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Quantitative analysis of zooplankton samples collected during the IIOE from
the Arabian Sea and the Bay of Bengal has been made seasonwise and relative
productivity of the two regions has been discussed in the light of hydro-
graphic features and organic production.  The disiribution of zooplankton
biomass in the Arabian Sea shows marked variation during the south-west
and north-east monsoons, whereas in the Bay of Bengal there is no definite
variation, The Arabian Sea is found to have a richer zooplankton biomass
during the south-west monsoon with high concentration towards the coests of
Somalia, Arabian Peninsula, Iran and the south-western part of India with a
low-production zone in the central and north-eastern regions. During the
north-east monsoon a diffuse distribution of a comparatively lower magnitude
is observed throughout the Arabian Sea.

A comparative account of the fisheries of the two regions has been given
with information on the regionwise availability, categorized analysis of
species composition and catch per unit effort and percentage yield for the
different areas.

The relative productivity of the Arabian Sea and the Bay of Bengalhas been
assessed as observed by the zooplankton biomass, and the fishery resources
have been correlated and the scope for increasing the exploitation of the
resources in both regions has been indicated.

INTRODUCTION

The fishery resources of the Arabian Sea and the Bay of Bengal show
qualitative as well as quantitative differences. Based on investigations
carried out at restricted areas along the coasts of India it is believed that
these differences are partly due to the inherent differences in the productivity
and partly to the differences in the nature and extent of the continental shelf
of the two regions. Excepting for a short account by Ponomareva and
Naumov (1962) for the period of monsoon change no comprehensive account
on the plankton biomass of these two regions covering all the seasons is avail-
able. In a broad sense plankton is considered as an index of fertility not only
of the water column but also of the sea bottom and so it was thought that a

VOL. 35, B, No. 5.



400 R. RAGHU PRASAD

comparative study of the zooplankton biomass* distribution would throw
some light on the relative fertility and indirectly the fishery potential of the
two regions. Such a study became possible with the data on the displacement
volumes of the large number of samples collected during the International
Indian Ocean Expedition (IIOE). The following account, therefore, deals
with the seasonal variations in the density of the standing crop of zooplankton
in the Arabian Sea and the Bay of Bengal. A discussion on the relation
between the zooplankton biomass and the fisheries of the two regions with
special reference to the coasts of India is also given.

The paper is based on the zooplankton samples collected during 1962-65.
Only the standard samples have been used and all the estimations of dis-
placement volume were carried out at the Indian Ocean Biological Centre,
Ernakulam. According to the definition, the standard sample is one taken
with an Indian Ocean Standard Net (Currie 1963) hauled vertically from
200 m (depth of water permitting) or from as close to the sea bottom as was
practical to the sea surface, the net being hauled up at a speed of 1 m/sec.
In general, the samples were collected in a uniform manner. Where the depths
did not permit sampling from 200 m, samples were taken from as close to the
bottom as possible. It should also be mentioned that from the available data
some ships would appear to have paid out consistently just 200 m of wire
without regard for the wire angle, while others seem to have paid out sufficient
length of wire to allow for the wire angle, but unfortunately information on
the wire angle has not been given in all cases. Because of these, data are insuffi-
cient to estimate the exact depth of sampling and apply correction factors in
the estimation of the displacement volumes. Therefore, it is assumed that the
samples were either collected from as close to 200 m as possible wherever the
depth would permit or from as close to the sea bottom as was practical. These
samples have been pooled together in this study on the presumption that at
least over 95 per cent of the zooplankton population under a square metre of
the sea surface was sampled in all cases. For preparing the figures showing
the distribution of zooplankton biomass, the average displacement volume for
each 5° square has been calculated and reckoning this as the value at the
centre of the square isolines have been drawn for every 5 ml difference in
volume.

GENERAL FEATURES or THE REGIONS

The northern part of the Indian Ocean is divided into the Arabian Sea
and the Bay of Bengal. Each of these is again subdivided into a main and
a subsidiary region by a range of islands, the Andaman-Nicobar islands in

* Although the values discussed in this paper represent displacement volume in millilitres,
assuming that the specific gravity of plankton will be unity, the displacement weight will be
equal to the displacement volume and hence the term biomass has been used in this paper.
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the Bay of Bengal and the Laccadive-Maldive islands in the Arabian Sea.
Another topographical feature of the Arabian Sea, which is of importance, is the
Carlsburg-Murray Ridge which is believed to play a vital role in the process of
upwelling.

The Arabian Sea* including the Gulf of Oman, the Persian Gulf and the
Red Sea is about 1-8 times the area of the Bay of Bengal. In general, the Bay
of Bengal is shallower although the continental shelf area will be greater in
the Arabian Sea.

The influence of land drainage is considerably greater in the Bay of Bengal
because of the influx of river discharge from a number of large rivers. No
less than seven large rivers and a number of smaller ones open into the Bay of
Bengal. Consequent on this the surface salinity is considerably lower in the
Bay of Bengal. It should, however, be mentioned that the higher surface
salinity in the Arabian Sea is also due to the influx of very high saline water of
the Persian Gulf and the Red Sea and the intense evaporation in the northern
Arabian Sea.

The waters of the Bay of Bengal are warmer than those of the Arabian
Sea, whereas the fluctuations in the surface temperature are greater in the
Arabian Sea compared to the Bay of Bengal. In the vertical distribution of
temperature also the two regions show differences. The thermocline level is
usually below 50-55 m in the Bay of Bengal but occasionally it goes down to
100-125 m, whereas in the Arabian Sea during the cold months the thermo-
cline is at about 100-125 m, then it comes up to 75-90m during the stable
period between the cold months and the south-west monsoon and with the
progress of the south-west monsoon it moves still further up reaching 20-30 m.
The observations of Robinson (1966) show that the temperature cycle
at the surface in the Arabian Sea and the Bay of Bengal is bimodal. The annual
ranges vary from 2°C in the south to 6 °C in the north. In the north the
spring maxima are generally higher than those in the fall, but both these
maxima are approximately the same between 5° and 10°N. The maxima
occur in April and October in the north and May and November-December in
the south. The spring maximum is during the period when the sun is almost
directly overhead while the fall maximum coincides with the period of the weak
winds at the time of the onset of the monsoons. The minima occur in January—
March and August-September; the winter minimum being when the sun is
farthest south and the summer minimum when the south-west monsoon
winds are strongest. She further adds that ‘the magnitude of the annual
range at 100 m is 6 to 7 °C in areas of upwelling and divergence. In other
regions investigated, the range was as low as 4 °C, yet always greater than at
the surface. In cases where the range is high, the annual cycle is unimodal;

* For computations here the eastern boundary hes heen fixed at 78° E and the equator as
the southern boundary.
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where the range is low, it is bimodal, but out of phase with the bimodal cycle
at the surface.’

