




































































































































































































































































































































































































































































































































































Anather important variation in the sea, under the
influence of monsoon rains, is the salinity. In the present
investigation the low surf water salinity recorded at the Pandian
island area during October—-December coincides with the period of
active gonad development and ripening in M. glabratum and a
sudden increase in the salinity during February and March
triggers the clam to spawn which continues till July. Thus in M .
glabratum active gametogenesis takes place in both sexes when
the temperature and salinity are low and spawning occurs when the

temperature and salinity are high.

As the clams show a distinct but extended reproductive
cycle, month—-wise observations in the changes of the conditions
of the gonads of both sexes at histological and biochemical
levels are made in order to follow the precise transition

occurring in the gametogenic cycle.

Bametogenic cycle of M. glabratum starts precisely in
the month of November and mature oocytes are ready for spawning
in December—January. The oocytes that remained after the first
spawning are slightly smaller than that of the first batch of
oocytes released indicating that there may be slight qualitative
differences in the different batches of oocytes during the

extended period of spawning.

Biochemical investigation on the ovary and the extra

ovarian organs, which are considered to be involved in



contributing to yolk precursors, has been made in several marine
invertebrates (Giese, 19469). However, the nature of biochemical
relationship between these somatic organs as well as the maturing
gonad differs greatly among different phyla. In invertebrates,
which lay large number of yolky eggs (e.g. Decapod Crustacea),
the fluctuations of organic components in the organs contributing
the yolk precursors, are more sharp during ovarian maturity.
Furthermore, the seasonally reproducing marine invertebrates,
such as those found in the temperate and polar regions, also
accumulate a large amount of organic substrates long before the

onset of gametogenesis (Giese and Pearse, 1974).

Previous biochemical warkers on molluscan reproduction

have, however, failed to reveal such a definite relationship with
gonad maturation (de Jong-Brink et al., 1983). This may be due to
difficulties in the isolation of the tissues for biochemical
analysis without much contamination from the adjoining organs.
Nevertheless, early studies have indicated seasonal fluctuations
in the nutrients of the somatic organs such as hepatopancreas,

mantle and adductor muscles during gametogenic cycle.

In the present study, biochemical estimation on the
ovary, testis, hepatopancreas and foot muscle have been made in
relation to seasonal changes in the gonadal activity as well as
the different stages of the maturation of the gonad. Preliminary

studies have also been carried out on the seasonal changes in the
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water content of the whole body tissues and their changes in the
organic composition. Calorific content of the individual body
components have been determined in order to see changes, if any,
in the energetics of the clams during seasons of intense
reproduction, reproductive quiescence as well as gonadal
recrudescence. These studies show the important of the
involvement of different organ systems in the reproductive

process.

All the biochemical components of the ovary and testis
show a linear increase during gonad maturation; thereafter, the
contents decline precipitously during the spawning and post

spawning period indicating that the accumulation of the organic

substances is only associated with the gamete maturation. With
reference to the individual biochemical composition, protein, in
general, 1is more in the male gonad. This may be due ¢to the
synthesis of large quantity of nucleoproteins needed during
spermatogenesis (Thompson, 1977 and Shafee, 1981). On the other
hand the 1lipid and the carbohydrate have a relatively greater
accumulation in the ovary. The carbohydrate content is high
during the initial phase of oogenesis but declines in the later
stages. This may be due to either the relative increase of other
substances such as lipid and protein during the intense period of
vitellogenesis or the carbohydrate might be consumed as energy
needed in the yolk protein synthesis that occurs in the later

part of the oogenesis. Similarly, in Crassostrea virginica the
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carbohydrate level is very high in the immature animal and falls

precipitously as gamete maturation advances (Galstoff, 19&4).

Essentially, lipid forms the major organic component of
the oocytes of M. glabratum This has also been reported to be
true for other molluscs (Giese, 1946%9; Ansell, 19743 Sastry, 1979;
Shafee, 19813 Victor and Subramoniam, 1987). Conversely, the
lipid content of the male testis is considerably low, although
the hepatopancreas and foot muscle of the male clams have

considerably high level of lipids.

Although the organic components of the ovary and testis

increase during maturation, the analysis of hepatopancreas and

foot muscle in the corresponding stages has shown a definite
flucutation only in lipids correlated to ococyte maturation. The
decline 1in the lipid level of hepatopancreas and foot muscle in
the later stages of oogenesis corresponds to its accumulation and
storage as neutral lipid in the ovary. Pnffibly. the stored
neutral lipid in the two organs may be translocated to the ovary
after wundergoing hydrolysis to form the transportable form of
simpler 1lipid wunits. Such lipid ¢transport from the storage
tissues to the gonad has been reported in molluscs (Giese and
Pearse, 1974). Carbohydrates being a minor component in ovary and
testis, their fluctuation in the hepatopancreas and foot muscle

is also not correlated with gonad maturation.



The marine lamellibranch molluscs have an indirect
development in that they pass through a planktotrophic larval
phase in their early development. In Mesodesma glabratum, like

the other wedge clam Dognax cuneatus, in 24 hours, the fertilized

eggs develop into planktotrophic veliger larvae, namely, the
straight-hinge larvae, which start feeding on phytoplankton
almaost immediately after hatching (Frenkiel and Moueza, 1980).
Therefore, a large accumulation of yolk materials is not needed
for their abbreviated embryonic development. Instead of that,
they produce large numbers of eggs and spawn intermitftently in
order to compensate the heavy lose which may be incurred between

the issuance of gametes and fertilization. This strategy in

reproduction (r- K strategy model -Jablonski and Lutz, 1983) is
not uncommon among the marine benthic invertebrates (Thorson,

19505 Jablonski and Lutz,1983).
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SUMMARY



O
N

SUMMARY %1, %

The wedge clam, Mesodesma glabratum inhabiting the
intertidal zone of the Pandian island adjoining Tuticorin
are distributed within the mid-intertidal zone. It is
non—-migratory in nature. The young ones are found to occur

in a slightly higher level in the midwater mark.

The mean beach slope ranges from 2.0cm/m to 4.0 cm/m. The
sand particles are predominantly of 1mm and above in size.
The median particle diameter varied from 0.70 to 350.0 mm.

The sand organic carbon varied between 340 to 730 ug.

The pattern of oscillation of the surf and interstitial
water temperature is bimodal with 2 peaks in the maonth of
April - May and October and 2 depressions in the month of
August and December - January. The salinity is monocyclic
in i%ts annual variation with one peak during south—-west
monsoon (May—fAugust) and one depression during north—-east

monsoon (October—January).

The allometric relationships between different morphologi-

cal parameters are found out.

The gonad in the active reproductive phase (Stage I} is
small inconspicuous and colourless. In the ripe stage
(Stage II}), the gonad is creamy in colour and is full and

plumpy. In the post-spawned phase (Stage III), the gonad
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is flabby and loose and grey in colour. In the spent
phase (Stage IV}, the gonad is shrunken and becomes
translucent. Relict oocytes and phagocytes are present in
the follicle. In the indeterminable phase (Stage V), the
gonad is completely collapsed and the sex can not be

differentiated

The clam, M. glabratum has a distinct annual reproductive
cycle. The gametogenic cycle is at its peak in November-—
December (monsoon). Spawning commences in February and is
extended upto July. After spawning, the next gametogenic
activity 1is initiated after a discrete period of about 3

months.

The variations in temperature and salinity have a direct
bearing an the spawning of M. glabratum. Active
gametogenesis takes place in the month of November when
the temperature and salinity are low and spawning occurs
in the month of February - March when the temperature and

salinity are high.

