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HYDROBIOLOGICAL STUDIES IN THE COASTAL WATERS OF 
TUTICORIN, GULF OF MANNAR 

R. MARICHAMY AND PON. SIRAIMEETAN 

Central Marine Fisheries Research Institute, CocA/«-682 018* 

ABSTRACT 

Hydrological and meteorological features in relation to the distribution of zooplankton of Tuticorin coast 
in the Gulf of Mannar are described. Seasonal variations in the surface temperature and salinity show simi­
larity in general trends. A bimodal cycle in the distribution of these major factors was noticed. An increas­
ing trend in the dissolved oxygen content was observed during postmonsoon months. The relation between 
pH and oxygen appeared to be inverse. The annual cycle of production of plankton in the region was found 
to be dicyclic. Copepods and chaetognatbs reached their maximum when the salinity was low. Copepods 
and lucifer showed an inverse relationship when the latter dominated the plankton. Poor percentages of 
copepods and lucifer were noticed when molluscan larvae and fish eggs constituted high percentages. The 
bulk of the larval stock consisted with planktonic stages of decapods, lamellibranch, gastropod and fish. 
Maximum occurrence of larvae coincided with the rainfall. The seasonal variations and the inter-relation­
ship of the planktonic organisms are discussed. 

INTRODUCTION 

IN COMPARISON with the considerable amount 
of knowledge available on the hydrology and 
planktonology of the southeast coast of India, 
practically little is known about the hydrobio-
logical aspects off Tuticorin in the southern 
se<Jtor of the Gulf of Mannar. While relatively 
more information is available on the hydro­
graphy of the waters off Tuticorin (Chacko and 
Rajendran, 1959; Chacko and Malu Pillay, 1957; 
Malu Pillay, 1962) our knowledge of the plank­
ton of this region is mostly confined to the 
preliminary account by Sambandamurthy (1962) 
The observations by Chidambaram et al. (1951) 
o« the hydrobiological conditions of the pearl 
baink, Tholayiram Paar, ofl Tuticorin are based 
on a limited observation of samples taken over 
a very short duration of a month. Freda 
Chandrasekaran and Sudhakar(1968) had given 
a brief account on this aspect of study of this 
ar0a. Thus, a scrutiny of the available literature 
indicates the paucity of bio-hydrographical 

^ Present address: Tuticorin Research Centre of 
Central Marine Fisheries Research Institute, 
Tuticorin. 

studies of intensive nature, particularly for 
inshore waters of this region. There is an 
increasing need for accurate appraisal of the 
relative fertility of this area and the resultant 
seasonal variation in zooplankton stocks which 
directly or indirectly support pelagic popula­
tions. The work was carried out during 1973-
74 and covered a stretch of 20 miles along the 
Tuticorin Coast. 

The authors are extremely grateful to Dr. 
E. G. Silas, Director, Central Marine Fisheries 
Research Institute, Cochin for his keen interest 
and constant encouragement and for offering 
valuable suggestions for improvement of this 
account. They are indebted to the Meteoro­
logical Department, Port of New Tuticorin for 
the supply of rainfall data. 

MATERIAL AND METHODS 

The siu-face samples were collected at weekly 
intervals between 0600-0900 hours from fixed 
stations having a depth of 4-25 m (Fig. 1). The 
hydrological factors studied side by side with 
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plankton investigations are surface tempera­
ture, turbidity, salinity, dissolved oxygen and 
p H . The surface plankton was collected by 
towing a half metre ring diameter net of bol­
ting silk No. 21 for ten minutes at a speed of 
one knot. The sample was immediately pre­
served in 5% formalin. The volume of plan­
kton was measured by displacement method. 

terms of monthly averages. Da ta relating to 
the rainfall, were collected from the Meteoro­
logical Centre, Tuticorin Harbour Project. 

RESULTS AND ANALYSIS 

Temperature 

V»ti/>oiodaU 

Tutieor 

rwth 

Fig. 1. Station positions in the area studied. 