The two regions show some differences in the pattern and speed of the
surface currents. During the south-west monsoon season the surface currents
in the equatorial regions of the north Indian Ocean are driven by the south-
west monsoon winds and are therefore easterlies.

In the Arabian Sea region too the surface currents are essentially easterlies.
There is a strong current parallel to the coast of Somaliland, the Somali current
flowing north-east with a weak surface counter-current bordering to the right
of this. On the western half of the Arabian Sea the meridional components of
the currents are northerly while on the eastern half they are southerly. Thus,
the currents along the coasts of Arabia and West Pakistan and along the
west coast of India constitute a clockwise circulation and in the central part of
the Arabian Sea the currents cease to contain the meridional components.
The south-easterly currents off the west coast of India after leaving the penin-
sular region merge with the eastward flowing south-west monsoon current.
In the Arabian Sea the speed of the currents is generally about one knot except
in the central part where it is only about half of this. In the southern region
currents as strong as two knots are found while in the actual core of the
Somali current speed up to about six knots are encountered.

The surface currents in the Bay of Bengal also are essentially easterly
during the south-west monsoon period but they are very weak compared to
the currents in the Arabian Sea, the speed not exceeding 0-5 to 1-0 knot.

During the season of the north-east monsoon a complete reversal of the
surface currents takes place and the currents are essentially westerlies both in
the Arabian Sea and the Bay of Bengal.

The Somali current prevalent during the south-west monsoon period
disappears and instead a reverse current flowing down the coast is set up.
The meridional components of the surface currents become southerly in the
Arabian Sea and except in the very coastal region along the west coast of
India the coast-parallel current is down the coast both on the eastern and
western halves. These southerly components vanish in the southern region of
the Arabian Sea and the flow merges with the North Equatorial Current which
flows westward. Along the west coast of India, however, currents very near
the coast are northerly during November to January. In general, the currents
are feeble in the Arabian Sea during this season except in the neighbourhood
of the equatorial current where the speed is over one knot.

As against this there is a clockwise circulation cell in the Bay of Bengal
during this season and consequently the currents along the east coast of India
are northerly while they are southerly along the coast of Burma. However,
the very coast-parallel currents along the east coast of India are southerly
during November-December and northerly along the coasts of Thailand and
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Malaya. The surface currents of the southern part of the circulation cell merge
with the westerly flow of the North Equatorial Current. The currents are
feeble throughout the Bay during this period.

Data at present available, although insufficient, are indicative of the fact
that nutrient concentrations in the Bay of Bengal are of a lower order com-
pared to the Arabian Sea. The integral concentration of phosphates in a 100 m
column below a square metre of sea surface, reported by Panikkar (1966),
shows that (a) the concentrations in the Somali-Arabian upwelling region
range between 75 and 132 pg-at. PO,~P below a square metre with a mean
value of 100 ug-at. P/m2, (b) along the Pakistan coast west of Karachi up to
areas off Muscat and Oman, where upwelling is in evidence especially during
September, the values range from 94 to 153 ug-at. P/m?, and (¢) between
Ratnagiri and Cape Comorin along the west coast of India the mean value is
100 pg-at. P/m? with a range of 70-130 pg-at. P/m2. As against this the
only regions in the Bay of Bengal where high concentrations were noticed are
the Thailand-Burma coasts and east of the Andaman-Nicobar islands where
the values varied between 60 and 88 ug-at. P/m? with a mean of 75 ug-at.
P/m2.  Several factors contribute to this low nutrient concentrations of which
the absence of large-scale upwelling is presumed to be the main cause. Up-
welling as a regular seasonal phenomenon has been reported for certain re-
stricted areas in the Bay of Bengal but it would appear that even in such
regions the waters do not contain high concentrations of nutrients as compared
to the Arabian Sea.

DISTRIBUTION OF BIOMASS

During the ITOE, 480 and 335 standard plankton samples were collected
from the Arabian Sea and the Bay of Bengal respectively. These samples
were divided arbitrarily into two seasonal groups, one collected during April 16
to October 15, which corresponds to the period of the south-west monsoon
with approximately one month preceding and succeeding it, and the other
during October 16 to April 15 corresponding to a similar six-month period of
the north-east monsoon.

For the south-west monsoon period April 16 to October 15, volumetric
analyses of 137 day samples and 104 night samples from the Arabian Sea
and 98 day samples and 108 night samples from the Bay of Bengal have been
considered.

In the day samples from the Arabian Sea (Fig. 1) it is found that there is a
higher plankton biomass towards the western half. The highest concentration
of > 60 ml is recorded on the south-eastern coast of the Arabian Peninsula.
Somali coast comes next with a concentration of > 45 ml. The south-western
coast of India is also having a fairly high concentration with > 30 ml of
plankton. The central region of the Arabian Sea extending from the equator
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up to 15° N latitude and between 65° and 75° E longitudes and Gujarat coast
from the Gulf of Kutch to the Gulf of Cambay seem to have a low plankton
biomass.

During the night also the general picture of plankton distribution does
not alter much from that of the day samples. Somali coast, south-eastern
coast of Arabian Peninsula and south-west coast of India continue to exhibit a
higher concentration of plankton (Fig. 2). In the open part of the Arabian
Sea there is altogether an increase in biomass in the night samples. The large
central zone of poor plankton production has shrunk to a comparatively
smaller area around 65°E and 5°N. Though Gujarat coast continues to
have a low concentration, there is progressive increase in biomass towards the
outer rim of the continental shelf. The average volume on the south-western
coast of India increases twofold from that of the day samples. But there is
no significant difference on the Somali and Arabian coasts between day and
night samples.

