
collected from the above regions. Experiments should
also be carried out on the electrophoretic markers for
different traits of pearl oyster species in India. Crossing
experiments using different strains from Gujarat, Vizhin-
Jjam, Lakshadweep, Andamans and Tuticorin to produce
hybrids, production of hundred percent yellow and
white nacre producing oysters on a large scale by in-
breeding and the raising of faster growing and quality
pearl producing oysters for commercial operations are
some of the areas which require attention,
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EXPERIMENTAL SEA-RANCHING OF PEARL OYSTER IN THE

GULF OF MANNAR

A. CHeLLAMY, S, DHARMARAI AND A.C.C. VICTORY,

INTRODUCTION

Sea-ranching of laboratory/captive reared organisms/
animals is a technique which aims at rebuilding the wild
population from its destruction/catastrophe by man-
made and natural causes. One important difference
between land-ranches and sea-ranches is that the land-
rancher retains ownership of his animals whereas the
sea-ranched animals become part of the common pro-
perty resource which can be harvested by anybody.
Artificial supplementation of commercial catches is
thus the theme of sea-ranching and forms part of fishery
management technique.

In species enlisted as endangered, attempts were
made to sea-ranch them with a little success. Taking
advantage of their high potentialities in reproduction
and simultaneously slashing their early natural mortality
through captive rearing of hatchlings, offers a powerful
tool to help rebuild and conserve these endangered
species like turtles (Henry, 1979). To achieve this
in turtles, he has recommended two courses of action,
to reduce man’s incidental and intemtional catch of
wild turtles and restock the wild population with captive-
reared animals from commercial operation. Sea-
ranching is advantageous for ‘ homing’ species where
the sea-ranching country stands to benefit.

Abalones are produced in the hatcheries and trans-
planted in the sea as a practice to increase production
(Tmai, 1977). In the case of pearl oysters which are
sedentary, no attempt was made in the past to sea-
ranch them for augmenting the natural population.
The recent development in the mass production of
spat of pearl oysters (Alagarswami er al., 1983) has
opened up this possibility and an experimental sea-
ranching programme was started in the Gulf of Mannar.

Present address : YCMFRI, Research Centre, Tuticorin-628 001,
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FLUCTUATIONS OF PEARL OYSTER RESOURCE IN
NATURAL BEDS

The widespread mortality of pearl oysters, both
young and old, in the beds of Gulf of Mannar may be
due to physical causes such as shifting of sand due to
strong currents, or to destruction by natural enemies.
Factors like overfishing, overcrowding and diseases
may also be responsible for the depletion of stock
from the beds (Herdman, 1903). Predation by fishes
like Balistes sp., Lethrinus sp., Serranus sp., Tetrodon,
sharks and rays, mainly Rhinopfera and Ginglymostoma
(Hornell, 1916), moray cels and octopi (Salvadori,
1960), covering the spat by Modiolus (‘ suran’) mat
(Mahadevan and Nayar, 1973, 1976) and predation
by gastropods (Chellam et al., 1983) have been found
to be some of the causes responsible for the destruction
of oysters. In the recent years, several industries have
sprung up along the coast which discharge their effiluents
into the sea. Ship traffic has been on the increase with
the construction of a commercial harbour at Tuticorin
with resultant oil spillage. Operation of fishing trawlers
in the paars and their vicinity is disturbing the bottom
ecology of pearl oyster beds.

Revival of natural beds may be possible only with a
series of favourable seasons. The mutual dependence
between the pearl banks of Sri Lanka and India in
replenishing the beds by larval drift was suggested by
Hornell (1916). But Devanesan and Chidambaram
(1956) were of the opinion that the beds revive by self-
effort only. Alagarswami (1977) observed good spat
setting in the inshore areas and also resurgent popu-
lations of species of pearl oyster other than Pinctada
fucata in the natural beds which he attributed to coastal
larval drift.

PEARL CULTURE



CONSERVATION OF PEARL OYSTER IN THE
NATURAL BEDS

Herdman (1906) suggested transplantation of young
¢ strikes * or brood of oysters from useless or unteliable
paars to other paars which afford better growing and
survival conditions. Hornell (1916) endoxsed the above
strategy and suggested rehabilitating the outer series
-of pearl banks by transplanting the scattered oysters
found in the shallow areas (5-7 ) around the reefs
and islands at the head of the Guif. Maintaining a
‘ breeding reserve’ of P. vulgaris (= fucatq) in the
Tholayiram paar (Devanesan and Chidambaram, 1956)
and development of hollows in the pearl oyster beds
by filling with rocks to provide better anchorage for
oyster (Salvadori, 1960) arc some of the measures
suggested to conserve and promote the survival of the
peatl oyster population,

SEA-RANCHING EXPERIMENT AT TUTICORIN*

For the sea-ranching of pear! oyster in the Guif of
Mannar one of the shorewards paars, the Vanthivu
arupagam paar was selected initially for its accessibility
and easy monitoring. The depth of the paar is 12 m,
Between Deoember, 1985 and July, 1986 a total of
7,20,000 spat of P. fucata (Gould) were sea-ranched
on 6 occasions. The size of the spat ranged from 1.7mm
to 4.8 mm with an average length of 3.1 mm, The
spat collected from the hatchery tanks were allowed
to settle on synthetio materials like old fish nets, velon
screen fabric and tufts of monofilaments. These
materials with the spat were placed in iarge rectangular
cages (90 X 60 X 15 cm)covered with synthetic webbing,
The cages were further enclosed with old fish nets.
The spat could crawl out through the meshes for dis-
persal on the paar. The spat-filled cages were lowered
and kept inside hollows or secured to coralline pro-
jections with synthetic ropes to prevent drifting. Efforts
are underway to monitor the sea-ranched stock of pearl
oysters,
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BIOFOULING, BORING AND PREDATION OF PEARL OYSTER

S, DHARMARA A. CHELLAM! AND T. 8., VELAYUDHAN!

INTRODUCTION

During the course of the experiments in pear! culture
since 1972 in the Gulf of Mannar, several problems
were encountered in the farm due to biofouling, boring
and predation of oyster stocks. An account of fouling
and boring organisms in the farm at Veppalodai was
given by Alagarswami and Chellam (1976). Nishii
(1961) and Nishii ef al. (1961) indicated some relation-
ship between the frequency of cleaning and growth
of pearls in the Japanese waters. Wada (1973) reported
that animals and seaweeds setting on the oysters and
baskets inhibited the growth not only of the oysters
but also of the pearls. The occurrence of polychaete
and sponge borers on the pearl oyster Pinctada fucata
and their control measures were given by Velayudhan
(1983). Instances of predation by some gastropods
on P, fucata in the pearl banks was reported by Chellam
et al. (1983). Variation in the settlement and growth
of barnacles on live oysters, shells and wooden test
panels was studied by Dharmaraj and Chellam (1983).
The problems and the effects of fouling, boring and
predation in the pearl oyster farms at Tuticorin are
discussed here.

MATERIAL AND METHODS

The pearl oysters of the farm themselves formed
the material for the study on fouling and boring orga-
nisms. The oysters were grown in the rafts which
were moored at a distance of 1.5 km from the sandy
shore of Veppalodai and at a depth of 4.3 m. The
sea bottom in the farm site was fairly hard with a mix.
ture of sand, mud and broken pieces of shells and
corals. The frame nets holding oysters were suspended
at a depth of 3.5 m. The farm area was turbid almost

Present address: ' CMFRI, Restarch Centre, Tuticorin-628 001,
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throughout the year with moderate to heavy wave
action. Data on fouling and boring organisms on
live oysters were collected. The size and number of
barnacles and volume of fouling load were recorded
from the oysters collected randomly from the frame
nets.

The extent of damage caused to the sheils by the
different boring organisms was recorded. Th= poly-
chaetes were collected after narcotising them along with
the pearl oysters, Other organisms were collected
by digging them out of their perforations.

Settlement and growth of barnacle was studied in
the farm at Veppalodai using the following material
as the substratum : (i) wooden test pauels (i) live
oysters and (iii) shells of pearl oysters. A panel set
consisted of three square planks (each 20 X 20 X 2.5
am). Such panels were suspended in 2 manner that
the top-most plank was at 0.5 m, the middle one at
1.5 m and the bottom one at 2.0 m from the surfaoe.
Fach panel set was terminated after one month and
the barnacles were counted and other organisms re-
corded.

Live pearl oysters and shells arranged in separate
frame nets were suspended in the farm, They were
examined on completion of ope month. The number
and size of barnacles on the live oysters and shells were
recorded,

In the experiments on the control of boring organisms,
the affected oysters were arranged in a frame pnet and
were brushed with 1/ formalin. After exposing these
oysters to air for 15 min to 2 hours they were washed

_in freshwater and transferred to seawater. In another

experiment oysters with borers were treated in salinity
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ranging from 42.3% to 78° for a period from 4 to 21
hours. Freshwater treatment was also experimented
upon,

FouriNG ORGANISMS

Seasonal variation of the dominant groups of the
fouling complex and their measurable effeot on the
oyster stock in the farm was studied. Bamaacles,
bryozoans and molluscs were the most aumerous and
larger orgenisms in the fouling complex. Tunicates,
decapod crustaceans, hydroids and anthozoans were
the less significant opes.

Barnacles

The cirriped Balanus amphitrite variegatus was the
most important fouling organism in the farm. B. a.
communis and B. a. venustus were a few in numbers,
Though the barnacles were present throughout the
year, larger-sized ones dominated during July-Septem-
ber. Two peaks of heavy seitlement were recorded ;
one was from the middle of June to August and the other
from September to NMNovember. The settlement of
barnacles at different depths was found to differ from
month to month. The panel study in the farm at
Veppalodai showed that a minimum of 2,500 barnacles
(July) to a maximum of 3,460 barnacles (June) was
noted during the first peak and it was from 1,290
(September) to 2,710 (November) in the second peak.
When the total number of barnacles seitied was taken
into account for the whole year, the bottom paneis
showed higher settlement (39.3%) and the surface
panels had less (23.8%). Tn the first half of the year
the maximom size of barnacle recorded was 6.0 mm
(dominant size 0.1-1.5 mm) and it was 9.0 mm (domi-
nant size 1.6-6.0 mm) in the second half. Small barna-
cles were seen throughout the year.

The settlement of barnacles per unit area (10 sq. cm)
per oyster ranged from 3.4 in number in May to 62.2
in November. The maximum size of barnacles on
oysters was found to be 8.9 mm in August. The maxi-
mum fouling load recorded per oyster was 33.18 in
November. The settlement of bamacles per imit
area per sbell was 2.6 in number in May and 1139
in November. The maximum size of barnacles re-
corded on the shells was 157 mm in August, The
maximum fouling load recorded per shell was 55.9 g
in November. The different aspects of settlement of
bamacles are shown in Pl I A-F.

The barnacles caused physical interruption to opening
and closing of the valves. At the time of dense growth,
the margins of the valves were overgrown by barnacles
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thereby cementing them together. When the barnacles
grew on the hingeline, they disabled the oysters from
opening of the shells. In both situations the oysters
died eventually. In addition to this, during the removal
of barnacles, growth processes of the oyster shell were
damaged resuiting in the recession of shell growth.
Bryozoans

In the farm at Veppalodai the bryozoans formed
the next dominant group. 'The species of Membranipora,
Thalamoporella and Lagenipora represented the group
ocourring almost throughout the year. They were
numerous during November and December. Other
species like Watersipora and Bugula were more during
February and June,

Molluses

Among the fouling molluscs Avicula vexillum and
spat of Crassostrea sp. were numerous in the farms
during April to June. The heavy settlement and faster
growth of 4. vexillum resulted in carpet-like formation
over the entire surface of cages, thereby affecting the
waterflow. A4, vexillum was so numerous that the
spat of pearl oyster could not be separated. Added to
this they competed for food and space causing much
mortality of the spat. Occurrence of this species was
erratic and was only a few in numbers during the parti-
cular season in certain years. Settlement of spat of
Crassostrea sp. was seen on the pearl oysters and nettings
during May-June. Modiolus metcalfei was seen in
large numbers in July at Veppalodai. Its occurrence
was negligible in the harbour farm. Spatfali of the
pearl oyster species P. fucata, P, sugillata and P, chemnit-
zii was recorded at Veppalodai during May-July and at
harbour farm during November-January. Though they
formed part of fouling complex, the settlement of spat
was significant for mother oyster culture for the pro-
duction of cultured pearls (Alagarswami, 1974),

Ascidians

Simple ascidians Ascidia depressiuscula and Dicarpa
sp. and compound ascidians Diplosoma sp. and species
of Botrilloides were recorded almost throughout the
year. The ascidians were found in large numbers
during October-December in both the farms.

Fouling sponges

The profuse growth of the sponges Callyspongia
fibrosa and Haliclona exigua resulted in complete
covering of an oyster or a cluster of oysters. Frequency
of ocourrence of these sponges was less in the farms
and the damage caused to the oysters was negligible.
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Other orgynismis

Besides the above sigaificant groups, the fouling
complex was composed of a large number of gammarids
and other amphipods. Hydroids and algae were com-
mon in the farm at Veppalodai throughout the year
and were numerous during October-December. The
hydroids comprised Campanularia obelia, Sertularia
fissa, Abeitineria, Lytocarpus hornelli, Diphasia mutalata
and Thuiaria palans. Commonly occurring algac were
QGracilaria edulis, Codium tormentosus, Boergesenia
Jorbesii, Ceramium sp. and Cladophora sp. The presence
of algae was less in the habour farm. QOther organisms
such as anthozoans (Paramemonia sp. and Bunadactis
sp.) ; juveniles of Panulirus sp., crabs (Porcellana sp,
and Pinnotheres sp.); pycnogenids (Nymphon sp.)
tubicolous polychaetes (Serpula sp.; Spirorbis sp.,
and Hydroides norvegicus) ; polyclad worms ; crinoids,
alcyonarians (Sarcophytum sp. and Clavularia margariti-
Jerae) ; opisthobranchs, blennid fishes (Blennius steinda-
chneri) and Pinna shells were found to ocour on the
oysters and cages in cerfain months.

BORING ORGANISMS

Boring organisms, comprising polychaetes, sponges,
molluscs and isopods caused considerable damage to
the shells of the pearl oysters. Polychaetes belonging
to the families Syllinidae, Nereidae, Spionidae, Tere-
bellidae and Cirratulidae were found to bore pearl
oyster shell. Among them the spionid Polydora ciliata
P. flavg and the cirratulid Cirratulus cirratus were the
common borers. Polydora sp. caused simple and
compound blisters on the inner side of the shells (PL
IL-B). In a few cases, the blisters erupted as tumour
like protrusion mostly near the adductor impression.
The intensity of boring by the polychaetes P. ciliata
and P. flava was found to differ from place to place.
These species were more in the sheltered bay farm at
Tuticorin Harbour thao in the open sea farm at Veppa-
lodai. Boring of oysters from the natural beds was
ingignificant. Blisters caused by the boring polychaetes
were practically negligible in the oysters of 40- mm in
DVM and less. Of the shells examined, 78.4% were
with blisters. Among the infested shells, 28.3 % carried
gsingle blisters and the rest more than one.

The cirratulid worm inhabited the pearl oyster shell
in beiween the layers of periostracum. As a result the
furrow became deeper by the accumulation of mud.
This caused the peeling of periostracal layer making
the shell weak., The mtensity of this species was more
on the oysters reared in the farm for prolonged penod
Each furrow had more than one worm.
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The boring sponges comprised Cliora celata, C.
vastifica and C. margaritiferac. In the farm at Veppa-
lodai, of the shells examined, 20.79%, was infected by
sponge borers. The attack of these borers was initially
near the umbo and later spread to all sides. The oysters
have fo secrete more nacre to seal off the perforations.
At the extreme condition of infestation the shell was
very fragile and susceptible to further infections, The
mazimum infestation by C. vastifica was recorded on
the oysters at Veppalodai farm and the intensity was
less in the habour farm and negligible in ‘pear! banks
(PL 11 A).

The pholadid mollusc Martesia sp. and mytilid
Lithophaga sp. and the isopod Sphaeroma sp. were
occagionally met with in the farm. Martesia sp. was
found to make 2 number of holes on the shell. Similar
damage has also been caused by Lithophaga sp. Sphae-
roma sp. was found to make shallow groove on.the
surface of the shells.

CoNTROL. MEASURES FOR BORIMNG ORGANISMS

Treatment with 1.0 formalin

The oysters infested with boring polychaetes, sponges
and Martesia ap. were arranged in a frame net. After
brushing both the wvalves with 109 formalin, the
oysters were exposed to air for 15 minutes to 2 houss.
They were returned to normal seawater after washing
in freshwater. The treatment was found effeciive for
killing the sponges and Martesia sp. completely and
Polydora sp. about 87.7%.

Treatment with brine solution

The oy:ters affected by boring polychaetes were im-
mersed in brine solutions having the salinity range
between 42.3%, and 785/, The duration of the treat-
ment varied from 7 hours to 21 hours. In the con-
centration of 78 % all the polychaetes were killed within
7 hours 40 min.

Treatment with freshwater

The oysters with borers were treated in freshwater.
The time duration ranged from 1 hour 15 min, to 10
hours. On ieturn to normal seawater, they were under
observation for a week in the laboratory. Cent per-
cent mortality of Polydora and Cirratulus was observed
in treatments lasting between 6 and 10 howrs.

Application of control measures on farm oysters

Two batches of oysters were selected for the purpose
of treating them with freshwater and 1.0%; formalin
respectively during August. Mortality rates of 0.1%,
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2.39% and 0.8% were recorded in the formalin treated
oysters during the months of September, October and
‘November respectively. The incidence of boring by
. sponges was again scen in the freshwater treated oysters
which ranged from 1.4 to 4.3% whereas no fresh sponge
boring was moticed in the formalin treated oysiers
(Velayudhan, 1983).

PREDATION

Besides fouling and boring, predation was also en-
countered in the pearl culture farms and in the natural
pearl banks off Taticorin coast. Earlier report revealed
the aspect of predation by rock fishes, rays, octopus
and starfishes on pearl oysters in the ratural beds
(Hornell, 1916),

- 'The rock fishes comprising of Balistes miris, B,
stellaris, B. maculatus, Lethrinus spp., Serranus spp.
and Tetrodon spp. have been reported to eat young
oysters below ome year old and the rays Rhinoptera
Jjavanica and Ginglymostoma spp., octopus and star-
fish on adult oysters. Herdmanr (1903, 1905} coa-
sidered the possibility of predation by gastropods and
the boring molluscs, chiefly Sistrum spectrum, Pinaxia
coronata, Nassa, Purpurea and Turbinella. The ele-
phant chank Murex ramosus was also considered as
an enemy of oysters by Hornell (1922),

In recent years a few other predatory gastropods
have also been found to feed on pearl oysters in the
natural beds. Cymatium cingulatum and Murex virgi-
neus were the most serious predators as reported by
Chellam e al. (1983). Predation by C. cingulatum
was recorded for the first time (PL..I1 D). The rate
of feeding of these species has been found in the labo-
ratory as 20 oysters in 37 days by two Cymatium of
the size 26.0 mm in length, 20 oysters in 20 days by
two (40.5 mm) and 20 oysters in 19 days by two (61.8
mm). The rate of feeding of M. virginews was 20
oysters in 49 days by two specimens (54.0 mm) (PL. II C).
These gastropode were found to survive 57 to 125 days
of starvation. Other species of gastropods such as
C. pileare, M. ramosus, Bursa rubsta, Thals margariti-
cola and Gyrineus natator were also recorded in the
pear] banks, Though predation by these gastropods
‘was not observed in the laboratory, being carnivores,
they might cause havoc to pearl oyster in natural
conditions. Accidental eatry of the predator C. clngu-
latum into pearl oyster farm at Tuticorin caused serious
mortality of young oysters on several occasions, M.
virgineus did not ocour in the farm.

Equally important predators were the orabs which
during their larval phase entered into cages with fine
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mesh. Charybdis lucifera, Atergatis inlegerrisimus,
Leptodius exaratus, Neptunus spp. and Thalamita spp.
were the common crabs feeding on pearl oysters in
the farm (Pl. II E). The damage caused to the oysters
in the infested cages was severe (PL Il F).

Shipley and Hornell (1906) identified several stages
of cestode larvae in the liver ard gills of the pearl oyster
Margaritifera vulgaris (= P, fucat).. They have also
identified the larvae of trematode Muttua margariti-
Jerae in the muscles, mantle and foot of pearl oyster.
Except a few such reports not much work bas been
done on this aspect in the Indian pearl oysters.

Large-scale mortalities of pearl oyster bave been
reported from the Japanese waters due to red tides
and other causes. Iv the pearl culture farm at Veppa-
lodai widespread blooms of the blue green alga, Tricho-
desmium thiebautii appeared during March-April and
September, 1973 but it did not affect the oysters in
the farm (Chellam and Alagarswami, 1978).

GEMERAL REMARKS

Fouling is a major problem in culture practices
throughout the world. The constituents of fouling
complex and the dominant organisms are found to
vary from place to place, season to season and also
year to year. In the Ago Bay, the most important
area of pearl culture in Japan, the dominant. fouling
organisms are the tubicolous polychaetes, bryozoans,
barnacles, ascidians, edible oysters and other bivalves
(Yamamura et al, 1969). Takemura and Okutani
(1955) found tunicates and bamnacles to be the dominant
organisms on the pearl oyster P. maxima in Arafura
sea. In the shallow coastal farm at Veppalodai the
dominant fouling organisms were the barnacles (Balanus
amphitrite), bryozoans and bivalves (Alagarswami and
Chellam, 1976). The tubicolous polychaetes (Hydroides
sp.) have not been found to be significant. In the shel-
tered bay farm at Tuticorin Harbour the barnacles,
ascidians, crabs, bivalves and tubicoious polychaetes
were the major fouling organisms. Presence of tubi-
oolous polychaetes is the characteristic feature for the
bay area. Ocourrence of small barnacles through-
out the year indicated their continuous breeding. It
resulted in successive settlement which caused heavy
loading on pearl oysters. Herdman (1906) found
crabs, barnacles and sponges on the pearl oyster cheils
on the Sri Lanka pearl banks. There may be some
relation between the frequenoy of cleaning and the
growth of pearls and that dense growth of sessile orga-
nisms like edible oysters and barnacles might adversely
affact the growth of the peerl oysters and the pearls
(Nishii, 1961, Nishii et al., 1961 and Wada, 1973).
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‘Fhough the bryozoans were abundant in the shallow
farm at Veppalodai throughout the year, occurrence
was less in the sheltered bay at Tuticorin Harbour,

The boring polychaete Polydora has been widely
held responsible for great damages in the pearl
culture farms in Japar. Mizumoio (1964) found P.
ciliata, Terebella ehrenbergi and Syllis armillaris causing
extensive blisters on the pearl ovster shells. The
spionids P. ciliata and P. flava were found to be the
important borers in the Gulf of Mannar. The intensity
of these borers as well as of cirratulid Cirratulus cirratus
was more at the sheltered bay at Tuticorin Harbour,
fess in the coastal farm at Veppalodai and negligible
in pearl banks (Dharmaraj and Chellam, 1983), Pro-
bably depth and the sea conditiors may be responsible
for the variations noticed in the incidemce of these
polychaetes,

Herdman (1905a) found that about 789 of pearl
oysters examined was infested with Cliona margariti-
Jerae in the south west Cheval paar in Sri Lanka pearl

banks. He also found C. margaritiferac, Polydora
hornelli and Lithodomus sp. which were responsible
for the increasing mortality of oysters in Modragam
paars (Herdman, 1905b). The oocurrence of C. celara,
C. vastifica and C. margaritiferae was reported in the
farms at Tuticorin by Velayudhan (1983). [Infection
by C. celata and C. vastifica was high at Veppalodai
farm, less at Harbour farm and negligible in the pearl
banks (Dharmaraj and Chellam, 1983). Hundred per
cent control of sponge boring was effected by brushing
the affected oysters with 1.09 formalin and exposing
to zir for 15 minutes (Velayudhan, 1983).

