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ABSTRACT 

Available data on the standing crop of pliytoplanklon and zooplankton are presented for the Indian 
region and hydrographical factors such as upwelling, divergence, convergence, currents, nutrients responsible 
for production of planl<ton, and distribution of planl<ton in time and space are dealt with. Role of south­
west monsoon and the magnitude of the irttense bloom of phytoplankton during this period are pointed out. 
The significance of the distri bution of plankton to other organisms in the food chain including fish is indicated. 
Attempt is made to correlate tlie fisheries of the region with the above several factors and point out the 
potential resources and their location. The possibilities of using some of the factors as indicators of fishery 
resources are examined. Certain similarities in the hydrological features, production of plankton, its dis­
tribution and fisheries occurring here and elsewhere are reviewed. 

It is also suggested that the high production of plankton which is also rich in oil—a product of the photo­
synthesis of the diatoms which form the bulk of the synthesizers of the organic matter-is responsible for the 
rather extensive oil deposits in the past geological ages in the northern Arabian Sea region which we are 
exploiting now; this is a continuing process. It is also pointed out that the general pattern of circulation 
of water during the period of heavy bloom of plankton, viz., south-west monsoon in the Arabian Sea, is clock­
wise which is likely to lead to anticyclonic eddies on a large scale, particularly around Saurashtra coast which 
would have the effect of taking plankton to the bottom leading to gradual deposition of matter. 

INTRODUCTION 

THE rapid increase in the population of the world, particularly, since World War II, and shortage 
of food are forcing vs to look for fresh resources; coupled with this, the inhabitants of vast areas, 
particularly in Asia, Africa and S. America bordering Indian, Atlantic and Pacific Oceans, suffer 
from an inadequacy of protein food. Naturally attention is being focussed on the seas for meeting 
this demand. 

For exploitation of the resources of the sea, one must know what is available, where and how 
much and how to harvest it in a most economical manner. 

Over 50 million tons offish are landed all over the world from the sea. The catches are consti­
tuted by fishes mostly, cristaceans, molluscs and whales, all of which constitute the fisheries. All 
these and more present in the sea are sustained by the enormous organic production, the fixation 
of carbon by the minute floating plants occurring in the water—the phytoplankters, the chief consti­
tuent of which are the Diatoms. The products of photosynthesis comprise carbohydrates, oils, 
fats, proteins, vitamins, all that are needed by living organisms. These are consumed by small 
organisms and developing fishes which in their turn are eaten up by larger ones and so on at diffe­
rent trophic levels. Finally, man fishes the organisms needed at the different levels: the mollusca 
(oysters, clams, shellfish, etc.) which are filter feeders and only one link removed from the synthe­
sizers; the herbivorous copepods are the major consumers of phytoplankton and they in their 
turns are devoured by the carnivorous plankters and both by fishes suca as the oil sardine and 
mackeral caught in our waters. The antarctic whale, the largest of mammals, is a feeder of Euphau-
sia superba, a crustacean which thrives on the diatoms directly. Fishes such as tunas are several 
j^vels removed from the synthesizers being feeders on other fishes, large Crustacea, squids and so on. 



200 R. SUBRAHMANYAN 

The above brief illustration shows the dependance of all form of life in the waters on the phyto-
plankters, the prime synthesizers. Therefore, a fluctuation in the abundance of phytoplankters 
is sure to affect the different levels of ovr harvest. 

The phytoplankters themselves are dependent on the nutrients in the water—phosphates, 
nitrates, silicates, trace elements and so on for their growth and multiplication, and, the content 
of nutrients again, is dependent on the vertical and horizontal movement of water and the mixing 
up of the water, to bring the nutrients to the euphotic zone. The movement of water masses is 
dependent on salinity and temperature gradients and meteorological factors such as wind force. 
Therefore, any change in any one of the these factors affects the fisheries ultimately and a study 
of the resources of the seas involves all the above factors. 

The magnitude of the organic production has been assessed in several parts of the world using 
methods such as depletion of nutrients, oxygen released during photosynthesis, standing crop 
and in recent years by use of C" (Subrahmanyan, 1959 a, p. 181 ; Steemann Nielsen, 1963). There 
have been fewer attempts to relate this to actual landings of fish. Perhaps the first of such an 
attempt was by Cooper (1933) for the North Sea region and next by Subrahmanyan (1959 a) for 
the west coast of India. Comparing a highly exploited area with the developing west coa^t of 
India, Subrahmanyan concluded that there is vast scope to exploit this region further from 3-10 
times, one of the richest as regards organic production. Subsequent assessments based on the 
use of C" have confirmed the conclusion of Subrahmanyan (Prasad and Nair, I960, 1963). 

One objective of marine resources studies is to arrive at a factor or factors which would give a 
clue to understanding the fluctuation of the harvests in advance at least an indication as to where 
fishing may profitably be conducted. 

In the present account the data on the standing crop of phytoplankton, zooplankton and hydro­
graphy recorded from the Indian Ocean region are presented including some from the author's 
and his colleagues' work till now unpublished. 

OBSERVATIONS ON THE STANDING CROP OF PLANKTON 

Near-Shore Area 

Data on the standing crop of phytoplankton is available for the nearshore region on the west 
coast of India for several years (Subrahmanyan, 1958, 1959 a, b; 1960 a, b; Subrahmanyan and 
Sharma 1960, 1965, also original data of author included here)*. For the east coast continuous 
data for a period of 2-3 years is available only for 2 centres, the south-east coast (Prasad, 1954) and 
Madras Coast (Subrahmanyan and Gupta, 1965) and for one year period on a few occasions for 
Waltair (Ganapati and Murthy, 1955; Ganapati and Subba Rao, 1958) and Madras (Ramamurthy, 
1953 b). 

The data collected for the standing crop on the west coast and east coast are presented in 
Tables I, II, III, and IV. 

In Table 1, columns 2 to 5 the data for standing crop are shown in terms of pigment units, 
number and dry wei^ts.f The valves are the monthly average standing crop in terms of pigment 
units for the period 1949-54 and 1955-62. In Table II, the quantity of nanoplankton alone is 
shown for the period 1956-57 to 1961-62. 