The averages of 241 day and night samples for the above period also
exhibit the same pattern of distribution of biomass. The western half of the
Arabian Sea and south-western coast of India are having higher density
while the central zone and Gulf of Kutch to Gulf of Cambay off Gujarat show a
low density of plankton. In all the high density areas the coastal regions
possess an average volume exceeding 50 ml with gradual decrease towards
the open sea (Fig. 3).

Thus in the Arabian Sea, during the south-west monsoon period the
pattern of distribution of plankton biomass is the same for day and night
samples though there is a higher density of plankton in most of the areas in
the night samples. The isoline for 50 ml remains constant both in day and
night samples for the coastal region of the Arabian Peninsula. But there is a
slight decrease in the day samples in the Somali coast and south-western coast
of India. Both these regions record the maximum density in the night samples.

On the other hand, for the same period the average plankton volume is
considerably less in the Bay of Bengal. It is only 10-20 ml on the average
in almost all parts of the Bay of Bengal. During day (Fig. 4) the east coast of
India shows a very poor plankton biomass and the Andaman Sea and the
eastern coast of Ceylon exhibit a feeble increase. But the density is distinctly
higher in the Gulf of Manaar and the region between Cape Comorin and 5°N
latitude. During night biomass increases towards the eastern coasts of India
and Ceylon (Fig. 5). There is a conspicuous increase in the night samples
(40 ml) towards the upper reaches of the Bay. The Andaman Sea maintains a
medium density of 20 ml. The averaging of 206 day and night samples also
underlines the lower plankton biomass in the Bay of Bengal during the south~
west monsoon period as compared to the Arabian Sea. Throughout the Bay it
is almost a uniform distribution consisting 10-20 ml of plankton (Fig. 6).
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For the north-east monsoon period (October 16-April 15) 131 day
samples and 108 night samples from the Arabian Sea and 61 day samples and
68 night samples from the Bay of Bengal have been considered for determining
the distribution of plankton density.

Notably in the Arabian Sea, it can be found that the picture changes
considerably from that of the south-west monsoon period. The plankton
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Fia. 4. Density of zooplankton based on 98 day samples collected during April 16
to October 15.

distribution in the Arabian Sea becomes somewhat diffuse. In day samples
(Fig. 7) there is no appreciable concentration anywhere excepting in Qamr
Bay and surrounding areas on the southern coast of Arabian Peninsula.
Even this single concentration is due to a local and isolated occurrence and so
cannot be considered as a general feature. The marked low production zone in
the central part of the Arabian Sea, too, disappears during this period. The
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coastal region of Somalia towards the equator registers a small increase in
plankton biomass. In day samples of the north-east monsoon period for the
major part of the Arabian Sea the volume of plankton is only 10-15 ml.
During the night (Fig. 8) there is a slight rise in density and excepting in
the central region towards the equator the major part indicates a volume of
15-30 ml, almost double that of the day volume. The Gujarat coast registers
a higher biomass both in day and night samples during this period as compared

80" 90" 100

Fie. 5. Density of zooplankton based on 108 night samples collected during
April 16 to October 15,

to the south-west monsoon period. Fairly high biomass is seen only around
the Gulfs of Aden and Oman and the coastal region of Somalia. Even though
there is increase in density in night samples it does not demarcate any parti-
cular zone of high production as during the south-west monsoon half. The
high density isolines found to concentrate around Qamr Bay disappear, giving
way to a completely diffuse distribution.
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The averaging of the 239 day and night samples collected during the
north-east monsoon period from the Arabian Sea (Fig. 9) also suggests the
same diffuse distribution pattern with an average volume of 15-30 ml for
almost the whole of Arabian Sea. The local concentration around Qamr Bay
on the southern coast of the Arabian Peninsula is still maintained. However,
it cannot be attributed as a delineation of a zone of a high production as indi-
cated earlier. The Somali coast also shows a low biomass excepting the
southernmost region. The equatorial region up to 5°N and the Malabar
coast indicates a faint increase.

During the north-east monsoon period in day samples the biomass in the
Bay of Bengal is not appreciably different from that of the south-west monsoon
half (Fig. 10). The southern region of the Bay of Bengal is having only a
very low concentration. On the other hand, the equatorial region towards the

80" 0’ 100

80 90’
Fia. 6. Density of zooplankton based on 206 day and night samples collected during
April 16 to October 15.
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80° E longitude is having a higher biomass. The upper reaches of the bay,
especially towards the coast of Burma, are also having a slightly higher concen-
tration. Thus, there is a progressive increase towards the northern region.
This trend is reversed in the night samples for the same period (Fig. 11).
From a low concentration of < 5 ml in the north-eastern part of the Bay the
biomass progressively increases towards the south-west. A fairly high
concentration of > 25 ml is thus seen towards the east coast of Ceylon. The
equatorial region on the western side of Sumatra exhibits a low biomass.

The averaging of 129 day and night samples from the Bay of Bengal for
the north-east monsoon period (Fig. 12) does not show any appreciable con-
centration anywhere. In the major part of the bay the average volume varies
from 10 to 20 ml. Off Rangoon in the Gulf of Martaban and in the equatorial
region the density is even less than 5 ml.

80’ 90" 100

F1c. 10. Density of zooplankton based on 61 day samples collected during October 16 to
April 15.
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Averages have been calculated and the distribution of plankton biomass
has been determined for the entire IIOE period with 268 day samples and 212
night samples from the Arabian Sea and 159 day samples and 176 night
samples from the Bay of Bengal.

For the entire IIOE period in the Arabian Sea distribution of plankton
biomass as seen from the day samples (Fig. 13) is basically similar to that of
the south-west monsoon period with a larger increasing trend towards the
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Fic. 11. Density of zooplankton based on 68 night samples collected during October 16 to

April 15.

coasts of Somalia and Arabia and a moderate increase towards.the south-
western coast of India. The central area of the Arabian Sea again exhibits a
large zone of poor plankton biomass. There is also a faint increase towards
the equatorial regions.

The averaging of the 212 night samples (Fig. 14) presents the same basic
picture of distribution pattern. But there is a slight increase in the night
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samples, especially in the central low productive region and also towards the

south-western coast of India.

The averages for the Somalia and Arabian

coasts do not alter much. The low production zone in the central Arabian

Sea also seems to shrink in its extent considerably.

The averaging of the day samples for the entire IIOE period emphasizes

the low plankton biomass of the Bay of Bengal (Fig. 15).