The entire sample was fractioned by means 
of a sub-sampler and the total number of orga­
nisms in one such sub-sariiple was counted and 
estimated for the whole sample. Fish eggs and 
fish larvae were counted numerically in the 
Whole sample throughout the period of obser­
vation. The fluctuations in the plankton and 
physico-chemical conditions are discussed in 

The atmospheric temperature was recorded 
regularly along with the surface water tem­
perature. The monthly average values of 
these two are shown in Fig. 2 to indicate their 
relationship. The similarity in the curves 
reveal that the surface temperature is considera­
bly influenced by the atmospheric temperature. 
This is in confirmity with the earher findings 
of Chacko et al. (1954) and Prasad (1957). As 
pointed out by Prasad (1957) the observed 
decrease in the surface temperature during 
August may be due to the strong, south-west 
winds, resulting in rapid evaporation of the 
surface waters. It can be seen from the 
figure that atmospheric temperature was above 
the surface temperature continuously from April/ 
May to September/October. The temperature 
of the surface water was well above the air 
temperature during November to March and 
this trend reveals a more or less close similarity 
to an earlier record made by Prasad (1957) in 
the Gulf of Mannar, in Mandapara area. 
Both the atmospheric temperature and sea 
temperature steadily increased from the winter 
low level upto April when it reached the peak. 
The temperature declined gradually thereafter 
till August, when the Southwest wind is active. 
A secondary rise in temperature was noticed 
in September and afterwards registered another 
fall during December-January when cooler 
weather prevailed. The general trend of tem­
peratures exhibited a clear bimodal oscillation 
in the course of the year. Two maxima were 
noticed one in April and the other in Septem­
ber, corresponding to the two dry seasons and 
the two minima in August and January. 
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Fig. 2. Seasonal changes in hydrological parameters. 

SaUnity January to March. From the peak of March-
April, the salinity declined considerably in the 

The monthly average of salinity varied from following months. The decline continued 
35.50%, in March 1973 to 31%„ in July 1973. from May to July coinciding with the south-
The surface salinity steadily increased from west monsoon. The salinity increased again 
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to a definite secondary peak in September/ 
October. With the onset of the rain bearing 
northeast monsoon, a marked change in the 
conditions was observed. For a second time 
the salinity declined abruptly to a minimum 
value in November and thus a period of low 
salinity with little diflference in monthly average 
was noticed during November-January, due 
to the eflfect of rainfall. After the secondary 
fall, the salinity steadily increased until it fell 
again at the commencement of the Southwest 
monsoon season. Due to the failure of NE 
monsoon in 1974 the monthly average values 
of salinity was well above 32% ̂  during Novem­
ber-December. 

A unimodal fluctuation in salinity, the peak 
being in October has been observed by previous 
workers (Jayaraman, 1954; Bapat, 1955; 
Chacko et al, 1954) at the head of the Gulf of 
Mannar. The present observation clearly 
revealed a bimodal fluctuation in salinity with 
two maxima and two minima in the course 
of the year. Generally, the low and high values 
closely followed the trend of double oscillation 
of temperature. 

Oxygen 

The dissolved oxygen registered a fall gener­
ally during March-April. The highest and 
lowest values recorded during this study along 
the coast were 4.4 ral/1 in July 1974 and 3.1 
ml/1 in March 1973 respectively. 

Similar to the temperature the variations in 
pH exhibited a bimodal variation. The two 
maxima were recorded during May and Octo­
ber corresponding to the pre-monsoon. 

Zooplankton 

Ths plankton of Tuticorin coast is rich in 
quantity and variety exhibiting regular seasonal 

variations. The morphometric features of the 
area as well as the dynamic factors like currents 
and monsoon winds have a definite bearing 
on the productivity of the region. The pattern 
of fluctuation and the general trend of occurrence 
of zooplankton exhibited a similarity in the 
years under review. A rise in the volume of 
plankton was noticed during January, April 
and August-September (Fig. 3). A reduction 
in volume of zooplankton was noticed in May. 
After this decline in the summer the volume 
steadily increased reaching a prominent maxi­
mum in September 1974. 

The total volume of plankton was rather 
erratic during the latter half of 1974. The 
studies on the seasonal distribution of the 
various planktonic groups revealed a quick 
and marked change in the composition of the 
plankton with the onset of rains although the 
volume of plankton did not bear any direct 
relationship. The high standing crop during 
August/September was constituted largely by 
copepods and lucifer. The seasonal occurrence 
of the dominant forms did not appreciably 
change but the intensity has been observed to 
vary in the same groups. 