Barlier report on predation of pearl oysters in the
natural beds in the Gulf of Mannar showed the in-
volvement of different species of Balistes, rock fishes,
rays, octopus and starfishes (Horneli, 1916). Herdman
(1903) had identified some predatory gastropods which
caused mortality to pearl oysters. A few others, parti-
cularly C. cingulatum and M. virgineus, have been
found to cause oyster mortality in the pearl banks as
well as farm during recent years (Chellam ez al., 1983).
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TECHNOLOGY OF CULTURED PEARL PRODUCTION

K. ALAGARSWAMIY

INTRODUCTION

In the recent years, there has been an increasing
awareness on the possibilities of pearl culture in coun-
tries which had not hitherto shown any interest. To
cite some examples, the Republic of China has already
made inroads into the freshwater pearl market and the
United States of America is getting into it (Ward,
1985). The traditional Japanese production of marine
cultured pearls has declined since 1966 (Mizumoto,
1979). Production in countries in the Indo-Australian
Archipelago from Burma to Australia has also declined.
On the other hand, some of the island countries in the
Western Pacific are concentrating on production of
highly priced pearls. Nearer home, Bangladesh has
a programme on freshwater pearl production {(Ahmed,
1982). India has a moderate R & D project as well
as a commergial venture arising out of the technological
success in 1973 (Alagarswami and Qasim, 1973;
Alagarswami, 1974 g4). This paper reviews the recent
developments in pearl culture technology in the world
with emphasis on the Indian sitvation, and attempts
a comprehensive presentation of the subject,

HISTORICAL

The simple; yet undescribably beawmtiful, pearl was
discovered by man of the earliest civilization even be-
fore 3500 B, C, The Vedas of India, the Bible and the
Koran make several references to pearls as cbjects
of adoration and worship, as also the barometer of
wealth. On the other hand, pearls had also been used
in the burial rites for the dead as found in the excavated
coffins belonging to 2300 B. C. in Iran and in the cre-
matory basins of the American Hopewell Indians
{(Ward, 1985),

The glory of pearl was at its zenith in the Roman
empire and the historian Pliny the Elder had remarked
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that the coffers of the nation were being emptied for
the import of pearls. The story of Cleopatra dis-
solving the pearl of one of her ear-rings in wine and
drinking it on a2 wager with Mark Antony has gained
wide currency when one talks of pearls, There has
been international trading in pearls several centuries
ago among countries such as Rome, Greece, Egypt,
Persia, China and India by sea as well as land routes.
Persian Gulf was one of the most popular centres of
pearl production, as also the Gulf of Mannar, Bombay
developed as 2 financial and marketing centre for the
pearl trade of the Orient.

ORIGIN OF PEARL

People believed that pearl was conceived by the
oyster when it received a drop of rain or dew, Pliny,
and later Columbus, shared this commoner’s belief,
One of the Vedas stated that * when the ocean roared
against Paranjaya with lightning, therefrom was born
this golden drop (of pearl)’. Beginning from the
16th century, certain theories with scieatific orienta-
tion were put forward. These theories stated that the
pearls were the °gallstones’ of the oyster ; surplus
‘fluid’ developed by the oyster but not discharged
formed into pearls; they were undischarged eggs of
the oyster ; sand grains got into the shells and formed
pearls ; and that parasites or their eggs or other organic
matter formed the core of the pearls, From the dawn
of the present century, the theory that the larva)
cestodes formed the nucleus of pearls gained wide
acceptance. Herdman (1903-1906) has made an ex.
tensive review of the origin of pearls.

In 1907, Tokichi Nishikawa gave the most plausible
scientific explanation on the origin of pearls (Cahn,
1949 ; Alagarswami, 1970). His theory which has
come to be known as the pearl-sac theory explains
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that a pearl isformed when the pearl-secreting cells
of the mantle migrate into the body of the oyster under
the stimulus. of a foreign body and form a pearlsac
by cell division around the foreign body ; the pearl-sac
secretes nacre which gets deposited on the foreign
body and in course of time a pearl is produced.

CULTURED PEARL

The pearl produced by the pearl oyster in the manner
described above is a natural pearl. These pearls are
produced either within the mantle, or in other soft
tissues of the oyster, or between the mantle and the
interior of the shell, Such production is accidental
during the life of the oyster and, therefore, rare in
occurrence. They are generally small in size and
irregular in shape, and larger and shapely ones are
still rarer to find.

* Cuitured’ pearl is caused to be produced in the
pearl oyster by human interference. Gaining the
insight into the cause of pearl formation, it was eluci-
dated that the pearl-secreting cells of the mantle and the
foreign body are the two components that in vivo set
the process in motion, It was found that cut pieces
of the mantle epithelium would provide the pearl-
secreting cells and that processed shell beads would
be accepted by the oyster as the foreign body. Through
careful surgery, the mantle piece (graft tissue) and the
shell bead (nucleus) are impianted into the gonad of
the oyster to lie in contact and in proper orientation,
On return to the sea, in a short while, the outer epithe-
lium of the graft tissue spreads over the shell bead and
covers it forming the pearl-sac. This epithelial tissue,
deriving its energy needs from the surrounding tissue,
begins to perform ils routine function of secretion of
mother-of-pearl or nacre which gets deposited on the
nucleus in the form of concentric microlayers, leading
to the formation of a pearl. The quality of nacre
being the same between the pearl formed in nature
and the one produced through human manipulation,
the difference lies only in the nucleus. This pearl
has come to be known as the *cultured* pearl to
specifically denote the process of culture by which it
is - prodnced, Due to a deliberate choice, based on
economic and market consideratioms, large, round
‘peatls are produced by the culture techniques by using
appropriate nuclei, The generic term * cultured pearl’
was used for the first time in 19205 for the pearls pro-
duced in the Japanese pearl oyster ‘akoya gai’ and
marketed in Europe. The term * artificial pearl® does
not denotd a cultured pearl, bul would refer to cheap
imitations made of plastics, glass etc, with an artificial
shine,
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" PEARL PRODUCING MOLLUSCS

Pearls derive their origin from the composition of
the shells of the molluscs which produce them. The
pear! generally has the same structure as that of the
innermost layer of the shell, called the nacreous layer,
except that the nacre is deposited in concentric layers'
around the core substance in the former but on the:
flat surface of the shell in the latter. Therefore, any
mollusc with an external shell is capable of producing
2 pearl but the quality of the pearl is defined by the
quality of the pacre, Thus a pearl produced in the
clam Dongx faba which is entirely composed of prismatic
layers of calcite crystals or organic material has no
value as gem and is at best referred to as a shell con-
cretion or a gall (Alagarswami, 1965). Also the pearl
as large as a golf ball occasionally found in the giant
clam Tridacna will not be considered as gem, The
mussels Mytilus and Perna produce small pearls but
not of quality. They are more a nuisance to the people
who eat the meat, Windowpane oyster Placuna
Placenta harbours many tiny pearls which are valued
as a source of pharmaceutical use in'the indigenous
system of medicine than as gems (Sriramachandra-
murty, 1978). The fan-sheli Pinna, the wing-shell
Pteria, the pink conch Strombus and the abalone
Haliotis occasionally produce pearls of some valug
{Abbott, 1972)., The freshwater mussels Hyriopsis,
Cristaria, Parreysia, Unio, Tritogonia, Amblema;
Quadrula, Megalonais and Pleurobema produce pearls
of gem quality (Alagarswami, 1970), At the end of
this scale of quality and value are the pearls produced
in the marine pear} oysters Pinctada fucata, P. margariti-
fera and P. maxima.

TECHNIQUES OF QULTURE OF FRESHWATER
: PEARLS

The Chinese were the first to practise a sort of pearl
culture in freshwater mussels in Lake Tahu in Central
China in the 12th century A.D. As réported by Abbott
(1972), 20-cm long mussels were reared in bamboo
cages. With a forked bamboo stick, small pellets of .
hardened clay znd small outlines of Buddha made of
tin were placed either in the centre of the mussel or
botween the inner sheli and the mantle, The cages
of mussels were suspended in the canals for about a
year after which they were opened. The tiny nacre-
coated images of Buddha were sawed off the shell,
hung on 'necklace strandsand sold in the temple
markets.

The Chinese themselves did not make.zny .further
progress in terms of technology and production until
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the 1960s. Freshwater peari culture per se was develop-
ed in Japan in Lake Biwa in 1935 using the mussel
Hyriopsis schlegelii. Later it was extended to Lake
Kasymigaure in 1963, The Japanese freshwater pearl
production reached 4.0 t in 1967, 7.2 t in 1971 and
55 t in 1977 (Kafuku and Tkemoue, 1983). The
Japanese technique involves implantation of graft
tissues out from the mantle of a donor oyster into the
mantle of the recipient oyster., No nucleus is used in
this operation. The inner epithelivm and the con-
noctive tissue of the graft disintegrate into a tiny mass
around which the outer epithelium builds up the pearl
sa¢. The nacre secreted by this sac gets deposited in-
ward on the disintegrated mass which serves as the
cote around which the pear! is formed. Sincs, no
shell bead nucleus is used, the freshwater pearls of this

kind are irregular in shape and marketed as * natural >

pearls, More recently nucleation technique similar
for the Pinctada pearl has been developed, although
with less percentage of success, for the freshwater pearls
(Kafuku and Ikenoue, 1983 ; Ward, 1985).

The Republic of China has made inroads into the
freshwater pear]l market since interest in pearl culture
was revived in the 19605, As reporied by Ward (1985),
China leads the world in freshwater pearls, producing
50-80 ¢ a year as against the Japanese production of
about 5t in 1984. To quote Ward (1985): ‘......
the Government-controlled Chiness industry works
to improve culturing methods and has built an artificial
lake for research 60 kilometers southwest of Shanghai.
Low-tech laboursintensive ~ operations characterize
China’s pearl business .

Bangladesh, during 1975-80, established a pilot
project on the culture of pearl-bearing mussels Parreysia
corrugata and Lamellidens marginalis (Ahmed, 1982),
The same author reported that, in 1964, the natural
pink pearl production from 98 mussel collection
centres was about 165 kg,

. Ward (1985) reports of U.S.A. entering into frosh-
water pear] production based on the mussel resources
of several species in River Mississippi.

Although no interest has as yet been evinced in
freshwater pearl culture in India, with the vast riverine
and lacustrine water resources it should be within

reach for the country to develop a project for a proper -

survey of the freshwater mussel resources and a producs
tion. programme.
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TECHNIQUES OF PEARL OYSTER FARMING

Pearl] culture in the sea is carried out on three major
species of pearl oyster, namely Pinctada fucaia, P.
maxima and P, margaritiferda. Other marine species
employed to a very limited extent are the abalone
Hualiotis discus and the wing-shell Preria penguin. The
latter two species form subsidiary culture to the major

species in some centres and production is not of much
significance.

An attempt has been made to schematically represent
the different systems involved in pearl culture. Fig. |
represents the five major subsystems, namely pearl
oyster stock (arrivals), mother-oyster culture, surgery,
post-operative culture and pearl harvest, In Figs.
2-5, each of thess subsystems has been elaborated,
combining mother-oyster culture and post-operative
culture as the farming operations are similar for both,
These have been drawn to represent the general practices
of pearl culture in different parts of the world.

Rafts

From the on-bottom farming adopted by Kokichi
Mikimoto in the early phase of pearl culture in the
1890s, the system has developed into raft culture which
has enabled the use of the water column for growing
the pearl oysters, The method of raft culture for the
Japanese oyster, P.fucata has been described by several
authors (Cahn, 1949, Alagarswami, 1970 ; Wada, 1973 ;
Mizumoto, 1979 ; Kafuku and Ikenoue, 1983). The
same has been adopted in India with some modification,
using single rafts with independent moorings, to suit
the sea conditions of the experimental farm area at
Tuticorin (Alagarswami and Qasim, 1973). While the
basic structure of rafts has remained the same, develop-
ments have been towards achieving greater buoyancy
of rafis and more durability of the floats. Whijle
bamboo and logs continue to form the frame, the
wooden barrels which were common in the 1960¢
in the Japanese farms have been totally replaced by
styrofoam floats, More recontly, steel pipes have
been used instead of logs but it is not yet common
(Mizumoto, 1979). The depth of farms ranges from

10-20m in the Japanese bays, with a general oyster

suspension depth of 2-6 m which is varied for specif
purposes, _

The Australian pearl culture farms for p, maxima,

as also the farms in Papua New Guinea use simijar
raft culture system in the bays. The tidal amplitude
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in this region is a maximum of 34 fi and honce tlie
rafts are moored by iron anchors of spec:a! design.
(I-Iancock 1973) '

PEARL OYSTER
STOCK

MOTHER- OYSTER
CULTURE

POST-OPERATIVE
CULTURE

SURGERY

PEARL HARVEST

FiG. 1. The five major subsystems of pear] culture system,

Long lines

The Iong line is practised in the open sea such as
the Seto Inland Sea of Japan and the system is stronger
than the rafts under rough sea conditions. It con-
sists of lengths of ropes attached to spherical plastic
floats at intervals, These are interconnected and
moored appropriately to keep the distances between the
rows of ropes and floats,

Underwater platforms

Culture of P. margaritifera in the lagoons of Tuamotu
Archipelago of French Polynesia is carried out onm
underwater holding systems erected at depth of 40 ft
(AQUACOP, 1982 ; Ward, 1985), This follows the
method developed by FAO (1962) for the same species
in the Dongonab Bay of Sudan. Underwater growmg

trays using galvanised wireweld mesh were erected at
depthis of 1.8—6.0 m and supported off the bottom by
concrete blocks (FAO, 1962). William Reed who had
bsen responsible for this work on 2. mm-gamaﬁra
in Sudan has subsequently shown interest in developing
similar on-bottom culture of P. maxima in the Australian

waters,

Pearl oyster baskets

The pearl oyster, bzing a sedentary organism, can be
held in place using appropriate holdmg systems, In
raft culture the oysters are held in baskets or their
varigtions in form which are suspended from the
rafis at the required depths. The simplest of the
holding systems was the ‘ pearl string*® in which pearl
oysters were individually strung along the length of
ropes which were suspended from the rafis (Alagarswami,
1970). The practice is still in vogue for the small
P, maxima in Australia (Hancock, 1973) and for 9-
em long P. margaritifera in  French Polynesm
(AQUACOP, 1982).

The variations of holding baskets are too many for
any brief description. Some of them are: typical
bamboo basgkets ; cuboid baskets with metal frame and
webbad with synthetic twine ; wire net baskets ; book-
type frame nets with partitions ; multilayered collapsi-
ble nets with partitions; plastic covered wire mesh
with partitions for vertical suspension; and Iantern-.
nets for spat rearing. The factors governing the choice
of suitable types and sizes are essentially the size of
oyster (type of basket changes with growth of oyster),
the density of oysters (density is reduced with growth),
individual or ulk care of oysters as required, free flow
of water, current velocity, protection from predators:

PEARL OYSTER
STOCK
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Fio. 2. Stepsfmethiods for raising pesrl oyster stock; -
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facility for easy examination, cost and durability,
and maintenance requirements. ) '

Environmental parameters

Starting from surface winds to the amount of trace
elements in the seawater, every environmental factor
—physical, chemical and biological—influences -the
success of pearl oyster farming and pearl production
(Matsui, [958). These factors determine the techniques
to.be used in farming the oysters. The choice of raft,
fongline or bottom platform or any other method
depends on coastal configuration, winds, tides and
waves, protection from the preceding three factors,
depth, and current direction and velocity. The natural
phenomena such-as monsoons, cyclones and typhoons
put limitations on the techniques and allow only a
narrow choice of farming methods in marine pearl
culture in areas visited by these. In pearl culturing
countries, bays or lagoons with adequate depths are
generally chosen to establish farms as in Japan,
Australia and Philippines. "Archipelagic areas with
chains of islands are also ideal situations. Inland
sea, such as the Seto Inland Sea, is manageable within
the present limits of technology. Open sea farming or
offshore farming for pearl oyster is still not within
techno-economic limits of pearl culture, In the Indian
situation, the Gulf of Mannar though not ideal on the
above terms, has sustained year-round pearl oyster
farming with satisfactory results. Better results would
be possible in the Andaman and Nicobar Islands
(Alagarswami, 1983) and in Lakshadweep from the
viewpoint of farming technology.

Mother-oyster culture

The phase of culture from spat to size when the oyster
becomes suitable for nucleus implantation operation
is generally referred to as mother-oyster culture
(Alagarswami, 1970), The initial stock for rearing
may come from various sources such as natural beds,
spat collection on cultch materials in the subsurface
waters and hatchery. The oysters that come from the
natural beds are generally the best, but due to fluctua-
tions in the resource and the effort required in col-
lection the method is not dependable as a sole source,
This is the only method available and practised in the
case of P. maxima in the region of Indo-Australian
Archipelago and, therefore, the pearl culture farms face
shortage of oysters. The spat collection at sub-
surface waters has boen very successful for P. fucare
in Japan since the end of World War II, but recently
the shift has been towards hatchery production. P.
-margaritifera stocks are raised by this techmique in

French Polynesia (AQUACOP, 1982), Papua . .New.
Guinea (Lock, 1982) and Sudan (FAO, 1962). Hatchery.
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production of P. fucata in Japan is practised on a
commercial basis and the technology is yet to be success-
fully adopted for P, maxima and P. margaritifera,
Hatchery technology for P. fucata of India has recently
been developed and has proved successful for large-
scale production (Alagarswami ef al., 1983).

PEARL OYSTER
FARMING

UNDERWATE R
RAFTS LONGLINE PLATFORMS

PEARL Sa'I'RINGS
OYSTER BASKETS

growth of oyatars

cloaning of shelis

cleaning of baskets
traatment far borers/foulers

protection ogoinst predatars
routine niointenance

" spat 8 oysiers J ]_ seeded oysters

* dor growth for pearl
production
oysters
tor
surgery

Fro. 3. Steps involved in pear! oyster farming (mother-oyster

culture and post-operative culture).

If one starts from spat produced by collection from
the sea or raised in the hatchery generally the duration
of mother-oyster culture is as long as the duration of
post-operative culture for producing medium sized
pearls of about 6 mm diameter., To minimise the
problem of natural mortality due to various causes,
including that caused by heavy biofouling and boring

. organisms and occasional predators, it becomes necese

sary tg farm the oysters during the pre-operation
phase in areas and in 2 manner which would provide
optimum counditions for growth and survival.

In the Japanese farms the practice was to use oysters

-of about a. year-and-a-half weighing, 30 g at the surgery
(Alagarswami, -1970), Depending on needs, oysters
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of 25 g also have been used. In the more recent years,
the size has coms down still due to competition in pear]
-production. In the Indian work, oysters of about 20 g
-have been found the ideal size for surgery (Alagarswami,
1974) for production of pearls of medium size and for
\double mplantatzon.

TECHNOLOGY OF PEARL PRODUCTION

Developments in implantation technique.s-

Shell ‘beads are used as nuclei for free, spherical
cultured pearis in all the regions. These beads are
.made out of freshwater mussel shells from the Tennes-
sec and Mississippi. Rivers in U.S.A. The pigtoe,
washboard, butterfly, three-ridge and dove shells,
particularly the first two, have bezen found ideal raw
material for production of nuclei (Alagarswami, 1970 ;
.Ward, 1985}, The shells are imported into' Japan and
cut and processed into beads of different diameters
with great accuracy. In India, preliminary experi-
mental success has been achieved with the sacred chank
shell (Velu ¢z al,, 1973). Other potential species is the
glant clam Tndacna

~ Originally, the sheil-bead nucleus was fully wrapped

“with the mantle tissue and implanted into the visceral
‘mass of the pearl oyster. Later it was found that a

small piece of mantle would serve the same purpose.
The size of the mantle piece (or graf: tissue) was pro-
gressively reduced and standard sizes of pieces were
evolved for the different sizes of the nucleus. Generally
pieces of 3 x2 mm are adequate for medium size range
of nuclei. So also the thickness of the epithelitpn
was considered important in determining the quality
of the pearl, " If it is thin (2-10 gm), the surface of
the pearl would be good. If it is more than 20 pm
thick, the pearl would bes dull and badly oolomd
(Shirai, 1970), . On implantation, the inner epithelium
and connective tisswe of the mantle piece would dis-
integrate and get absorbed ir the surrounding tissus,
leaving the outer epithelial cells to proliferate and cover
the nucleus fully, forming the pearl-sac, Genera!!y,
the graft tissue is inserted first in position after which
the nucleus is implanted. But some do practise the
reverse process depending on convenience, For a lon8
time water soluble eosin was used in maintaining the
mantle pieces from time of preparation to time of
insertion which is normally less than 10 minutes

PEARL OYSTER -

SURBERY
r
- PREFARATION OF OYSTER . SURGERY

selection " graft tissus prip_urdti_on a
size / weight implantation
health
'gonad condifion E— nucteus -
nucleus size/number| implantation

dini : ' : single

¢ - P

onet ulmmg multiple.
physicai - '
chemical -

POST OPERATIVE CULTURE ~ CONVALESCENCE

FI-Q. 4 Steps __in;rolved in pearl o);s't‘erlsw&;y.
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"¢Alagarswamtii, 1970). Eosin ‘has a sterilising effect
and also enables visual observation of the passage of
the piece ‘during inmsertion in many cases. Now
-mercurochrome or other antibiotic solution is used
-for the purpose (Kafuku and Ikenoue, 1983). '

PEARL HARVEST

beaching ot collection sorting
oystars of pearls grading
: of pearis
reuse of by products
oysters shells
{optionol) seedpearis
maat

Fic. 5. Steps involved in pear! harvese,

Conditioning

Pre-conditioning of pearl oyster for surgery is an
essential process in pearl culture, It is aimed at dis-
charge "of gametes and lowering the metabolism
of the pearl oyster (Alagarswami, 1970). The visceral
mass is largely occupied by the gonad during the active
reproductive phase. Gonad takes the major nucleus
load. Hence it is necessary to discharge the gamstes
for getting the required space for the nuclei to be
implanted and also to avoid oozing of gamstes through
the surgical incision. Lowering of metabolism is done
to reduce the reaction of the oyster during surgery,
particularly the reaction of adductor and retractor
muscles. Thermal stratification in the temperate
waters enables achieving the above two processes
through maintenance of oysters for short durations
in different temperature regimes at different depths.
At tho higher surface temperatures the oysters spawn
naturally, Crowding and suspending in low pro~
ductive areas for starving the oysters are common
practices. In the tropics where such thermal strati-
fication is not present in the inshore waters, this is
achieved through narcotisation using menthol crystals.
Discharge of gametes of mature oysters has become
possible with the developraent of physical or chemical
stimulation techniques (Morse e al., 1976 ; Alagarswami,
1980). '
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- Techniques Jor different species

Pearl production techniques differ from species to

“species and also on the types of cultured pearls aimed
for production. The most common one employed

on Pinctada fucata (Gould) is for production of free,
spherical pearls of diameter range about -2—10 mm,
This species being the smallest (maximum about 8 cm
dorsoventrally) among those employed in pearl culture,
it is not suitable for production of half-pearls, Hence
all the pearls are grown inside the gonad. About
1-5 pearls can be produced in a single oyster depending
on its size (Alagarswami, 1974 & ; Mizumoto, 1979).