The whole Bay

But the night
100

80

does not show anything more than 10 ml on the average.
80

Fi1e. 12. Density of zooplankton based on 129 day and night samples collected during

October 16 to April 15

sample of the entire IIOE period gives some delineations of high and low

productive areas.

The Gulf of
For the

The upper reaches of the bay are found to have a higher
Martaban with a volume of < 5 ml is having the lowest biomass.

rest of the Bay it is between 10 and 20 ml which is the normal value for

biomass reaching a maximum of 40 ml towards the Bengal coast.
most part of the year (Fig. 16).
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All the total 480 day and night samples collected from the Arabian Sea
for the entire IIOE period when averaged (Fig. 17) also exhibit the same
picture characteristic of the Arabian Sea for the south-west monsoon period
with the maximum concentration in the western half—the high production
areas surrounding the Somali and Arabian coasts and to a certain extent on the
south-western coast of India and the low production zones occupying the central
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Fic. 15. Density ofizooplankton based on 159 day samples collected during the entire
ITOE period.
part of the Arabian Sea and the precincts of the Gujarat coast. The distri-
bution of plankton biomass as determined during the cruise of R.V. Vitiaz
(Bogorov and Rass 1961) compares well with the pattern of distribution observ-
ed now. For the Bay of Bengal there is no distinct variation in distribution
either between the two monsoon halves or with the entire IIOE period (Fig.
18), almost the whole of the Bay showing a rather low biomass (10-20 ml)
with still lower values for the Gulf of Martaban and western region off Sumatra,
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and moderately higher values on the Bengal coast. The averaged isolines for
the entire period further stress the sparse distribution and lower biomass in
the Bay of Bengal as compared to the Arabian Sea.

It is relevant to consider here the distribution of plankton in the north
Indian Ocean in the light of available information on the vergence field and

° °

80 90" 100

20
10°
0 ) 2. 0'
80 S0 100
F16. 16. Density of zooplankton based on 176 night samples collected during the entire
ITOE period.

circulation of the surface waters, organic productivity and chlorophyll
concentrations.

Varadachari and Sharma (1964, 1967) have presented results of investi-
gations on the divergence and convergence and circulation pattern of the
surface waters in the north Indian Ocean for different months of the year.
According to these authors the divergence pattern shows considerable seasonal
and spatial variations. In the equatorial region several centres of strong
divergence and convergence occur in the open ocean almost throughout the
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year while in the nearshore regions strong divergences and convergences occur
only during certain periods of the year. Along the Somali coast divergence is
prevalent from January to October and along the west coast of India from
January to September and convergence during the rest of the year. The
monsoon months, especially June, July and August, are the months of intense
divergence of surface currents when central values of divergences and conver-
gences exceed 60 units. In the Somali coast during June the value exceeds

80’ 90 100

80 S0

Fre. 18. Density of zooplankton based on 335 day and night samples collected during the
entire IIOE period.

even 80 units indicating heavy upwelling. This region is unique as strong
divergences or convergences occur almost throughout the year. The con-
vergences cause dynamically a concentration of zooplankton and in divergences
a higher production of organic matter takes place. The distribution of zoo-
plankton broadly agrees to the vergence pattern of these areas brought about
by the seasonal ghift of the monsoons,
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The surface currents in the northern Indian Ocean have been discussed
briefly earlier. A comparison of the circulation maps (¢f. Varadachari and
Sharma 1967) with the plankton density charts also indicates that the distri-
bution of zooplankton in the north Indian Ocean has a close relation to the
surface currents which are directly connected with oceanie circulation. During
the south-west monsoon period on the Somali coast the current flows north-
ward and part of it flows along the Arabian coast. In May-September
these currents are strongly offshore currents inducing upwelling all along the
Somali and Arabian coast up to the Gulf of Oman. Further, the winds also
blow parallel to the coast, as a result of which the surface waters are trans-
ported away from the coast, giving rise to upwelling, and thereby bring about
the chain of events resulting in a high zooplankton standing crop. Thus it
may be seen that the high concentration of plankton in the western part of the
Arabjan Sea generally comes within the orbit of the clockwise circulation
developed during the south-west monsoon period and passing through several
vergence fields. During this period the central region of the Arabian Sea
and the regions off Kutch do not show any appreciable vertical movements.
This may account for the low plankton biomass in these areas during the
south-west monsoon months.

During the north-east monsoon period, though fairly strong convergences
develop on the east coast of India, coast of Ceylon and Andaman Sea, it does
not seem to cause a high zooplankton concentration in the Bay of Bengal.
The reason for the variation in production between the two areas may be
found in the difference in distribution of the nutrients.

In the Arabian Sea the nutrient levels increase sharply with depth (cf.
McGill 1966) beginning very near the surface and fertile waters lie close to if
not within the limits of the euphotic zone (Ryther and Menzel 1965). High
level of nutrients in close proximity to the surface is a potentially productive
condition and any vertical movement can turn the potential productivity
into reality. The monsoons provide the required energy for these biological
processes. The vertical distribution of oxygen is a mirror image of the
nutrient distribution—dropping sharply below the euphotic zone which
further indicates the high productivity. Hence for the variation in the
quantity of plankton biomass between the two regions the availability of
nutrients near the euphotic zone could be one of the determining factors.

A general picture of the organic productivity of the Indian Ocean is now
available through the cruises of Galathea (Steemann Nielsen and Jensen
1957), Vitiaz (Kabanova 1961) and Anton Bruun (Ryther et al. 1966). Apart
from these, much data have been collected from the coastal regions of the
Indian subcontinent by the Central Marine Fisheries Research Institute
(Prasad and Nair 1963 and Central Marine Fisheries Research Institute,
Annual Reports 1965-66). The Galathea’s coverage is on the western part of
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the Indian Ocean off the coast of South Africa, the equatorial region from
Mombasa to Ceylon, Ceylon coast, some stations in the Bay of Bengal and the
Indo-Malayan waters. The Vitiaz and Anton Bruun cruises cover a major
part of the Arabian Sea. The results achieved during these investigations
enable us to draw certain conclusions regarding the comparative productivity
of the Arabian Sea and the Bay of Bengal.