A close relationship has been observed between the wet and
dry weight of the tissue and the reproductive cycle of the
clam. During active gametogenesis, when the gonad is full,
the wvalue of wet and dry flesh weight is high. The
spawning of clams results in the corresponding decrease in

the flesh weight also.
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10.

11.

Biochemical constituents such as protein, carbohydrate,
lipid and ash in the gonad, hepatopancreas and foot muscle
in relation to the seasonal change in the gonadal activity
of the male and female clams show a linear increase during
gonad maturation and a sharp decline during spawning and
post-spawning periods. This indicate that these organic
substances are accumulated for utilization in the gamete

maturation.

The higher protein content in the male gonad may be
associated with the synthesis of nucleoprotein in the
maturing testis. The carbohydrate is high during the
initial phase of ocogenesis but decreases in later stages.
The fluctuation of this substance in the hepatopancreas

and foot muscle is not related to gonad maturation.

The ovary contains almost double the quantity of lipids
than the testis, reflecting the importance of lipid as an
snergy source in the eggs. The significant increase in the
lipid content in the ovary is associated with the period

of vitellogenesis.

The calorific wvalues is high in the ripe clams (Stage
II} and 1low in the spent (Stage IV) ones. The gonad,
hepatopancreas and foot muscle of female clams have mare

calorific value than that of the males.

129



REFERENCES



REFERENCES

Achuthankutty, C.T. 19746. Ecology of sandy beach at Sancole, Goa.
Part I. Physical factors influencing production aof

macrofauna. Indian. J. mar.Sci., 5 : 21-97.

Adiyodi, R.G. and T. Subramoniam. 1983. Arthropoda - Crustacea.
In : Reproductive Biology of Invertebrates. Vol. I.
Oogenesis, oviposition and oosorption. (Eds.) K.G. Adiyodi

and R.G.Adiyodi. John Wiley % Sons Ltd., London. pp. 443-495.

Ahmad, E. 1972. Coastal Geomorphology of India. Orient longman,

New Delhi. 222 pp.

Alagarswami, K. 194646. Studies on some aspects of biology of the
wedge-clam, Donax faba Gmelin from Mandapam coast in the Bulf

of Mannar. J. Mar. Biol. Ass. India, 8 1 5&-75.

Alagarswami, K., S. Dharmaraj., T.S. Velayudhan, A. Chellam,
A.C.C. Victor and A.D. Bandhi. 1983. Larval rearing and
production of spat of pearl oyster Pinctada fucata (Gould).

Aguaculture I4 : 2B87-301.

Aldrich, J.W. 195%9. Activities of coquina clams. Atlant. Nat., 4

t 41-43,

110



Andrews, J.D. 1979. Pelecypoda : Ostreidae. In : Reproduction of
Marine Invertebrates. Vol. V. Molluscs : Pelecypods and
Lesser classes (Eds.) A.C. Giese and J.S. Pearse. 'Academic

Press, New York. pp. 293-341.

Anse1l1l, A.D. 1972. Distribution, growth and seasonal changes in
biochemical composition for the bivalve Doonax vittatus (da

Costa) from Kames Bay, Millport. J. Exp. Mar. Biol. Ecol.,

10 : 137-150.

Ansell, A.D. 1974. Seasonal changes in biochemical composition of
the bivalve Chalmays septmeradiata from the Clyde Sea area.

”ar- Biﬂl., 25 H 35-9’?.

Ansell, A.D. and A. Trevallion. 194%9. Behavioural adaptations of
intertidal molluscs from a tropical sandy beach. J. Exp.

Mar. Biol. Ecaol., 4 : 9-35.

Ansell, A.D. and F. Lagardere. 1980. Observations on the biology
of Donax frunculus and D. vittatus at the Ile d’'Oleron

(French Atlantic Coast). Mar. Biol., 57 :1 287-300.

Ansell, A.D., P. Sivadas and B. Narayanan. 1973. The ecology of
the ¢two sandy beaches in South-West India : IV. The
biochemical composition of four common invertebrates. Spl.

Publ., mar. biol. Ass. Indiaz:z: IZTI-3I4B.




Ansell, A.D., P. Sivadas, B. Narayanan and A. Trevallion. 1972.
The ecology of two sandy beaches in South West India. 111.

Observation on the population of Donax incarnatus and D.

spiculum. MMar. Biol., 17 3 3I1B-332.

Bagenal, T.B. 1955 a. The growth rate of the long rough dab

Hippoglossoides platessoides (Fabr.). J. mar. biol. Ass.

=

K., 34 : 297-311.

Bagenal, T.B. 1955 b. The growth rate of the 1long rough dab

Hippoglossoides platessoides (Fabr.) J. Mar. biocl. Ass.

U.K., 34 1 634-637.

Balasubramanyan, R. 1970. Studies on the pholadid marine wood-

borer Martesia striata (Linn.). Proc. Symp. Mollusca, Mar.

biol. Ass. India, III : 707-711.

Bascom, W.N. 1954. Waves and Beaches. New York.

Bertalanffy, L. Von. 1938. A quantitative theory of organic
growth (Ingquiries on growth laws, II). Human Bioclogy, 10 3

181-213.

Beverton, R.J.H. 1954. Notes on the use of theoretical models in
the study of the dynamics of exploited fish populations.

U.S. Fishery Lab., Beaufort, N.C. Misc. Contr., 2 t 15% pp.

Chellam, A. 1987. Biology of pearl oyster. In: Pearl Culture.

K.Alagarswami (Ed.) Bull. C.M.F.R.I. No.3I%: 13-20.

112



Coe, W.R. 1938. Primary sexual phases in the oviparous oyster (0.

virginica). Biol. Bull., 74 : 44-75.

Coe, W.R. 1948B. Nutrition, environmental conditions and growth

of marine bivalve mollusks. J. mar. Res., 7 : 58B46-4&01.

Coe, W.R. 1953. Resurgent populations of littoral invertebrates
and their dependence on ocean currents and tidal currents.

Ecology, 34 : 225-229.

Coe, W.R. 1955. Ecology of the bean clam, Donax gouldi on the

coast of Southern California. Ecology, & : 512-514,

Coe, W.R. and H.J. Turner. 193B. Development of the gonads and
gametes in the soft-shell clam (Mya arenaria). J. Morph., &2

: 71-111.

Cole, H.A. 1941. The fecundity of Ostrea edulis. J. Mar. biol.

Ass. U.K., 25 1 243-260.

Dahl, E. 1952. Some aspects of the ecology and the zonation of

the fauna of sandy beaches. Oikos, 4 : 1-27.

Davis, H.C. and A.D. Ansell. 1962. Survival and growth of larvae
aof the European oyster D. luride, at lowered salinities.

Biol. Bull., 122 : I3-39.

113



de Jong-Brink, M., H.H. Boer and J. Joosse. 1983. Mollusca. In :
Reproductive Biology of Invertebrates. Vol. I. Oogenesis,
oviposition and oosorption (Eds.) K.G.Adiyodi and R.G.

Adiyodi. John Wiley % Sons Ltd., London. pp. 297-335.

De WVilliers, G. 1975. Growth, population dynamics, a mass
mortality and arrangement of white sand mussels, Donax serra
Roding, on beaches in the South-western Cape Privinces.

Investl. Rep. Sea Fish. Brch. §. Afr., 109 : 1-31.

Dinamani, 1974. Reproductive cycle and gonadal changes in the New

Zealand rock oyster, Crassostrea glomerata. N. Z. J. Mar.

Freshwater Res., B 1 39-465.