The largest among the pearl oysters is the goldlip
Pinctada maxima which produces the South Sea pearls
of size up to 20 mm. Both spherical pearls and half-
pearls are produced in this species, The latter are
from nuclei glued to the inner aspects of both the right
and the left valves. These oysters are used for a second
or even a third crop of pearls because of their size and
longevity (Hancock, 1973).

The blacklip pearl oyster Pinctade margaritifera is
emerging as a species of considerable importance in
pearl culture because of the fine free, black pearls of
10-16 mm produced by them (Ward, 1985). The
species was considered ‘more difficult to obtain, to
raise, and to use for culturing purposes ’ (Shirai, 1970).
However, in the recent years, techniques are continuously
being upgraded on implantation and growth control
of oysters and pearls in French Polynesia (AQUACOP,

1982).

MobERN TRENDS IN PEARL CULTURE
TECHNOLOGY

Freshwater pearl culture

Due to increasing realisation of the potential of
pear] production in the freshwater mussels, there has
been an expanmsion of this industry, particularly in
the Republic of China, As stated by Ward (1983),
the U.S.A. is entering the field. Bangladesh, with
vast reverine resources, has started a programme
(Ahmed, 1982). In terms of technology, nucleated
pearl production is gaining momentum with advances
made in surgical and post-operative procedures in the
recent years (Kafuku and Ikenoue, 1983). Pollution
is the major problem in freshwater pearl culture.

Marine pearl culiure

The trend in Japan is clearly one of stabilization of
production and improvement of quality. Pearl pro-
duction which reached a peak of 127 tonnes in 1966
had fallen to 34 tonnes in 1973 and the number of
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‘management units in the same period came down from
4710 to 2526 (Mizumoto, 1979), Wada (1973) re-
‘marked that the cultured pearl industry in future will
try to establish greater control over the colour and
lustre of pearls by a combination of the management
of the physiological and inherited qualities of molluscs
in natural beds or by tissue culture of the outer epithelial
cells. Mizumoto (1979) concluded that for the pros-
perity of pearl farming, besides improving culture
techniques, simultaneous studies should b: made in
various arcas and under different epvironmental con-
ditions to resolve problems of pearl qualities and that
steps should be taken to secure good culture grounds
and preserve them from environmental deterioration.
These statements clearly indicate the directions in
which technological improvements are beaing made,

Improvement of quality of cultured pearls, thereby
its value, is receiving the highest priority in Japan,
Having faced the pearl crash afrer 1966 caused by over
production and poor quality, the Japanese scientists
are very conscious on this aspect. Application of
genetics has received due recognition. It has been
confirmed by selective breeding experiments that pearls
without yellow pigments can bs produced meore effec-
tively (Wada, 1975, 1984, 1986). Results of the
genetic experiments would lead to improvement of
pearl  oyster stocks through hatchery production,
resulting in stocks yielding pearls of desired quality,
resistant to microbial diseases, adaptable to environ-
mental stress, having high growth potentlal and otherr
desirable characteristics, '

gem quality to the pearl.

A good deal of research has Ween carried out on
mineralisation ‘and spectral characteristics of "pearls
to understand the formation of organic matrix and
crystalline microlayers, ultrastructure of nacre and the

. causes of colour, lustre and iridescence of pearl (Wada,

1972, 1983). The nature and function of extrapallial
fluid secreted by the outer epithelinm of the mantle,
the root cause of pearl formation, is under dstailed
investigation. These studies are bound to improve
the quality of pea.rls through apphcatlon of biotech-
nology. '

Tissue culture of pearl oyster mantle has been

_pursued for many years with the object of isolating and

culturing the celis responsible for the secretion of fine
aragonite crystals of calcium carbonate which, gives the
_ In vitro culture of mantle
epithelium of P, fucata resulted in sheet-like accumuia-
tions of a large number of migrated celis derived from
the explant consisting of roundish epithelial cells,

‘pigmented epithelial cells, spindle-shaped niuscie celis

or string-like muscle cells and deposition of organic
substances has clearly been seen (Machii, 1974),
Colonies derived from epithelial-like cells have been
established for P. fucata and Haliotis discus (Machii
et al., 1985). It has been recently reported that the
following process has bzen developed : a fraction of
cell suspending liguid, arising out of mantie epithelial
tissue culture, is injected around the nucleus implanted
in the gonad of the peatl oyster, and the cells in sus-
pension would form the pearl sac (Technocrat, 18 (4)
1985). Success on these lines wilt open up possibilities,

of controllmg the quality "of pearls,
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CULTURED PEARLS-PRODUCTION AND QUALITY

INTRODUCTION

Pearls have a premium on quality. The quality
differences are so subtle and discrete that even pro-
fessionals in the pearl trade can make wrong judgements.
The value of pearls, on the one hand, is decided on bulk
by weight and, on the other, by the quality of individual
pearls. Being a biological product, not coming trom
the assembly line of a factory, individual variations are
infinitely large. The secretion of the mantle or the
pearl-sac which leads to the formation of the pearl may
be organic or inorganic or their combination with un-
predictable variations in structure and composition
and the product may range from the finest to the trash,
ever under the highest possible human conirol. There-
fore, it is opt in this paper to consider the factors that
contribate to successful production and to the quality
of cultured pearls.

PRODUCTION

The average pearl production rate in the Indian pearl
oyster Pinctada fucata is about the same as in the
Japanese pearl oyster P. fucata martensi because the
techniques employed are almost identical. However,
from batch to batch some differences are common.
These are due to various factors such as the health and
physiological condition of the oyster, gonad oondition,
treatment and care at surgery and the seaconal ohanges
in the environmental conditions. Differences in - pro-
duction rates are illustrated in Table | which gives the
data from the Veppalodai. laborstory,  These
difference can be narrowed down through caretul selec-
tion of oysters for seeding with ruclei and by controllmg
the humau factors at the surgery.

Present address : 3 CMFR], Coehin-682 031,
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Some examples of gross pear! production raves to show
differences as observed at Veppalodat during 1974-1977

TanLe 1.

Examined No. of Grossfpmdlilc(ion
on oysters o 5
&Ko)
22174 17 10
23.2."74 9 9
23.1.714 6 1
23,515 38 25
10,1275 16 11
3.5 22 17
24.9.'76 22 10
229717 12 10
Total 142 - 93 (65.5%)

The factors whiob are required to be oontrolled for
achicving enhanced production rat¢s are as follows :

Selection of oysters ; Size and weight ; fouling load,
boring by sponges and polychaetes and blisters ; gonad
condition ; and general health as can be judged from the
colour ‘of v:s‘oeral mass and gills.

Couda’rionbag process i - amount of menthol used for
volume of water and number of oysters and duratlon
of narootlsauon o

) Grqﬁ‘ tissue. prepmrian ¢ One of the critical factors
controlling the rate of production ; size and Quality
of donor oyster ; condition of mantle ; region from
which mantle is drawn ; prooess of stretchiag,-oleaning
trimming and piece-cutting ; care of orientation’; water
quality and chemical agents used in maintaining the
tissue pieces and duration of stay on the blocks ; orien-
tation of epithelial sides and standard for nuclens-
graft tissue size relationship.
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Implantation : The most important factor in cul-
tured pearl production ; selection of site ; deft handling
of needles to reach site ; positioning and orientation of
graft tissue in contact with nucleus ; general skill in
surgery and patience ; extra care on multiple
implantation,

Convalescence ; 'removal of effect of narcotisation
by periodic change of water or gentle flowthrough of
water ; time for healing of incision ; and subdued
metabolism,

Maintenance of tools : sharpness of tools ; sterili-
sation or good cleaning and sun-drying ; prevention of
rusting,

Alagarswami (1974 a) reported 55.8% pearl produe-
tion in the initial six batches of seeded oysters. He
{1974 b) obtained 62.8 9 success in single implantation
and 68.3% in multiple implantation with reference to
the number of nuclei used and 62.8%, and 180.6 % res-
pectively with re.erenice to vumber of oysters used. It
is possible to improve these rates fnther by careful
control of the tactors mentioned above. Shirai (1970)
suggasted 709, gross vield rate with 6-mm nuclei and
409, yield with 7-mm nuclei and stated that in the
Japanese pear! oyster large nuclei involve a greater
finangcial risk.

Gross production of pearls obtained during harvest
is comprised of from the finest pearl to trash, Some
of the pearls may be of outstanding colour and perfectly
round shape ; many ase infetior ; some are totally
valueless as gems or jewels ; in some cases the oyster
would have only the nucleus in round or eroded form ;
and in others even the nuclei would not be present
(Shirai, 1970). Such composition is common to pearl
culture anywhere in the world. The etonomic succes
of pearl culture depends on the percentage composition
of the various categories, The examfales of results
obtained at Veppalodai are given in Table 2. The
categorisation has been simplified to denote only the
following three grades of p&arls “to include those of the
best quahty or with one minor flaw in grade A, those
with minor flaws which can be corrected through pro-
cessing in grade B and those which cannot be. considered
to have any economic value except for retrieval of nuclei
in grade C. B

‘It may be useful to note the finer categorisation of
cultured pearls of the Japanese beaching as given by
Shirai (1970) as it is generally common for the pearls
harvested from the Indian pearl oyster. - Shirai’s (19?0)
categorisation can be represented as follows :

Class A: flawkess, one flaw, small flaws, smaﬁ

stain, pink, silver or light cream, Further
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TanLe 2, Exawples of composition of grades of pearls obtuined
in experimental work ar Veppalodal in some buaiches

during 1974-1976.

Examined Gross Grades (No.)

on production A B C
{No.}

22, 174 b4 7 2 1
24, 1.'74 8 3 5 .
23, 274 9 6 2 1
6. 9.°74 13 ) 3 - 5
23, 575 25 10 8 7
10.12.*75 11 2 6 3
3. 576 17 2 9 ]
Total 23 35 35 23

(37.6%) (37.6%) (24.8%)

categorised into: (A-1) top pearls-
perfectly round, pink, flawless and lus-
trous ; but may include those with small
blemishes about the size of a pin-point.
(A-2) first class pearis with slightly larger
pits and protuberances ; omce treated,
will become indistingnishable from top

peatls.

Class B: fairly large flaws, stains, cream oolour,
irregularities of shape.

Class € :  trash pearls ; wild shaped, badly coated,

heavily pock-marked, dayey
hilf good and half bad.

lumps,

According to Shirai (1970), Class A and B pearls
together usually account for about 609 of a beaching
and class B pearls the rest 40 %.

STRUCTURE AND COMPOSITION OF PEARL

, .Aocording to Dubois (1909), as cited by Bolman
(1941), the Pteria ( = Pinctada) pearl has the following
chemical composition :

Water 397%
Organic matter 3.83%
Calcite and aragonite 91.597;
Loss : 0.61%

- 100.00%

It is evident from the above that the pearl is essentially.
composed of calcium carbonate, which occurs in. the
two forms of calcite and aragonite, in a sparse organic
matrix,
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Wada (1970) describes the process of mineralisation
of Pinctadn martensii pear) as follows : A part of the
organic substances in the specific solution secreted by
the pearl sac epithelium is denatured to form conchiolin.
The latier forming the organic matrix over the surface
of an inserted nucleus provides the active surface for
the initiation of crystal nucleation of calcium carbonate.
For the first one or two weeks smali crystais of calcium
carbonate precipitate here and there on the matrix.
These crystals grow farger and larger, join each other
and develop into the first mineral lameila. Intercrystal-
line matrix is sandwiched between them, The second,
third and subsequent lamellae are formed and crystals
precipitate alternatively with conchiolin layer which is
termed the interlamelar matrix. Consequently, the
nacre of Pinctada pearl consists of the typical laminar
structure just like a brick wall,

Wada (1970) further states that the particle size,
shape and aggregation of crystals are influenced by the
secreting activity of the pearl sac which in turn varies
according to the physiological condition of the oyster
and environmental factors. Regular laminar structure
of nacre gives pearls the iridescence and good lustre,
while pearls with an irregular Jaminar structure are poor
in transparency and lustre,

Given the structure and composition of cultured pearl
as above, it can be classified into three kinds, namely
the nacreous layer pearl, prismatic layer pearl and
organic layer pearl. In the nacreous pearl], which alone
is valued as jewel, the mineral component is calcinm
carbonate in aragonite form and the organic matrix
is composed of a protein having large amounts of
aspartic acid, serine, glycine and alanine residues. The
aragonite in the nacre is in a tabular form. The thick-
niess of the lamella is in the range of 0.29 x4m to 0.6 tm
(Wada, 1970).

Bolman (1941), in his classification of pearls, refers
to the following six categories : (1) conchiolin pearls
entirely composed of organic matter or mixed with z
certain percentage of calcium carbonate ; (2) nacre
‘pearls or aragonite pearls whose outermost layers con-

sist of mother-of-pearl having the same relief drawing .

as on the internal surface of the shell of the pearl-
producing mollusc exhibiting the terrace-shaped
structure of the elemental lamellae of mother-of-pearl ;
(3) calcite-prism pearls consisting of some prism layers
of calcite with or without a covering of nacre layers ;
(4) aragonite-prism pearls in which the prism layers
are composed of aragonite (typical of freshwater mussel
pearls) ; (5) pearls of translucent layers with columnar
aragonite crystals situated perpendicular to the terrace-
shaped mother-of-pearl laminae ; and (6) pearls of
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composite structure in which the above different sub-
stances appear in variable quantities.

1t is evident from the structure and composition
of the pearl that several formations are possible during
the development of cultured pearls. Only those pearls
formed by aragonite crystals in tabular (not prismatic)
form, presenting z regular laminar brickwall like struc-
ture with microlayers of elemental mineral lamellae

alternating with homogenously deposited organic

matrix in concentric layers around the inserted nucleus
would qualify as gems. The rest of the formations
would not and, therefore, will have less or no com-
mercial value. It is important to realise that the
present level of techmology is mot adequate to ensure
bulk production of such quality and, hence the scientific
pursuit is on towards achieving such a goal in future.

LusTRE AND COLOUR OF PEARL

The lustre and colour of pearls are mainly due to the
reflection and interference of light, and to some extent
the colour of the component substance. There is a
close correlation between colour and lustre and ihese
are derived from the concentric and external structure
of nacreous layers. The colours produced by the
Indian pearl oyster are predominantly golden yellow
and ivory white and some are grey (Alagarswami and
Qasim, 1973). Other pear} colours are pinkish white,
silver, cream, yellow, yellowish pink, gold, green,
green pink, blue, steel black and black (Matsui, 1960).

Basically the colour of pearl follows the colour of
nacre of the shell of the moHusc which produces the
pearl which is genctically determined. Thus the pearls
produced by Pinctadz maxima are silver white,
P. margaritifera black or steel grey, abalone green,
freshwater mussels piok. The site at which the nucleus
has been implanted also determines the colour. I
P. fucata while the pearls produced in the ventral region
of the gonad are white or goiden, those produced in the
dorsal region of the gonad in proximity to the hepato-
pancreas are grey or white. The physiological condi-
tion of the oyster again determines the colour of pearl.
The environmental factors of the culture grounds play
a role in colour formation. The important factors
are depth and light pepetration. The quality of phyto-
plankton forming the food of pearl oyster is anotber
factor which is considered important.

Uchida and Ueda (1947) (vide Matsui, 1960) found
that the golden and cream coloured pearls contain more
copper and silver; skin coloured and pink pearls son-
tain more sodium and zing and that the goid -pearl
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contains more metal elements than the green omes :
the colour varies according to the amount of porphyrins
and metalloporphyrins present in the pearls. Sawada
(1961) (vide Wada, 1970) observed that the iron-bound
peptide in the nacre favours the formation of yellow
pearls. The organic substances deposited at the begin-
ning of pearl formation also would decide the colour.
The good quality blue pearls are of this origin. Above

all the granular and laminar structure of nacre produoes

the iridescence of pearls.

FAcrorRs DETERMINING QUALITY OF PEARLS

Although several species of pearl oysters ocour in the
sea, only a few have been found to produce pearls of
gem quality. As already mentioned P. maxima,
P, fucata and P. margaritifera stand out distinct from
other species in this respect. Efforts to produce pearls
in P. sugillata, P. anomivides and P. atropurpurea at
Veppalodai with graft tissue either from the same
species or from P. fucata did not yield satisfactory
results. The pearls were translucent and dull in lustre
and the rate of rejection of nuoeli was higher. It shows
that quality pearls can be produced only by certain
species which are genetically capable of producing
nacre of high quality,

The culture grounds play a significant role in deter-
mining the quality, According to Matsui {1960),
some culture grounds yield pearls of good quality,
whereas others do not. Some yield pink or white
pearls while others produce only yellow and goid pearls.
He opined that repeated culture on the same ground
often affect the quality of pearl. The Japanese pear!
culturists shift their rafts to different locations to take
advantage of their potential for yielding good quality
pearls. ‘Make-up’ cuiture during the final phase of
farming has been a common practice (Alagarswami,
1970). There have been real difficulties in maintain-
ing the quality of pearls in Japan since the Iate 1960s
partly because of pollution problems affecting the
quality of seawater (Simkiss and Wada, 1980),

Short-culture practice has been another reason for
deterioration in the quality of pearls. Pearls should
be allowed to reach maturity in proper time.  As
quoted by Ward (1985), the Japanese farmers kept the
oysters in the water for two and a half years before
1960, but subsequently dropped the duration to one
and a half years by 1979 and presently to six to eight
months. This short-culture practice results in reduced
thickness of nacre on the nucleus and affects the quality
of the pearl. Pearls with 0.5 mm nacre in 18 months
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is acceptable, but those with 0,2 mm nacre achieved
in about 6 months are rushed into the market (Ward,
1985).

The rate of growth of nacre is dependent on the size
of nucleus. Alagarswami (1975) observed growth of
nacre in P. fucata pearls at Veppalodai as follows :

Nucleus Thickness Duration
diameter of nacre of culture
mm mm
3.00 0.32 191 days
4.00 0.31 161 days
581 0.26 159 days

The above data would show that in the Indian waters
the rate of deposition of nacre is much faster than in
the Japanese waters and hence pearls of acceptable
nacre thickmess can be produced at mmch shorter
time.

The time of beaching of oysters for pearl harvest is

considered important in getting the best quality. Winter
has been found the ideal time in Japan. When the
temperature falls down to about 10°C the oyster’s
metabolism is at the minimum and the nacreous layers
deposited are thinner than at higher temperatures.
The thinner mineral lamellac on top of the pearl en-
hances the lustre of the pearl. Also the pH of the
body of the oyster is in the range of 7.3-7.5 in winter
and the pearl at this time has a good iridescence (Alagar-
swami, 1970). Thus the time of harvest has to be
decided in accordance with the rate of deposition of
nacre and the thickness of the mineral lamellae laid
down in different seasons, keeping the above factors
in view,
" Besides the factors of management of pearl culture
for improving the quality of pearls as stated above,
the current thrust is on application of modern tools
such as.genetic improvement and tissue culiure. These
technologies are in early stages of development. The
future for improving the quality of cultured pearls
appears to be in the advancement in these two areas,
besides improving the practices of pearl culture.

The techrology of processing of cultured pearls
through bleaching and dyeing is a highly specialised
area for value addition which is managed by the pearl
processing technicians acoording to the market needs
of various trading centres (Shirai, 1970). It is believed
that most of the cultured pearls in the market go through
some kind of processing for removal of minor defects

and improvement of colour.
PEARL CULTURE
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TRAINING PROGRAMMES IN PEARL CULTURE

K. ALAGARSWAMIL

INTRODUCTION

At the Group Discussion on Pearl culture held at
Taticorin in January 1974, an important decision was
taken that the Cemiral Marine Fisheries Research
Institute, which had developed the indigenous techno-
logy for pearl culture should also organise training
courses in this specialised area for the benefit of the
development programmes in the country (Swaminathan,
1974 ; Alagarswami, 1974a). India is one of the few
countries in the world known for production of natural
pearls from time immemorial and had developed a
sizable export trade to couniries such as Gresce and
Rome about 2,000 years ago. Realising that the pearl
oyster resource of the Gulf of Mannar was of a highly
fluctuating nature with several * barren* vears between
sporadic fisheries, Hornell (1916) had concluded that
cultivation of pearl oysters and inducing them to
produce pearls would be a sound way of making the
Indian and Ceylon (now Sri Lanka) pearl fisheries
congistently remunerative. This was the period when
Japan had just developed the technology of pear] culture
and was attempting to put the product in the markets
in Europe. Since 1933 conscientious efforts were made
by the Department of Fisheries, Goverament of Tamil
Nadu (then Madras), over a period of more than three
decades, to develop the technology of pearl culture at
Krusadai (Alagarswami and Qasim, 1973). However,
success was achieved only in 1973 when the Central
Marine Fisheries Research Institute took up an experi-
mental project on pearl culture at Veppalodai near-
Tuticorin (Alagarswamij, 1974b),

At that point of time, the pearl oyster beds in the
Gulf of Mannar were in the midst of a most unproduc-
tive phase, having been heavily exploited from 1955 to
1961, Even though the techmology for pearl oyster

‘Presenr address : ' CMFRI, qmmoal
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farming and production of cultured pearl became
available indigenously, the natural beds of pearl oysters
were ‘ barren’ and there were apprehensions in several
guarters that the technology could not be put to use
as there were no oysters (Tamilnadu Fisheries Dept.,
1974). The situation of pearl oyster resource in the
Gulf of Kutch was no better (Pandya, 1974).