It is found that over the continental shelf in the tropical regions the
production rate is usually very high. The surface waters generally have a
production rate of over 0-2 gC/m3/day and for the entire column it is found to
exceed 0-5 gC/m?/day and sometimes reach exceptionally high values of over
5-0 gC/m?/day (Prasad and Nair 1963).

In the Arabian Sea the level of organic production increases to the north
and west reaching extremely high values off the coast of Saudi Arabia, Somalia
and West Pakistan. Kabanova (1961) observed that the Arabian Sea water
was characterized by an especially high productivity connected with the pre-
sence of regions of deep-water ascent. Twenty-three measurements made
recently in the Arabian Sea by Ryther et al. (1966) gave values in excess of
1-0 gC/m?/day with a maximum of 6-4 gC/m?2/day observed off the south-eastern
tip of Arabia. These authors have calculated a total production of 8 x 1012 kg
for an area of 23x10% km2. Out of this more than one-fifth is from the
western Arabian Sea where the mean production is approximately 10 times
that of the world oceans. The data collected at the Central Marine Fisheries
Research Institute indicate that the west coast of India is also equally pro-
ductive. Coastal upwelling along the Somali coast, Arabian coast and off the
west coast of India play an important part in the fertilization of the surface
waters of the regions which induce high organic production. On the other
hand in the Bay of Bengal even though stations located on the shelf were all
characterized by a high rate of production, the average for the whole Bay is only
0-19 gC/m?/day which is only a little more than the rate usually found in tro-
pical oceanic water (Steemann Nielsen and Jensen 1957). Hence it seems
reasonable to conclude that the level of organic production in the Arabian
Sea should be at least three times that of the Bay of Bengal.

Further evidence of this higher productivity in the Arabian Sea is seen
from the chlorophyll measurements made recently by Laird ef al.
(1964). They found during the south-west monsoon period along the
Somali coast to the left of the main portion of the Somali Current values greater
than 150 mg/m?. In terms of carbon fixed per square metre per day this
would amount to about 4-5 grams. If it is assumed that this is a steady
production, during the monsoon period this would amount to 350-450 g/m?2.
In terms of dry algae this will be 800 g/m? which ranks this area among
the most productive. On the other hand, in the Bay of Bengal the chlorophyll
concentrations are of a very low order, being less than 10 mg/m?. The
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highest value of 20 mg/m?* has been recorded off the northern part of the
Arakan coast of Burma (Panikkar 1966). In this connection a special feature
characteristic of the Arabian Sea indicated by Ryther and Menzel (1965) has
to be mentioned. They noticed, when the ship drifts, areas of extremely
dense plankton blooms which vary in size from 100 yards or less to several
miles in diameter and often sharply delineated by extremely clear and
unproductive water. Because of such extreme patchiness in the distribution
of plankton the Arabian Sea is a region of the greatest contrast containing
some of the richest and some of the most infertile areas.

PrangToN BioMass AND FISHERIES OF THE REGIONS
General

Several attempts have been made to study the relationship between the
organic and/or plankton production and their relation to fisheries along the
coasts of India. These attempts, however, have been on a rather restricted
scale in the sense that they relate mostly to specified areas along the east or
west coast of India.

The investigations of Chidambaram and Menon (1945) on the co-relation
of the fisheries of the Malabar and South Kanara coasts with plankton have
shown that the landings of fish are directly proportionate to the quantity of
plankton. The fishery in general coincides with the major peak in plankton
production. Subrahmanyan (1959) observed a close relationship between
the standing crop of phyto- and zoo-plankton with the total quantity of fish
landed, particularly the landings of oil sardine (Sardinella longiceps) and the
Indian mackerel (Rastrelliger kanagurta). He also estimated (Subrahmanyan
1967) the phytoplankton production for a potential fishing area of 155,400
square km of 100 m depth on the west coast of India and remarked that the fish
landings of the west coast represented only 0-029 per cent of the phytoplankton
production. As a result of the investigations carried out in the Indian Ocean,
Bogorov and Rass (1961) have stated that in the Indian Ocean there exists a
number of areas with much plankton biomass, these being mostly in the
regions of upwelling. In some areas the amount of plankton exceeds 15 mg of
dry matter per m3 in the 0 to 100 m layer of water. These areas of high
plankton production have been noticed by them in the central part of the
Arabian Sea from Aden Bay to Bombay; between Seychelles and Maldive
Islands; off Zanzibar and Comoro Islands; to the north-east from Madagascar;
off Chagos Bank; off Ceylon; to the south of Java and to the north-west from
Australia. According to their observations the congregations of tunas and
other pelagic fishes are seen in the regions of the ocean where plankton is
most abundant. Prasad and Nair (1963) studied the organic production in
relation to the local fishery of the east coast extending from Dhanushkodi to
Cape Comorin, These investigations showed that the percentage of yield in
relation to the organic production is only on an average (0-03 as compared to
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0-2 to 0-3 per cent in intensively exploited waters. The seasonal rhythm in
organic production was well reflected in the trend of fishery, the peak periods
of production corresponding with the low periods in fishery and wice wersa
suggesting an inverse relationship. A high fishery was noticed to follow after
a peak production of organic matter in regular sequence with more or less
uniform time lag, this time lag being presumably the time taken for the con-
version of the organic matter synthesized to form fish protein. Sudarsan
(1964) concluded that trawler catches at Bombay showed ‘two peaks in the
year, one following the period of plankton maximum in March and the other
coinciding with the period of very high plankton standing crop in the
post-monsoon months (October-November)’. According to Longhurst (1966)
areas of high fisheries potential are more localized in the tropics than in the
higher latitudes and less dependent upon the conformation and width of the
continental shelf. While the level of production in the higher latitudes de-
pends largely upon the annual turnover of the mixed layer during winter, an
effect which is uniform over large areas, in the low latitudes production is
largely dependent upon processes which result in local enrichment such as
divergence, coastal upwelling, doming, frontal shearing and topographical
wind intensification. In the tropical high seas fisheries for tunas and other
predatory fishes depend mostly upon the aggregation of the fish in areas of
localized enrichment and within the migrating temperature fronts, whereas
fisheries for shoaling clupeids are situated principally in regions of coastal
upwelling and to a lesser extent in the estuarine areas where riverine nutrients
create conditions of phytoplankton bloom. The demersal fisheries in the
intertropical areas seem to be localized mostly in regions where deposition of
riverine organic material occurs and it is this material rather than the results of
primary production in the ocean that determines their level of production.
However, where the shelf is narrow at the mouth of a great river much of the
material for potential production is lost by slumping to great depths. Uda
(1966) observed conspicuous upwelling area of cold, fertile waters south of
Sunda Islands and the most favourable tuna fishing grounds were located in
the marginal area of this upwelling zone. Similar situation of oceanographic
and fisheries conditions were recognized in the Arabian Sea. Panikkar and
Jayaraman (1966) while discussing the biological and oceanographical differ-
ences between the Arabian Sea and the Bay of Bengal, as observed from the
Indian region, have drawn attention to the extremely complex nature of the oil
sardine and mackerel fisheries along the west coast of India which accounts for
the bulk of the fish landing. They made an attempt to provide a suitable
explanation for these on the basis of nutrient distribution pattern associated
with the occurrence of the seasonal upwelling. They have concluded that the
part of the Indian coast known to support a very rich fishery for the oil sardine
and mackerel is a region of great biological and oceanographical complexity,
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almost of biological instability and have pointed out that a thorough
understanding of the various factors is essential for finding a satisfactory
solution to the major problem of the differences in the fishery productivity
of the east and west coasts of India.