It may be seen that the standing crop of phytoplankton is of high order throughout but during 
south-west monsoon period it attains the peak of developm ̂ nt. The considerable quantity of nano-

* For other accounts dealing with west coast plankton, please refer Subrahmanyan, 1959 a, 1960. 
t The term"biomass" is avoided here as this has been used generally to indicate "displacement volumes" of 

plankton. 
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TABLE T 

Monthly average data for standing crop of phytoplankton in terms of number and Harvey units 
and zooplankton in terms of numherjl, and dry weight mgmjm^ (mainly phytoplankton) 

Month 

Phyto­
plankton 
HU/mS 
1949-54 

Phytoplankton 
total number 

of cells/L 
1949-54 

Zooplankton 
total number 

of cells/L 
1949-54 

Dry weight 
mgm/m-" 
average 
1952-55 

Phytoplankton 
HU/m" 

1955-62 

May 

June 

July 

August 

September 

October 

November 

December 

January 

February 

March 

April 

B and C—two locat 

18,366 

30,700 

66,684 

31,516 

. 25,166 

19,516 

11,766 

12,600 

10,634 

12,634 

11,416 

M,416 

ions. 

663,700 

8,921,800 

28,372,400 

8,089,350 

1,112,800 

1,119,700 

205,800 

401,500 

833,460 

591,900 

865.000 

957,200 

2,418 

6,858 

8,142 

8,358 

2,196 

2,478 

2,754 

2,580 

4,446 

2,292 

3,108 

3,660 

B 
4,564 

3,000 

3,980 

3,980 

3,152 

1,780 

2,116 

2,364 

2,916 

2,816 

4,064 

3,132 

C 
],125 

731 

2,000 

1,519 

1,575 

1,525 

1,561 

1,289 

1,258 

1,030 

1,338 

1,116 

18,881 

28,474 

67,891 

73,130 

56,474 

27,413 

11,418 

10,330 

13,657 

13,601 

12,740 

12,321 

TABLE I I 

Nanoplankton in HUjm^ West Coast 

Month 

May 

June 

July 

August 

September 

October 

November 

December 

January 

February 

March 

April 

1956-57 

. 

27,200 

. 24,000 

. 75,000 

24,000 

7,750 

3,600 

10,000 

10,750 

9,750 

5,000 

1957-58 

10,000 

17,000 

48.750 

_ * 

. * 
* 

* 

* 

* 

* 

* 

1,000 

1958-59 

4,200 

13,670 

16,290 

56,430 

29,170 

1,000 

330 

3,000 

Nil 

10,000 

9,480 

8,500 

1959-60 

2,000 

12,630 

8,100 

20,810 

3,600 

9,950 

4,500 

4,150 

3,050 

5,680 

4,100 

1,100 

1960-61 

17,500 

10,300 

10,850 

24,800 

13,000 

3,230 

Nil 

1,130 

420 

Nil 

500 

1961-62 

850 

8.330 

16,250 

6,880 

6,000 

3,830 

Nil 

Nil 

1,800 

750 

170 

4,500 

1962-63 

4,730 

9,460 

• Not recorded separately. 
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plankton may be noted which is of considerable importance to very young zooplankters and 
developing fish larvae (Subrahmanyan and Sharma, 1965). 

The dry weight estimation include some zooplankters also though the major portion consists 
of phytoplankters. Dry weight data are given for two different stations separated by about 3 miles; 
the considerable variation reflects patchy distribution. 

Zooplankters do not fluctuate very much, however, most of the organisms are small ones (small 
copepods, developing stages of the bottom fauna) during the south-west monsoon period while they 
are bigger during north-east monsoon. Moreover, they are obviously kept down due to the grazing 
on them by the pelagic fishes, the oil sardine and the mackeral, plankton feeders, whose fisheries 
commence in the period succeeding the stormy south-west monsoon months. Subrahmanyan 
(1959 a) has already pointed out the high fertility of the waters of the west coast comparable with 
some of the most fertile waters elsewhere (I.e. 1959 a. Tables IV-IX, 1959 h Table II and HI). Recent 
work using O* (Prasad and Nair, 1963) have confirmed the earlier observations of the author {I.e. 
1959 a). The author (I.e. 1959 h) had also pointed out the high nutrient content of the waters of 
the west coast which, besides the factors already discussed, is now known to be mainly due to the 
presence of upwelled waters along the whole of the coast between Cape Comorin to Karwar (Banse, 
1959, 1968; Ramamirtham and Jayaraman, 1960; Patil and Ramamirtham, 1963). 

The fall in the standing crop during the north-east monsoon season is partly due to the grazing 
eifectand probably also owing to lack of some essential nutrients acting as a limiting factor 
(Subrahmanyan, 1959 b). 

The observations of Ramamurthy (1965) on the west coast, north of Calicut, point out to a 
similar picture already discussed above. It would appear that conditions all along the west coast 
of India during south-west monsoon season is similar, except for the slight lapse of time in the 
development of the flora which is to be expected. 

In Table III the displacement volume of the standing crop for the east coast off Madras is 
presented. Column I: plankton almost exclusively phytoplankters; 11: very few phy toplankters, 
mostly copepods; III and IV, mixture of phyto—and zooplankters, latter more, and V exclusively 
large zooplankters. The dry weight estimates for the respective collections are given in Table IV. 

In Table V the standing crop is terms of HU for identical hauls on the west coast and east 
coast for the same period are shown. It may be seen that the magnitude of the crop on the east 
coast is of a lower order. 

It may be mentioned here that the plankton samples from the east coast water contain quite 
some quantity of detritus which would go to increase the displacement volume and dry weight; 
this becomes evident when values are calculated on m^ basis and compared. However, the relative 
magD.itude of production is evident from pigment values. 

Further on the east coast an evaluation of the standing crop in terms of pigment units during 
south-west monsoon and north-east monsoon indicates that the standing crop during the former 
season is about double that during the latter period. On the west coast the crop during south­
west monsoon is about 3-4 times that during the north-east monsoon season. 