Durve, V.S. 1944. Preliminary observations on the seasonal

gonadal changes and spawning in the clam, Meretrix casta

(Chemnitz) from the marine fish farm. J. Mar. bigl. Ass.

India, & : 18-135.

Durve, V.S. 1945. On the seasonal gonadal changes and spawning in
the adult oyster, Crassostrea gryphoides (Schlotheim) J.

Mar. biol. Ass. India, 7 : I28-J44.

Easterson, D.C.V. and S. Mahadevan. 1980. Review of open sea
environmental conditions along Indian coast. In : C.M.F.R.I.

Bulletin. Mussel farming. Progress and prospects, 29: 17-21.



Edgren, R.A. 1959. Coguinas (Donax variabilis) on a Florida

beach. Ecology, 40 : 498-502.

Eleftheriou, A. and M.D. Nicloson. 1973. The effects of exposure

on beach fauna. Cah. Bigl. mar., 1&6: 495-710.

Folch, J.M., M. Lees and G.H. Sloane-Stanley. 1957. A simple
method for the isolation and purification of total lipids

from animal tissues. J. Biol. Chem., 2246 : 497-509.

Ford, E. 1933. An account of the herring investigations conducted
at Plymouth during the year from 1924 to 1934. J. mar. biol.

Ass. U.K., 19: 305-384.

Frenkiel, L. and M. Moueza. 1980. Larval development of two
Tellinacea, Scrobicularia plana (Semelidae) and Donax

vittatus (Donacidae). Mar. Biol., 55: 187-195.

Fretter, V. and A. Graham. 19464. Reproduction. In 1 Physiology of
Mollusca. Vol. I. K.M. Wilbur and C.M. Yonge (Eds.)

Academic Press, New York. pp. 127-16&4.

Galtsoff, P.S. 1930. The role of chemical stimulation in the

spawning reaction of Ostrea virginica and Ostrea gigas.

Proc. Nat. Acad. Sci., Washington, 555-35%9.

Galtsaoff, P.S. 1932. Introduction of Japanese oysters into the
United States. U.S. Bureau of Fisheries, Fishery Circular

No., 12 1 16.

115



Galtsoff, P.S. 1944. The American oyster, Crassostrea virginica

Gmelin. U.S. Fish Wildl. Serv. Fish. Bull., &4: 1-480.

Giese, A.C. 1959. Comparative physiology. Annual reproductive

cycles of marine invertebrates. Annu. Rev. Physiol., 21 =

547-574.

Giese, A.C. 1946%. A new approach to the biochemical composition of

a mollusc body. Oceanogr. Mar. Biol. Ann. Rev., 7 : 175-229.

Giese, A.C. 1974. Reproductive cycles of marine invertebrates.

—_— e, " " Y e

Giese, A.C. and J.S. Pearse. 1974. Introduction : General
principles. In: Reproduction of Marine Invertebrates. Vol.
I. A.C. Giese and J.S. pearse (Eds.). Academic Press, New

Yark. pp. 1-49.

Goshima, 8. 1982. Population dynamics of the soft clam, Mya
arenaria L., with special reference to its life history

pattern. Publ. Amakusa Mar. Biol. Lab., &: 119-145.

Haley, 8S.R. 1%949. Relative growth and sexual maturity of the
texas ghost crab, Ocypode gquadrata (Fabr.) (Brachyura,

Ocypodidae). Crustaceana (Leiden), 17: 283-297.

Haley, S.R. 1973. On the use of morphometric data as a gquide ¢to
reproductive maturity in the ghost crab, Dcypoda
ceratophthalmus (Pallas) (Brachyura, Ocypodidae). Pac. Sci.,

27 1 3I50-362.
116



Hanekom, N. 1975. A study of Donax sarra in the Eastern Cape.

M.Sc. Thesis, University of Port Elizabeth.

Inman, D.L. 1952. Measures for decribring the size distribution

of sediments. J. Sed. Petrol., 22: 125-145.

Irwin, T.H. 1973. The intertidal behaviour of the bean clam,

Donax gouldii Dall, 1921. Veliger, 15: 20&-212.

Jablonski, D. and R.A. Lutz. 1983. Larval ecology of marine
benthic invertebrates : Paleobiological implications. Biog..

Rev., 58: 21-89.

Jacobson, M.K. 19535. Observations on Donax fossor Say at Rockaway

Beach, New York. Nautilus, &8: 73-77.

Johnson, P.T. 194646 a. On Donax and other sandy—-beach inhabitants.

Veliger, 2: 29-30.

Johnson, P.T. 1966 b. Mass mortality in a bivalve mollusc.

Limnol. Oceanogr., 11: 429-431.

Kesteveny, G.L. 1945. The biology and cultivation of oysters in

Australia. (Mimeol). Publ. C.S5.I1.R.0. Aust. Div. Fish.

King, C.A.M. 1972. Beaches and coasts. Znd ed., St. Martin’'s

press , New Yaork, 570 pp.

Krumbein, W.C. 1944. Shore processes and beach characteristics

(Beach Erosion Board, T.M. No. 3., USA).



Lewsi, E.G. 1977. Relative growth and sexual maturity aof
Bathynectes superbus (Costa) (Decapaoda : Portunidae). J.

nat. Hist., 1l1: &29-643.

Loesch, H.C. 1957. Studies on the ecology of two species of Donax
on Mustang Island, Texas. Publs Inst. mar. Sci., Univ.

Texas, 4: 201-227.

Loosanoff, V.L. 1937 a. Development of the primary gonad and
sexual phases in Venus mercenaria Linnaeus. Biol. Bull., 72:

I89-405.

Logsanoff, V.L. 1937 b. Seasonal gonadal changes of adult clams,

Venus mercenaria (L). Biol. Bull., 72: 4046-414.

Loosanoff, V.L. 1937 c. Spawning of Venus mercenaria (L).

Ecology, 18: S06-515.

Loosanoff, V.L. 1942, Seasonal gonadal changes in the adult
oyster, Ostrea virginica of Long Island Sound. Biol. Bull.,

82: 195-206.

Loosanoff, V.L. 1942. Gametogenesis and spawning of the
European oyster, Ostrea edulis in waters of Maine. Biol.

Bull., 122: 86-95.

Loosanoff, V.L. 1971. Development of shellfish culture

techniques. Proc. Conf. Artif. Propag. Commer. WValuable

Shellfish—-Oysters, Coll. Mar. Stud., Univ. Delaware. pp.9-40.

1183



Loosanoff, V.L. and H.C. Davis. 1950. Spawning of oysters at low

temperature. Science, 111 1 521-522.

Loosanoff, WV.L. and H.C. Davis. 1952 a. Repeated semiannual

spawning of northern oysters. Science, 115: &73-&76.

Loosanoff, V.L. and H.C. Davis. 1952 b. Temperature reguirements
for maturation of gonads of northern oysters. Biol.Bull.,

103: BO-96.

Loosanoff, V.L., H.C. Davis. 1943. Rearing of bivalve molluscs.

Loosanoff, V.L. and C.A. Nomejko, 1951. Existence of

physiologically different races, Crassostrea virginica.

Biol. Bull., 101 : 151-15&.

Lowry, 0O.H., N.J. Rosebrough, A.L. Farr and R.J. Randall. 1951.
Protein measurement with the Folin-phenol reagent. J. Biol.

Chem., 193: 2465-275.

Mane, U.H. and R. MNagabhushanam. 1976. A study on the
reproductive biology of Indian oyster, Crassostrea

gryphoides. MNat. Sci. J. Marath. Univ. Aurangabad, B:243-2358B.