The zooplankton consisted mainly of hydro-
medusae, scyphomedusae, siphonophores, chae-
tognaths, copepods, lucifer, planktonic 
decapods, lameUibranchs, gastropods and sto-
matopods besides fish eggs and larvae which 
occurred round the year in varying numbers. 
Among the common forms, copepods, lucifers, 
fish eggs and larvae particularly of decapods, 
molluscs and fish were the most dominant, 
occurring almost throughout the year. The 
seasonal variations of the common zooplank-
ters which occurred in the plankton almost 
round the year are presented in Table 1. Several 
other groups such as foraminifers, siphono­
phores, chaetognaths and tunicates were spor-
madic in appeal ance and are categorised as 
'other forms'. Foraminifers were noticed in the 
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samples for a brief period during January-
March 1974. Siphonophores occurred in 
April and August-January and showed a well 
defined periodicity. Polychaetes and amphi-
pods though negligible in proportions were 
noticed almost round the year. Chaetognaths 
dominated in the samples collected during 
May 1974. Their numbers varied to a great 
extent in the rest of the period. Among the 
species of-chaetognaths Sagitta enflata appeared 
to be common in this area often noticed at 
intervals from May to September. According 
to Prasad (1954a) the species of Sagitta were 

October 1973-January 1974. Salpa sp. was 
present in June-August 1973 in small numbers 
but in the following year they were poorly 
represented in the collections. Doliolum sp. 
occurred only in September 1974 in negligible 
percentage. The two common ctenophores 
were the Pleurobmchia sp. and Beroe sp. but 
no distinct pattern of occurrence was noticed. 
Cladocerans appeared in varying numbers at 
different seasons of the year. Evadne sp. 
were noticed during July-August 1974 but 
swarmed during April 1974 only. 

TAIIBLE 1. The percentage composition of important zooplankton in the coastal waters ofTuticon'n during 1973-74 

Months 

JaH. '73 
Feb. 
March 
April 
May 
Juae 
Juty 
August 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. *74 
Feb. 
March 
April 
May 
Juae 
July 
August 
Sept. 
C)«. 
Nov. 
Dec. 

Cope-
pods 

42.5 
68.6 
3.3 

48.7 
66.7 
41.9 
23.5 
77.7 
73.1 
16.0 
3.9 

61.4 
54.2 
28.5 
18.0 
60.8 
18.5 
73.3 
67.2 
84.4 
32.6 
65.7 
55.3 
77.9 

Luci-
fers 

25.9 
5.1 
0.6 

16.1 
17.8 
15.3 
3.0 
8.2 

14.7 
63.5 
0.9 

19.9 
30.0 
32.6 
9.0 
0.6 
3.3 

12.8 
0.1 
0.4 

55.7 
4.9 

20.8 
4.9 

Fish 
eggs 

2.4 
10.9 
5.7 

27.4 
12.4 
27.8 
62.9 
7.3 
4.2 
1.8 
0.4 
7.1 
1.3 

28.5 
63.3 

1.6 
15.4 
3.3 

15.0 
0.8 
0.2 

12.7 
10.5 
3.3 

Chae­
togna­
ths 

2.8 
0.3 
0.0 
0.3 
0.0 
3.5 
0.8 
1.2 
3.2 
0.9 
0.1 
0.6 
0.1 
0.5 
0.1 
6.1 

42.7 
4.4 
2.9 
1.9 
2.2 
0.5 
0.1 
0.6 

Sipho­
nopho­
res 

0.5 
0.0 
0.0 
3.1 
0.0 
2.1 
3.8 
0.3 
0.3 
1.2 
0.1 
1.8 
0.2 
0.0 
0.4 
0.1 
0.3 
1.7 
0.4 
0.0 
0.1 
0.1 
0.0 
0.0 

Amphi 
pods 

0.5 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.1 
0.4 
0.3 
0.4 
0.1 
0.0 
0.4 
0.0 
1.0 
0.3 
0.0 
0.1 
0.0 
0.8 

- Deca­
pods 

7.1 
1.2 
0.1 
1.0 
0.5 
6.7 
2.5 
3.5 
2.0 

11.2 
1.5 
7.1 
6.3 
3.9 
6.0 
0.3 

16.0 
2.2 
2.6 
0.4 
2.7 
5.8 
6.0 
2.9 

Lamc-
llibran-
chs 

5.2 
0.2 

89.5 , 
0.7 
0.4 
0.2 
0.7 
0.0 
0.0 
0.3 
0.1 
0.2 
1.1 
0.3 
0.4 
0.1 
0.0 
0.7 
0.1 
0.0 
0.2 
6.9 
3.9 
1.8 