For the region off Waltair, Ganapati and Subba Rao (1958) have given some data. The 
maximum standing crop of phytoplankters is recorded in March/April and in October/November 
a secondary peak occurs. Zooplankton number does not show any conspicuous peak. The 
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TABLE IIT 
Displacement volume mljhaul of Plankton, East Coast off Madras 

1959-60 1960-61 1961-62 

June 

July 

August .. 

September 

October .. 

November 

December 

January . . 

February 

March 

April 

I 

9-7 

4 0 

4-0 

7'8 

3-3 

5-3 

5-2 

9-3 

6 0 

9-2 

9-7 

II 

26-7 

150 

2 3 0 

30-4 

16-7 

120 

12-8 

35'5 

9 5 

37'6 

25-5 

III 

300 

120 

18-5 

23'4 

10-7 

8-0 

14-8 

40'5 

6 0 

22-8 

180 

IV V 

190 

11-5 

17-0 

39-6 

13-3 

7-3 

10-8 

390 

8'0 

93-6 

27-5 4-5 

I II III IV II III IV 

12-4 39-2 35-2 53-6 260 

4 0 210 19-5 240 7-5 

9-5 375 25-5 420 3 0 

4 0 12-0 11-6 16-4 5'2 

7 0 24-0 14-5 23-5 20-5 

5 0 16-5 140 13-5 8 0 

8 0 160 10-5 190 5 0 

5-3 6-6 8 0 8-0 4 0 

3-6 13-6 120 13-6 4-8 

4-5 130 19-5 2 4 0 18-3 

7'2 24-4 35-2 31-2 29'6 

7-5 24-5 11-5 16'5 7-5 

6 0 15-0 120 16-5 8 0 

5-5 35-5 2-2 29-5 25-5 

12'5 31-0 2 5 0 29'0 24-5 

16'8 62'4 54-8 57-2 31-2 

5 5 42-5 19.0 320 11-0 

7'2 47-2 18-0 44-4 9-2 

360 560 2 6 0 5 6 0 7-0 

11-5 21-5 140 190 27-0 

6-8 140 10-8 136 2'4 

4-5 8-3 5-5 8-8 1-5 

4-5 140 17'0 13-5 8-0 

7 0 105 100 7 0 4-5 

I. Half metre No. 21 Bolting silk net; II; I m. No. 2 Bolting silk net, vertical haul 20-0 m; III; Organdi i m 
net surfae haul, 10 minutes; vertical haul, 20-0 m; IV; Organdie | m net, oblique haul 20-0 m; V; Mosquito 
netting j m net surface haul 10 minutes. 

TABLE IV 

Standing Crop, mgmlhaul. East Coast 

Month 

May 

June 

July 

August 

September 

October 

November 

December 

January 

February 

March 

April 

I 

420 

363 

319 

449 

216 

174 

202 

267 

413 

467 

499 

1959-60 

II 

601 

538 

1,085 

1,128 

1,627 

289 

380 

597 

491 

1,268 

934 

III 

939 

537 

905 

783 

1,168 

247 

332 

516 

384 

878 

677 

IV V 

996 .. 

600 .. 

815 .. 

1,240 .. 

470 .. 

328 .. 

358 .. 

537 .. 

529 .. 

1,315 .. 

1,225 221 

I 

335 

207 

292 

268 

315 

275 

254 

193 

191 

298 

371 

463 

1960-61 

11 

1,047 

807 

1,097 

517 

617 

652 

430 

244 

368 

443 

673 

783 

III 

1,027 

797 

726 

690 

169 

572 

314 

270 

309 

159 

669 

486 

IV 

1,697 

1,006 

1,380 

845 

632 

595 

553 

313 

391 

506 

838 

695 

V 

769 

490 

184 

326 

252 

674 

109 

98 

173 

278 

406 

306 

I 

379 

374 

548 

437 

455 

347 

965 

435 

405 

270 

597 

494 

1961-62 

II 

639 

1,574 

715 

1,669 

1,442 

1,226 

1,303 

744 

678 

422 

825 

726 

III 

572 

1,008 

611 

1,313 

921 

676 

830 

480 

625 

371 

911 

829 

IV 

768 

1,180 

576 

1,663 

1,118 

114 

1,380 

590 

721 

485 

867 

646 

V 

412 

1,026 

329 

418 

474 

397 

268 

199 

314 

255 

639 

567 

I- No 21 Bolting silk \m net Vertical haul 20-0m; II; No. 2 Bolting silk fm net. Vertical haul 20-0m; 
III: Organdi I m net surface haul 10 minutes; IV; Organdi | m net Oblique haul, 0-20 ra;V; Mosquito netting 
} m surface haul, 10 minutes. 
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TABLE V 

Standing crop of phytoplcmkton HUjhaul 0 ]5M: Comparison between West and East Coasts 

Month — 

May 

June 

July 

August 

September 

October 

November 

December 

January 

February 

March 

April 

1959-

West Coast 

3,600 

2,450 

7,200 

12,390 

3,480 

15,030 

2,700 

1,900 

2,430 

3,350 

3,380 

750 

-60 

East Coast 

2,625 

10,440 

224 

314 

2,539 

825 

750 

981 

384 

1,230 

1,617 

3,098 

1960-61 

West Coast 

25,150 

11.220 

20,500 

4,400 

8,250 

4,200 

9,050 

2,230 

1,520 

1,430 

1,770 

East Coast 

4,875 

625 

2,779 

980 

1,378 

925 

1,701 

1,248 

849 

666 

1,688 

2,485 

1961-

West Coast 

3,400 

4,830 

26,200 

21,630 

5,900 

4,400 

2,270 

4,600 

2,920 

1,750 

2,130 

8,500 

-62 

East Coast 

951 

2,644 

5,845 

5,865 

2,546 

2,976 

4,136 

1,457 

1,191 

567 

570 

1,324 

TABLE VI 

Plankton data for east coast of India off Waltair {after Ganapati and Rao, 1958) 

Max. Month Min, Month 

1. Phytoplankton cells/L 

2. Zooplankton cells/L 

3. Displacement Volume cc/m" 

4. Pigment units HU/m" 

5. Biomass, dry weight mgm/m' 

25,405 March 

414 March 

194 February 

8,426 April 

1,230 February 

94 December 

16 December 

6-25 September 

67 December 

123 January 

data for 1956 (Ganapati and Subba Rao, 1958) are quoted in Table VI for comparison with the 
west coast data already given. 