McLachlan, A. 1977 a. Studies on the psammolittoral meiofauna of
Algoa Bay, Sauth Africa. 1. Physical and chemical evaluation

of the beaches. Zool. afr., 12: 15-3I2.




McLachlan, A. 1977 b. Composition, distribution, abundance and
biomass of the macrofauna and meiofauna of four sandy

beaches. Zogl. acfr., 12 : 279-30&4.

McLachlan, A. 1980. Intertidal zonation of macrofauna and
stratification of meiofauna on high energy sandy beaches in
the Eastern Cape, South Africa. Trans. Roy. Soc. S.Afr., 44:

213-223.

McLachlan, A. and N. Hanekom. 1979. Aspects of the biology,
ecology and seasonal fluctuations in biochemical composition

of Donax serra in the East Cape. S. Afr. J.Zool., 14:18B3-193.

McLusky, D.S., S5.A. Nair, A. Stirling and R. Bhargava. 1975. The

ecology of a central west Indian beach, with particular

reference to Donax incarnatus. MMar. Biol., 3031 2&67-274.

Mikkelsen, P.S. 19B1. A comparison of two Florida populations of

the coquina clam, Donax variabilis. Say, (Bivalvia L
Donacidae). 1. Intertidal density, distribution and

migration. Veliger, 23: 230-23%.

Moore, B. 19832. Organogensis. In: The Mollusca. Vol. Je
Development K.M. Wilber (Ed.). Academic Press, New York.

123-177.

Mori, S. 1938. Donax semigranosus Dkr. and the experimental

analysis of its behaviour at the flood tide. Zool. Mag.

Tokyo (=Dobutsugoku Zasshi), 50: 1-12.

120



Mori, s. 1950. Characteristic tidal rhythmic migration of a
mussel, Donax semigranosus Dkr. and the experimental
analysis of its behaviour. Zool. mag. Tokyo (=dobutsugoku

Zasshi), 59: 88-89.

Nagabhushanam, R. and P.M. Talikhedkar. 1977. Reproductive

biology of the wedge clam, Donax cuneatus. Indian J. Mar.

Sci., &: 35-38.

Nair, N.B. and M. Saraswathy. 1970. Some recent studies on the

shipworms of India. Proc. Symp. Mollusca, Mar. biol. Ass.

India, III : 718-729.

Nair, N.B. and D.M. Thampy. 1980. A text book of Marine Biology.

The MacMillan Company of India Ltd., India.

Nayar, K.N. 1955. Studies on the growth of the wedge clam, Donax

(Latona) Cuneatus Linnaeus. Indian J.. Fish., 2: 325-348.

Nelson, T.C. 1928 a. Relation of spawning of the oyster to

temperature. Ecology, 2: 145-154.

Nelson, T.C. 1928 b. On the distribution of critical temperature
for spawning and ciliary activity in bivalve molluscs.

Science, &7: 220-221.

Nowell, R.C. 1979. Biology of intertidal animals. Marine

Ecological Surveys, Faversham, Kent, 781 pp.



Panikkar, JaK. and R. Jayaraman. 1944, Biological and

oceanographic differences between the Arabian sea and the

Bay of Bengal as observed from the Indian region. Proc.

India Acad. Sci., &4 : 231-240,

Parker, R.H. 1963, Zoogeography and ecology of some
macroinvertebrates, particularly mollusks, in the Bulf of
California and the Continental Slope off Mexico. Vidensk.

Medd. fra Dansk naturh. Foren. Bd., 12&6: 1-178.

—_— ——— ——— Y ——— Y ==

Pearse, A.S., H.J. Humm and G.w. Wharton. 1942. Ecology of sandy
beaches at Beaufort, North Carolina. Ecol. Monogr., 12:

135-190.

Penchaszadeh, P.E. and S.R. Oliver. 1975. Ecologia de una

poblacion de "“berberecha" (Donax hanleyanus) on Villa

Gessel, Argentina. Malacologia, 15 : 133-146.

Peterson, C.H. 1982. The importance of predation and intra and
interspecific competition in the population bioclogy of two
infaunal suspension—feeding bivalves, Protothaca staminea

and Chione undatella. Ecol. Monogr., 32 : 437-473.

Pfitzenmeyer, H.T. 19462. Periods of spawning and setting of the

soft-shelled clam, Mya grenaria, at Solomona, Maryland.

Chesapeake Science, 3J3: 114-120.



Pfitzenmeyer, H.T. 19465. Annual cycle of gametogenesis in the
soft-shelled clam, Mya arenaria, at Solomons, Maryland.

Chesapeake Science, &: 52-59.

Philip. K.P. 1972. The intertidal fauna of the sandy beaches of

Cochin. Proc. India Nat. Sci. Acad., 3B8: 3I17-32Z8.

Pichon, M. 1947. Contribution a 1 e’ tude des peuplements de 1la
zone intertidale sur sables fin et sables vaseux non fixes

dans la region de Tulear. Recl Trav. Stn mar. Endoume (Fasc.

hors serie supplement) 7: 57-100.

Pillai, K.K. and N.B. Nair, 1971. The annual reproductive cycles

of Uca annulipes, Portunus pelagicus and Metapenasus affinis

(Decapoda : Crustacea) from south west coast of India. Mar.

Biol., 11: 152-146.

e

Pehlo, R.H. 19467. Aspects of the biology of Dponax goouldi and a
note on evolution in Tellinacea (Bivalvia). VYeliger, 92 :

II0-337.

Purchon, R.D. 1948B. The biology of the Mollusca. Pergamon Press,

Oxford, 560 pp.

Rajan C.T. and M.E.Rajapandian 1987. Resources study of the clam

Mesodesma glabratum (Lamark) in the BGulf of Mannar. Bull. CMFRI.

No.42, Part 1 : &B-70.



Rao, K.S. 19467. Annual reproductive cycle of the wedge clam,
Donax cuneatus Linnaeus. J. Mar. Biol. Ass. India, 9:

— —— et e S DY

141-146.

Rao, K.V. 1951. Observations on the probable effects of salinity
on the spawning, development and setting of the Indian
backwater oyster, Ostrea madrasensis Preston. Proc. Indian

Acad. Sci., IIB : 231-254.

Rao, K.V. 1953. Sex change in the oviparous Indian backwater

oyster, Ostrea madrasensis Preston. Curr. Sci., 22: I77-378.

Rao, K.V. 1954. Seasonal gonadal changes in the adult backwater

oyster, Ostrea (Crassostrea) madrasensis Preston from Ennur

near Madras. Proc. Indian Acad. Sci., 448: 3I3Z2-3I54&

Rao, K.V., L. Krishnakumari and S.N. Dwivedi. 1975. Biology of

the green mussel, Mytilus viridis. Indian J. mar. Sci., 4:

189-197.

Rao, K.V., L.K.Kumari and S.Z. Qasim. 1974. Aquaculture of green
mussel Mybtilus wviridis L. 3 spawning, fertilization and

larval development. Indian J. Mar. Sci., 5z (1): 113-1164.

Raven, C.P. 1958. Morphogenesis : The Analysis of Molluscan

Development. Pergamon, New Yark.

Raven, C.P. 1944. Development. In: Physiology of Mollusca. Vol.
1. K.M. Wilber and C.M. Yonge. (Eds.). Academic Press, New

York. pp. 165-195.
124



Ricker, W.E. 1958. Handbook of computations for biological
statistics of fish populations. Bull. Fish. Res. Board Can.,

191: I00 pp.

Roe, J.R. 1955. The determination of sugar in blood and spinal

fluid with anthrone reagent. J. Biol. Chem., 20: I35-343.