Not losing hope, the Central Marine Fisheries
Research Institute developed another research project
for the hatchery production of pearl oyster which
resulted in a breakthrough in 1981 (Alagarswami et al.,
1983)., Production through breeding, larval culture
and spat rearing became a reality and, subsequently,
the technology was scaled up to produce over a million
spat in one rearing, This gave the answer to the critical
situation of paucity of resource. :

Thus the Central Marine Fisehries Research Institute
became the nucleus of pearl culture R & D in India.
In consonance with the policy of transfer of techno-
logy of the Indian Council of Agricultural Research,
the Institute developed training courses in the areas of
(1) technology of pearl culture and (2) technology of
hatcheery production of pearl oyster and implemented
such training programmes, beginning from 1976,

TRAINING PROGRAMMES IN PEARL CULTURE

Ever since Japan developed the technology of pearl
culture and captured the world market for cultured
pearls, the industry was operating on certain principles
to guard the technology, with provisions for joint
ventures abroad (Alagarswami, 1970; Ward, 1985).
The pearl culture industry of Australia, Burma,
Indonesia, Malaysia, Philippines and Thailand was
developed under this provision but the technology was
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never made available to the host countries, After the
World War II, Cahn (1949) published information on
Japanese pearl culture which was perhaps the first
document in English which gave the details to the rest
of the world. Two decades later, Alagarswami (1970)
updated the information. With indigenous develop-
ments in technology (Algaraswami, 1974b ; Alagarswami
et al., 1983), the CMFRI adopted an open policy of
training. Possibly this is the only centre which offers
such training in psarl culture not only for Iadian
- nationals but also to foreign technicians who are spoa-
sored through the Governments,

Long-term course

CMFRI (1977 gives the details of the two types of
training courses offered in pearl culture technology.
The ¢ Manual on Pearl Culture Techniques ’ is a help-
ful guide for the trainees in practical exercises
(Alagarswami and Dharmaraj, 1984). The first train-
ing course was a long-term course of siX months
duration which was held from 24 September 1976 to
23 March 1977, This was a comprehensive course for
managerizl and supervisory parsonnel dealing with
pear] oyster resources, biology, ecology, farming,
syrgery, production and management. The long:term
course was not repeated due to practical problem of
taking time off for six months from the trainers’ and
trainees > jobs in their respesctive organisations. The
detailed curriculum of the long-term course was as
follows :

Introduction .

Theory : Origin of pzarls, molluscs producing
pearls ; pearl oysters of the world ; pearl fishing
in the world: development of cultured pearls;
pearl culture in Japan and other countries ; ecology
of pearl culture ; modern trends in pear} culture ;
developments in India,

Pearl oyster-its biology

Theory : Morphology ; dimensional relation-
ship ; anatomy ; systems and functions ; histology
of mantle: pearl-sac formation; development
and growth; age; feeding; maturation and
spawning,

Practical : Examination of specimens for
morphological features ; dissection and display
of systems ; observation of maturity conditions ;
location of potential sites for pearl production.

Pearl oyster resources
Theory : Habitats of pearl oysters ; history of
- pearl fisheries of the Gulf of Mannar and Guif of
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Kutch ; production of oysiers in recent years;
fishing techniques ; SCUBA-diving; spat settle-
ment in new areas and its development.

Practical : Sea trips to pearl banks to observe
and collect pearl oysters ; collection trips to other
areas ; observations on spatfall; collection of
spat and rearing.

Mother-oyster culture

Theory : Site selection ; raft culture of pearl
oysters ; collapsible and rigid rafts ; designs and
constegction of rafis ; buoying and mooring;
holding nets ; baskets ; boxes ; depth of suspen-
sion ; farm maintenance,

Growth of oysters in the farm; fouling and
boring organisms ; shell-cleaning operations ;
effect of fouling on the well-baing of oystess;
mortality of oysters,

Spat collectors ; collection and rearing of spat,

Practical : Construction of rafts ; floating and
mooring ; farm work including cleaning of oysters,
measurement of oysters, rearing of oysters to
suitable size and maintenance of rafts.

Pearl-oyster surgery

Practical : Selection of oysters for operation :
acclimatisation ; conditioning of oysters.

Selection of donor oysters ; use of special instru-
ments ; grafi-tissue preparation,

Selection of nucleus according to size and physio-
logical condition of oysters and nature of seeding.

Operation on oysters ; fixing sites of implanta-
tion ; single and multiple implantation; use of
special instruments ; insertion of graft tissue;
implantation of nuclei,

Convalescence of operated oysters; rate of
rejection of nmuclei ; rate of mortality ; returning
the oysters to farm for post-operative culturs,

Post-operarive culture

Practical :  Post-operative culture; obser-
vations on pearl-sac formation and nacre
deposition ; limiting duration to the requirement
of maturity of cultured pearls. . Rearing of oysters
according to size of nucleus and nucleus load.
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Peari collection

Practical : Beaching of oysters for harvest of
pearls ; opening oysters without injwry to the
pearls ; collection and cleaning of pearls ; decision-
making on re-use of oysters and proper care of
oysters selected for re-use, Estimation of yield
of pearls in relation to the culture techniques.
Retrieving unsuccessful nuclei for further use.

Sorting of pearls, shape, size, colour and lustre ;
standards of grading; storage of pearls.

By-products of pear! culture ; seed pearls, edible
meat and shells,

Management

Theory : Scale of operation in other countries :
family scale—cooperative—big business ;  pre-
paration of projects ; farm management; personnel
management ; relationship between inputs and
outputs ; adjusting inputs; evaluation; market-
ability ; profitability ; constraints and possible
methods of overcoming them ; pearl trade in
Indie ; imports and exports ; consumer preference
in India and abroad ; scope of pearl culture in
India.

Short-term course

The course conient for the shori-term programme
was developed with 2 view to impart training at the
technician’s level, This is of 4-6 weeks duration, The
course is more popular among the interested organi-
sations. Four short-term courses have been held so
far: (1) 22 Augusi 1977 to 24 September 1977,
(2) 9 July 1979 to 18 August 1979 ; (3) 8 October 1984
to 2 November 1984 ; (4) 8 September 1986 to 4 October
1986, The curriculum of short-term course isas
follows :

l

Introduction

Theory : Morphology and anatomy of pear!
oyster ; functions of mantle ; pearl-sac formation ;
mechanism of production of cultured pearls.

Mother-oyster culture

Practical : Raft culture of oysters; construc-

tion of rafts and holding baskets ; pearl-oyster

" collection and farming ; farm mMmaintenance ; care
of oysters. '
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Pearl-oyster surgery

Practical : Handling of surgical instruments ;
selection and conditioning of oysters ; graft-tissue
preparation ; nucleus implantation ; post-operative
car¢ of oysters,

Pearl collection

Practical :  Beaching; collection of pearls;
cleaning of pearls ; sorting of pearls.

TRAINING PROGRAMME IN PEARL OYSTER HATGHERY

The course which is of four weeks duration is not
only useful to those concerned with pearl culture but
can benefit any molluscan aquaculturist wishing to raise
marine bivalve stocks in hatchery. The first training
programme in hatchery technology was organised
from 27 October 1986 to 22 November 1986, The
course curriculum includes shellfish hatchery, breeding
of pearl oyster, induced maturation and spawning,
layrval rearing, water quality management, microaigal
production and larval feeding, disease concrol, spat
settlement and collection, and juvenile rearing.

ImpacT OF TRAINING

The main objective of the training courses on pearl
culture and pearl oyster hatchery has been to help the
development effort of the country in establishing cul-
tured pearl production projects and also to aid research
effort in certain centres on location-and species-
specific problems. Naturally the participants were
drawn from the fisheries organisations of the maritime
States and Union Territories. Tamil Nadu and
Gujarat are the two States in India which have pearl
oyster beds exploited for several centuries. They had
the maximum participation in the training courses.
Tamil Nadu has a commergial project in pearl culture
as a joint venture. Gujarat has an R & D programme
in pear] culture at the Department of Fisheries.

Lakshadweep has responded to the programme very
favourably, after realising the potential for pearl culture
in the islands, The Union Territory has an R & D
project in Bangaram based on the local resource of
pearl oysters. Andaman & Nicobar Islands has even
a greater potential for pearl culture (Alagarswami,
1983). The Central Agricultural Research Institute
of Indian Council of Agricultural Research is imple-
menting a research project on the black-lip pearl oyster.
Kerala had a pilot project in pearl culture based on the
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pearl oyster spat settloment in the Vizhinjam Bay
which was identified and developed by this Institute
{Achari, 1982), Besides, training was given to officials
of Department of Fisheries, Karnataka, a scientist of
the Konkan Krishi Vidyapeeth and a candigate spon-
sored by the Department of Fisheries, West Bengal.
A Fisheries Techni¢ian from South-East Asian Fisheries

Development Centre, lloilo, Philippines attended one
of the short-term training courses.

The training programme organised have had positive
impact in the country and it is hoped that it will generate
and sustain further interest both in terms of research
and development.
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PROGRESS OF RESEARCH UNDER SCHEME ON PEARIL CULTURE, 1974-78

DEPARTMENT OF FISHERIES*, (GOVERNMENT OF TAMILNADU

" The lucrative pearl fishery in the Gulf of Mannar
could not be conducted after 1961 due to the paucity
of oysters in the natural beds. So the only way to
have continuous supply of pearls is the production of
cultured pearls utilising the available oyster resources.
This needs preliminary investigations. Only when the
cultured pearl production technology, farming and
other allied techniques are perfected, a venture can be
made in the direction of commercial production.

To perfect the technique of cultured pearl produc-
tion and farming, the Pearl Culture Scheme of Depart-
ment of Fisheries, Tamil Nadu Government was started
in collaboration with Central Marine Fisheries Research
Institute, Tuticorin. The programme commenced
functioning from 8-2-1974. During the period under

report, significant progress in all aspects of pearl culture
wera achieved. ' '

Establishment of farm

Modern method of raft culture was employed for
farming pearl oysters. Unit raft system was adapted
to suit the turbulent conditions prevailing in the sea.
The rafis used were of size 5 X 5 m, constructed with
‘ Venteak * and ‘ Kongu’ timber. To the four corners
were attached four wooden barrels which acted as
buoys. The wooden frames of the rafts were bolted
with iron bolts. The fabrication of the raft was com-
pleted on shore, pushed into the sea, towed to a place
of desired depth an< moored with the help of anchors.

Note :  The * Scheme on Pearl Culture * was an ad-hoc project
of the Indian Council of Agricultural Research implemented by
the Central Marine Fisheries Research Institute in collaboration
with the Depariment of Fisheries, Government of Tamil Nady
during the pericd 1973-1978, This progress repoit received from
:;h:]ht ]Z?eparunent:e of ul:isheriﬁ and edited for inclusion in this

in gives the results achieved the Departme
Schemne during 1974-1978, > n under the
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Oysters collected from the natural beds by skin-diving
and SCUBA diving were segregated size-wise, measured
and put in different types of cages which included sand-
wich type, box type and pigeon-hole cages. The
frames of the cages were made of iron rods, which were
painted with anticorrosive paints and then woven with
nylon twine of 1-2 mm size into meshes of size 2 X 2 cm,
Then specified number of oysters were put in the cages
according to the size and they were suspended from the
raft at a depth of about 6 m, :

Rearing of oysters at Tuticorin

A raft was fabricated and floated in the Tuticorin
Major Harbour basin on 12-3-1975 for the first time.
An initial stock of 1,146 pear! oysters collected from
the natura! beds were put in box type and sandwich
cages and reared. In the subsequent year, the stock
of live oysters was raised to 3,328 numbers. The
second raft was constructed and kept afloat in the same
area on 15-7-1976. In March, 1977 a stock of 840
Pinctada fucata and 5,500 flat oysters were there in the
farm. From April 1977 onwards the rafts were main-
tained outside the harbour basin near the wharf wall
of the north breakwater. After the damage caused to
the rafts in December 1977 due to the cyclonic weather,
the rafts were shifted and moored near the jetty of the
Hare Island in calm waters. Thereafter the rafte were
kept afloat near the wharf wall in the north breakwater
from May to September and during the rest of the year
near the jetty of the Hare Island. On 30-6-1977, 2,009

* Y, Jeyabhaskaran was the Assistant Director of Fisheries
(Pear! culture), Tuticorin in charge of the programme. Others
who were associated with the Scheme for various durations were
N, Radhakrishnan, Assistant Director (additional charge) and
Research Assistants S. M. Dowlath, R. Shaick Jalaludeen, Daniel
Sudhandra Dev, S, Subramanian, P, Muthiah, I. Nalluchinnappan
and M. Ayyannan (taken from the Report).
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flat oysters which could not be utilized for culture work
were released in Vantivu Arupagam paar. At the end
of 1978, 622 Pinctada fucata and 592 flat oysters were
there in the rafts.

Farming at Krusadai island

The first raft at Krusadai Islond was fabricated and
kept afloat near the jetty of the island on 26-2-1977 and
2,025 P. fucara transferred from Turicorin farm were
reared init. The second raft was moored on 21-3-1978
with 2,800 P. fucata also transported from the collec-
tions at Tuticorin.

Utility of oysters

From the experiments conducted it was found that
Pinctada fucata is the best suited pearl oyster for the
culture pearl experiments, Besides the above species,
flat pearl oysters like Pinctada sugillata, P, chemnitzii,
P. margaritifera, P. anomioides and other Pinctada
species were also available in the Gulf of Mannar.
Since these flat oysters could not be effectively utilized
in culture work, they were released in Vanthivu
Arupagam Paar in batches in January and June 1977
and further collection of flat oysters was stoppéd.

Planktonology and hydrology of the farm area

From March 1975 after the establishment of farm
to the end of the period under report regular plankton
and water samples were collected and analysed. Since

the results obtained in the different farm areas in these
inshore waters did not exhibit any marked difference,
the data have been pooled and furnished.

In the plankton samples, the diatoms recorded were
Rhizosolenia spp., Navicule spp., Nitzschia spp.,
Coscinodiscus spp., Biddulphia spp., Thallassiosira spp.,
Thalassiothrix sp., Ditylium spp.. Planktoniella sp.,
Trichodesmium spp. Oscillatoria spp. Gyrosigma spp..

Pleurosigma spp.. Hemidiscus sp.. Isthima sp. Bacil-
laria sp., anc' Triceratium sp. Among the Dinophyccan
members Peridinium spp., and Ceratium spp., were
observed,

The protozoans identified include Noctiluca sp.,
Gipbigerina sp., Acanthopteran sp. and Tintinopsis sp.
The common copepods noticed were Eucalynus spp.,”
Acrocdlanus  spp., Corycaeus sp., Rhincalanus sp.,
Oithona spp., Metis sp. and Macrostella sp. The
cladocerans seen were Evadne spp. and Penilia sp.

The copepod abundance was seem tn August and
November-February. Lucifers and cladocerans were
abundant in December and February. Pleurobrachia
sp. and coelenterate medusae were found in considerable
numbers in September and March. Trichodesmﬁm
bloom was notioed in March. :

Among crustacean larvae penaeid nauplius, zoea
and mysis were very common. Chaetognath Sagitta
sp. was abundant during April-Septraber. Trocho-
phore and polychaete post larval stages of annelids
were recorded throughout the year. Bivalve larvae
were abundant in  August and Septmber. The
pteropod Cresels sp. was noticed in March, May and
December. Tunicate Doliokum sp. and Oikopleura sp.
were also recorded.

The hydrographical investigations of the pear! oyster
farm were carried out intensively during 1975-78 and
the annual range of a\nerage values are furnished in
Table 1. _

Growth studies o

From December 1975 till the end of the period
under report different growth experiments were con-
ducted. Rate of growth of pearl oysters was observed
in groups and in individual oysters.

TASLE 1. Average analytical data of 'ﬁwm' samples collected from the pearl ovster farm areq
Tempera- -' pH Dissolved Free Carbonates Bicarbo- Salinity ~ Phosphate Silicate Calcium
Year - ture °C Oxygen CO, ppm nates Yoo ppm ppm : ppm’
' mlf/l  ppm ‘ppm X

1974 = 24.4-25.5 7.8-8.0 ) .5.04 Nil 18-22 80-85 33.05 Tr-0.02 Tr-4.0 _ —_.

1975 26.1-32.3 71.8-8.4 © 3973 . Nil 10-28 87-112 32.17-37.00 - Tr-0.18 Tr-16.0 9.98-12.99
1976 252306 8084 3674 Ni 9.12 94118 - 30163600  Tr-004  Tr-60 8011001
1977 24.8-32,0 8.2.84 1.98-69 Nil 12.32 70-130  24.2-3397 Tr-008  Trl4.0. s.u-.u.c_iz
1978 29.5-31.0 8384 44.53 Nil 12-22 102-118  34.03-35.63  0.04.0.2 1.0.3.6 ‘lO.lG-lO._Si
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- Two sets of 50 Pinctada fucata each belonging to
two different size groups were studied for one year.
These oysters were' collected from Tholyiram paar
and reared in box-cage (40 X 40 X 10 cm) in the
farm from March 1977 to March 1978, The average
values of dorsoventral measurement, hinge length
and width of the first batch of young oysters were
initially 20.2 % 26.4 x 7.0 mm and at the end of the
experiments they reached an average of 48.2 > 41.2 X
184 mm. The batch of bigger oysters measuring
47.6 X 409 x 16.5 mm initially, attained 57.9 X
479 21.7 mm only in March, 1978,

Another experiment to study the individual growth
of oysters for one year commenced in January 1978,
A special cage called  Pigeon-hole cage * with 20 cubi-
cles or compartments was designed. The size of the
cage was 60 X 45 % 9 ¢m and that of each cubicle was
12 X 112 X 9cm.

From the experiments conducted it was observed
that the growth of oysters was continuous. Young
oysters exhibited faster rate of growth and older size
group showed comparatively poor and retarded growih.
Appreciable and continuous growth measurements were
resorded during November to February. In January
and February finger-like growth processes were noticed
which is evidence of luxurient growth, especially in
young oysters. It was recorded that the growth rate
was influenced by temperature, salinity and settlemnt
of foulers on oysters. Faster growth was generally
noted when the temperature and salinity of the inshore
waters were relatively low and when the settiemen
of foulers was less.

Isolation and rearing of bivaive larvae

Attempts were made to rear bivalve larvae in labora-
tory condition by segregating larvae from plankton
samples. Rearing of bivalve larvae required many
secondary investigations such as phytoplankion culture
as food and control of baoterial and ciliary infections
etc. This experiment was started in October 1975,

Observations revealed that at 202 ym size foot began
to develop and at 280 gm the functional foot and velum
were present. At 300 zm velum disappeared and a well-
developed foot formed.

Bivalve larvae were isolated from the plankton
samples, brought to the laboratory, measured and
reared. They were reared in sterilized seawater and
fed with ocultured phytoplankton. The size of the
[arvae measured between 48 pm and 448 pm in the experi-
ments conducted. Phytoplankton culture was carried
out in Loosanoff’s medium and enrichment medium.

1ns

Using Agar agar as medium in petriplate technique,
monoculture was carried out, The larvae were sucoess-
fully kepi alive for a period of 27 days. Bacterial
and ciliary infections caused mortality and antibiotics
were tried to overcome this,

Studies on fouling and boring communities

Usually oysters collected from the natural beds
exhibited very little fouling, But heavy biofouling on
oysters, cages and other material of the rafts pose
problems in the farm. The study of fouling organisms
commenced along with the establishment of pear]
oyster farm in March 1975. The foulers were collected
and studied while oleaning oysters, cages and during
replacement of wooden barrels. Experiments were
conducted to study the intensity of settlement and
seasonal abundance of foulers, Settlement was heavy
towards the surface. From Marck onwards an increase
in settlement of foulers was noted. However the peak
months were May-August. Comparatively high rate
of mortality of oysters was observed when there was
heavy load of foulers. A decline in settlement was
seen from November to January. The best metbod to
minimise the effect of foulers and control them was

periodical and regular cleaning.

The predominant fouling organisms throughout the
year were barnacles. During the winter months the
oysters were vulnerabie to the attack of borers like the
sponge Cliona sp. and polychaete Polydora sp.

Seaweeds recorded from the cages include Entero-
morpha sp., Dictyota sp. and Gelidium sp. in December,
January and March. Ceratium sp, was found through-
out the year., Hydrozoans, sea anemones and turbel-
larians were observed in cages and on oysters in March,
September and January, Polyzoans Membranipora
sp., Thalamoporella sp. were noted in March, April,
May, August and September. Among the annelids
Polynoe sp., Perinereis sp. and Eunice sp. were seen in
April and May. The arthropod Balanus spp. was
found throughout the year. Lytamata sp. was abun-
dant in  August-December  and March-May,
Gonodactylus sp. was recorded in April. Tsopods
Cilicaea <p. and amphipods were seen throughout the
year. Decapods Charybdis spp. and Pinnotheres sp.
were found throughout the year. Panmulirus sp. and
pycnogonids were noted in May and August respec-
tively, Among the molluses Cypraes spp., Murex
sp., Drupa sp., Pyrene sp., Cymbium sp., Pleurobranchus
sp., Doris 8p., Onchidivm sp., Pinna sp. and Crassostrea
spp. were observed. Avicula sp. spat ocourred in
October. Modioks sp. appeared in April, May and
December and green muzsel spat was seen in November
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and July. Echinoderm Antedon sp. was found in June-
August. Tunicates Ascidia sp., Diandrocarpa sp.,
Siylea sp., Leptoclinum sp., Didemmum sp. and Botryl-
loides spp. were noted in March-May and September.
Rhadocynthig sp. was found in March-August, Fishes
like Pteroscrites sp., Blennius sp., Gobius sp., Siganus
sp., and Acanthurus sp. were also found throughout
the year inhabiting the pearl oyster cages and dead
shells,

Spat collection employing spat collectors

Variously designed spat collectors were laid in the
farm to attract settlement of pearl oyster spats so that
continuous availability of oysters could be ensured for
pearl culture e¢xperiments in future. .