Apart from the diiTerence in the productivity of the waters of the Bay of Bengal and Arabian 
Sea, one interesting point observed was that qualitatively almost as many species occur on both 
coasts; on the east coast no one species occurs to constitute the bulk of the standing crop, whereas 
on the west coast a few species contribute to the bulk of the crop (Subrahmanyan and Sharma, 
I960). A similar picture is reflected in the fisheries also; a few species constitute the bulk of the 
catches on the west coast while no one species occurs in bulk on the east coast (Subrahmanyan 
andSharma, 1960; Subrahmanyan and Gupta, 1963). In this respect east coast of India 
resembles the East African Coast where also the fish 'although numerous in variety, there are 
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no large quantities of any particular (demersal) species of commercial importance' (Dibbs, 1964; 
Kerr, 1966). 

Shelf and Offshore Regions 

In Figs. 1 and 2 the distribution of the standing crop of phytoplankters in terms of number 
and displacement volume are shown averaged for each degree square for the south-west and north­
east monsoon seasons, based on R. V. Varum cruise material (courtesy: Sydney Samuel). The 
values are per vertical haul 75-0 m. The richness of the crop during the south-west monsoon 
season may be noted generally over the whole region and especially over the shelf. The crop is 
fairly rich on the south-west coast between 7-10°N, 74~76°E. The magnitude is, however, far 
less compared to the near shore region already described. 

The standing crop of zooplankton over this same region according to the observation of 
Silas (unpublished personal comm.nication) flucti'ates from 100- over 700 ml/1000 m^ over 
the shelf and decreases somewhat beyond. The richest area is between Quilon and Calicut, 
Cannan.nore to Karwar and Wadge Brnk in the South. The peak occurred in June and another 
of almost same intensity in October, the values fluctuating from 221-761 ml/m^ over the shelf. 
For the oceanic area high value of 144 ml/1000 m^ was recorded in July and there was no conspi­
cuous secondary peak of abundance. 

INTERNATIONAL INDIAN OCEAN EXPEDITION RESULTS 

Phytoplankton 

The results published so far indicate rich standing crop of phytoplankters in these areas. 

Sukhanova (1962 a, b) found during north-east monsoon of 1959-60 that high concentration 
of phytoplankton obtained off .lava and in the Western region. Regions rich in phytoplankters 
are those where upwelling took place; thus betweeen about 55°-65°E at the equator concentra­
tions were as high as 40,000 cells/m'' in the layer of 100 m; in the region of moderate upwelling 
the concentration was less (South of Equator up to 15° S between 55-65°E; 5°-]5°S between 90° 
and 120°E). A region of fairly high concentration is recorded between ]5°-19°N and 70°-75°E 
off Bombay coast, and off the south-west coast of the Indian peninsula west of Ceylon. The' 
author gives also some information on the species composition. 

The observations of Zernova (1962) based on material collected during 33rd cruise of RjV 
Vityaz in October, 1960 to August, 1961, indicate maximum concentration of phytoplankters 
in the Andaman Sea, Aden Bay, Arabian Sea and south of Bay of Bengal (30°-70°N, 80°-90°E) 
and lowest in the equatorial region. 

During south-west monsoon, in the north-eastern part of the Indian Ocean, Sukhanova 
(1964) found the region between Indonesia and Australia, near the Equator and the southern 
part of the Bay of Bengal very rich in phytoplankters, the quantity was 2-2-5 times that of the 
north-east monsoon. The region of Central Indian water was extremely poor, this zone was 
on 8-10°S during south-west monsoon, but displaced to 18°~20°S during north-east monsoon. 

Zernova and Ivanov (1964) record for the transition period between the monsoons, October-
December 1960, rich phytoplankton North of 12'̂ N and South of 8"N. Between 8°N and 12-"N 
the waters were barren, so also off the Arabian peninsula. In the Bay of Bengal also phytoplankton 
was poor except south-west of "Nicobars and the Andaman Sea. 

In the eastern Indian Ocean, Wood (1966) found the horizontal distribution of phytoplankton 
related to land mass and upwelling; thus, the largest concentration occurred on the coasts of 
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SlUANTITATIVE DISTRIBUTIONT 
OF 

JKARWAR P H Y T O P L A N K T E R S 

<.62i.nsfcoONOAPO0R SOUTHWEST MONSOON 

U85 \ SEASON 

NUMBERSXtOOO 

015. VOL.ML/HAUL 

NUMBERS IN BOX 
PISH LANDED 

FIG. 1. West and South Coast of India. Quantitative distribution of phytoplankton during the soutli-
west monsoon season and quantity of fish landed at different centres (Fish landings data '"rom the 

Annual Reports of the CMFRl for 1966 and 1967). 
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QUANTITATIVE DISTRÎ JTlON. 

PHYTOPLANKTERS 

NORTH EAST MONSOON 

SEASON 

NUMBERSXIOOO 

DIS.VOL.ML/HAUI 

NUMBERS IN BOX 
FISH LANDED 

FIG. 2. West and South Coast of India. Quantitative distribution of phytoplankton during the north­
east monsoon season and quantity of fish landed at different centres'] (Fish landings data from the 

Annual Reports of the CMFRI for 1966 and 1967). 
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Indonesia, N.-W. Australia, and half-way between Sumatra and N.-W. Australia. The area 
between 25° to 35°S off the coast of Australia was barren. Only during blooms (e.g., Tricho-
desmium sp.) plankton was recorded at surface. Otherwise in tropical and sub-tropical waters 
concentration of plankton occurred at 75-100 m, normally below the thermocline and below 
level of 1% illumination. 