Ropes, J.W. and A.P. Stickney. 19465. Reproductive cycle of Mya

arenaria in New England. Biogl. Bull., 128: JI15-327.

Sastry, A.N. 1955. Studies on the biology of some Mollusca. M.Sc.

Thesis, Andhra Unviersity, Waltair, India.

Sastry, A.N. 1970. Reproductive physiological variation in
latitudinally separated populations aof the bay scallop,

Aequipecten irradians Lamarck. Biol. Bull., 138: 5&6-45.

Sastry, A.N. 1979. Pelecypoda (excluding Ostreidae). In:
Reproduction of Marine Invertebrates. WVol. V. Mollusca:
Pelecypods and Lesser classes A.C. Giese and J.s.

Pearse (Eds.) Academic Press, New York. 113-292,

Sathyamorthy S.T. 195&. The Molluscs of Krusadai island (In the
Gulf of Mannar). II Scaphopoda, Pelecypoda and Cephalopoda Bull.
Madras Govt. Mus. (New Ser) MNat. Hist. Sect., I (2},

Part 7, 135-137.



Shafee, M.S. 1981. Seasonal changes 1in the biochemical
composition and calorific content of the black scallop

Chlamys varia (L} from Laveoc, Bay of Breat. Oceanol. Acta,

4: IT1-I41.

Shaw, W.N. 1964, Seasonal gonadal changes in female soft-shell
clams, Mya arenaria, in the Tred Avon River, Maryland. Proc.

Nat. Shellfish. Ass. 53: 121-132.

Shaw, W.N. 1945. Seasonal gonadal cycle of the male soft-shell
clam, Mya arenaria, in Maryland. Spec. Sci. Rep. U.S. Fish

Wildl. Serv., (Fish), No. 508: 1-5.

Snedecory, C.W. and W.G. Cochran. 1947. Statsitical methods,

Oxford and IBH Publishing Co., Calcutta.

Stepheny, A.C. 1952. Life on some snady shores. In: Essays in

Marine BPiology. Oliver and Boyd, 144 pp.

Stephen, D. 1980. The reproductive biology of the Indian oyster
Crassostrea madrasensis. 1. Gametogenic pattern and

salinity. Aguaculture, 21: 139-1464.

Strickland, J.D.H. and T.R. Parsons. 1945. A Practical handbook of

seawater analysis. Bull. Fish. Res. Board Can., 1&67: 1-311.

Stoll, E. 1937. Beabachtungen uber die Fortbewegung bei einigen

grabenden Muscheln. Rev. Suisse Zool., 44: 3IB3.



3

%
G,
s
Stoll, E. 1938. Sur la mode de locomotion de quelques md}}usques

marines. Trav. Sta. Biol. Roscoff., 1&: 3I-33.

Subramoniam, T. 1977. Continuous breeding in the tropical
anomuran crab, Emerita asiatica (Milne Edwards}) from the
Madras coast. In: Advances in Invertebrate Reproduction.

Vol. 1. K.G. Adiyodi and R.G. Adiyodi (Eds.) Peralamkenaoth,

Kerala, India. pp. 1466—-174.

Talikhedkar, P.M., U.H. Mane and R.Nagabhushanam. 1974&. Growth
rate of the wedge clam Donax cuneatus at Mirya Bay,

Ratnagiri. Indian J. Fish., 23: 183-1%93.

Thompson, R.J. 1977. Blood chemistry, biochemical composition and
the annual reproductive cycle in the giant scallop,
Placopecten magellanicus, from southeast Newfoundland. J.

Fish. Res. Board Can., 34: 2104-2114.

Thorson, G. 1950. Reproduction and larval ecology of marine

0

bottom invertebrates. Biol. REv., 25: 1-45.

Tiffany, W.J. 1971. The tidal migration of Donax variabilis Say

(Mollusca 1 Bivalvia). Veliger, 14: B2-85.

Tranter, D.J. 1958 a. Reproduction in Australian pearl oysters
(Lamellibranchia). I. Pinctada albina (Lamarck}) : Primary

gonad development. Aust. J. Mar. Freshw. Res., T: 135-143.

Y27



Tranter, D.J. 17258 b. Reproduction in Australian pearl oysters

(Lamellibranchia)l. II. Pinctada albina (Lamarck):

Gametogenesis. Aust.J.Mar.Freshw.Res., 9: 144-158B.

Tranter, D.J. 1958 c. Reproduction in Australian pearl oysters
(Lamellibranchia). III. Pinctada albina {(Lamarck) : Breeding

season and sexuality. Aust. J. Mar. Freshw. Res., 2:191-214.

Trueman, E.R. 1971. The control of burrowing and the migratory
behaviour of Donax denticulatus (Bivalvia : Tellinacea). J.

Zool., London, 165: 453-4469.

Turner, H.J. and D.L. Belding. 1957. Tidal migrations of Donax

variabilis Say. Limnol. Oceanogr, 2: 120-124.

Turner, R.D. and A.C. Johnson. 1971. Biology of wood boring
molluscs. In: Marine Borers, Fungi and Fouling organisms of
wood. E.B.G. Jones and S.K. Eltingham(Eds.) Org. Econ. Co-

op. Dev., Paris. 259-3I01.

Varadarajan, S. and T. Subramoniam. 1982. Reproduction of the
continuously breeding tropical hermit crab, Clibanarius

clibanarius. Mar. Ecol. Prog. Ser., 8: 197-201.

Victor A.C.C. and T.Subramoniam 1987. Reproductive biology of the

wedge clam Donax cuneatus Linnaeus. Bull. C.M.F.R.I. No.42

Part I. 177-183



Wade, B. 1944. Notes on the ecology of Donax denticulatus
(Linne). Proc. Gulf Caribb. Fish. Inst., 17th Ann. Sess :

J46—-41.

Wade, B.A. 19467. Studies on the biology of the West Indian beach

clam, Donax denticulatus Linne. 1. Ecology. Bull. Mar. Sci.,

17: 149-174.

Walford, L.A. 1944. A new graphic method of describing the grwoth

of animals. Biol. Bull., 90: 141-147.

Walkley, A. and I.A. Black. 1934. An examination of the
Oegti joreff method for determining soil organic matter and a
proposed modificaton of the chromic acid titration method.

Soil Sci., 37: 29-38.

Walne, P.R. 1964. The culture of marine bivalve larvae. In:
Physiology of Mollusca. Vol. 1. K.M. Wilbur and C.M.

Yonge (Eds.? Academic Press, New York. pp. 197-210.

Wenner, A.M., C. Fusaro and A. Daten. 1974. Size at onset of
sexual maturity and growth rate in Crustacean populations.

Can. J. Zogol., 32: 1093-1104.

Yonge, C.M. 1949. 0On the structure and adaptations of the
Tellinacea, deposit—-feeding Eulamellibranchia. Phil. Trans.

R. Soc. (Ser. B), 234: 29-7&.

129



APPENDIX



APPENDIX

LIST OF PUBLICATIONS

CHELLAM, A. 1972. Some observations on the Mullets of Vellar
Estuary. Dissertation submitted i1n partial fulfilment
for the requirement of the Degree of Master of Science,
Annamalai University. 135 pp.

CHELLAM, A. 1978. Growth of pearl oyster Pinctada fucata in
the pearl culture farm at Veppalodai. Indian J. Fish.,
25: 77-83.

CHELLAM, A. 1978. Cultured pearls. Green and Glory, 2 (1}:
24-25. Central Staff College for Agriculture, Hyderabad.