The experiments conducted in this regard during the
period 1974-78 yicided very poor results. So far no
effactive spat collector was found out.
such as cement coated iron frames, tar coated iron
frames, tiles, tiles white-washed, nylon frills, tar coated
wooden planks, cement coated iron cages, fibre-netted
frames etc. were used. However the settlement poticed
was only stray and very poor. Such stray settlements
were noticed on oyster cages, ropes and wooden barrels
of the rafts also.

Implantation of nucleus in culture pearl production at

Tuticorin and Krusadal

The surgery and implantation of nuclei for the pro-
duction of cultured pearls was started at Tuticorin
laboratory on 3-6-1976, Since there was no needed
facility available at Krusadai Island, the implantation
work of oysters of the Krusadai farm were conducted
at - Mandapam in the Krusadai Marine Biological
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Spat collectors

Station from 7-7-1977. The first pearl at Tuticorin
was produced on 12-11-1976 and for the first time pearls
were produced in the Kursadai farm on 7-12-1977.
Fully formed pearls were collected after three months
from the diate of implantation.

During the period 1976-78 the success achieved in.
pearl production was estimated to be upto 38%.
pearls produced were of different shades.. The oolours
were silver white, oream, golden yellow and steel grey.
The rate of mortality was successfully brought down
during the post-operative period. Use of menthol to
narcotise the oysters was minimised, but in an effective
way. Muktiple implantation was also tried to increase

pear] production.

Indigenous production of nuclei

From the inception of this Scheme efforts were made
to make chank bead nuclei from the shells of sacred

‘chank Xancus pyrum. The outcome with chank beads

locally made were not upto the expectatxons and yieMed
only poor results.

Use of Japanese nuclei

From 1977 -onwards Japanese nuclei were used for
implantation work at Tuticorin and Krusadai. Experi-
ments with these auclei proved that the imported nuclei
were the best suited: for culture& pearl producuon

Instruments for imylamatwn work

Sets consisting of various precision mstrnmants were
manufactured and supplied by the Indian Dyugs and
Pharmaceuticals Limited, Madras. These tools were
being effectively employed in the minute surgery during
nucleus implantation work to produce cultured pearls.
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PROBLEMS AND PROSPECTS OF PEARL CULTURE IN INDIA

P. 8. B, R. James!

INTRODUCTION

When Kokichi Mikimoto took the small step forward
in 1893 by producing a few blister pearls in the Japanese
-pearl oyster Pinctada martensii (= P. fucatd) at the
‘ooastal village of Jinmiyonmura on Ago Bay, a new
-industry of pearl culture was born. As he was building
‘up a small-scale industry, a few marine scientists and
technicians got themselves interested in it and, in 1907,
Tokichi Nishikawa produced the first spherical cultured
pearl in the oyster. Subsequently, the credibility of
cultured pearl as jewel was established in the 1920s
and was followed by a boom of pearl culture industry
with a master touch of Mikimoto and several other
industrialists who joined the bandwagon. After World
War I, pearl culture industry was established in
Australia, Philippines, Burma, Thailand, Malaysia
and Indonesia, all with Japanese collaboration.

In India, since late James Hornell sowed the ides of
pearl culture in 1916, there has been interest and some
experimental work done in Tamil Nadu since 1938 and
in Gujarat since 1958. However, sucoess in developing
the technology was achieved only in 1973 when the
first batch of free, spherical cultured pearls was
produced at the Central Marine Fisheries Research
Institute (Alagarswami, 1974). While research on
pearl culture continued since then, it took a decade for
the establishment of an industry for the production of
cultured pearls in 1983. This paper briefly identifies
the problems of pearl culture in India and indicates
the provpects for future.

RESOURCE OF PRARL OYSTERS

The pearl fisheries of India in the Guif of Mannar
and Gulf of Kutch have been well known for the produc-
tion of the finest of natural pearls. Both are based on
the species Pinctada fucara. The major problem with

Present address : * CMFRI, Cochin-682 031,
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these resources has been that production in natural
beds has fluctuated very wildly and the years when they
have vielded to fishery bave been a few and far between
(Mahadeven and Nayar, 1973). Resource of such
character cannot be depended upon in pearl culture for
which the supply of oysters has to be on time and in
required numbers. A second species of pearl oyster
P. margaritifera has recently been suggested as a poten-
tial candidate species for pearl culture in India based
on the indicative survey on mariculture potential of
Andaman and Nicobar Islands cartied out by the
CMFRI (Alagarswami, 1983). The species does not
occur zlong the mainland coast in any appreciable
numbers. A species which is believed to occur in the
Andaman and Nicobars, based on the analogy of its
ocourrence and culture in the Mergui Archipelago of
Burma, is P. maxima, Several other species such as

"P.. sugillata and P. anmomioides ocour in the Indian

waters but these have not been found useful in pro-
duction of cultured pearls. It is obvious that P. fucata
will form the mainstay in any pearl culture effort in
India with P. margaritifera as supporting species when
technology is worked out. The problem has been in
the area of assured steady supplies of pearl oyster.

The efforts on enhancing the resource through spat
collection have not been very sucoessful as can be seen
from the data presented in some of the chapters of this

Bulletin, Spat collection on the natural beds of Gulf
of Mannar is logistically difficult in terms of distance,

depth, accessibility and security and no meaningful
effort could be made so far. Spat settlement in inshore
areas has beon moderate but it is composed of multi-
species  Pinctada populations with a progressively

_declining fwcata component as seen at Vizhinjam

(Achari, 1982) and at Tuticorin (Alagarswami, 1977).
The general conclusion that arises from the experi-
mental work conducted so far is that inshore spat
collection would not be of much use in pear! culture.

PRARL CULTURE



In this despairing situation, the silver lining was the
development of hatchery technology for production
of pearl oyster at the CMFRI (Alagarswami et al.,
1983). It has been shown that over a million spat of
P, fucata can be produced in one larval rearing in the
hatchery. The technology is adoptable for any species
of marine bivalve. Experimental success has recently
already been obtained with P. margaritifera. It is a
question of rearing the spat upto the stage they can be
used in pearl production programme which is one of
farm management problems,

Maintaining a * breeding reserve ’ of pearl oysters in
the Gulf of Mannar has been a popular suggestion put
forward by earlier workers (Devanesen and Chidam-
baram, 1956). The present author has been interested
in sea-ranching of pearl oyster from hatchery to the
natural beds to see the possibility of reviving the pearl
oyster population. The programme, commenced by
end of 1985, is under monitoring,

TecaNoLOGY OF PEARL CULTURE

For over half a century the technology of pear
culture has not undergone much change from the
basics of cultured pearl production (Cabn, 1949 ;
Alagarswami, 1970 ; Wada, 1973 ; Mizumoto, 1979 ;
Kafukn and Ikenoue, 1983 ; Ward, 1985). Till late
1960s when the pearl crash occurred after 1966, even
the need for change was not recognised at the farmet’s
level. Subsequently there has been overwhelming
interest in experimental work in two directions, namely
genetic improverment of stocks and tissue culture of
mantle. Practical application of mantle tissue culture
in production of cultured pearl has already commenoed
{Technocrat, 18 (4), 1983).

The techniques of farming and pear! production
developed in 1973, continue to remain in the region of
basics, The rate of pearl production and composition
of grades remain around the average. There is need
for change and improvement in technology along
modern lines if pearl culture in Indiz is to be

competitive.

INFRASTRUCTURE AND MaNrewrs

Pearl oyster farming is the major component of the
activities of pearl culture. This is a continuous opera-
tion with rafts, longlines or boitom platforms in
position in the sea round the year, with the pearl oysters
coming in and going out of the farm. The marine
conditions are dypamic with seasonal changes and
annual variations. Areas subject to monsoon, typhoon
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and cyclone bave to pay a very high premium in main-
taining structures in the open-sea. Certain countries
have ideal locations along their coast in their bays and
lagoons to carry out pearl oyster farming without any
major problem such as Japan, Australia and
Phitippines. The Indian pearl culfture at present has
a special problem in this respect with almost straight
coastlines of the mainland. The only area wheh has
some protection and affords tolerable sea conditions is
the Gulf of Mannar where pearl culture is beivg carcied
out. By no means these are ideal conditions as com-
pared to the Japanese bays. The Andaman-Nicobar
and Lakshadweep islands offer better scope and condi-
tions for pearl culture but lack other necessary
infrastructure facilities,. The future for pearl culture
would appear to lie in these islands. Pearl culture
on the mainland coast would need greater logistic
support and investment in farming than in the islands,

A programme of manpower development for pear
cultvre was initiated at the CMFRI as early as 1976

"with the establishment of training courses (CMFRI,

1977). Transfer of technology has been done at
various levels and in different manner through training,
technical expertise and consultancy. There is no
ptoblem in this respect and certain foreign institutions
have been interested in the Indian expertise in pearl
culture.

R & D ReQUIREMENTS ON PEARL CULTURE
Some of the majot thrust areas for further develop-

"ment of pearl culture are identified here. Directed

efforts are needed to improve gross production and-
quality of cultured pearls in Pinctada fucata. Specific
technology for P. margaritifera has to be developed
for production of high value black pearls. Spat col-
lection of the latter species in the Andaman-Nicobar
Islands will have to be attempted adopting standard
methods already available in other areas such as Sudan
and French Polynesia (AQUACOP, 1982),

An important aspect of pearl culture which remains
to be looked into is production of shell bead nuclei
indigenously. The early experimental work by Velu
et al. (1973) has not been followed up. This engi-
neering problem will have to be solved with some
urgenoy if the dependence on imports of nuclei from
Japan has to be dispensed with. .

Identification of sites and development of appro-
priate farming technology would need priority
attention. Modern systems and materials should
replace the structures used in farms. Prevention and
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control of fouling and boring organisms appear to be
a major area where simple and cost-effective measures
have to be developed.

It will pay more dividends if the Central Agricultural
Research Institute of ICAR at Port Blair could
strengthen their pearl cultwre programme in the
Andaman and Nicobar lslands with a proper resources
and site survey and experimental work on P, margariti-
fera. The inference on possible occurrence of
P. maxima has to be followed up. Likewise, [the small
effort in Bangaram island of Lakshadweep will have
to be strengthened by the Administration with con-
tinued support from CMFRI,

The CMFRI which forms the nucleus for pearl
oculture research in the country may get involved in
finer and critioal aspects of pearl production adopting
modern techniques of breeding and tissue culture.
Oysters in the farm suffer high mortality due to un-
known factors and investigations on pathology and
disease control would be  e¢ssential. Hatchery
production has to be further examined for achieving
higher survival rate and faster growth of larvae. Multi-
disciplinary research involving genetics, reproductive
physiology, nutrition, pathology and water quality
management witl require greater purposeful orientation
for achueving the intended rosults,
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of India, pp. 659-671. Proc. Symp. Livim Res. Seas India
CMFRI, 1973.

Mrzumoto, 8. 1979, Pearl farming in Japan. In: ddvances in
aquaculture (T, V. R. PiLay and W. M. A. Do, Eds), Fishing
News Books Ltd., England, pp. 381-385,

VeLu, M., K. ALAGARSWAME, AND S. Z. Qaspd, 1973. Techique
of producing spherical shell beads as nuckei for cultured pearls.
Indian J. Fish., 20 (2) : 672-676.

Wapa, K. 1973, Modern ‘and tra.ditiona.l methods of poarl
. culture. Underwater Jom! 5(1): 2833

Wanp, F. 1985, The pearl. Naﬂonaf Geographic, 168 (2).
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* ANNOTATED BIBLIOGRAPHY ON PEARL OYSTERS OF INDIAN COAST

The object of the present annotated bibliography
on Pearl Oysters from Indian Coast is to make available
a synopsis of information gathered by pearl fishery
experts and Indian scientists on various aspects con-
nected with pearl fishery management, pearl oyster
distribution, ecology of the pearl beds, biology and
reproduction and culture of pearls. Such information
will be of considerable value at a time when our scientists,
having achieved a breakthrough in pearl culture techno-
logy, are helping the process of establishing a viable
pearl culture industry in our country. The present
research thrust is on hatchery production of seed,
manufacture of indigenous materials for serving as
nuclei for implantation, improvements in farming techni.
ques and system and training of skilled technicians,
The references and information collected up-to-date
from all sources and media of publications in India
will, it is hoped, stimulate further work in strengthen-
ing our cfforts, The idea of annotating the publi-
cations was given by Dr. E. G. Silas and fulfilling this
assignment was in no small measure due to his en<
couragement as it was due to the active help rendered
by all my colleagues of the Molluscan Fisheries Division,
I am really indebted to them,

Scanning through some of the very old records of
the Madras Government Revenue Board proceedings
I found very interesting observations by those mpomng
on pearl bank inspections -done in i
a soparate directorate for fisheries came into &
To allow this material to languish unread by pOStonty
will be doing great injustice to those pioneers who had
evinced abiding interest in the subject. Hence I have
given a resume of such obsérvations as are of relevance
to present day interest.

1 Prasent addvess.: CMFRI, Research Céntre, Tuticorin-628 001.
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A total number of 165 references has been scanned
in this work. The publications are listed in the alpha-
betical order. Each reference is divided into four
parts, namely (1) author and year of publication ; (2)
title ; (3) periodical, volume and pages ; and (4) subject
dealt with in the reference

Great care has been taken to update the bibliography.
If by any chance a few scientific publications do not
find a place in thig it is only due to oversight.

AcHARY, G. P. KumMaraswaMmy. 1930, Artificial biocoenosis
for ecological reconstruction to fucilitate aqueculture. Proe.
Symp, Coastal Aquacniture, India ; Abstract 29 :18, '

The oyster farm at Vizhinjam provides a good area for the
healthy growth of oysters with a variety of fouling
organisms setiling and growing on the cages. By introduc-
ing biological associates, it has been stated that it is possible
to attract desirable cultivable animals to settle down and
grow, :

AcCHARY, G. P, KuMARASWAMY, 1980, Now designs of spat
collectors, breeding hapas, cages and improved technologies
for pear] farming. Proc. Symp. Caarmldqwuhw India ;
Abstract 182 : 107-108,

The designs and details of nyloa friﬂs,bmdinshnpuof
1.5x15x 1 m size and capes of 50 X 45 x 45 om
with nylon netting to accommodate 800 oysters used in the
experiments at Vizhinjam has been given. A new method
otmadm:mpﬂantaﬁontopmduuqmlitymﬂhubem
attempted. _

ALAGARAIA, K. 1962, Observations on the
rdauomhipofpearloysm . mar, bigl, Ass. India, 4
192-208.

Q:
Ihudahmﬁmrmhﬁomhiphotwmthehnﬂhand
wﬂMofmoqulfomearﬂwdatearﬁerhy
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Devanesap (1956) was statistically tested and found to be
significantly different for each year age group. The im-
portance of finding out effective methods to determine
the time of peat] fishing has been pointed out.

Aracarswamr, K, 1970, Pearl culture in Japan and its lessons
for India. Proc. Symp. Mollisca, Pt. IIT : 975993,

The paper mentions the names of various molluscs
employed in pearl culture work in Japan and also the 25
prefectures engaged in pearl culture farming in an area of
30,000 acres.
ment, specification of floating raft, pearl oyster net and the
tools used for nuclens implantation have all been described.
The technology of pearl culture and the post operational
care have been highlighted. The status of oyster fisheries
in India and the efforts on calturing pearls have been dis-
cussed to show the need for developing an indigenous
technology for culturing pearls and for the establishment
of a cultured pearl industry.

ALAGARsWaAWI, K. 1974, Development of cultured pearls in
Tadia. Curr. Sci., April 5,43 (7): 205,07,

Six batches of operated oysters, of which 77 were examined,
produced 43 pearls, Deposition of nacreous layer was
observed 30 days after operation and pearly lustre appeared
in 43 days. Those produced belween 69-191 days had
bright lustre. Cent percent success was achieved in pear|
production, in one baich of experiments,

ALAGARSWaAMI, K, 1974, Pearls cultured in India. Gems and

Jewellery, 8(6): 13-16,

The paper describes the technology of pearl culture deve-
loped in India.

Avacanrswami, K. 1974, Development of pearl culture techno-
Togy in India and scope for a peart culture industry, Proceed-
ings of group discussion on pearl culture, C.M.F.R.I. publi-
cation, Tuticorin : 4-19.

The genesis of pearl culture work in India culminating in
the successful production of spherical pearls by CMFRI
has been given in the paper, One problem that has to be
solved is the large-scale availability of pearl oyster to meet
the needs of pearl farmer. Rescarch efforts are needed
for evolving satisfactory techniques for oyster seed pro-
“duction, Establishment of culture pearl industry will help
to uplift the economy of the people of the coastal rural
sector,

Avracarswami, K. 1974, Results of multiple implantation of
muclei in production of cultured pearls. [Indian J. Fish., 21 (2) :
601-604

2-5 peatls were produced in mdividua.l oysters by this
method, with comparable retention rate of nuclei as In
single implantation, The average production achieved
worked out to 180.6%7. .

ALacarswaMi, K. 1975, Preliminary study of the growth of
- cultured pearls. fndian J. Fish., 22 (1 & 2} : 300-303.

Quick growth of cultured pearls has been reporied. In
the case of 3.0-3.05 mm nuclei the growth seen in 24 months
in Japan was achieved in a little over 6 months in Tuticorin,
In the case of 3.95-4.00 mm the ratic of nacreous layer to
radius of nucleus was 0.155 in 161 days in India while it

was 0.183 in 11, 12 days (2§ years) in Japan,
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Spat collection techniques, farm establish-

ALAGARSWaMI, K. 1975, Pearl <Culture. Indian Farming,

Sep. 1975 (I.C.A.R., New Delhi).
Prospects and progress of pear] culture described.

ALacarswami, K. 1976. Pearl culture and its potential for
development of coastal villages. indian Sci. Congress 83rd
Session, Waltair, Jan. 3-7 (Zoology section). Ent, & Fish,,
Inland and Coastal Aquaculture Symposium Abst. No. 2.

The pearl oyster farming can afford employment opportu-
nities for several skilled labourers and workmen and will
improve the economic prosperity of coastal villages.

Avacarswami, K. 1977, Larval transport and settlement of
pearl oysters (Genus ; Pinctada) in the Gulf of Mannar, Prec.
Symp., Warm water zoopl., spl. publication UNESCO/NIO :
678-686.

* Larval rift theory * across the Gulf of Mannar propounded
by earlier pearl fishery scientists appears to be a plausible
one as judged by the scttlement and growth of P. fucata,
P. sugiliata and P. anomioides in the newly constructed
harbour basin, at Tuticorin, P, chemwnitzi was also seen
in the fishing harbour basin, another sheltered coastal
area.

ALaGarswaml, K. 1977, Towards the comumercial production
of cultured pearls. Gems and Jewellery, 11 (8 & 9) : 25-28.

Describes the feasibility of commercial pearl culture in
India.

ALagarswami, K. 1977, Pathology of pearls and pearl produc-
tion, 3lsr Tamil Nadu Stare Medical Conference Souvenir,

Tuticorin, 1L.M.A.

The process of pearl sac formation and subsequent coating
of nacreous layer on the irritant as implanted nuclei has
been explained.

ALacarswaMi, K. 1980, Fishery and biology of pearl oysters.
Proc. of the Summer Institute in the culture of edible molluscs.
C.M.E.R.L Publication : 72-77.

The trend in the Indian pear] fisheries for the past several
years and an account of the rate of growth of oysters in
natural beds, reproductive cycle, and pearl formation
processes had been enumerated.

ALagarswaMi, K. 1980, Technology of pear! culture. Proc.
of the Summer Institute in the culture of edible molluscs,
C.M.F.R.L Publication : 93-98.

An exhaustive account of the various aspects of culture
has been given.

AvLacarswaM:, K. 1980, Seed production and. hatchery
development. Proe. of the Summer Institute in the culture of
edible molluscs. ‘C.M.R.L Publication : 111-121

The important role played by hatchery development of

edible and cufturable molluscan seed to meet large-scale

demand of the mdusny has been stressed by drawing to

the attention to thé development in this area of work in
~ - advanced countries in Mariculture.

ALacarswamr, K. 1983, A critical review of the progress and
problems in pearl culture in India. Proc, Symp. Coasral
Aguacnlture, Mar, Biol. Ass, India, Part 2 : 574-583.
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A major breakthrough was achieved when techniques for
the production of cultured pearls were successfully deve-
loped in 1973 by CMFRI in India. Training programmes
have been conducted to extend the know-how to maritime
states. The paper identifies areas needing major thrust
to strengthen the technological base.

ArLacarswami, K. 1983. The black-lip pearl oyster resource
and pearl culture potential. In: Mariculture potential of
Andaman and Nicobar [Islands—An indicative survey
(K. Alagarswami, Ed.). Bull. Cen. Mar. Fish. Res. Inst., 34 :
72-78.

The survey of Andaman and Nicobar Islands has brought
out Pinctada marggritifera as a resource of some impor-
tance. Preria penguin, the black-winged pearl oyster was
also collected from Mayabunder, Camorta and Havelock
Is. The distribution of the former suggests possibilities
of raising population of these in column waters. The
ecosystern appears suitable for developing pearl culture int
Andamans. It is also suggested to try the transplantation
experiments on Pinctada maxima.

ALacaRswami, K. aAND A. CHELLAM, 1976. On fouling and
boring organisms and mortality of pearl oysters in the farm
at Veppalodai, Guif of Mannar Indian J. Fish., 23(1 &2):
10-22,

Heavy fouling noticed in the Veppalodai farm necegsitated
periodical cleaning operations to remove heavy barnacle
settlement, bryozoans and bivalve spat, Avivila sp. and
Crassostrea sp. which showed a seasonal pattern in the
opewrrence, Polydora and Cliona wete the chief borers.
The rate of mortality of oysters due to the foulers and
borers ranged from 0.9% to 27.5%. Exposure of oysiers
to sun, immersion in freshwater for limited duration,
treatment with Pentachlorophenol at | ppm, formalin
treatment and Dichlorophine at 10 ppm as practised else-
where have been suggested for expermnntauon in ta.cklmg
fouling nisance,

ALAGARSWAMI, K. AND A, CHEtLaM, 1977, Change of form
and dimensional relationships in the pearl oyster, Pinerada
fucata from Guif of Mannar. Indion J. Fish.,, 24{1 & 2):
1-14,

A change of form occurs from subquadrate in the young to
oblong in the adult oysters. The hinge length of both
valves becomes equal at a size of 35 mm. Consequent on
the change of shell shape the young and adult oysters have
significantly different regression coefficients, except in
some instances,

AracarswaMsy, K., 5. DrarMaRal, T. 8. VELAYUDHAN,
A. CHELLAM AND A. C. C, VicToR. 1983. O controlled : pawn-
ing in the pearl oyster Pinctada fucata (Gould), Frec. Symp.