Based on the HOE results Wooster et cil. (1967) give estimations of the standing crop of 
phytoplankters in terms of chlorophyll for the Arabian Sea region. During the south-west 
monsoon season large standing crop obtained along the western side of the Arabian Sea as also 
offshore waters, > l-60mg/m^ Between September through November values diminish along 
the coast of Arabia; however, high values obtain in the northern region. Between December 
and February chlorophyll values are low over most of the area. 

Again, during March to May values are low over most of the region except the eastern margin 
of the Arabian Sea, and north-eastern region of the Gulf of Kutch where moderately high values 
were recorded, O'40-l-60 mg/m". The chlorophyll values in the south-east Indian Ocean were 
rather low (Humphery, 1966). 

Zooplanktoii 

Data for zooplankton is available mostly from the Plankton Atlas published by lOBC, Cochin, 
(Prasad, 1966, 1968 a,b); Ponomareva and Naumov. 1962 and Wooster eta/., (1967) for the 
Arabian Sea. During south-west monsoon season, between 0°-25°N between 45° and 80°E the 
standing crop is rich along the Somali coast, Arabian coast, Persian coast and south-west coast 
oflndiauptoMangalore. Between 60°-70°E and5°-15°N the waters are poor in plankton content. 

During north-east monsoon the crop is rich off Quilon to Calicut, the Somali coast and West 
of South Arabia as well as Equatorial region between 65°-70°E v.p to 5°N. 

East of 80° long, the crop is not so rich as on the west. Except the middle of Bay of Bengal 
the crop is fairly rich north of 5°N during south-west monsoon. During the north-east monsoon 
the crop is noticeably rich in the region 80°-85°E, 0°-15°N and 10°-17°N, 85°-95°E. 

During south-west monsoon season a rich crop is present south of Java and a few places 
elsewhere south of the Equator. During the north-east monsoon rich standing crop is noticed 
west and north-west of Australia also. Displacement volumes of plankton were of a high order 
between 5°N to lO^S between 90°-100°E (Daniel and Kumar, 1967). 

The studies on vertical distribution of the biomass of zooplankton by Ponomareva and Naumov 
(1962) show that biomass is higher between 100-0 m than 200-100 m and 500-200 m. A portion 
of Somali coast, Gulf of Oman, Persian coast, regions off Madras and Waltair are indicated 
with standing crops varying from 500 to over 1000 mg/m*. Patches occur with crops varying 
from 500-100 mg/m^ Most of the areas of the Arabian Sea and Bay of Bengal and south up to 
the Equator are shown indicating crop of 100-300 mg/m*. Vinogradov (1962) also found bulk 
of the plankton in the upper 100 m. 

Voronina (1962 a, h), Vinogradov and Voronina (1961) and Vinogradov (1962) have dealt 
with the species distribution as well as quantitative distribution of some species. 

An examination of the data relating to primary production in this region (Prasad and Nair, 
1962, 1963 1964; Kabanova, 1961, 1964; Ryther, 1963; Ryther et ah, 1965, 1966; Wooster et al, 
1967) also indicates that in almost whole of the area where standing crop is rich, organic produc­
tion also is of a high order. 
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The areas rich in plankton crop both during the south-west monsoon and north-east monsoon 
season are shown in Fig. 3, in which data discussed above have been incorporated (no attempt 
is made to show the relative abundance in this figure; areas with very low standing crop are omitted). 

INDIAN OCEAN 
PLANKTON DISTRIBUTION 

y PK4WPLANXT0N CONCf N T M T I O N 

1 PLANKTON CONCtNTRATIOH-KNUU 

FIG. 3. Plankton distribution in the Indian Ocean and adjacent seas. Compiled by the author from 
published accounts. Regions of poor plankton not indicated. Part of the distribution shown in Fig. 4. 

The above review shows that the standing crop of plankton is rich in certain regions and 
exhibits seasonal fluctuations, which is well pronovnced and evident where investigations have 
been carried out for some years. Even the data collected by the expeditions show this seasonal 
fluctuations, as may be seen from the cited literatire. The standing crop of phytoplankton is 
found to be of a high order during the south-west monsoon season, several times the magnitude 
of that during the north-east monsoon season. The zooplankton crop does not show such sharp 
oscillation for, their peak development succeeds that of the primary producers, the phytoplankters 
and are, probably being grazed down. 

It is evident from the above that the monsoons play an important role in this region as pointed 
out by Subrahraanyan (1959 a, 1960). 

LR14 
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MONSOONS AND WATER MOVEMENTS 

Horizontal Transport 

The Indian Ocean region is influenced by two systems of winds, the south-west (May to 
September) and north-east monsoons (November to March); October and April are transition 
months between the monsoons. It is well known that surface currents of the ocean are driven 
by the winds and vertical circulation near the coasts and at the Equator also is wind-induced to 
a considerable extent. 

The wind force on the west coast during the south-west monsoon is strong and may reach 
upto Beaufort 10 (Indian Meteorological Dept. data for west coast of India). During nortl -east 
monsoon, it seldom exceeds Beaufort, 5-5. On the east coast also the wind force is higher 
during south-west monsoon than during the north-east monsoon season (Meteorological Dept.). 

The pattern of circulation in the Arabian Sea and Bay of Bengal has been described in some 
detail by Subrahmanyan (1960 a). The salient feature to be noted is that from about February 
a clockwise circulation conies into being in the Arabian Sea and Bay of Bengal which strengthens 
during the south-west monsoon period; thereafter, after October (a transition month) the current 
reverses due to the north-east monsoon and an anticlockwise circulation obtains from November 
to about the beginning of February. 