CHELLAM, A. AND K. ALAGARSWAMI. 1978. Blooms of
Trichodesmium thiebautii and their effect on
experimental pearl culture at Veppalodai. Indian I.
Fish., 25(1&2): 237-23%9.

CHELLAM, A. 1983. Study of the stomach contents of pearl
oyster, Pinctada fucata (Gould) with reference to the
inclusion of bivalve eggs and larvae. Proc. Symp
Coastal Aguaculture, Mar. biol. Ass. India. pt. 2
604-607.

CHELLAM, A., T.S.VELAYUDHAN, S.DHARMARAJ AND A.C.C.VICTOR.
1983. A note on the predation on pearl oyster Pinctada
fucata (Gould) by some gastropods. Indian J. Fish.,
30(2): 3I3I7-33%.

CHELLAM, A. 1987. Biology of pearl oyster. In: Pearl Culture
(K.Alagarswami, Ed.). Bull. Cent. Mar. Fish. Res.
Inst.; 39: 13-20,

CHELLAM, A., T.S.VELAYUDHAN AND A.C.C.VICTOR. 1987. Pearl
oyster farming. In: Pearl Culture (K.Alagarswami Ed.).
Bull. Cent. Mar. Fish. Res. Inst., 3%9: 72-77.




10.

11.

12.

13.

14.

15.

16.

CHELLAM, A., S.DHARMARAJ AND A.C.C.VICTOR. 1987.
Experimental sea-ranching of pearl oyster in the Gulf
of Mannar. In: Pearl Culture (K.Alagarswami Ed.).
Bull. Cent. Mar.Fish. Res. Inst., 3I%9: 90-91.

CHELLAM, A., S.DHARMARAJ, T.S.VELAYUDHAN AND A.C.C.VICTOR.
1988. On some aspects of transportation of seed of
pearl oyster, Pinctada fucata (Gould). Natl. Seminar on
Shellfish Resources and Farming. Bull. Cent. Mar. Fish.
Res, Inst., 42, Pt. 2: 288-294.

CHELLAM, A., S.DHARMARAJ, T.S.VELAYUDHAN AND P.MUTHIAH.
1988. Experimental molluscan seed transport. Mar.
Fish. Infor. Ser., T & E Ser., 79: 26-28.

CHELLAM, A. (19BB). Natural Resources, their culture, sea-
ranching and technology for production of pearls.
Paper submitted at the "workshop on Marine Fisheries
Research and Development in Tamil Nadu" held at Madras
from 13-14th Sep. 1988.

CHELLAM, A.1989. Growth and biometric relationship of pearl
oyster Pinctada fucata (Gould). Indian . Fish.,
35(1):1-6.

ALAGARSWAMI, K. AND A. CHELLAM. 197&. On fouling and boring
organisms and mortality of pearl oysters in the farm at
Veppalodai, Gulf of Mannar. Indian J. Fish., 23 (1&2):
10-22.

ALAGARSWAMI, K. AND A. CHELLAM. 1977. Change of form and
dimensional relationship i1n the pearl oyster Pinctada
fucata from the Gulf of Mannar. Indian J. Fish., 24
(1%2): 1-14,

ALAGARSWAMI, K., S. DHARMARAJ, T.S.VELAYUDHAN, A. CHELLAM
AND A.C.C.VICTOR. 1981. Induced spawning in the Indian
pearl oyster Pinctada fucata (Gould). First
Indo-Pacific Symp.on Invertebrate Reproduction. Dept. of
Zoology, Marathwada Univ. Aurangabad, Nov. 1981.
Abstract: 27-29.




17.

iB.

19.

20.

21 .

22.

23.

24,

ALAGARSWAMI, K., S.DHARMARAJ, T.S.VELAYUDHAN, A.CHELLAM AND
A.C.C.VICTOR. 1983. On controlled spawning of Indian
pearl oyster, Pinctada fucata (Gould). Proc. Symp.
Coastal Agquaculture, Mar. biol. Ass. India, Pt. 2:
590-597.

ALAGARSWAMI, K., S.DHARMARAJ, T.S.VELAYUDHAN, A.CHELLAM AND
A.C.C.VICTOR. 1983. Embryonic and early larval
development of pearl oyster, Pinctada fucata (Gould).
Proc. Symp. Coastal Aguaculture, Mar. biol. Ass. India.
Pt. 2: 598-503.

ALAGARSWAMI, K., S.DHARMARAJ, T.S5. VELAYUDHAN, A.CHELLAM,
A.C.C.VICTOR AND A.D.GANDHI. 1983. Larval rearing and
production of spat of pearl oyster Pinctada fucata
(Gould). AQUACULTURE, 34 : 287-301.

ALAGARSWAMI, K., A.CHELLAM, A.C.C.VICTOR, S.DHARMARAT,
T.S.VELAYUDHAN AND A.D.GANDHI. 1987. Pearl ayster
resources of India.In: Pearl Culture (K.Alagarswami Ed.).
Bull. Cent. Mar. Fish. Res. Inst.,3%9: 37-48,

ALAGARSWAMI, K., S.DHARMARAJ, T.S.VELAYUDHAN AND A.CHELLAM.
1987. Hatchery technology for pearl oyster production.
In: Pearl Culture (K.Alagarswami Ed.}). Bull. Cent. Mar.
Fish. Res. Inst., 39: &62-71.

ALAGARSWAMI, K., A.CHELLAM, A.C.C.VICTOR, S.DHARMARAJ AND
Tl VELAYUDHAN. 198B. status of pearl oyster
population in the Gulf of Mannar. Natl Seminar on
Shellfish Resources and Farming. Bull. Lent. Mar. Fish.
Res. Inst., 42, Pt. 1: 71-78B.

ALAGARSWAMI K., S.DHARMARAJ, A.CHELLAM AND T.S.VELAYUDHAN.
1989. Larval and juvenile rearing of black-lip pearl
oyster, Pinctada margaritifera (Linnaeus). AQUACULTURE,
7&: 43-56.

ALAGARSWAMI, K., A.CHELLAM AND A.C.C.VICTOR. 1989. Potential
for development of pearl culture. In: Bull. Cent. Mar.
Fish. Inst., 43: 93-%&.




25.

26.

27

28.

29.

30.

31i.

2.

33.

ANONYMOUS. 1991. Pearl Oyster farming and pearl culture 1in
India. Training Manual B8, Feb. '?1. FAD/UNDP Regional
Seafarming Development and Demonstration Project
RAS/20/002. Bangkok, Thailand: 103pp.

APPUKUTTAN,K.K., A.CHELLAM, K.RAMADOSS, A.C.C.VICTOR AND
M.M.MEIYAPPAN. 1989. Molluscan Resources. In: Bull.
Cent.Mar. Fish, Res, Inst., 43: 77-92.

DHARMARAJ, S. AND A.CHELLAM. 1983. Settlement and growth of
barnacle and associated fouling organisms 1n the pearl
culture farm in the Gulf of Mannar. Proc. Symp. Coastal
Aguacul ture, Mar. biol. Ass. India , Pt. 2: &08-613,

DHARMARAI, S., A.CHELLAM, AND T.S5.VELAYUDHAN. 1987,
Biofouling, boring and predation of pearl ayster. In:
Pearl Culture (K.Alagarswami Ed.). Bull.Cent. Mar.
Fish. Res. Inst., 3%9: 92-97.

DHARMARAJ, S., T.S.VELAYUDHAN, A.CHELLAM, A.C.C.VICTOR AND
C.P. GOPINATHAN. 1991. Hatchery production of pearl

4%: 3bpp-.