- Couastal Aguaculture, Mar. Biol. Ass. India, Part 2 : 590-597,

Thermal stimulation, salinity variation, chemical eomtrol
using NaOH, NH,OH, Tris-buffer and hydrogen peroxide
were tried during the experiments to induce the ripe oyster
to spawn with reasonable amount of success. - -

Avscarswamt, K., S. DHarMARAL, T. S. VELAYUDHAN,

-A. CUELLAM. AND A. C. C. ViCTor. 1983, Embryonic and

.. larval development of the pearl oyster Pinctada. fucata (Gould),

< Proc, .S)mg‘ Cm!al Aqwcufmre, Mar:. Biol. Ass, Indm,Partz
£98-603. S
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In a series of experiments on rearing of Pinctada fucata,
success was achicved in rearing the hatched out larvae
only upto * D* shaped veliger stage (straight-hinge stage)
which was reached in 24 hours from fertilization. Meta-
morphosis did not take place even after 16 days when the
larvae died. Feeding the larvae with Terraselmis and
Synechocystis did not help. Right type of food is neces-
sary to tide over this problem,

AvLagarswaMr, K., S, DaaRMARAI, T. S, VELAYUDHAN,
A, CHetaMm, A. C, C. VICToR AND A, D. GANDHI. 1983,
Larval rearing and production of spat of pearl oyster Pinciada
Jucata (Gould). Aguaculture, 34 ; 287-301.

The larvac of P. fucaia were reaved successfully in the
laboratory. The pediveliger metamorphosed to plantigrade
and scitled as spat.. Isochrysis galbana was used as a
standard food at a cell concentration of § 0-350/L. Spatfall
occutred on days 24-32. Fibreglass tank bottom showed the
highest density (4.71/cm®) of spat settlement.

ArLsgarswamr, K. aND S. Z, QasmM, 1974, What are pearls
and how are these produced? Seafood Export J., 6(1): 1-10.

The article gives details of peart producing areas in India,
level of éxploitation, process of natural pearl formation,
experiments on culturing pearls in India and future
prospects.

ALAGARSWAMY, K. AND 8. Z. Qasim. 1974. Pearl culture—its
potential and implications in India. Indian J. Fish.,, 20(2):
533-550, : .

By adopting the raft culture technigue pearl oyster culture
experiments proved successful givicg 78% survival. The
growth of oysters was faster, At Veppalodai, a coastal
village near Tuticorin the technique of producing cultured
pearls was developed and for the first time spherical cul-
tured pearls were produced. The results indicate good
scope for reviving pearl oyster resources by aguaculture
and the establishment of an industry of cultured pearls
entirely by indigenous efforts.

ALAGARSWAMI, K. AND G. S. SivaramaN. 1975, Surgical equip-
ment for pearl culture. Indian J. Fish., 32 (1 & 2): 231-235.

The surgical instruments needed for prepamt'ion of tissue
grafis from mantle lobes and in the insertion of nuclei in
culture pearl operations in India had been manufactured

" indigenously and described,

ALaGARswaMi, K. aAND A. C. C. Vicror. 1976. Salinity
tolerance and rate of filtration of the pear! oyster, Pinctada
fucata J. mar. biol, Ass. India, 18 (F) ; 149-158,

During 1975-77 oysters were experimented in sahmtws from
14-58 %, range which showed that they can tolerate 24-50%,
range for 72 hus. Rate of mortality in salinity dilutions
of 16,15 and 14%_ were 10, 50, and 100%. In higher
concentrations of 52, 55 and 58 %, it was 67, 100 and 100%
respectively.  Rate of filtration was low in dilutions and
total below 259 in salinities 14 and 20%;.. In higher con-
centration the filtration ratejwas 49,53.7 and 41 8% in
44, 50 and 57%,. salinities,

ANANTHANARAYANAN, R. 1967. The fouling organisms of the
-pearl oyster farm Krusadi Island, Gulf of Mannar. Madras
Jour, Fisheries, M : 145-146.
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Maring settlers and wanderers in the farm at Krusadi cause
nvisance value if not petiodically removed from the cages.
A list of such organism has been presented.

ANoNymous, 1835, Records on pearl bank inspection 1834-
1838, Proceedings of the Revenue Board of the Madras Govern-
ment, 18385,

A report on the results of pearl bank inspection conducted
in February-March, 1834 by Jadhi Thalalvan shows the
discovery of 34 beds between Kootapuli and Kooduthalai
villages (Cape Comorin Zone). A pear! fishery was pre-
dicted in 1835 ; but subsequent poaching by fishermen led
to the total disappearance of fishable oysters.

ANoNYMOUs. 1836. Records on pear] bank inspection 1835«
1836, Procecdings of the Revenue Board of the Madras Govern-
ment, 1836,

The Colieclor of Tirunelveli reported 192 oysters having
been fished from Thollayiram paar during the inspection
of that bed. On the recommendation of Sir Frederick
Adam in 1834, the Governor of Madras appointed Lt. Col.
Monteith, Superintending Engineer for future pearl bank
inspection. This was done in November, 1835 wherein
the occurrence of 24-3} year old oysters was reported ;
but clandestine fishing by fishermen again spoiled the
possibility of fishery being declared.
AnNoNyMous. 1837. Records on pearl bank inspection 1836-1837.
Proceedings of the Revemue Board of the Madras Government,
1837,

The dismal record of pearl bank inspections made the
Government to requisition the services of Captain Quinton,
Supervisor of Ceylon pearl banks to inspect the Tirunelveli
Coast and authorised a boat to guard against the depre-
dation of clandestine fishers as well. Quinfon stressed
the need for charting the pearl banks. He also advocated
the policy of avoiding the use of dredges adopted by
Monteith and precaution to be taken to prevent * Dhoney *
or boat anchoring on or near oyster beds.

Anonymous, 1839. Records on pearl bank inspection 1838-
1839. Proceedings of the Revemue Board of the Madras
Government, 1839.

Mr. Franklin appointed for pearl bank inspection till
1939 divided the banks into : (1) 12 banks from Vaipar to
Mookur, (2) 21 banks off Tuticorin, (3) 24 banks off
Pinnakayal and (4) 14 banks off Tiruchendur making in all
71 banks. The locations and names of these were Hsted.
The report mentioned about the existence of 2§ year old
oysters in 13 beds but population estimation was appavently
not done due to overgrowth of * Suram * on oyster beds.

21 banks off Tuaticorin which contained oystets were
considered good for fishing, Dredging in deeper arsas
where divers cannot reach was also recommended,

Anonymous. 1841, Records on pearl bank inspection 1840-
1841, Proceedings of the Revenue Board of the Madras Govern-
ment, 1841,

Mr, Franklin’s report to Government was discouraging,
stating that the oysters bad diseppearedfmmthebeds
probably due to natural causes, '
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ANonvMous. ~ 1848, Records on pearl bank inspection 1847-
1848, Proceedings of the Revenue Board of the Madras
Government, 1848.

Mr. Thomas, Collector of Tirunelveli suggested the leasing
out of pearl banks and the right of fishery to wealthy
merchant on 50-50 basis to effectively check the poaching
on beds by divers. Government rejected the suggestion,
The banks continued to be plundered as revealed by the
results of inspection.

AnNoNyMoUs. 1849, Records on pearl bapk inspection 1848-
1849, Proceedings of the Revemue Board of the Muadras
Government, 1849,

The results of inspection confirmed the fears of
Mr, Thomas, The entire oysters had disappeared. But
the Master Attendant who conductad the inspection attri-
buted this to the action of increased current occasioned by
the enlargement of the Pamban Pass and also due to the
frequent passage of vessels in consequence of increased
trade,

ANONYMOUS. 1850, Records of pearl bank inspection 1849.
1850. Proceedings of the Revenue Board of the Madras
Government, 1850.

During the pear]l bank survey only 17 young oysters were
reported from the beds.

(Tilt 1855 no record is available to show that inspection
was conducted—S.M.)

ANONYMOUS. 1856, Records on pear] bank inspection 1855-
1856, Proceedings of the Revenue Board of the Madros
Governmeny, 1856,

Only 6 banks were inspected by a cargo schooner boat.
*Suram ® was abundant on the beds. No oysters were
found,

ANONYMOUS. 1858, Records on pearl bank inspection 1857-
1858, Proceedings of the Revenue Bmm‘ of the Madras
Government, 1858,

Results of inspection indicated the possibility of a fishery
in 1860 provided the oysters did not migrate from 23 beds
off Tuticoritt and 6 eastward of it, This theory of Master
Attendant did not find favour with the Government who
doubted the power of locomotion of a mollusc which
habitually lies attachsd to rocks. They attributed the
reasons for a possible failure to imperfect inspectoin and
plundering of oysters by fisherfolk.

Anonymous. 1859, Records on pearl bank inspection 1858.
1859, Proceedings of the Revenue Board of the Madras
Goverroment, 1859,

A pearl fishery was held in 1860 in the eastern beds off
Tuticorin for 23 days yielding a gross revenue of
Rs. 250,276-0-0,

ANoNymous. 1361, Records on pearl bank inspection 1860«
1861, Procesdings of the Revenue Board of the Madras
Government, 1861.

Captain Phipps examined 2 banks with poor results. In
his report to Mr. J. Silver, Collector of Tirunelveli, he
described the reasons to fierce current washing away
‘gysters, He was optimistic about a fishery in 1867 based
on his finding of oysters in the northern beds.
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ANonyomus. 1862. Records on pear] bank inspection . 1861-
1862. Proceedings of the Revemce Board of ﬂw Madras
Government, 1862.

Captain Phipps inspected Tiruchendur beds where he found
§ year old oysters a plenty and recommended & fishery in
1860-1864 season. A submarine diver Mr. Farmer was
employed to dive with local divers in all the beds.

(A letter written by Mr. Silver dated 2-4-1862, however,
shows that there was a fishery in 1862 for 21 days fishing
2,980,900 oysiers fetching a revenue of Rs. 128,769-4-0
=S5.M.)

Later in 1862 Phipps examined southern beds at the end
of which he was disappointed at the intellipence of the
failure of Tirychendur banks,

ANoNYMoUS, 1863. Records on pearl bank inspection 1862+
1863, Proceedings of the Revenue Board of the Madras
Government, 1863,

" 73 banks were inspected and the results were disappointing.
Only 4 banks had a few oysters free of Modiolus (Suram),
The inspection lasted from 20-10-1862 to 3-3-1863, In
November, 17 banks south of Tuticorin Tholayiram Parr
were inspected again but no oyster settlessent was seen.

ANoNYMOUS, 1865, Records on pearl bank inspection 1854-
1865. Proceedings of the Revemue Board of the Madras
Government, 1865.

Captain Phipps reinspected seaward banks north of
Turicorin and found them barren.

ANoNYMOUS. 1866, Records on pear! bank inspection 1365-1866.
Proceadings of the Reverue Board of the Madras Government,
1866.

Vembar, Kilakarai and Pamban group of paars were .

inspected by Captain Phipps in addition to the banks off
‘Futicorin, Manapad and Tiruchendur. There were no
oysters.

ANoNYsMoUs, 1B67. Records on pearl bank inspection 1866-1867.

Proceedings of the Revenue Board of the Madras Government,
1867.

. 66 paars were inspected during January-March. Young
oyster settlement was seen in 15 of them. Pearling
prospects were bleak. .

Ammous. 1869. Records on pearl bank inspection 1868-
Proceedings of the Revenue Board of the Madras
Govemml.1869

STpamswereremspectedbyCapmnPhlppsth
1869 and found to be mostly barren except those of
Pinnakayal which had 1 year old stock, Captain Phipps
was of the view that it was a waste of time examining
Manapad banks in fiture.

AnonyMous. 1870, Records of pearl bank inspection I1869-
1870, Proceedings of the Revenue Board of the Madras
Government, No. 1530 dated 4-5-1870.

In December 1869 Captain Richardson conducted examni-
nation of Vaipar banks only to find Modiolus settled over
the banks extensively to 2 feet thickness. But the shore-
ward paars of Tuticorin had dense population of 2§ year
“ald ovsters capable of ylelding fishery in 1893, The extent
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was calculated to cover 4 miles iength and half mile width.
Similarly those banks off Pinnakayal also had dense stock.
Manapad banks condemned by Capiain Phipps, had a
good population of 2¢ year old ovsters. i

ANoNYMoUS, 1870. Records of pearl bank inspection 186¢
1870, Procesdings of the Revemue Board of the Madras
Government, No. 4648 dated 2-7-1370,

In Pebruary 1870 mpocuon, it was found , that Pamban
paars were dense with oysters, On Maich 5th, Captain
Richardson found evidences of largs scale poaching judged
by the remains of what must have besn an extensive
calendestine pearl oyster fishing in Nallathanni. Theevu.
Many millions of pearl oyster shells were aeaped up. The
people of Kilakarai and Valinokam must have plundered
the oyster banks, His findings sparked off a big
Controversy.

AnoNymous, 187i. Records on pearl bank inspection 1870-
1871. Proceedings of the Revemue Board of the Madras
Government, No. 1332 dates 27-2-1871.

Captain Richardson inspected Vaipar banks from
27-12.1370. Resulis were not encoutaging in Vaipar,
Pinnakayal and Manapad banks.

AnonyMous, 1871, Recerds on pearl bank ingpection 1870
1871. Proceedings of rthe Revenwe Board of the Madras
Govermmnent, No. 2737 dated 5-7-1871.

Captain Phipps conducted further detailed swrvey of all
banks from Pamban to Tiruchendur and stated oysters did
niot exist except in small quantities, No possibility of a
fishery.

ANONYMous, 1872. Records on pearl bank inspection, 1871-
1872. Proceedings of the Revemue Board of the Madras
Government, 1872,

Mr. Eastland, an European diver was engaged to dive in
73 pear! banks from which he could collect 30 oysters only,
43 banks were barren of oysters.

Mr. Puckle stated that °there is but litt I difference of
opinion among authorities on the subject; all seem to
agree that under-current and formation of sand on some
banks, the deposit of mud mdther&vaapoftheskate
andparmt-ﬁshandthemoonmgsofﬁshmsmoesdes&oy
the oysters here and there while no o ne can give an opinion
23 to how the oysters may best be matared *.

ANoNvMous, 1873. Records on pearl bank inspection 1872-
1873. Proceedings of the Revenue Board of the Madms
Govermment, No. 1137@«30-6-1873

Paars were inspected by Caplain Pluppswhofoundthat
prospects were still not encouraging. . He found Tuticorin
banks with very latge quantities of young oystors attached
to the rocks and woeds. Hesumwdpmlﬂ,biﬁmof
fishing activities in this ares.

(Mo records are available upto 1876—8 M.)

Anomw 1876. Records on pearl baak inspection 1315..
1876. Procesdings of the Revemue Board of the Madras
Government, No. 1387 dated 26-5-1876.

’ Omof18banhmpacbed5paarsgawhopssofa fishary
in 1878 or 1380,
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AnoNyMous, 1878. Records on pearl bank inspection 1877
1878. Proceedings of the Revenue Board of the Mudrus
Government, No. 1775 daied 27-6-1878.

Capt, Phipps examined 35 paars from Vaipar to Manapad
and came across only crunched oysiers broughi out by
divers by which he concluded that extensive depredation by
sharks and skaies had precluded the possibility of a fishery.
Mr. Pennington, Collector, commenting on those observed
in his report dated 25-5-1878 that there had been no fishery
since 1861-1862 but the proceeds of that and the previous
years’ fishery alope were enough to cover all the cost
establishment since the beginning of the century.

ANONYMous. 1881, Records on pearl bank inspection 1880-
1881, Procecdings of the Revenmue Board of the Madras
Government, No. 1786 dated 13-7-1882.

Examination of 25 banks by Captain G. A. Phipps showed

spat seitlement along with Modiolus. Pinnakayal banks
were singled out for a fishery in 1885,

AnoNyMous. 1883, Records on pearf bank inspection 1882
1883, Proceedings of the Revenue Board of the Madras
Government, No. 2899 daied 35-8-1383.

Captain G. A. Phipps conducted inspection in 31 pearl
Lanks in four months of 1882, No oyster population of
value was found. Pinuakayal beds disappointed this time.

ANONYMOUS. 1885, Records on pearl bank inspection 1884-
1885, Proceedings of the Revenue Board of the Madvas
Government, No, 1246 dated 21-4-1885.

G. W, Wicks completed inspection of 46 banks and found
only Tulicorin banks with oysters, perhaps fit for conduct-
ing pearl fisheries.

(Details of inspection of banks from 1885.1905 are
furnished by Horaell (1905) in his report to the Government
of Madras. See pages 93 to 107. Repeated inspections
yielded a fishery in 1889, 1890 and 1900 when 12,600,531
oysters and 1,806,762 oysters were fished respectively
from Thollayiram paar and in 1900, when 2,801,036 were
fished off Tiruchendur, Again in 1908, 1.1 miilion oysters
were fished in 20 days from Thollayiram paar. Inspection
report from 1906-1916 are not readily traceable—S.M.).

ANonymous. 1918, Administration report of Madras Fisheries
Depariment for 1917-1918.  Government of Madras Publication :
173-175.

Inspection of banks off Tuticorin revealed paucity of
oysters. Pamban to Vaipar beds were also inspected but
with negative results. A few scattered oyster spat settle-
ment was reporied on the seaward castern edge of
Rameswaram, settled on pier. The scheme to start pear]
culturs experiments at Krusadi island was kept in abeyance.

Awnonymous. 1920.  Administration report of Madras Fisheries
Department for 1918-1919.  Government of Madras Publication :
142,

No inspection was possible due to the non-availability of
launch facilitles.

ANONYMOUs. 1922, Administration report of Madras Fisheriess
Department for 1920-21. Govermment of Madras Publication :
18.

Hornell's inspection of oyster bed revealed_ total absence of
oyster setilerment. T
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Anonvmous. 1923,  Administration report of Madras Fisheries
Department for 1921-1922. Report 1 of 1923, Madras
Fisheries Bulletin, 7 : 1314,

Based on the results of pearl bank survey made with
M.T. * Lady Nicholson* a, fishery was forecast for 1927-
1928,

AnNonymoUs, 1924, Administration report of Madras Fisheries
Department for 1922.1923. Govermment of Madras Publication :
17-18,

28 banks inspected showed the spat settlement (I year old)
and & fishery was forecast for 1926-1927. Hornell observed
that 1926 fishery will be a farewell gift legacy as he was
relinquishing office.

ANoNyYMous. 1925, Administratin report of Madras Fisheries
Department for the year 1923-1924. Government of Madras
Publicarion : 13 & 30.

Possibil8ty of a fishery in 26 banks has been indicated.

AnonyMous, 1926. Administration report of Madras Fisheries
Department for the year 1924-1925. Government of Madras
Publication : 13.

24 crores of oysters were ¢stimated to be ready for fishing
in 1926 from all peart banks covering an area of 770 sq.
miles. Declaration of rules under 6 of Indian Fisheries
Act of 1897 was made this year for preventing theft of
oysters.

ANonyMous. 1927, Administration report of Madras Fisheries
Department for vyear 1925-1926. Governmemt of Mudras
Publication : 10-21. ‘

There had been a pearl fshery in February-March 1926
in Tholayiram paar. 33 days of fishing yielded 14,096,839
oysters and another fishing in November-December for
23 days yielding 16,08,931 oysters fished from Tholayiram
paar, The gross revenue for Rs. 2,56,884-0-0, Cholera
outbreak forced the fishing to be closed after 40 days of
commencernent in March.

ANoNyMoUs. 1928, Administration report of Madras Fisheries
Department for the year 1926-1927. Government of Madras
" Publication : 14-24,

The conduct and progress of 1926 autumn fishery and 1927
spring fishery have been given. In the former, 29 days
of fishing was possible and the latter was in progress from
11:2:27 to 30-4-27, during which time 10,337,059 oysters
were fished out. A special feature of this fishery was the
participation of 38 Arab divers, (There is no incongruity
in the record about the number of days of actual fishing in
1926—S.M.).

ANonyMous, 1929, Administration report of Madras Fisheries
Department for the year 1927.1928. Government of Madras
Publication * 26-30.

Prosperous spring pearl fishery was held for a period of
97 days from 9-11-1927 to 14-1-1928 and the second from
1-3-1928 to 31-3-1928. The fishery was closed due to out-
break of cholera. A total of 6,251,940 and 3,477,593 oysters
were fished bringing a revenue of Rs. 3,38,930-10-11 and
Rs. 1,93,483-0-0 respectively to Government. ¥t was
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considered that there might be beds of pearl oysters in
deeper waters beyond 11 fathoms, It was recommended
that a trawler for conducting dredging in these areas be
purchased. A set of dredges was also prepared according
to the design of Capt. Cribb. Operations commenced
on 27-3-1928 at 9 ¥ and oysters were dredged upto 11 F
limit, The avea dredged extended from Pamban to
Colachal. Results not shown.

ANoNYMOUS. 1930, Administration report to Madras Fisheries
Depariment for the year 1928-1929, Report Np. 1 of Madras
Fisherles Bulletin, 24 ; 4345.

Inspection of pear! banks yielded very poor results, Three
banks off Manapad were also inspected for the first time
in 25 years, apart from 39 paars from Tuticorin to
Manapad.

ANoNvmous, 1931, Administeation report of Madras Fisheries
Department for the year 1929-1930. Government of Madras
Publicarion : 41-43.

Pamban group was inspected according fo a system of
triermnial inspection principle of Dr. B. Sundararaj who
considered that it was enough to inspect ons group once
in 3 year since oyster seitlement, if noticed will not be
ready for fishing before the third year was over. 13 banksr
from Vembar to Pamban, {3 from Vaipar to Tuticorin
11 banks off Tuticorin were inspected but no oysters were
found, A Japanesc diving equipment was tested at Sethu-
bavachatiram sea coast when it was possible for one person,
to remain under water at4 feet depth for 12 miuutes.