Gas-
• tro 
pods 

3.4 
0.2 
0.0 
0.7 
0,3 
0.2 
0.7 
0.0 
0.3 
0.7 

91.8 
0.4 
0.7 
0.1 
0.4 
0.0 
0.0 
0.8 
0.2 
0.0 
5.2 
2.1 
2.2 
2.0 

Fish 
larvae 

4.8 
12.9 
0.8 
1.5 
1.9 
0.8 
1.0 
0.1 
0.1 
0.1 
0.1 
0.3 
3.8 
4.1 
1.3 
0.0 
0.1 
0.3 
0.7 
0.0 
0.0 
0.7 
0.8 
0.0 

Sto-
mato-
pods 

0.0 
0.1 
0.0 
0.2 
0.0 
0.7 
0.4 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 
0.4 
0.3 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Poly­
chae­
tes 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.0 
0.0 
0.0 
0.0 
0.2 
0.1 
0.2 
0.4 
0.0 
0.8 
0.1 
0.1 
0.3 
0.1 
0.0 
0.0 
0.0 

other 
forms 

4.9 
0.4 
0.0 
0.3 
0.0 
0.8 
0.5 
1.5 
2.0 
4.3 
1.0 
0.6 
1.9 
0.5 
0.3 

30.4 
2.4 
0.4 

10.7 
11.5 
0.5 
0.5 
0.4 
5.8 

taken in great numbers during February-March. 
Among the pteropods, the occurrence of Cre-
seis sp. was more pronounced during October 
to December. It was also noticed in the sam­
ples collected during February-April but in 
pQor numbers. They showed a distinct perio-
di|aky in their occurrence in the years 1973 and 
1^4. The most common tunicate that occur­
red in this zone was Appendicularians during 

Copepods 

The distribution pattern of most of the 
common zooplankton groups and their relative 
percentage composition in the total collection 
has been depicted in Fig. 3. Copepods rank 
first among the crustacean zooplankton and 
present throughout the year in the samples. 
Their number and species vary very widely. 
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LARVAg 

Fig. 3. Percentage composition of major zooplankters. 

But the bulk of the population was constituted Oithona, Corycaeus and Microsetella. The 
of calanoids. The common genera were the distribution pattern of cop^pods in the year 
Calanopia, Paracalantis, Eucalanus, Acrocalanus, 1973 and 1974 revealed two distinct peaks. 
Acartia, Labidocera, Centropages, Euterpina, The trends were almost alike in August and 
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December. Besides this, relatively higher popu­
lation of copepods was also observed during 
April 1974 and May 1973. This sudden increase 
was noticed after its lowest ebb in March. A 
second prominent fall in the quantity in cope-
pOds was observed during September-Novem­
ber. 

Lucifer 

Lucifers constituted an important adult plank-
tonic decapod and encountered in varying per­
centages in a year. During the early pa:t of 
the year they occurred in 25-30%. Their num­
ber dwindled considerably in March. Follow­
ing this there was an increase upto June and a 
sharp fall in the next month, again followed 
by an increase to a maximum 52-62% in Sep­
tember or October. The inter-relationship of 
common zooplankters can be seen on the rare 
occurrence of copepods or lucifer coinciding 
with the enriched numbers of either molluscan 
larvae or fish eggs as seen in March, July and 
November. 

Fish eggs 

A higher concentration of fish eggs was 
observed in July 1973 but in the succeeding 
year the bulk was noticed in March itself, 
although a minor peak appeared in July 1974. 
From August onwards the eggs were relatively 
scarce except to a slight increase in their num­
ber during October-December. The general 
trend of distribution was not exactly identical 
in the two years. However, based on the 
presence of fish eggs *of one kind or another, 
with shght variations the maximum spawning 
period may be marked as March-July. 

Fish larvae 

[Definite peak seasons were plotted for the 
o^urrence of larvae of a variety of marine 
aiimals. Prominent dicyclic pattern was 
noticed in 1973. A maximum number of lar­

val forms was enumerated in March and Novem­
ber. In the later months of the year more or 
less the same trend was maintained, but the flu­
ctuations further suggest variation from year 
to year and changes in intensity of population. 
The bulk of the larval population consisted of 
planktonic stages of decapods, lamellibranchs, 
gastropods and fish. An inverse relationship 
was exhibited between the occurrence of lar­
val forms and other major zooplanktonic orga­
nisms. 