From the investigations mentioned above and from other available in-
formation it would appear that invariably high concentrations of fish, parti-
cularly the pelagic ones, occur in areas of high plankton production which
in turn will be areas of upwelling or local enrichment in the tropical oceans.
It is also known that in the tropics, areas where there is no constant replenish-
ment of nutrients are poor in plankton production because of the rapid utili-
zation of the nutrients present in the euphotic zone.

Although in area the Arabian Sea is only about 1-8 times that of the Bay
of Bengal, the yield of fish from the former region is nearly 2-4 times. Com-
pared to this the total fish landings from the western half of the Indian Ocean
(approximately 78° E long. as the line of demarcation) are about 1-6 times
those of the eastern half. Considering the fish production of the east and
west coasts of India this difference is found to be still magnified, the landings
along the west coast being almost three times those of the east coast. On the
whole the fisheries of the western and eastern seaboards of the Indian sub-
continent reflect the features of the fisheries of the northern Indian Ocean (Figs.
19 and 20) with the pelagic and mid-pelagic species dominating in both cases.
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The trend of fish production along the coasts of India for periods approxi-
mating to those taken into account for plankton (October-March and April-
September) is considered below. The months of October to March coincide
with a period of seasonal abundance of fish and intensive fishing activity
along the west coast of India and over 80 per cent of the marine fish landed in
India during this time is from the west coast. On the east coast in the other
half of the year (April to September) the fish landings are comparatively
high forming 30 per cent of the total for the Indian coasts. The abundance of
the fish along the west coast coincides with the post-south-west monsoon
period when a large section of the waters of the region has been enriched by
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Fia. 20. The catch composition of the western and eastern halves of the Indian Ocean.

upwellings and favourable conditions for production of plankton have been
established along the region. The weather is also settled without the effects
of any monsoon conditions which hamper fishing activities. The annual
appearance of densely shoaling species like the oil sardine, mackerel, prawns,
flat-fishes and Bombay-duck start from August/September and these species
are the mainstay of the fisheries of the region. April to September is a period of
comparative calmness and is favourable for fishing activities on the east coast.

Some salient features of the regionwise availability of different groups of
fish are evident from a categorized analysis of the species landed along the
coasts of India during 1964-66. Over 80 per cent of the crustaceans, flat-
fishes, Indian mackerel and clupeids and 70 per cent of the tunas are caught

5B
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along the west coast. The elasmobranchs are the only group which makes a
substantial contribution to the all-India landings along the east coast. They
contribute about 48 per cent of the total for the country. Catch composition
for the west coast (1964—66) shows (Fig. 19) that 48 per cent are composed of
clupeids, the dominant element being the oil sardine Sardinella longiceps,
20 per cent by the ‘red fishes, basses and congers’ group represented by
Harpodon nehereus, sciaenids, goat-fishes, lizard-fishes, marine catfishes, eels,
perches and silver-bellies. Crustaceans, mainly penaeid and non-penaeid
prawns, constitute 12 per cent and the ‘mackerels, bill-fishes and cutlass fishes’
category (of which the Indian mackerel Rastrelliger kanagurta forms the
major portion) forms 8 per cent. The ‘jacks, mullets’ group comprising
barracudas, pomfrets, flying fishes, half-beaks, mullets, carangids and polyne-
mids forms about 5 per cent. Elasmobranchs contribute about 3 per cent and
flatfishes about 1 per cent. Gadidae represented by a single genus Bregmaceros
and the ‘tunas, skipjack and bonitos’ constitute less than 1 per cent each.

On the east coast the clupeids which form about 33 per cent of the catches
have the lesser sardines (mainly Sardinella albella and 8. jussiew) and white-
baits (Anchoviella spp.) as the dominant elements. The ‘red fishes, basses,
congers’ group forms about 23 per cent and the ‘mackerels, bill-fishes, cutlass
fishes’ group dominated by the genus T'richiurus about 12 per cent. ‘Jacks,
mullets’ group contributes about 10 per cent, elasmobranchs 8 per cent and
crustaceans about 7 per cent.

A generalized picture of the fishery resources of the coasts of India has
been given above based on the results of random sampling of fish catches
along the areas concerned. This over-all picture highlights the higher pro-
ductivity of fish along the western coast of India bordered by the Arabian
Sea where higher plankton production has also been consistently recorded.
In terms of zooplankton biomass the west coast of India, particularly the
southern half, is invariably about 2-5 times more productive than the east
coast and this is well reflected in the fish landings also since the landings along
the west coast are about three times those of the east coast.