Further, it may be mentioned here, that the Cold Antarctic flow, according to Carpenter 
(1887; vide Sewell, 1925, pp. 47-48) extends up to 10°N and gradually surfaces. One arm of 
his flow extends to the Bay of Bengal, a second towards the Malay Archipelago and a third 
into the Arabian Sea. Upwelling of the waters of this current is very much hastened by the south­
west monsoon winds. The influence of this bottom drift on the temperature and nutrient salt 
content of the Arabian Sea and other waters must be considerable. Recent investigations (IIOE) 
however, confirm Antarctic water coming to the surface only eastward from 90° E (Ivanov-Frant-
skevich, 1961). It is also known that there is an exchange of water between the Arabian Sea 
and Red Sea (Thompson, 1939). The foregoing review also show that there is an exchange of water 
between the Bay of Bengal and Arabian Sea (also refer Burns, 1966). 

South of the Arabian Sea and Bay of Bengal, the pattern of circulation is as follows (mainly 
based on Jerlov, 1953, Defant, 1961; Knauss, 1963; Knauss and Taft, 1963, 1964; Ovchinikov, 
1960, 1961; Ivanov-Frantskevich, 1961; Shomura et al, 1967; Wyrtki, 1962). 

The circulation pattern in the open parts of Indian Ocean is also subject to influences of the 
monsoon winds every five months. This definitely proves that winds have a decisive role in the 
generation and maintenance of the ocean currents. 

The circulation in the Indian Ocean may be briefly summarized here. The conspicuous 
feature of the circulation in the S. Hemisphere is a major counterclockwise gyre between 8° S and 
40° S, the northern boundary of this being the South Equatorial Current. This system of circu­
lation persists throughout the year. 

Circulation in the northern part is somewhat complex. During south-west monsoon (May-
September) waters from the Pacific Ocean pass into the Indian Ocean through the Timor Sea 
and Torres strait. This together with the northern portion of the gyre constitutes the South 
Equatorial Current which flows westward. At the African Coast a major portion of the current 
gets deflected north and flows along the African Coast and is known as the Somali Current. A 
lesser portion gets deflected south by Madagascar to form the Agulhas Current. During this 
S3ason the surface currents in the Arabian Sea and Bay of Bengal move in a clockwise direction. 
The easterly flowing Countercurrent is present throughout the year and during south-west monsoon, 
has its axis at the Equator. 
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During north-east monsoon the circulation is reversed in the Bay of Bengal and the Arabian 
Sea and a counterclockwise flow is established. In the oceanic region, in the southern part, the 
circulation remains same as during south-west monsoon. The core of the Equatorial Counter-
current is shifted south to about 8° S. The easterly flowing monsoon current is absent during 
this season and surface flow is westerly and the westerly flowing north Equuatorial Current becomes 
established when the winds are from the north-east. 

Vertical Transport 

The circulation in the Indian Ocean described above apart from bringing about horizontal 
transport of the water, which is obvious, gives rise to vertical movement also, in which due to 
impact of two currents with water mass of different quality convergence or divergence, sinking 
of surface water or upwelling of deeper water, respectively, is brought about. Bottom current 
water may also surface if it confronts an obstacle in its path such as submerged land mass or 
ridges. These are of importance from the biological point of view. 

Upwelling usually occurs in the narrow coastal belt on the western coasts of continents in 
the middle latitudes. Characteristic of this phenomenon are that cold nutrient rich water, often 
deficient in oxygen which is brought up to the surface influences weather on the one hand and 
life in the water on the other hand. The best regions where the phenomenon occurs are the Cali­
fornia Coast, West Coast of Africa, and the West Coast of S. America (Sverdrup et al., 1942; 
Defant, 1961; Hart and Currie, 1960; Gunther, 1936 a, b) Within the last two decades, 
the tropical Pacific near the Equatorial region also was found to show considerable upwelling 
(Cromwell, 1953; Knauss, 1963). 

Several areas in the Indian Ocean region also exhibit this phenomenon. 

Along the coast of Java and Sumbava upwelling occurs during the south-east-monsoon, from 
May to September, when part of the waters of the well-developed South Equatorial Current north 
of New Guinea flow through Halmahera and Banda Seas and form the Monsoon Current. During 
the north-west monsoon, November to March, the surface flow in Halmahera Sea is reversed and 
flows east, and the south Equatorial Current is shiffed to South. Sinking occurs at this time. 
The movements of water here is a good example for the opposite interaction and the deep circula­
tion and water exchange between the Pacific and the Indian Oceans (Wyrtki, 1958, 1962; Rochford, 
1962). 

In the Equatorial region, during north-east monsoon upwelling occurs between 50°-110°E 
around latitude 3-10° S. North of the Equator upwelling occurs over scattered areas between 5°-6° N 
and 58°-70° E. (Ovchinikov, 1960, 1961; Ivanov, 1964). Upwelling of deep water has been 
recorded south of Mozambique Channel (Menache, 1961). 

Observations of Carruthers et al. (1959) indicate possible upwelling off Bombay in the 
beginning of north-east monsoon. Rao and Jayaraman (1966) observed upwelling in November-
December in the Minicoy region {also refer Prasad, 1966). 

Strongest upwelling occurs off" Somali Coast during the south-west monsoon and tempera­
tures as low as 14° C has been recorded at the surface. The only other comparable region for 
such low temperatures as a result of upwelling within 10° off the Equator is the Peruvian Coast 
which is noted for the very pronounced upwelling. 

In the same season, all along the west coast of India from Karwar southwards upwelled 
water is in evidence, the maximum intensity being north of Calicut (Banse, 1959, 1968; Rama-
mirtham and Jayaraman, 1960; Ramasastry and Myrland, 1960; Patil and Ramamirtham, 
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1963). According to these authors upwcUing on the west coast of India occurs upto even Septem­
ber or October and sinking from November to February. According to Sharma (1966) upwelling 
in the coastal waters occurs from February to July/August and sinking from September to 
January, the topography of the thermocline exhibiting peculiarities during April and October, 
transition months between the two monsoons. According to this author the upward tilting of 
the thermocline reaches the surface almost by July indicating upwelling; in August the winds 
strengthen and are south-westerly to westerly; the surface flow which is easterly or south-easterly 
flows parallel to the coast owing to the boundary conditions and gives rise to a southerly compo­
nent; this, together with the high river inflow of freshwater owing to precipitation, stratifies the 
surface layers and these are unfavourable for upwelling; hence, it is doubtful whether there is up­
welling from the beginning of August onwards. It is becoming clear that conditions are a little 
complicated on this coast and would require further investigations. 