The concentration of larval stock observed 
in March 1973 was entirely due to the occurrence 
of lameUibranch larvae in swarms. Similarly, 
gastropod larvae with 91.8% in the plankton 
during November 1973 accounted for the peak 
in the total larvae. The distribution was 
somewhat different in 1974. Decapod larvae 
mainly constituted the first peak of total larvae 
recorded in May 1974 while the secondary 
peak noticed in October 1974 was due to the 
presence of decapods and lameUibranch larvae 
in equal numbers. The percentage of lameUi­
branch larvae occurring in different months 
varied from nil in August 1973 to 89.5% in 
March 1973. Gastropod larvae were com­
paratively high during September-January. 
They fluctuated from 91.8% in November to 
0.03% in April 1974. 

The distribution and fluctuations of the domi­
nant larvae which form the major constituents 
of the planktonic larval population were treated 
separately and their percentage occurrence in 
different months duiing 1973-74 is presented 
in Fig. 4. 

Decapod was the most important single 
group of planktonic larvae. Decapod larvae 
especially zoeae of different groups, megalopae, 
cirripede nauplii and nauplii of copepods were 
found in varying numbers round the year, the 
lowest being 2.5% in March 1973 and the 
highest 96.0% in May 1974. The fluctuation 
was rather irregular duiing November to May. 
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OTHERS 
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Fig. 4. Relative percentage of important larval stock. 

Decapods remained high in the plankton from 
May or June to October without any abrupt 
changes except to a fall seen in July 1973. 
These larvae were extremely poor during March 
and November 1973. Significantly molluscan 
larvae were present in abundance in these 
corresponding months. An inverse relation­
ship can be noticed with the poor percentage 

of molluscan larvae and high occurrence of 
decapod larvae as seen in most of the months. 
In 1973, two distinct peaks of molluscan larvae 
were seen in March and November. The 
pattern of distribution in the following year 
was altogether different. They were rich in 
June and again a concentration appeared from 
September to December. 
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Among larval forms the presence of fish 
larvae exhibited a marked periodicity. They 
were abundant in the plankton during the 
early part of the year as well as in July. 
The fish larvae were recorded in high 
numbsrs in 1973. During other seasons 
they were recorded in low percentages and on 
su<fh intervals moUuscan larvae dominated in 
the plankton. Larvae of minor groups such 
as nemerteans, stomatopods, brachiopods, 
echinoderms and polychaetes were pooled 
together for the purpose of computing their 
percentage. The monthly percentage compo­
sition of these 'other larvae' varied from 0 to 
30.0 in the total larval composition with a pro­
pensity in August 1974. 

DISCUSSION 

The surface temperature and salinity exhi­
bited a clear double oscillation in the course 
of the year, the maxima corresponding to the 
two dry hot seasons and two minima during 
the periods of southwest and northeast mon­
soons. Prasad (1954a) has stated that the 
Gulf of Mannar is wide open at the southern 
end and is subjected to incursions of water 
ittasses from the Indian Oceaa and Arabian 
Sea. As the south-west monsoon is negligible, 
tie primary fall in salinity during June-August 
could be attributed to the effect of the coastal 
current from the southern part of Arabian Sea 
around the peninsula and flowing on the south­
east coast to some extent. The course of this 
current off the Tinnevelly coast in the Gulf 
was made use of by the local fishermen in their 
fishing activity (Silas, 1962). 

The retreat of the southwest monsoon, the 
changed pattern of temperature and the pre­
valence of highwinds as well as increased rate 
of evaporation, probably accounted for the 
iqcrease in salinity to 34.41 %o in October. The 
secondary fall noticed in the salinity from 
November onwards may be associated with 
the onset of northeast monsoon and the 

current flowing from north to south as recorded 
bySewell(1929). 

The relation between saUnity and oxygen 
has been observed to be inverse in most months. 
As Prasad (1958) stated, the dissolved oxygen 
in the surface waters of Gulf of Mannar is 
generally high and attributed to the greater 
existence of coral reefs in the shallow region 
along the coast. The relation between pH 
and oxygen appeared to be inverse. 

The northeast monsoon which starts in late 
September was observed to exert influence on 
the environmental conditions of the coastal 
waters. Prasad (1956) observed an inverse 
relationship with salinity and copepods as well 
as zooplankton in general in Mandapam area. 
In the present observation it appears that the 
salinity may not be the only contributing factor 
for the concentration of copepods. Lucifers 
appear in plenty while the major environmen­
tal factors reach their maximum. Sudden 
drop in salinity coincided with the poor com­
position of lucifer and decapod larvae. 