Pelagic fisheries

In attempting to study the relation between the zooplankton biomass
and fisheries of a region it will be the pelagic fisheries which will show direct
relationship. Even then the quantitative relation is valid only in general
terms. As mentioned earlier the dominant components of the fishes caught
off the coasts of India are either pelagic or mid-pelagic amounting to almost
75 per cent. The truly pelagic fishes are the sardines, mackerel, anchovies,
seer, ribbon fishes, carangids, silver-bellies, flying fishes, tunas, sail and sword
fishes, etc. While these are common along both the coasts of India large-
scale shoaling of pelagic fishes like the oil sardines and mackerel occurs only
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along the west coast and that too along the southern half of the coast. From
the distribution of zooplankton biomass it was seen that during the south-
west monsoon period there is a region of comparatively high-standing crop
between Cape Comorin and north of Karwar. During the season of the north-
east monsoon, although there is a reduction in the extent of area as well as the
quantity of production, the Cochin-Mangalore region remains a relatively
high production belt. This area coincides with the region of the most impor-
tant pelagic fisheries of the west coast, the oil sardines and the mackerel which
alone account for nearly 28 per cent of the landings of this coast. Considering
all fisheries it could be said that almost 70 per cent of the landings are from
this zone. It will be seen from the distribution of zooplankton biomass that
the northern half of the west coast is comparatively poor and in this region
there is a conspicuous absence of large shoals of pelagic fishes and a lower
over-all fish production.

The magnitude of zooplankton biomass along the east coast is decidedly
low and the scarcity of pelagic shoaling fishes like the oil sardines and mackerel
is conspicuous. However, occasional shoals of mackerel are caught off Manda-
pam, Porto Novo, Madras, Kakinada, Waltair and certain parts of Orissa
and of oil sardines from the coasts of Madras, Andhra and Orissa States. The
mackerel Rastrelliger brachysoma forms a good fishery in the neighbourhood of
the Andaman Islands. Pelagic fishes such as anchovies, seer, the lesser
sardines, ribbon fishes, silver-bellies, flying fish, etc., constitute a significant
percentage of the inshore catches and good tuna fisheries are known to exist in
the Andaman Sea where there is a moderately high concentration of zooplank-
ton during April-October period. Prasad and Nair (1963) based on their
study of organic production along a stretch of the south-east coast of India
(Gulf of Manaar) suggested the possibility of increasing the rate of exploitation.
Of late a large number of mechanized vessels have started operating in the
area resulting in a substantial increase in the fish landings the bulk of which
constitute the silver-bellies.

Ground fisheries

The trawlable ground fish resources along the Indian coasts remained
little exploited till recently. However, efforts have been made during the
last two decades to initiate and expand trawl fishing and significant advances
in this direction have been made during the last one decade. The results of
exploratory as well as commercial trawling indicate the existence of rich
grounds for different demersal species along the Indian coasts and it has been
possible to suggest with the available information (Malpas 1926; Gravely
1929; Sundara Raj 1930; Hefford 1949; Chidambaram and Rajendran 1951;
Gopinath 1954; Sivalingam and Medcof 1957; John 1959; Jayaraman et al.
1959; Poliakov 1962; Siva.lihga.m 1964; Pruter 1964; Rao 1967; Annual
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Reports of the C.M.F.R. Institute, Mandapam Camp, etc.) that the yield of
ground fish from the west coast of India is comparatively more than from the
east coast.

The percentage composition by weight of trawl catches along the coasts
is presented in Fig. 21 based on exploratory fishing operations conducted by
the Government of India (Rao 1967, Tholasilingam et al. 1967, unpublished,
Central Marine Fisheries Research Institute, Annual Reports, 1957-66).
Miscellaneous fish comprising small sciaenids, lizard-fishes, flatheads, carangids,
etc., to the extent of 40-50 per cent and elasmobranchs 5-25 per cent are
common to all areas on the west coast. In the Bombay region sciaenids form
about 43 per cent of the catch which include good table fishes like Pseudosciaena
diacanthus and Otolithoides brunneus which by themselves form about 5 per cent
of the total catch from the region. Among other groups elasmobranchs contri-
bute 25 per cent, catfish 7 per cent, eels and polynemids 3 per cent, Pomadasys
hasta 3 per cent, prawns about 2 per cent and miscellaneous fish 17 per cent.

At Karwar medium-sized trawlers land mostly Leiognathids (25 per cent),
clupeids, mainly Opisthopterus tardoore (21 per cent) and miscellaneous small
fish (40 per cent). Elasmobranch component is much reduced (5 per cent).
There is similarity with the Bombay region in the negligible amount of prawns
in the catches. Lactarius lactarius is probably the only table fish available
from the area.

Mangalore-Quilon region is known for the substantial prawn component in
the trawl catches and full-scale commercial shrimp trawling by medium-sized
boats has got established at many centres along the region. Generally prawns
constitute 25-35 per cent by weight of the trawl catches along the region,
mostly caught at intermediate (20-35 m) and shallow (within 20 m) depths.
Elasmobranchs constitute 6-14 per cent of the catch and miscellaneous small
fishes about 50 per cent. A new fishery, struck by the medium boats at inter-
mediate depths and beyond, in the region is based on the threadfin breams
(kilimeen}), mainly one species, Nemipterus japonicus. ‘Kilimeen’ contributes
8-14 per cent of the catches of these vessels at Cochin.

Larger vessels which operated in deeper grounds on the continental shelf
(1957-61) in the Cannanore-Cape Comorin region using ‘Bull trawls’ or fish
trawls showed the trend of availability of the demersal fish in the region.
Elasmobranchs and miscellaneous small fish have been common all along the
region. In the northern section (Cannanore-Calicut) a significant catfish com-
ponent was noticed, whereas in the southern sector (south of Alleppey and
Cape Comorin grounds) a dominant perch component was observed. The
middle sector (Cochin-Alleppey) appears to be a transition zone with small
quantities of catfish and perches but more of the miscellaneous fish.

On the east coast at Tuticorin, trawl catches showed dominance of
Leiognathids and sciaenids, together constituting nearly 60 per cent.
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Elasmobranchs (8 per cent), clupeids (7 per cent), Pomadasys sp. (6 per cent),
prawns (6 per cent) and few other miscellaneous species constituted the rest.
Trawl catches in the Mandapam area consisted mainly of silver-bellies
(90 per cent), catfishes, Lactarius lactarius, rays, prawns and mixed fish.

At Visakhapatnam about 50 per cent of the catch consisted of miscel-
laneous small fish. Elasmobranchs (24 per cent) and catfish (12 per cent) are
the dominant individual items from the region. Prawns constituted a small
percentage of the catch (4 per cent). Others were sciaenids about 2 per cent,
Pomadasys hasta (2 per cent), Trichiurus spp. (2 per cent), eels (2 per cent)
and carangids about 1 per cent. ’

Ground fish catches along the Orissa-West Bengal coasts showed do-
minance of sciaenids (45 per cent). Other items of importance being Kurtus
indicus (20 per cent), Leiognathus spp. (6 per cent), clupeids (10 per cent) and
miscellaneous small fish. Hardly 2 per cent of the catch consisted of prawns.