As this phenomenon is intimately connected with biological factors, it would be worth­
while here examining this aspect from the biological point of view. It is well known that up­
welling enriches the euphotic zone leading to a bloom of phytoplankters. This will not happen 
suddenly, for, the algae in the water have to grow and multiply and usually the bloom occurs 
after some lapse of time and away from the actual place of upwelled water, the locus of the bloom 
depending on its displacement by currents and direction of the latter. 

On the west coast the bloom of phytoplankton during the south-west monsoon is noticed off" 
Trivandrum Coast from January onwards reaching a peak in May; data are available for two 
years only (Menon, 1945). Further north, at Calicut and northwards the peak is attained in 
July/August. This would indicate a conamencement of upwelling much earlier even when the 
current is northwards on the west coast; and south-west monsoon has not strengthened, and 
the vniformity of the bloom subsequently all over the west coast over the same period could also 
be due to the reversal of the current and its flow southwards in which, not improbably, the earlier 
upwelled water from Somali and Arabian Coasts also play a part with their content of plankton. 

From September onwards the phytoplankton bloom wanes; this would indicate the cessation 
of upwelling from thereon. The biological observations lend support to the view of Sharma. 

Upwelling has also been reported to occur in the Bay of Bengal all along the coast from 
Madras to the Hoogly River leading to the enrichment of the water (La Fond, 1954, 1957, 
1958 a, b, c). Jayaraman (1965) has raised some doubts as to such an occurrence in the Bay of 
Bengal chiefly on the ground of the oxygen status of the water, viz., that concentrations are 
not as low as is usual with upwelled water, e.g., as on the west coast and no upwelling has been 
observed en the east coast of continents except the Somali Coast. It may be pointed out that 
one characteristic feature of upwelled water in the Arabian Sea is low oxygen content (Nejman, 
1963; Vinogradov and Voronina, 1962; Banse, 1959, 1968). 

The oxygen content will depend on the past history of the water; if it had been rich in 
organic matter, as it is on the west coast (Sewell, 1952), oxygen is used up in the oxidation of 
this organic matter. The lower layers in the Bay of Bengal are not rich in organic matter for, 
as is known, organic production in the Bay is of a lower order and this accounts for the higher 
content of oxygen in the upwelled water. 

It is not necessary that oxygen values should be low in upwelled water (e.g., California Coast, 
Wooster and Reid, 1965). Further, the wind direction during south-west monsoon is such that it 
displaces the water away from the coast enabling subsurface water to upwell almost similar to the 
occurrence as of the Somali Coast. Further, what happens here is just the reverse of the events 
on the west coast of continents in the southern hemisphere (e.g.. West Coasts of S. Africa and 
S. America) whicl is what is to be expected owing to Coriolis force. It may also be noted that 
the south-west and north-east monsoons are peculiar features of the Indian Ocean region. The 



HYDROGRAPHY AND PLANKTON AS INDICATORS OF MARINE RESOURCES 213 

intensity of the upwelling might vary depending on the velocity of wind and its sustained duration 
and a change in these may change the locus of upwelling. Observations of Ganapati and Subba 
Rao (1957) off Lawson's Bay confirm the findings of La Fond and his co-workers {refer literature). 
It may be added that Varadachari and Sharma (1967), in their study of circulation of the surface 
waters in ttie Northern Indian Ocean, indicate in their figires upwelling in the Bay of Bengal 
from January to June at different centres. 

The study of the same autl ors (Varadachari and Sharma) cover all the months of the year, 
indicate a number of divergence and ccnvergence points; this would show that there is upwelling 
in some part of the ocean or other resulting in subsurface water coming up and at a number of 
other points there is sinking of water. Even slight mixing of the layers by such hydrographical 
phenomena, particularly over shallow regions and continental shelf, would lead to a bloom of 
the algae as has been indicated by Subrahmanyan (1959 a, b). 

Effects of Hydrographical Factors 

Upwelling resulting in vertical mixing and the horizontal transport of water in currents are 
of biological interest. The unicellular microscopic plants, phytoplankters, ubiquitously distributed 
in the water in the upper layers, the euphotic zone, are responsible for all organic production, 
by their growth and multiplication. Their growth depends on nutrient salts. In the process of 
upwelling nutrient-laden waters surface and replenish the needs of the plants. The enrichment 
of bottom waters itself is the result of decomposition of organic matter which had sunk elsewhere 
and transported by bottom currents to other regions; meeting with submarine obstacles, the 
bottom water rises and in this the meteorological factors also play a role whereby when the surface 
waters are displaced by steady winds as during south-west monsoon, subsurace water comes up 
bringing about upwelling and mixing. It is believed that the waters which sink in the Antarctic 
and which contain enormous quantities of organic matter (result of the very huge production 
during southern summer) are transported north and encounter the Carlsberg Ridge in the Indian 
Ocean and upwell to the surface merging into the circulation of this region enriching the euphotic 
zone. The oxygen deficiency of this upwelled water is due to its consumption di ring oxidation 
of the rich organic dead matter in the water during its course. Attention has been drawn to the 
rich organic content of the bottom waters in this region (Sewell, 1952, also Vinogradov and Voro-
nina, 1962 a). It may be mentioned that all analyses for the nutrient salts in the water on the 
west coast as well as east coast waters have shown a high concentration of phosphates, nitrates, 
nitrites, and silicates (Ganapati et. al, 1956, 1958; George, 1953; McGill, 1966; Seshappa, 1953; 
Ivanenko, 1964 a,b; Jayaraman and Seshappa, 1957; Rao, 1957; Rozanov, 1964; Rozanov and 
Bykova, 1964; Seshappa and Jayaraman, 1956; Subrahmanyan, 1959 a,b). 