JAMES, P.S.B.R., K.A. NARASIMHAM, A.C.C.VICTOR, S.DHARMARAT,
T.5.VELAYUDHAN AND A.CHELLAM. 1992. The Indian Marine
Pearls - A culture technique for pearl production.
CMFRI Brochure. Cochin. 24pp.

JAMES, D.B., M.KATHIRVEL, K.RAMADOSS AND A.CHELLAM. 1993.
The spawning of the holothurian, Actinopyga mauritiana

(Quoy & Gaimard) on board FORV SAGAR SAMPADA. J. mar.
bigl. Ass. India, 35 (1&2): 220-221.

KUTHAL INGAM, M.D.K. AND A.CHELLAM. 1971. Results of the
exploratary trawl fishing off Cannanore by the Indo-
Norwegian project vessels. Indian J. Fish.,18:156-144.

SAM BENNET, P. AND A.CHELLAM. 1975. Peroderma tasellum Sp.
Nov. (Larmaeoceriformes:Copepodal) parasitic on the fish
Stolephorus commersonii Lacepede. Indian J. Fish., 22
(1%2):279-282.




34.

35.

36,

37.

IB.

39.

ac.

41.

SARVESAN,R., M.M.MEIYAPPAN .. . . <« . « . . A.CHELLAM AND 12
OTHERS. 1994. Bathymetric distribution and comparative
abundance of commercially exploited cephalopeds 1in
Indian EEZ. Abstract No. 75. Second Workshop on
Scientific Results of FORV Sagar Sampada. 15-17 Feb.
1994. CMFRI, Cochin.

SOMASEKHARAN NAIR, K.V. AND A. CHELLAM. 1971. An abnormal
sting-ray caught off Calicut. Indian J. Fish., 18:
193-195.

VELAYUDHAN, T.S., A.CHELLAM, S.DHARMARAJ AND A.C.C.VICTOR,
1993. Pearl production in relation to the graft tissue
in the pearl oyster Pinctada fucata (Gould). M.F.I.S.,
T % E Ser. No. 119. CMFRI, Jan - Feb. 1993: 3I-4.

VELAYUDHAN, T.S, S.DHARMARAJ, A.C.C.VICTOR AND A.CHELLAM.
1995. Colour and thickness of nacre in four generations
of Indian pearl oyster Pinctada fucata (Gould) produced
in the hatchery. M.F.I.5. T & E Ser., 137: 3-é.

VELAYUDHAN, T.S, A.CHELLAM, S.DHARMARAJ, A.C.C.VICTOR AND
H.MOHAMAD KASIM. 1994. Comparison of growth and shell
attributes of four generations of the pearl oyster
Pinctada fucata (Gould) produced i1n the hatchery. Indian
J. Fish., 43(1}): &9-77.

VICTOR, A.C.C.., A.CHELLAM AND S.DHARMARAJ. 1987. Pearl

ayster spat collection. Ins Pearl Culture
(K.Alagarswami Ed.). Bull. Cent. Mar. Fish. Res. Inst.,
39 49-33.

VICTOR, A.C.C., A.CHELLAM AND K.RAMADOSS. 198%9. Underwater
observations in the lagoons. In: Bull. Cent. Mar. Fish.
Res. Inst., 43: 227-242.

VICTOR, A.C.C., A.CHELLAM, S.DHARMARAJ, T.S.VELAYUDHAN,
K.SRINIVASAGAN A.DASMAN, F.SO0SAI, N, JESURAT AND
K.SHANMUGA SUNDHARAM. 1993. Sea-ranching of pearl
oyster. M.F.I.5.,T & E Ser. No.124: B8-13.



42,

4%.

44,

45.

4s&.

47.

48.

4%.

50.

VICTOR, A.C.C., A.CHELLAM, S5.DHARMARAJ AND T.S.VELAYUDHAN,
(1994). Recent Developments in Pearl Oyster Research 1in
India. Pearls '%4. Conference and Exposition, May 15-
19, 1994. Hawaii.

VICTOR, A.C.C., A.CHELLAM, S.DHARMARAJ AND T.S.VELAYUDHAN
(1994). Aguaculture of marine pearl oysters and pearl
production. Workshop, CIFE, Bombay, 22nd Oct. 1994.

VICTOR, A.C.C. A.CHELLAM, S.DHARMARAJ AND T.S5. VELAYUDHAN.
1995. Manual on pearl oyster seed production, farming
and pearl culture. C.M.F.R.1. Spl. Publn No. &3, TTC
Manual Series 1:53 pp.

VICTOR,A.C.C. A.CHELLAM, S.DHARMARAJ AND LAKSHMI LATHA.
1994. Abalone resources, biology and culture. Proc.
Summer Institute on Recent Developments i1n Mariculture
of Molluscs, Tuticorin. 20th May to Bth June, 1996&:
Tech. Paper No. .

VICTOR, A.C.C. A.CHELLAM, S.DHARMARAJ, T.S.VELAYUDHAN AND
G.SYDA RAOD. 1996. Pearl oyster resources, biology and
pearl culture. Proc. Summer Institute on Recent
Developments in Mariculture of Molluscs, Tuticarin.
20th May to Bth June 199&: Tech. Paper No. .

Special Publication in connection with the Golden
Jubilee celebration of CMFRI.

CHELLAM, A. A.C.C.VICTOR, S.DHARMARAJ AND T.S.VELAYUDHAN
Pearl oysters (Resources).

VICTOR,A.C.C. A.CHELLAM, S.DHARMARAJ AND T.S.VELAYUDHAN
Pearl oyster culture and pearl production.

Technical Brochure, C.M.F.R.I1. — National Aguaculture Week

CHELLAM,A. A.C.C.VICTOR AND S.DHARMARAJ. Marine Pearl
Production. Tech. Paper No.

VICTOR,A.C.C., A.CHELLAM AND S.DHARMARAJ. Marine Pearl
Oyster Hatchery. Tech. Paper. No.