Data available now from exploratory fishing operations enable a general
assessment of the productivity of different trawling grounds along the Indian
coasts.

The north-western ground from Bombay to Kutch is found to yield
on an average a catch 747 kg/hour of ‘Bull trawling’ (1957-62). Otter trawl-
ing during recent years (1961-65) showed a catch rate of 198 kg/hour from
the Malvan-Kutch region. At Karwar medium-sized vessels showed a catch
rate of 150-219 kg/hour (1963-66). At Mangalore the same type of vessels
landed 178-206 kg of fish per hour during 1959-61 and 99-255 kg/hour during
1962-65. Bull trawling yielded 591 kg/hour from the Cannanore area (1957-
58), while medium vessels operating shrimp trawls returned 268 kg/hour
(1960-61). The yield of smaller shrimp trawlers during 1965-66 was less, being
only about 83 kg/hour. High returns ranging from 717 to 2,033 kg/hour were
recorded by Bull trawlers (1957-59) from the Calicut area. Otter trawling by
the same vessels yielded 136 kg/hour (1960-61).

Bull trawling in the Cochin area showed a catch rate of 1,015-1,184
kg/hour (1957-59). Shrimp trawlers yielded 91-250 kg/hour in 1957—61 period
and 111-216 kg/hour during 1961-65 period. In the Alleppey-Quilon area
catch rates of 583-1,025 kg/hour was recorded for Bull trawl (1957-59) and
158-187 kg for otter trawling by the same vessels in 1959-61 period. Shrimp
trawling yielded 105-220 kg/hour during 1958-60.

In the Trivandrum area Bull trawling yielded 509 kg/hour and on the
Cape Comorin banks 352 kg/hour (1957-58). Otter trawling in the latter
grounds yielded much less, the rate being 69-83 kg/hour (1959-61).

On the east coast off Tuticorin trawl operations (1963-65) yielded 122—
153 kg/hour and in the Mandapam area average catch in 1965-66 amounted to
223 kg/hour. Off Pondicherry catch rate of 76 kg/hour was recorded during
1965-66.
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The area between Godavari and Mahanadi estuaries covered from Visa-
khapatnam during 1959-60 yielded on an average 90 kg of fish per hour.
Catches at the rate of 78-115 kg/hour were recorded during 1964 and 1965.
Experimental catch with 15 m Russian trawl yielded 192 kg of fish per hour
(Poliakov 1962). Catches at the rate of 2,450 kg/day’s absence were recorded
from the Orissa-West Bengal coasts during 1961 (300 h.p. trawler) and 151
kg/hour during 1962-63.

Pruter (1964) has given the trawling results of R.V. Anton Bruun at
different stations of the Arabian Sea and the Bay of Bengal during 1963.
Fishing in the Arabian Sea was conducted along the coasts of north-west India,
West Pakistan, Gulf of Oman and Arabia. In the Bay of Bengal, Andaman
Island region, coasts of Thailand, Burma and East Pakistan were covered.
Catch per hour for Arabian Sea and Bay of Bengal, worked out separately from
these operations, showed yields of 123 kg and 48 kg respectively, indicating
about 2-5 times productivity in the Arabian Sea. Based on the indices of
productivity of demersal fishes along the coasts of India mentioned above it
could be suggested that the grounds on the west coast are comparatively richer.

CONCLUSION

In conclusion it may be stated that the data on the chlorophyll concentra-
tions, primary organic production and the distribution of zooplankton biomass
presented in the earlier section clearly show that the level of fertility is notice-
ably higher in the Arabian Sea as compared to the Bay of Bengal. This high
organic production, however, need not necessarily be converted fully into fish
protein of commercially exploitable nature and unusually high organic pro-
duction could also sometimes lead to untoward results. Thus, several in-
stances of mass mortality of fish resulting from the very high plankton pro- .
duction in the northern half of the Arabian Sea have been reported. While
these mass mortalities should be considered as major catastrophes they have
proved beyond doubt the existence of large populations of fish in the Arabian
Sea. According to Bogorov and Rass (1961) there is evidence of significant
fishing resources in the open parts of the Indian Ocean, first of all in the waters
of the Arabian Sea.

There are apparently several factors contributing to the low fish pro-
duction in the Bay of Bengal. Although seven big rivers open into the Bay
which would deposit large quantities of riverine organic material for creating
conditions favourable for good demersal fisheries, much of this material is
presumed to be retained on the land itself because of the longer run of these
rivers along the plains compared to those rivers emptying into the Arabian
Sea. Also, owing to the narrow continental shelf at the mouths of most of
these rivers along the east coast much of the riverine material reaching the
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sea is lost to great depths. Added to this is the fact that there is lack of large-
scale upwelling in the region. This absence of extensive upwelling along the
coastal regions is presumably the reason for the absence of shoaling fishes
like the oil sardine and the Indian mackerel which are mostly found in regions
of coastal upwelling. The unfavourable condition of the grounds for trawling
along the shelf in many areas restricts the scope of large-scale expansion of
ground fisheries. i

The fisheries of India are now almost entirely dependent on the coastal
resources though there is a gradual trend to exploit new grounds both along
the coast as well as in the deeper and the open ocean. If the density of
zooplankton biomass is an indication of the potential fishery resources of
an area, the data presented in the foregoing pages suggest the possibility of
substantial increase in the rate of exploitation, particularly in the areas such as
the south-eastern coast of India, West Pakistan and Iran in the Arabian Sea
region and the coasts of Burma, East Pakistan, West Bengal, Orissa and west
coast of Ceylon and the Andaman Sea in the Bay of Bengal. The increase is not
only possible from the pelagic mid-pelagic complex of fishes but also to a certain
extent from the ground fish resources. There are already indications from the
recent trends in the exploratory and commercial fishing activities that these
areas of high plankton production are indeed potentially rich fishing grounds.
Thus, the data on zooplankton biomass fully support the hope and optimism in
the further expansion of the fisheries of the two regions.
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