ANoNYMOUS. 1932, Administration report of Madres Fisheries
Department for the vear 1930-31. Government of Madras
Publication : 47, .

In Palk Bay arca 14 shoreward paars off Rameswaram
and 2 beds off Tuticorin were also searched. All were
barren of oysters.

ANoNYMOUs, 1933, Administration report of Madras Fisherios
Departinent for the year 1931-32. Govermment of Madras
Publicgtion : 40.

Efforts f¢ get diving apparatus continued. 45 banks
from Tuticorin to Cape Comorin were studied from 11th
March to Sth April. Only stray specimens of oysters
were obtained,

"Anowvmous. 1934,  Administration report of Madras Fisheries
Depa.rtment for the year 1932-33. Govermmemt of Madras
- Publcation : 49-30.

DwmgexpuimentsatSfeettoztfathomswmcamed
at Sethubavachatram when a person remained under
water for 18 minutes, 28 pearl banks from Tuticorin
to Pamban were surveyed and found to be barrem. It
was suggested that poor rainfall had affected spat settle-
Ammus 1935, Administration report of Madras Fisheries

_ Department for the year 1933-34, Governmcnt of Madgas
‘Publication ; 57.

10 pearl panks were inspmd and foundlo be ‘bare of
oysters,
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AvoNyMOUs. 1936, Administration report of Madras Fisheries
Departrent for the vear 1934-35. Governmment of Madras
Publication : 13.

Apart from the continued maintenance of oysters in farm
at Krusadai nothing of interest about the natural oyster
population has been mentioned. 47 banks of South
division upto Manapad were inspected from 26-2-35 to
14-4-35, No eiwcouraging result was got. ]

AnoNymous, 1937, Administration report of Madras Fisheriss
Department for the year 193535, Government of Madras
Publication : 15.

An account of how Kunduga! Point area near Krusadai
was selected for pear] oyster farm establishment had been
given. 28 banks of Ceatral division were inspected during
March 1936. All beds were barren of oysters.

Anonvdous. 1938, Administration report of Madres Fisheries
Departmeat for the year 1936-37. Government of Madrox
Publication : 44,

During March-April 1937, 3 Palk Bay heds and Tholayiram
paarwmmpectedwhnhwemfoundtobebmcnof
Oysters.

ANonymous. 1940, Administration report of Madtas Fisheries
Department for the year 1938-39. Government of Madras
Publication ; 51,

Spatfall was reported in the Vedalai area. At Malli-
patnam (pear Tanjore) 74,519 oysters were collected from
the nets of gill net fishermen. These were taken to Kru-
sadai farm in addition to 364 oysters collected at the time
of pearl bank inspection during April 1939,

ANoNyMous, 1941, Administration report of Madras Fisheries
Department for the year 1939.40, Governm oft Madras
Publication : 14-15,

An account of attempts to grow oysters at Krnsadai farm
has been given. 6,782 oysiers were farmed and attempt
at pearl culture initiated. Inspection of Palk Bay area
and Tholayiram paars did not teveal any oyster popu-
lation.

ANonNYMous. 1952, Administration report of Madras Fishorios
Department for the year ending March 1951, Government
of Madras Publication ; 13,

During 7 days of inspection of 9 Tuticorin paars 1,250
pearl oysters were collected. A possibility of fshery
was hinted,

ANonvMous. 1954, Administration report of Madras Fisheciss
Department for the year 1952-53. Govermment of Moadras

- Publication : 3.

Inspecﬁon of banks gtarted in November 1952 and con-
cluded on 17th covering central and southern sector paars.
In 13 paars & total of 6,390,000 oysters were estimated
dus to the good spatfall of 1952, Pearl ﬁshery in 1955
appeared to be a distinct possibility.

ANONYMOUS, 1956, Administration report of Madras Fisheries

Department for the year 1954-55, Gammm‘ofm
- Publication : 3940, -
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27 banks were inspected in April 1954 with 16 banks having
fishable oysters, A preliminary account of the orgami-
sation of 1955 pearl fishery at Tuticorin has been given.
The fishery continued upto 14th May helping to fish
3,508,967 oysters from Tholayiram paar fetching a revenue
of Rs, 1,46,000. Labour trouble thwarted a more success-
ful fishery.

ANoNymous. 1957. Administration report of Madras Fisheries
 Department for the vear 1955.56. Government of Madras
 Publication : 19.

Thé details of a survey of Tholayitam paar is given. Ao

~ estimated 850,000 of oysters was reported fishable, being

the leftover population, unfished during 1955 fishery,
A pearl fishery was commenced on 29-2-1956 which conti-
mued for 18 days after which it was closed on 18th March
1956, 2,129,058 oysters were fished. Detailed inspection
late n 1936 revealed prospects of a fishery in 1957 from
Pinnakayal beds. 12.7 million oysters were estimated
good for next year’s fishery.

AnonNyMmous. 1958, Administraiion rceport of Madras Fisheries
. Department for the vear 1956-57. Govermment of Madras
" Publication : 64-65.

Inspections in December 1956 and January 1957 revealed
bright prozpects of a pear] fishery. Labour trouble post-
poned the start of the fishery fo 14th March 1957, The
fishery was closed on 20th May 1957 during which period
a total of 1,175,214 oysters were fished bringing a revenue
of Rs. 168,807.37. Aqualung diving was done on paars
by two departmental divers remaining under water for
10 minutes at a stretcth. Routine inspection of Tiru-
chendyr beds from 16th December 1957 to 11th January
1958 revealed that the Karuval group of paars had good
stock of fishablo oysters. A population of 3} year old
oysters totalling 21,7 million was estimated available for
Tishery in 1958,

AwoNyMous., 1958. Pearl fisheries of Tuticorin, Curr. Af:
Buil. indo-Pacif. Fish. Council, 21 : 13-14.

A popular article.

ANONYMoOUS. 1959. Pear] bank and chank bed survey, Indion
Fish, Bull., 6:11-12,

Pear] bank survey work done at Tuticorin by the Scientists
of CM.ERI. has been briefly mentioned.

ANONYMOUS, 1939, Administration report of Madras Fisheries
Department for the year 1957-58. (MS obtained from Directo-
rate of Fisheries, Madras).

Pearl fishery of 1957 continued upto 20th May for a period
of 51 days. Kudamuthu paar group was . exploited,
11.175 million oysters were fished during the period,
realising a gross amount of Rs. 168,807.31. Elaborate
details of the various formalities undergons pear]l fishery

“declaration find a place for futurs guidance, Based on

encouraging result of the inspection in December 1957 to
January 1958 another pearl fishery was organised from
3rd March 1958 exploiting 6 southern sector paars off
Pinnakayal and Tiruchendur. Till March 1958 end it

" was in progress for 21 days, fishing 8,315,870 oysters.
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After some labour trouble doring which thers was a strike,

fishing commenced from 14th May 1958 lasting for another
11 days closing on 26th May 1958. On the whole 55 fish-
ing days brought 21,476,817 oysters, bulk of which came
from Karuval paar (7,638,997). A total  income of
Rs. 265,097.77 was realised. During Octaber 1958 to January

- 1969, 28 banks off Tuticorin were examined. Tiruchendur-

Punthotiam paar was found ripe for a fishery. as also for
Karuval and Kodamuthu. During the fishery Dr. Dymas,
a French man conducted aqualung diving in many paars
to demonstrate the utility of diving with self contained

breathing apparatus. '

AnNoNymous, 1960, Administration report of Madras Fisheries
Department for the year 1958-59. Governmeni of Madras
Publication ;: 55-58.

5th year in the series of pear) fisheries. % paars in Karuval
and Kudamuthu groups of paars were fished. A rapid
inspection of paars in the same group of paars done in
MNovember-December 1958 enabled declaration of another
fishery in February 1559 which started on 12the February
1959, Peading operations continued for 36 days {upto
March end) and the total catches upto this date were
10,738,520, (The fishery continued upto 16th May for a
total of 62 davs). Aliogether 16,496,246 (16,428,298?7)
oysters were fished mainly due to Punthottam paar stock.,
Total income was Rs. 800,568.22 (Re. 874,001.26 7). Tns-
pection of pearl banks Tholayiram pear, Kudamuthu
group and Tiruchendur group made again during Spring
of 1959 gave hopes of a fishery in 1960. 22 mllhon oysters
weze estimated fishable.

ANonyMous. 1961, Administration report of Madras Fisheries

Depariment for the year 1959-60. Government of Madras
Publication : 45-47.

Another fishery was conducted from 17th March 1960 to
7th May 1960 for 52 days. A total of 16,175,839 oysters
were fished bringing a revenue of Rs. 215,266,88, This
time the bulk of oysters fished were from Thellayitam paar
(14,459,698) and the rest from the nearby Kuthadiar paar.

AronyMous. 1963, Administration report of Madras Fisheries

Department for the year 1960-61. Goverment of Madras
Publication ; 37-39.

13 banks were inspected of which Tholayiram paar alone
was estimated to contain 20 million oysters and Kuthadiar
another 1.3 million. P.B. Salvadori, FAO expert in
SCUBA diving and his counterparts helped in the inspec.
tion. A total of 16,176 million of oysiers wers fished out
on 30 days. During November-December 1960 again
Tholayiram paar area was inspected and a fishery
was declared from 22-3-1961 to 15-5-1961. This fishery
for 37 days yielded 15,360,928 oysters (vide histogram in
Annexurellﬂafmportmpage 131}, g

A@mus 1966. Dictionary of Indiap raw materials and
industrial products. The Wealth of India, VII : N-Pe. 204.207,
‘Publication of C.5.LR. New Dethi.

Five distinct species of Pinctada have been listed as oocure
ring in Indian waters namely Pinciadae vulgaris, -P, mar
gatitifera, P. chemnitzii, P, anomiopides, and P, atropurpurea.
P, vulgariz-occurs in’the Gulf of Mannar and in the Gulf of
Kutch, P. margaritifsra occurs sparsely. P, chemmitzii
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is found in the Guif of Mannar, Andamsn and near
Bombay. Ten grades of pearls are recognised viz., Ani,
Vadiva, Anathari, Masagoe, Kallipu, Korrower, - Peesal,
Mandangoe, Kural and Thul. The market price of pear]
increases as the square of its weight or size. An account
of the physical structure of cultured pearls and imitation
pear! has been given.

Anun)uc:m.m, S. 1952, The history of the pear] fishery of the
Tamil Coast. Annamalal Univ. Historical Serfes, 8 : 197 pp.

The book is divided into 14 chapiers giving information
about pearl fishing which existed in ancient times as evident

from the writings and avilable records during the days of

imperial Cholas, later Pandyas, Portuguese, Dutch and 1%th
Century Governments. Apart from its histotic treatment
of the subject, little of scientific interest i3 aimed.

Awari, P. R, 1928, An account of the pearl fisheries of
Tuticorin, March and April, 1927, J, Bombay nat, Hist, soc,,
32(31): 524-531.

The paper presents an account of the salient features of the
oyster biology, the habitat of oyster off Tuticorin, theory
of peart formation and the general organisation of pearl
fishery, diving methods and the day to day fishing details,

BAGOHMAN, J. L. 1947. Annotated bibliography on oysters,
Texas A & M Research Foundation, Texas ;: 794 pp.

Although. mostly devoted to edible oysters this contains
a fow references on pearl oysters as well,

Cuacko, P. 1. 1954, Prospects for a pearl fishery off Tuticorin,
Guif of Mannar in 1955, Ind. Com. J. Madras, 9 (3): 368-369,

The possibility of a pear! fishery in 1955 based on the
inspection results indicating fishable oystcr population
in Thollayiram paar during 1953-54 has been forecast,

CHacko, P. 1. 1956, The first pear] fisliery of independent
India. Ind, Com. J. Madras, 11: 280-283.

. An account of 1955 pearl fishery Theld .at Tuticorin is
given,

Cracko, P. I 19%6. An ovcrland transhipment of the pear
oyster. Ind. Com. J. Madras, : 145-146.

It has been mentioned that oysters can be transhipped
from natural beds to areas of farming keeping down
mortality rate while in transit by adequate precautionary
steps,

Caacko, P, I, 1957, The pear! fishery conducted off Tuticorin
_ in 1956, Ind. Com. J. Madros, 126 : 326-33).

An account of a minor fishery heldinw&shasbeenswm
with details of area fished,

Cracxo, P. 1. 1959, Food and feeding habits of the fishes of
. the peatl banks, Thollayiram paar, in the Gulf of Mannar,
Fisherlgs Stotion Reports and Year Book 1955-56 (Madras
. Fisheries Dept.) : 30-83.

The bottom feeding fishes, Abalistis stellaris and Scolopsis
bimaculatus, the camivorous Cepka!opﬁaﬁs miniatus and
" Epmephe!m undulosus constityted the main thmt to pear]
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Cuacko, P. 1. 1970. The pearl fisheries of Madras Stabe.
Proc, Symp. Mollusca, Mar, Biol. Ass, India, Pt. III : 868-872.

A brief review of the past and recent pear! fisheries held
in the Gulf of Mannar and Palk Bay upto 1961,

Caacko, P. I, aNp C. Mavueray. 1959. Marine furtles
as possible distributors of pearl oysters. Fisheries Stationm
Reporis and Year Bouk for 1955-56 (Madras Fisheries Dept.) :
101-102.

The settlement and growth of oyster spat ($-40 mm size)
noticed on the carapace of Chelone mydas bas made the
authors suggest- that the turtles may act as dispersing
agents, during thsir sojourns to different areas of ocean.

CHACEQ, P. 1. anp P, 8. SAMBANDAMURTHY. 1969. Congditions
of existence in twenty pearl banks in the Gulf of Mannar off
Tuticorin during 196263, AMadras J. Fish., 8: 94-99.

An account of the oyster stock,

Crary, 8. T, 1966, Chemical composition and food value of
chank and pearl oysters. Madrar J. Fish, 2: 84.85.

Chemical analysis shows that chapk and oyster meat
are fit for human consumption due to the high protein
value, The flesh contains 14.429%, protein in the case
ofoysterandhlghmmmcralsandglymm The oyster
flesh is palatable.

CHELLAM, A. 1978. Growth of peasl oymmwaﬁmta
in the pearl culture farm at Veppalodai. fndian J. Fish., 25
{1 &2):77-83,

Dorso-ventral dimension and hinge line. showed paalﬁvc
growth upto a certain period followed by growth receasion,
Thickness increased umiformly throughout -the period
in size range 30-45 mm stagnating in older size groops
43-60 mm during certain periods of the- year, Weight
increase was steady in the early size groups. Growth
appeared ¢o be faster during Septcmber-]auuary and lus
in other mionths.

CHELLAM, A. 1983. Study of the stomach oonhpnts or the
pearl oyster, Pinctada fucata (Gould) with reference to the
inclusion of bivalve eggs and larvae. Proc. -S'ymp Coastal
Aquaculture, Pt. 3 ; 604-607, MarBwLAsslnﬂia '

Bwalveesgsandlarvaoalmmthappendmofoom-
pods, gastropod and crustacean larvae and spicules of
sponges have bean observed regularly while analysing
the stomach contents of Pincrada fiwara. Very often,
oyster eggs and larvae fod to the starving pear]l oysters .
were expelled along with faecal discharge ag soch, -

CHELLAM, A. AND K. ALAGARSWAML 1983, Blooms of Tricke-
desmium thiebeaut! and their effect on experimental pear? culture
at Veppalodai. Indian J, Fisk., 28 (1 & 2): 237-23%,

. Blooms of Trichodesmium were observed at. the pearl
oyster farm site during March, April and September 1973
but the high concentration did not cause any mnusual
maortality of oysters. But in the laboratory, oysters died
-wheuthcywmknptmbloomladenwaterp«hamdm
to the decayins algal ﬂlmmts

am.uuA. T. Smenm,S DmmAmA.GC
Victor, 1983, A note on the predaﬂon d’ pearl. aystet
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Pinctada fucars (Gould) by some sastropods Indian J. Fixh .
30(2) : 337339,

Cymatium cingularum and Murex virgineus cause consider-
able mortality of young oyster on the beds and farm-
Cymatium cats the fiesh in 7-10 hrs after narcotising the
oyster by inserting its proboscis, Murex breaks the shell
margin first and through this gap the proboscis is inserted
and flesh eaten in 24 hrs.

CamaMearim, K., A, D, Isaac RAJENDRAN AND A, P, YaLEAN,
1951, Certain observations on the hydrography and biology
of the pearl bank, Thollayiram paar off Tuticorin in the Gulf
of Mannar. Jowr. Madras Univ.,, 21 : 48-74,

During pearl bank inspection conducted in 1949, 8 days
of intense search of Thollayiram paar produced 38 oysters
all under one year of age. A list of 49 animals belonging
to 8 phyla collected, has been furnished together with
details of inspection done during 1924 to 1949, A general
account of the physico-chemical characteristics of the
water of the area studied has been included.

CHOODAMANI, N. V, AND S, MAHADEVAN. 1962, Report on
the inspaction for pearl oyster beds off Tondi (Ramanathapuram
Districty and Mallipatanam (Thanjavur District) in Palk Bay
during September 1958. Fisheries Station Reports and Year

- Book for 1957-58 (Madras Figheries Department): 99-103.

Only Pinctada chemmitzii (22 nos) were collected from
Tondi sandy beds. Mallipatnam inspection failed 1o
show any rocky beds.

CMFRI. 1977. Pearl Culture Training. CMFRI Special
Pubfimﬂon No. 1:39 pp.

Manpower training to develop a cadre of competens
~ technical personnel in pearl culturs is aimed at by thit
cause, This course includes training in all aspects of
pear! culture covered in six months duration and limited
programine on specific aspects in a short duration,

CMFRI. 1978. Culture of pearl oyster and production of
cultured pearl. (Maricultwre Rescarch and  Development
Activities). CMFRI Special Publication No. 2 : 14-15,

The achievements in research and development of the
Institute’s scheme on pear] culture sinos 1973 have been
hightighted as one of special breakthroughs in mati-
culture research in India.

CMFRI. 1982, Proven technology, 2. Technology of cultured
pearl producton, Proven technology, 3, Technology for

" hatchery production of pearl oyster. Mar. Fish. infor. Serv,
T & E Ser., 45 :22-24,

The techniques of pearl oyster farming and cultured pearl
production are described. Artificlal breeding, latval
rearing, spat collection, nursery rearing, microalgal food
production and water management have been success-
fully done at Tuticorin to produce pearl oyster seed. It
is estimated that 500,000 spat per spawning can be pro-
duced using 50 Jarval tanks.

DrviNesaN, D. W, anp P, I, Cuacko. 1958, Report on culture
pear]l experitments at the Marine Fisheries Biological Station,
 Krusadai Island, Gulif of Mannar. Contribution from the
Marine Fisheries Blological Station, Krusadat Island, Gulf of
Marmar, No. 5 ; 126,

132

James Hornell initiated culture pear] experiments in India
and claimed to have obtained °six tiny, smooth surfaced
perfectly spherical free pearls®, but the technique followed
by him was not made known. The publication mentions
of techniques followed in Japan for culturing pearls and
also a technique evolved as how to implant the mother of
pearl nucleus in the virtual chamber formed by the adductor
muscle, pallial muscle insertions and the hinge line. This
method would, it was hoped, yield quality pearl. '

DevanesaN, D. W. AND K. CHpamMbaraM. 1956, Results
obtained at the pearl oyster farm Krusadai Island, Gulf of
Mannar and their application to problems relating to pearl
fisheries in the Gulf of Mannar, Part 1. Contr. from the Marine
Fisheries Biological Station, Krusadal Island, Gulf of Mannar,
No. 4: 86 pp.

Krusadai Island oyster farm work starfed as early as in
1933 and standardisation of methods and materials used
for rearing oysters finally enabled the scientists working
on the project to device wooden cubicles with 49 compart.
ments in each of which oyster of known length and weight
can be put and covered by a close meshed iron framed
cage and hung in water column in the ‘park*. Another
cage type used for oyster growing was the * wine net cage’
with provision for mieshed trays to be so positioned as
to give six compartments where oysters can be put. A
total of 2,500 oyster spat stocked at different periods
from 193340 provided the material for data collection,
Sixteen pages of the report are devoted (pages 9-2%) to
varjous general aspects of pear] oyster shell measurements,
problems of pearl fisheries, breeding stimuli, sex ratio,
current pattern in the Gulf of Mannar, comparison of
pearl fisheries of Persian Gulf with that of Gulf of Mannar
and periodicity of pearl fisheries, mostly observations
made and infarences drawn by eatlier pearl fishery scientists,
Analysis of the data collected by the authors shows that
the shell length and body length and weight are more
reliable than other factors for growth studies. Shell
length is said to be addition till the end of ‘third year when
it reaches maximum. According to the authors fourteen
generations are affected in - every peard fishery, The
maximum growth (60.65 mm) belongs to three year old
and more. 36 pages arc devoted fo furnishing the data
collected dunns the study period.

DHARMARAJ, S. 198). Oxygen consumption in pear] oysters,
Pinctada fucata (Gould) and P. sugillata (Reeve), Proc, Symp,
Coastal Aquaculture, Pt. 2 : 627-632, Mar, Biol. Ass. India.

Oysters from natural beds showed low rate of oxygen
. consumption compared 0 those collected from near in«
shore waters, 0.5-1.5 m depth. Younger oysters (20 mm
and below) were found to consume more oxygen/hoor.
‘The measure of gap between macgin of shell valves wag
found to vary inversely with the amount of oxygen present
m sea water.

Dmmu,s ANDA.‘CHBILAM. 1930 Settlementandsrmh
of barnacle and associated fouling organisms in pear] culture
farm in the Gulf of Mannar. Proc. Symp. Coattal Agua,

_ culture, Mar. biol, Ass. India, 2 : 608-613,

- Balanus amphitrite, Membranipora and Dicarpa sp, formed
the major fouling organisms while Polydora cifiata and
Cliona vamifica were the main borers. Parnacle setile.
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ment was heavy and seasonal particularly on shells than
on live oysters. The seasonal ﬁuctuattonsintheoecur
rence of fouling organisms in Veppalodai farm - ates,
Tuticorin harbour basin and in the natural beds- showed
many confrasting features,

to coincide. Low salinity poriod in January was markad
- by zsooplanktonic abundance,

FREDA CHANDRASESARAN AND S, VlcrcaCnAmA Bosn l§’?l
Free amino acids in Indian pearl oyster flesh. Madras Jour,
rm 6 ; 80-88.