	2010-12-16 (1)_Page_004
	2010-12-16 (1)_Page_005
	2010-12-16 (1)_Page_006
	2010-12-16 (1)_Page_007
	2010-12-16 (1)_Page_008
	2010-12-16 (1)_Page_009
	2010-12-16 (1)_Page_010
	2010-12-16 (1)_Page_011
	2010-12-16 (1)_Page_012
	2010-12-16 (1)_Page_013
	2010-12-16 (1)_Page_014
	2010-12-16 (1)_Page_015
	2010-12-16 (1)_Page_016
	2010-12-16 (1)_Page_017
	2010-12-16 (1)_Page_018
	2010-12-16 (1)_Page_019
	2010-12-16 (1)_Page_020
	2010-12-16 (1)_Page_021
	2010-12-16 (1)_Page_022
	2010-12-16 (1)_Page_023
	2010-12-16 (1)_Page_024
	2010-12-16 (1)_Page_025
	2010-12-16 (1)_Page_026
	2010-12-16 (1)_Page_027
	2010-12-16 (1)_Page_028
	2010-12-16 (1)_Page_029
	2010-12-16 (1)_Page_030
	2010-12-16 (1)_Page_031
	2010-12-16 (1)_Page_032
	2010-12-16 (1)_Page_033
	2010-12-16 (1)_Page_034
	2010-12-16 (1)_Page_035
	2010-12-16 (1)_Page_036
	2010-12-16 (1)_Page_037
	2010-12-16 (1)_Page_038
	2010-12-16 (1)_Page_039
	2010-12-16 (1)_Page_040
	2010-12-16 (1)_Page_041
	2010-12-16 (1)_Page_042
	2010-12-16 (1)_Page_043
	2010-12-16 (1)_Page_044
	2010-12-16 (1)_Page_045
	2010-12-16 (1)_Page_046
	2010-12-16 (1)_Page_047
	2010-12-16 (1)_Page_048
	2010-12-16 (1)_Page_049
	2010-12-16 (1)_Page_050
	2010-12-16 (1)_Page_051
	2010-12-16 (1)_Page_052
	2010-12-16 (1)_Page_053
	2010-12-16 (1)_Page_054
	2010-12-16 (1)_Page_055
	2010-12-16 (1)_Page_056
	2010-12-16 (1)_Page_057
	2010-12-16 (1)_Page_058
	2010-12-16 (1)_Page_059
	2010-12-16 (1)_Page_060
	2010-12-16 (1)_Page_061
	2010-12-16 (1)_Page_062
	2010-12-16 (1)_Page_063
	2010-12-16 (1)_Page_064
	2010-12-16 (1)_Page_065
	2010-12-16 (1)_Page_066
	2010-12-16 (1)_Page_067
	2010-12-16 (1)_Page_068
	2010-12-16 (1)_Page_069
	2010-12-16 (1)_Page_070
	2010-12-16 (1)_Page_071
	2010-12-16 (1)_Page_072
	2010-12-16 (1)_Page_073
	2010-12-16 (1)_Page_074
	2010-12-16 (1)_Page_075
	2010-12-16 (1)_Page_076
	2010-12-16 (1)_Page_077
	2010-12-16 (1)_Page_078
	2010-12-16 (1)_Page_079
	2010-12-16 (1)_Page_080
	2010-12-16 (1)_Page_081
	2010-12-16 (1)_Page_082
	2010-12-16 (1)_Page_083
	2010-12-16 (1)_Page_084
	2010-12-16 (1)_Page_085
	2010-12-16 (1)_Page_086
	2010-12-16 (1)_Page_087
	2010-12-16 (1)_Page_088
	2010-12-16 (1)_Page_089
	2010-12-16 (1)_Page_090
	2010-12-16 (1)_Page_091
	2010-12-16 (1)_Page_092
	2010-12-16 (1)_Page_093
	2010-12-16 (1)_Page_094
	2010-12-16 (1)_Page_095
	2010-12-16 (1)_Page_096
	2010-12-16 (1)_Page_097
	2010-12-16 (1)_Page_098
	2010-12-16 (1)_Page_099
	2010-12-16 (1)_Page_100
	2010-12-16 (1)_Page_101
	2010-12-16 (1)_Page_102
	2010-12-16 (1)_Page_103
	2010-12-16 (1)_Page_104
	2010-12-16 (1)_Page_105
	2010-12-16 (1)_Page_106
	2010-12-16 (1)_Page_107
	2010-12-16 (1)_Page_108
	2010-12-16 (1)_Page_109
	2010-12-16 (1)_Page_110
	2010-12-16 (1)_Page_111
	2010-12-16 (1)_Page_112
	2010-12-16 (1)_Page_113
	2010-12-16 (1)_Page_114
	2010-12-16 (1)_Page_115
	2010-12-16 (1)_Page_116
	2010-12-16 (1)_Page_117
	2010-12-16 (1)_Page_118
	2010-12-16 (1)_Page_119
	2010-12-16 (1)_Page_120
	2010-12-16 (1)_Page_121
	2010-12-16 (1)_Page_123
	2010-12-16 (1)_Page_124
	2010-12-16 (1)_Page_125
	2010-12-16 (1)_Page_126
	2010-12-16 (1)_Page_127
	2010-12-16 (1)_Page_128
	2010-12-16 (1)_Page_129
	2010-12-16 (1)_Page_130
	2010-12-16 (1)_Page_131
	2010-12-16 (1)_Page_133
	2010-12-16 (1)_Page_134
	2010-12-16 (1)_Page_136
	2010-12-16 (1)_Page_137
	2010-12-16 (1)_Page_138
	2010-12-16 (1)_Page_139
	2010-12-16 (1)_Page_140
	2010-12-16 (1)_Page_141
	2010-12-16 (1)_Page_142
	2010-12-16 (1)_Page_143
	2010-12-16 (1)_Page_144
	2010-12-16 (1)_Page_145
	2010-12-16 (1)_Page_146
	2010-12-16 (1)_Page_147
	2010-12-16 (1)_Page_148
	2010-12-16 (1)_Page_149
	2010-12-16 (1)_Page_150
	2010-12-16 (1)_Page_151
	2010-12-16 (1)_Page_152
	2010-12-16 (1)_Page_153
	2010-12-16 (1)_Page_154
	2010-12-16 (1)_Page_155
	2010-12-16 (1)_Page_156
	2010-12-16 (1)_Page_157
	2010-12-16 (1)_Page_158
	2010-12-16 (1)_Page_159
	2010-12-16 (1)_Page_160
	2010-12-16 (1)_Page_161
	2010-12-16 (1)_Page_162
	2010-12-16 (1)_Page_163
	2010-12-16 (1)_Page_164
	2010-12-16 (1)_Page_165
	2010-12-16 (1)_Page_166
	2010-12-16 (1)_Page_167
	2010-12-16 (1)_Page_168
	2010-12-16 (1)_Page_169
	2010-12-16 (1)_Page_170
	2010-12-16 (1)_Page_171
	2010-12-16 (1)_Page_172
	2010-12-16 (1)_Page_173
	2010-12-16 (1)_Page_174
	2010-12-16 (1)_Page_175
	2010-12-16 (1)_Page_176
	2010-12-16 (1)_Page_177
	2010-12-16 (1)_Page_178
	2010-12-16 (1)_Page_179
	2010-12-16 (1)_Page_180
	2010-12-16 (1)_Page_181
	2010-12-16 (1)_Page_182
	2010-12-16 (1)_Page_183
	2010-12-16 (1)_Page_184
	2010-12-16 (1)_Page_185
	2010-12-16 (1)_Page_186
	2010-12-16 (1)_Page_187
	2010-12-16 (1)_Page_188
	2010-12-16 (1)_Page_189
	2010-12-16 (1)_Page_190
	2010-12-16 (1)_Page_191
	2010-12-16 (1)_Page_192
	2010-12-16 (1)_Page_193
	2010-12-16 (1)_Page_194
	2010-12-16 (1)_Page_195
	2010-12-16 (1)_Page_196
	2010-12-16 (1)_Page_197
	2010-12-16 (1)_Page_198
	2010-12-16 (1)_Page_199
	2010-12-16 (1)_Page_200
	2010-12-16 (1)_Page_201
	2010-12-16 (1)_Page_202
	2010-12-16 (1)_Page_203
	2010-12-16 (1)_Page_204
	2010-12-16 (1)_Page_205
	2010-12-16 (1)_Page_206
	2010-12-16 (1)_Page_207
	2010-12-16 (1)_Page_208
	2010-12-16 (1)_Page_209
	2010-12-16 (1)_Page_210
	2010-12-16 (1)_Page_211
	2010-12-16 (1)_Page_212
	2010-12-16 (1)_Page_213
	2010-12-16 (1)_Page_214
	2010-12-16 (1)_Page_215
	2010-12-16 (1)_Page_216
	2010-12-16 (1)_Page_217
	2010-12-16 (1)_Page_218
	2010-12-16 (1)_Page_219
	2010-12-16 (1)_Page_220
	2010-12-16 (1)_Page_221
	2010-12-16 (1)_Page_222
	2010-12-16 (1)_Page_223
	2010-12-16 (1)_Page_224
	2010-12-16 (1)_Page_225
	2010-12-16 (1)_Page_226