Bapat (1955) recorded a bimodal occur­
rence of fish eggs, the primary peak falling 
in March and the secondary in September or 
October associating with the low surface sali­
nity-temperature period. The results of the 
present studies indicated a slight difference in 
the occurrence of secondary maxima. The 
occurrence of fish larvae showed two peaks 
in their distribution, the primary one falling 
in January-February and the secondary one 
in June or July. The salinity and temperature 
in the corresponding periods were low and 
suggested that these factors influence spawning. 

Panikkar and Aiyar (1939) observed breeding 
restricted to two or more seasons of the year 
in relation to the rainfall. Based on the obser­
vations on larvae the breeding habits of the 
important groups are broadly classified into 
two (1) continuous breeding all the year round 
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but more active during a certain part, (2) dis­
continuous breeding, the larvae appearing at 
irregular intervals. 

Coast show similarities as well as distinct differ­
ences when compared to the Mandapam area, 
the northern part of Gulf of Mannar . 

The hydrobiological studies of Tuticorin 

REFERENCES 

BAPAT, S. V. 1955. A preliminary study of the 
pelagic fish eggs and larvae of the Gulf of Mannar 
and the Palk Bay. Indian J. Fish.. 2: 231-255. 

CHACKO, P . I. AND C. MALU FILLAY 1957. Impor­
tance of hydrographical investigation in the Gulf of 
Mannar in relation to its fisheries. Ind. Com. Jour., 
12: 194-197. 

AND A. D . I. RAJENDRAN 1959. Mari­
time meteorology and hydrography of Tuticorin Bay, 
Gulf of Mannar, 1950-54. Madras Fisheries Depart­
ment, Fisheries Station Reports and year book, 1954-55. 
pp. 175-193. 

H. P. VALSON AND C . MALU PILLAY 
1954. Meteorology and hydrography of the Kondugal 
Gut in the Gulf of Mannar. Contributions from the 
marine fisheries biological station, Kurusadai Island, 
Gulf of Mannar. 1: 1-120. 

CHIDAMBARAM, K. , A. D. ISSAC RAJENDRAN AND 
A. P. VALSAN 1951. Certain observations on the 
hydrography and biolo^ of the pearl bank, Tholayiram 
Paar, off Tuticorin in the Gulf of Mannar in April 1949. 
J. Madras Unl.,B. 21: 48-74. 

FREDA CHANDRASEKARAN AND K. SUDHAKAR 1968. 
Observations on the hydrography and planktology of 
pearl banks of Gulf of Mannar. Madras Jour. Fish., 
1: 28-33. 

JAYARAMAN, R. 1954. Seasonal variations in sali­
nity, dissolved oxygen and nutrient salts in the inshore 
waters of the Gulf of Mannar and Palk Bay near Man­
dapam (S. India). Indian J. Fish., 1: 345-364. 

MALU PILLAY, C. 1962. A survey of the maritime 
meteorology and physico-chemical conditions of the 

Indian Pearl Banks off Tuticorin in the Gulf of Mannar 
from December 1958 to May 1959. Madras Jour, Fish., 
1: 77-95. 

PANIKKAR, N . K. AND R. G . AIYAR 1939. Obser­
vations on breeding in brackishwater animals of Madras. 
Proc. Indian Acad. Sci., Sec. B 9: 343-364. 

PRASAD, R . R. 1954 a. The characteristics of plan­
kton at an inshore station in the Gulf of Mannar near 
Mandapam. Indian J. Fish., 1: 1-36. 

1956. Further studies on the plankton 
of the inshore waters of Mandapam. Ibid., 3: 1-42. 

1957. Seasonal variation in the sur­
face temperature of sea at Mandapam from January 
1950 to December 1954. Ibid.. 4: 20-31. 

1958. Plankton calendars of the inshore 
waters at Mandapam, with a note on the productivity 
of the area. Ibid., 5 (1); 170-188. 

SAMBANDAMURTHY 1962. Surface plankton of the 
pearl bank Tholayiram paar off Tuticorin. Madras J. 
Fish.. 1: 74-75. 

SEWELL, R . B. S. 1929. Geographic and Oceano-
graphic research in Indian waters. Part 5. Tempera­
ture and .salinity of the surface waters of the Bay of 
Bengal and Andaman Sea with reference to Laccadive 
Sea. Mem. Asiatic Soc. Bengal, 9: 207-356. 

SILAS, E . G . 1962. Tuna fishery of the Tinneveli 
Coast, Gulf of Mannar. Proc. Sym. Scomb. Fishes. 
Mar. blol. As.s. India, Pt.. 3: 1083-1118. 