Chromatograms showed bands correspongding toB Alanine,
Clutamic acid, Glycine, Taurine and Asparlic acid were
also seen in the extracts.

Ewm, C.R., K. R, NARAYANAN AND M.S, MICHAEL. . 1969.
Pearl Frshems of the Gulf of Kutch, J, Bambay Nat, Hist.
Soc 66 : 338-344.

42 khadas occupying 60,000 acres lying from Jodiva to
Ajad are exploited for pearl oysters by fishermen. From
statistics of pearl fisheries ever since 1913 to 1967 it can be
seen that oysters numbering from 522 (1938-39) to 76,658
(1916-17) were fished during the vears of fishery. Un-
productiveness and thinness of population of oysters have
been the main problems of Gujarat Coast,

GOXHALE, 8. V. 1963, Sheil fisharies of Saurashira region,
Gujarat State. Publication of the Department of Fisheries,
Gujarar Government : pp. 6.

Records of Jamdarkhana show that during.the days of
Jam Vibha pearls were not fished but the vaghers could
. collect and give them to Jam Sahebs of Jamnagar, It
FAO ReeorT. 1960. Pearl and chank beds in the Gulf of - is surmised that Persian Gulf oysters would have helped
Mannar. FAO report ETAP[No. 1119 to the Govt. of India : originally to populate the Gujarat Coast also. A pear]
1-60, park was created in 1952 for carrying out investigations,
The average output of Gulf of Kuich hag been given as
For the first time a scientific method of charting and 30,000-40,000 oystﬁsperymduetoﬂnspam popu-
studying the pearl banks and their favna and flora in 1ations.

India, using Aqua-lung for direct observations had been
followed and reporied. 3 selected paars were surveyed
in detail by a F.A.0Q. diving scientist and 4 of his Indian
counterpart scientists, trainad by him. The studies helped

in population estimation of oysters.

FAO Rsport. 1962, Pearl and chank beds in the Guilf of
Manpar, FAO Report EDTA No. 1323, Second rcporr t0 the
Govt. of India : 17,

The report indicates the progress of work done by Indian

GOKHALE, S. V. AND C, R, EaswaraN, 1954, .Grawth rate of
the pearl Oyster, Pinciada pinctgda in the Guif of Kutch with'
a nole on the pearl fishery of 1953. J. Bombay. Nar,
Hist. Soc. 52 (1) : 124-136.

Theoystershowstwod:sﬁnaperiods-oneofacuvcnrowth
and the other of rest in a year. They grow fast till they
attain their fourth vear after which a fall was discernible.,
Sexual maturity was seen at the age of three or four and

scientists using SCUBA in the study of pearl banks. Ex-
ploration at intervals of 600 m covering an area of 100
5q. miles of sea bed had been taken up in addition to studies
on environmental parameters,

1he life span calculated to reach up to soven years normally,
No overfishing of beds hag been reported. - On an average
15-20% pearl vield has been obtained from oysters of 4, 5
deyearold Pcarlforma.tionnnghtstaﬂattheapof
2-3 years.

FAO Rrrorr. 1962, Pearl and chank beds in the Gulf of
Mannar. FAOQ Report EPTA No. 1498. Third report to the
Govt. of India.

The last report gives further details of the progress made
in the underwater studies of pear! banks off Tuticorin
by SCUBA diving and outlines the future lines of technical
programme 1o be implemented, '

HomnELL, J. 1905 chonmthaGmeofMadns
onthelndianpearlﬁshemsmthe(}ulfofumat Madras
Gove, Publication.

Depredation by pearl bank fishes wipe out Jarge quantaty
of oysters in the ecarly stage itself. Of these, - filefishes
and breams devour enormous number of oyster spat.
Oyster-cating rays Rhinoptera sp. rank next in importance
as oyster enemy causing wide spread devastation of beds,
The extent of damage done has to be seen at the sea bottom
tobcbelievedasdidﬂwauthordunnshudacmmtm
‘oyster bed so ravaged.

FREDA Gimtmsam, A. D, Tsaac RaENDRAN AND C,
MaruriiLay. Salinity and temperature variations over pear]
and chank beds of Tuticorin, Madras Jour. Fish., 4 ; 21-21,

" Atmospheric temperature recorded was lowest in January
trising upto May, falling again in June and July. A sscon-
Tange of variation in surface temperature of water  4,1°C-
6.4°C in different years. -Salinity increase was noticed
upto June from February. The lowest was in November
‘and Decemnber.

FREDA CHANDRASESARAN AND K. SUDHARAR. 1967, Obser-
- wations on the hydrography and planktology of pearl banks
- of Guif of Mannar, Madras Jour. Fisk., 4 28-33. -

Zooplanktonic abundance followed a peak phytoplankton
production. During April-May the plankion biomass
was low, although phyioplankton abundance appeared
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HoRNELL, T. 1909. Report to tthovermntofMdaontho
Marine Zoology of Okhamandal in Kathiawar, - William
Norgate.Lmdaﬂ 8-18. .

'mchpearloyﬂumefsmmportedlymmumdabns
the coast line of Nawanagar. The salient features of the
- pearl] fishery of that state are given, The fisherfolk received
1/8th of the vaiue of pearls in cash, 1/4 th in cioth and
IIMmfood,maddumtopnoesforthebestpeeﬂs

Honm:.,l 1913, Aprohmmarynotconthempmdmnt
Wmvmnathecyclmchmmofthepeeﬂﬂsbmesof
Ceylon and India. Communication to 9th Congr. Inter, Zool.
Monaco. Ser, 2 : 35-36.



Hounerz, J. 1915, The recent pearl fishery in Palk Bay, with
biological notes upon pear! oysters, J. Asiat. Soe, Bengal,
Caleutta, 11 7 15-3154,

A detailed account of the resulis are given,

HorNeLL, J. 1916. An explamation of the irregularly cyclic
character of the pearl fisheries of the Gulf of Mannar. Madras
_ Fish. Bull., 8 : 11-22.

The history of Gulf of Mannar pearl banks witnessed
periodic recurrence of alternating conditions. A cycle of
vears when oysters were abundant yielding valuable
fisheries resulted in increasing predator competition for
preying on oyster flesh in the next years thus turning the
balance in favour of fishes, sharks, rays and skates which
devour oyster spat, crunching the shells and destroying
the population.

Honm, J. 1916, Professor Huxley and the Cevion pearl
fishery with a note on the forced or culture production of free
spherical pearls. Madras Fish. Bulf, 8: 93.104,

Transplantation of pearl oysters from deeper area to
oyster * parks * had been advocated to ensure a good and
dependable source of revenue from pearls produced by
oysters grown in such areas,

HomrneLL, . 1916, Report on the pearl fishery held at Tondi,
1914, Madras Fish, Bull,, 8 : 43-92.

The fishery was the first ever held in Palk Bay. The fish-
ing commenced on 27th August 1914 and closed on 19th
September 1914. The beds off Karangadu and Pasipatnam
at 5} fathom depth were exploited, fishing in all 315,998
oysters off Pasipatnam and 39,613 oysters from Karangadu
beds. Never before were pearl oysters noticed to thrive
on muddy ground as in the present case. The revenue
realised was poor and the scale of cholera epidemic kept
away many from participating. Added to this, unfavour.
able weather from 14th September brought about prematurs
closure of fishery. Hornell suggested that dredging for
the oysters in such areas might be more economical.
He mooted out the idea that Palk Bay area should be

" observed as a * breeding reserve * for populating the Gulf

of Mannar paars, the dispersal of larvae taking place with
~ the help of south flowing current and drift.

Homnerr, J. 1922, The common molluses of Scuth India.
Madrasmb Bull,, 14 ; 161-165.

Description of Muargaritifera vulgaris has been furnished.
Oyster spat, it is stated, are capable of locomotion in the
initial stages for finding out a suitable substratum for
attachment before they finally settle down. The spat
settling stage is achieved in a weeks time from the time
the egas are fertilized. Gulf of Mannar, Gulf of Kutch
and Palk Bay are three areas where oysters settle down
and grow in Indian waters.

Rom_r.y., Y. 1923. Reports on the inspection of pearl banks
" in the Gulf of Mannar and Palk Bay in March 1923, Madras
Flsk Bull., 17 : 199-214.
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Imepection of beds from Vaipar to Manapad indicated
very dense pearl oyster spat settlement in majority of the
banks (28 out of 54). The prospects for a bumper fishery
in next few years appeared bright, Legal restrictions to
protect the banks appeared to be unnecessary. Beds of
Tondi were barren of live oysters, as also the Rameswaram

Hornprr, 1. 1949, The Study of Indian Molinscs. Part II
and Part I1l.  J. Bombay. Nar. Hist. Soc. 48 (3): 543-569 and
48 (4) : 750.774,

Mention of oyster resources in India has been made,

Kumyan, G, K. 1950. The fouling organisms of pearl oyster
cggs, J. Dombay. Natr. Hisr. Sec. 49 (1): 90-92,

A list of marine foulers and epifauna of oysters grown in
Krusadai farm has been given based on  observations
made at the time of routing cleaning operations of the
cages. The importance of the barnacle as the most proli-
fic fouler has been shown. The foulers during soithwest
and northeast monsoon periods were most abundant,
and the various species collected have been listed under
two groups,

MaHADEVAN, S. 1971. Fishing for pearls in India, Ses Food
Exp, Jour., 3 (3) : 11.23,

This article describes the preparations made by skin divers
before diving for oysters in India, the role of tenders and
the routines of divers when a pear fishery is in progress,

MAHADRVAN, S. 1971, Whither pear! fishing.  Sowvernir., Fish.
Exporters Chamber : 181-184.

Popular zarticle which emphasizes the need for culture
pear] operations to be started in India.

MAHADEVAN, 5. AND K. NAGAPPAN Navar, 1967, Underwater
ecological obsarvations in the Gulf of Mannar off Tuticorin.

- VII. General topography and ecology of the rocky bottom.
J. mar, biol. Ass, India, 9 (1) : 147-168.

For the first time results of scientific survey of oyster beds
carried ont using ‘ SCUBA ' in the Central and Northern

‘sectors off Tuticorin have been presented. The area

covered, at intervals of 600 m, was 769 sq. km. and the
pearl beds charted out have been mapped showing the
extent and position of each, The characteristic fauns
and flora have been identificd and the interaction among
the animal communities explained, The effects of star-
fish population, Modlolug spp. settlement, Octopus popu~
lation and the bottom dwelling fishes on oyster life have
been described. "Chank beds have also been surveyed
-and marked showing the density of population. Under
water photographs of important denizens of pear! banks
have been given.

MAHADEVAN S, AND K. NAGAPPAN Navair, 1972, Free diving
in Indian waters, Sea Food Exp. Jour. (#) 21 25-27. .

An account of * SCUBA °* diving and its progress in scienti-
fic investigations of pear! and chank beds in the Gulf of

Man_nar is given.

MAHADEVAN, 8. AND K. NAGAPPAN Navar. 1973, Pear! Oyster
tesources of India. Proceedings Symp. Living Resorces of
the Seas around India C.M.F.R.I, Cochin, Special Publication :
659-671.

An overall review of the pear] oyster resources of world
has been given. The areas where oyster ocour, an accoqit
of pearl fisheries in India and the mesthods of fishing by
skin diving and picking oysters as in Guif of Kutch have
been described, A review of traditional inspection methods
used in oyster population estimation and the progress
achieved by modern method of Aqualung diving are given
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showing their comparative efficioncy in exploitation. The
paper outlines the role played by Modlolus -spp. and
Octopus in destroy.ing pearl oyster population ovee natural
beds.

_'ansvm, 8. aNp K. NacappaN Navar. 1974, Ecology
_.of pear] oyster and chank beds. Bull. Cent. Mar. Fish<Res.
" Inst, 25 1 106-121.

The flat rock nature of Guif of Mannar beds covered by
coarse band affords ideal substratym for oyster settlement
and the sandy bottom of Palk Bay is less ideally so. Pre-
. dominant pearl bank fishes in the Gulf of Mannar are
the characteristic bottom dwelling Balistes spp. Gaterin
spp. and Serranus spp. The Palk Bay area fauna is mono-
tonous and shows conirasiing composition. i

MAHADEVAN, S. AND K. NaGaPpaN Navar. 1976, Under-
water observations on the scttlement of pearl oyster spat in
the paars off Tuticorin, Indian J. Fisk., 23 (1 & 2): 105-110.

Periodic * SCUBA.* diving observations on the pear] bank
during 1970 to 1972 showed that it was not advisable to
depend entirely on wild oyster stock for getting require-
ments of seed for pearl oyster farming work. The spatfall
has been irregular and vitiated by the settlement of com-
petitor Modiolus in all beds, The intensity of such settle-
ment is s0 enormous irt almost all years that healthy oyster
survival becomes a matter of chance,

MAHADEVAN, S. 1980, Taxonomy and ecology of cuitivable
molluscs. Proc. of the Summer Institute in Culture of edible
molluses, CMLF.R.L, 40-54,

Pear] oyster species in India and their diagnostic characters
have been mentioned.

MavurLAy, C. 1962, A survey of the maritime meteorology
and physicochemical conditions of the Indian pear] banks off
Tuticorin in the Gulf of Mannar from December 1958 to May
11959, Madras J. Fish 1 (1) : 77-95.

The fluctuations in the surface temperature of sea water
observed from 31 rocky beds (paars) follow closely those
of the overlying temperature. Salinity touches a low in
December-February due to probably cument direction
and discharge of freshets from major rivers during North
east monsoon rains. Dissolved oxygen was high and silicate
content fairly rich (14.3 gm at/L). Data on other chemical
and physical characteristics have been furnished.

MALUP]LLAY, C. 1962, A review of the physico-chemical

- -environmental conditions of the pearl banks and chank beds
off Tuticorin in the Gulf of Mannar during April 1960 to March
1961 Madras T. Fish,, 1 (D): 102-104,

Both 8. W. and N. E. monsoons affect the hydrographical
conditions of the pearl banks. Good mixing of water
-has been characteristic feature of these areas as revealed
by the absence of marked vertical gradients of tempera”
ture, salinity and oxygen.

Naravanan, K. R. AND M. 8, MicHAEL. 1968, On the relation
between age and linear measurements of the peatl oyster P.
vulgarir (Schumacher) of the Gulf of Kutch. J. Bombay Nat.
Hist, Sec., 65 (2) : 44-42,

Based on the annual growth ring studies of 2 oysters the
authors infer that the oysters life span can extend beyond
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8 years, although normally niot so.  The increase in length,
breadth and hinge length in relation to age does not appear
to be uniform. Growth arrest in summer and quick growth
during November to February have been noticed. The
thickness of hinge and hinge-width appear to be propar-
tionate to the age of oysters and hence these two fa.ctors
are more dependable in age determination.

© Navar, K. NagAPPaN. 1980, Present status of molluscan

fisheries and cultare in India. Proceedings of the Summer Insti-
ture In Culture of edibleMolluscs held at nﬂcorh (CM.FRIL):
31-39

Mention has been made of the greatsuoeessach:ewdm
pearl culture at Tuticorin in 1973 and also a pilot scale
project on peart culture started by Kerala Government
at Vizhinjam since good settiement of oysws was brought
to light in 1974,

Navar, K, NagappaN anND 8, MAHADEVAN. 1967, The pearl
and chank fisheries-—a new outlook in survey and fishing,
Souvenir ; 20th amniversary of C.M.F.R. Institute. '

Thoroughne ss and greater efficiency of the exploitation by
following aqualung diving calls for introduction of this
method in the exploitation of chanks and pearl oysters.
CMFRI can impart training to fishermen so fhat agualung
diving can become popular and profitable: . -~ . .

PereEr Devanoss, D. D., N, V. CHOODAMANI, R, VENKATARAMAN,
S. THIAGARAJAN, 5. MARADEVAN AND A..D. Isake RAJENDRAN.
1958. Observations on the pearl fishery off Tuticorin—1957
it the Guif of Mannar. Proc, 45tk Ind. Sei. Comms,i’t.lll,
Session VII, Absi. No. 9¢ : 373374,

' 'I‘Otalbr 7 paars were inspected prior to the fishery, getting
2,000 samples of oysters. The analysls showed that-the
oysters can be fished at once and population of fishable
was estimiated to be 12.7 million aged 34§ years. The
pearl fishery which followed yielded 11,175,214 cysters
in 51 days of fishing. TheGovemmentma.lmedarevenuc
of Rs, 166,366.87.

PrageaD, B. aND E L. BHADURL 1933. The bearl oystets of
the Indian waters. Rec, Ind. Mus,, 35: 167-174.

Systematic account of the five species of pearl oysters of
India P. vilgaris, P. marggaritifera, P. chermwiizli, P. ano-
mioldes, and P. gtropurpurea has been given iridicating diag-
nostic features for their identification.

'me.us, 5. St:mm 1958, - Peaﬂ ﬁshery at 'mtieorin
Hlustrated Weekly of India : 5-6. :

The ritual of the divers’ ﬁshins.dayhas'lian deacribed
to show their enthmsiasm and efficiency., The oyster
purchasing public respond with equal expectancy to be-
come owners of valuable peatls, purchaiing the oysters
either in auction or from divers’ lot.

Panpya, J. A. 1974, Pearl oyster resource and cutture experi+
ments in Gujatat. Proc. of the Group Discussion on Pear! Culture
held at Tuticorin (CMPRI) : 25.27.

Pearl oyster reefs, 42 in no. occupying 24,000 hectares
coour between Sachana to Ajad. Handpicking of oysters
is done during southwest monsoon. The last pear] fish.
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ing of 1968 yielded 30,000 oysters, Culture experiments
were started in 1956 at Sikka but did not produce desired
results, .
RADHAKRISHNAN, N., 1. NALLUCHINNAPPAN AND DaANEL
SUDHANDRA Dav. 1980. Seminar on Coastal and Inland Fish
Culture in Tamil Nadu, Abstr, 29.

Mortality of the pearl oyster in the farm at Tuticorin due
. to sudden fall in salinity has been mentioned.

Rao, K. ViraBHADRA, 1968, Pearl oysters of the Indian region.
Proc. Symp. Mollusca, Mar, Biol. Ass, India, 3 : 1017-1028,

The identity, synonyms and distribution of six peatl
oyster species under the genus Plictada have been deart
with. Pinciada sugillata has. been recorded for the firsl
time from Indian coasts.

Rao, K. ViraBHADRA AND K. SATYANARAYANA Rao, 194,
Pearl oysters. In: The Commercial Molluses of India. Buil.
Cent. Mar. Fish. Res, Inst., 25 ; 84.105.

The field identification of shell characters of Indian species
of pearl oyster have been given. The criteria for recog-
nising the different species are ;: (1) Presence or absence
of hinge teeth, (2) nacrecus border (3) width of nacreous
layer, (4) shape and positions of anterior and posterior
car and (3) shell colour and markings.

SaMBANDAMURTHY, P. 8. 1962, Surface plankton of the pearl
banks, Thollayiram paat, off Tuticorin. Madras J. Fish.,
1 (1) ; 75-76.

20 important plankters have besn reported as occurring
in the waters although seasonal fluctuating in abundance.
This indicative of the oceanic conditions mﬂuencmg the
primary productivity in this area. The presence in good
nummber of larval forms of fishes shows that the zone may
be & nursery for pelagic species.

SaMBANDAMURTHY, P, S, 1966, On a survey of the pearl banks
of Tuticorin, Gulf of Mannar in 1961-62, Madras J. Fish.,
2:71.17,

Results of survey of 10 paars showed the waning oyster
population after the last fishery, Only 964 oysters were
collected in 65-66 mm size, which according to the author
should belong to 5 year age group.

Swas, E. G., K. ALAGARSWAMI, K. A. Narasmtauam, K. K. Arpu.
KUTTAN AND P, Murmnad, 1982. Country Reporis—India.
In : F. Brian Davy and Michael Graham (Bds.) Bivalve culture
in Asia and the Pacific. Proc. Workshop held in Singapore,

- 1619, Feb. 1982 ; 34-43, LD.R.C,, Ottaws.

A short review of pearl fishery in India is given. The
paper gives a resume of the progress made in India of
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oyster farming, mussel farming, cockle farming and about
the potentialities of clams in India, The paper points
out the need for organised development, proper extension,
availability of seed for large-scalo culiure, finding out low
cost technology and developing post-harvest techmology
and quality control. Future plans like developing economic
data base, cost benefits study of culture of oystets and pro-
moting R and D efforts are envisaged.

SivaLingaM, 8. 1963, Bibliography on pearl oyaters. Dept. of
Fisherles, Bull. 13, Fisherles Res, Station, Ceylon: 121,

678 references pertaining to work on pearl oyster from all
parts of the world are listed.

SUDHAKAR, K. AND FREDA CHANDRASEKARAN, 1968. Note on
the veliger larvae in plankton collected from Thollayiram paar,

" Madras J, Fish., 4 ; 38-44.

200 veligers from plankton collected over the paar ranged
in size 24.3u-36.51 and have been considered to be peari
oyster larvae based on their resemblance to those described
by Herdman (1906) and Hornell (1922),

TrHoMAs, H. S. 1884. A report on pearl fisheries and chank
fisheries. Madras Government Publication ; 34 pp.

The bearings and names of important paars of Mannar
coast of India have been given in addition to chroneclogy
of inspection of paars and fisheries conducted.

THURSTON, E. 1889, The Tuticorin pearl fishery. Nature,
London, 40 : 174-176., ) :

The conduct of the pearl fshery and the results were
given.
VarMa, R, PrasanNa. 1950. Flora of the pear]l beds off Tuti-
corin, J. mar, biol. Ass. India, 2 (2) ; 221-225.

The algal flora of peatl beds is rich. In the four zones
where collections were made by diving as many as 69
species had been reported in Zone IV, 15 in Zone III,
6t in Zone Il and 25 in Zone I. The algae are mostly
of the types found in coral beds, irrespective of depth.
Majority of green algae inhabiting deep waters are sipho-
nales. Blue green algae was totally absent in the collec-
tions. The presence in good quantity of brown algae
in the paar area s interesting. Red algac Gracillaria
and Hypnea valentie arc also commoaly seen in Zone IV
which is off Tiruchendur.

VENKATARMN, R. aND S. T, Cuart, 1956, Chemical investi.
gations on the formation of pearls in the Indian pearl oyster
(Margartiifera vulgaris), J. Sci. and Ind, Res,, 15-C, 99 : 212-213.

The iron content of the meat without pearl formation is

7 times that of the meat with big pearls.  TFhe amincacid

make up of the protein from different portions of meat
" does not show variations,
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