Upwelling brings about ideal conditions for the growth of phytoplankters, the primary 
synthesizers; the aquatic environment is conditioned so to say, like a culture medium for growth— 
a fall in temperature to optimum levels (from 31-32° C to 22-25° C), slight lowering of salinity 
(from 35-36% to 30-32%) and plentiful supply of essential nutrients (Subrahmanyan, 1959 a). 
Hence, a rich bloom of the phytoplankters ensues, particularly evidenced by the high rate of 
production and the standing crop as already pointed out earlier, its density varying with the fulfil­
ment of the above conditions of growth (Subrahmanyan, 1959 a, b). 

THE TROPHIC LEVELS 

The enormous pasturage thus produced goes to sustain a host of herbivores, mostly copepods, 
and omnivorous copepods, and a host of higher forms including some fishes, and these in turn 
nourish the carnivores and larger forms. Therefore, a relationship which commences as a 
direct one gradually becomes inverse with forms at a higher trophic level predominating in 
patches, (For more particulars pn phyto-zooplankton relationship please see Subrahmanyan, 
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1959 a, pp. 164-171.) By this time the particular water mass concerned also would have reached 
farther off. This is clearly illustrated in Fig. 4 reproduced from Vinogradov and Voronina 
(1962 i) in which it may be seen that herbivores are found proximate to the zone of upwelling 
where phytoplankters are produced and the other groups mainly farther from this zone. In other 
words, the farther a given link in the food chain is from the phytoplankters, the farther it is down 
the Current from the divergence zone (Vinogradov and Voronina, 1965). 

FIG. 4. Distribution of different groups of plankton in the Equatorial Indian Ocean (from Vinogradov and 
Voronina 1962 (6) 

Preliminary studies on the distribution of plankton off the Indian West Coast area as a whole 
show that the herbivores generally are found nearer the shore and most of them are relatively 
smaller in size compared to the omnivores and carnivores. Table VII illustrates ttie above point 
as regards the copepods, which are the most important organisms in the food chain next to the 
synthesizers. The chaetognaths found mostly farther offshore are camivors and feed on hydro-
medusae, crustaceans, other chaetognaths and young fishes (Alvarino, 1965). The tropical 
Euphausiids are omnivores feeding on phytoplankters {Cosciwdiscus, Planktoniella, Ceratium), 
copepods, meroplankton, tintinnids and so on (Ponomareva et al, 1962). The euphausiids form 
one of the main food items of tunas which abound in the offshore waters and h i ^ seas. The 
salps, found also mostly offshore, feeding generally on diatoms and small animal matter, are to 
be regarded as omnivores (Foxton, 1966). They graze down phytoplankton quickly and in their 
turn are eaten by several fishes. 

Considerable quantities of plankton organisms, dead and otherwise rain down the water 
(jolunjn and n^ar apd at the bpttoin on the shelf form food for a. variety of organisnjs, prawns. 
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crabs, lobsters and bottom living fishes (such as Cyanoglossus sp.). The matter not utilized is 
broken down by bacterial action; part of it comes back into circulation not soon after ar,d 
some go to form deposits {refer later below). 

TABLE VII 

Certain families of pelagic copepoda (calanoids) their habitat and probable feeding behaviour 

Family: 

»» 

** 

»» 

• l 

»» 

„ 

>* 

• » 

» t 

it 

»» 

>» 

>» 

By courtesy Sri 

Calanidae 

Megacalanidae 

Eucalanidae 

Paracalanidae 

Pseudocalanidae 

Spinocalanidae 

Euchaetidae 

Scolecithricidae 

Centropagidae 

Temoridae 

Pseudodiaptomidae 

Pontellidae 

Tortanidae 

Candaciidae 

, P. Parameswaran Pillai. 

Epiplanktonic 

Oceanic 

Epiplanktonic, oceanic and 
coastal 

Coastal, Epiplanktonic 

Coastal Epiplanktonic 

Oceanic 

Oceanic 

Oceanic 

Estuarrine, Epiplanktonic and 
Coastal 

Estuarine, Epiplanktonic and 
Coastal 

Estuarine, coastal 

Epiplanktonic, Coastal and 
Oceanic 

Coastal 

Epiplanktonic 

Herbivores 

Herbivores 

Herbivores 

Herbivores 

Herbivores 

Herbivores 

Predators 

Herbivores 

Omnivores 

Herbivojes and Omnivoi 

Herbivores and Omnivores 

Predators. 

Predators 

Predators 

MAGNITUDE OF THE ORGANIC PRODUCTION Versus FISH LANDING 

Until very recently, it was the belief that the tropical waters are poor as regards plankton 
production and hence their fishery resources were also regarded as poor. The writer's investiga­
tions over several years conclusively proved that this view is not tenable at least as far as the 
west coast of India is concerned (Subrahmanyan, 1959 a, b) and subsequent investigations on the 
standing crop again confirmed this fact (Subrahmanyan and Sharma, 1965). 

Recent investigations employing sophisticated techniques" such as use of O* have further 
confirmed the writer's earlier assessments and also that the fertile area is of wider extent (Prasad 
and Nair, 1960, 1963, 1964; Ryther, 1963; Ryther et al, 1965, 1966; Wooster et al, 1967). 

The reason for the high production have also been sbstantiated in the phenomenon of 
upwelling noticed at several places during both the monsoons {refer above). 

Attention has been drawn to the high standing crop over most of the region {refer adove). 

These findings would lead one to expect a good fishery also along the cpasts bordered by 
the Indian Ocean waters; 
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We have some accounts which give expression to the total organic production for various 
waters and for the hydrosphere as a whole (Riley, 1944, 1950; Clarke, 1946); however, 
as mentioned earlier Cooper (1933) appears to be the first person to evaluate the relationship 
between organic production and actual fish landed. The next account appears to be one from 
the CMFRI, and for the first time in a tropical environment. This was done in 1956 (Published: 
Sr.brahmanyan, 1959 a, i) based on data collected during 1949-54 on the west coast of India 
and comparing them with data from fairly all over the world. It was stated that the landings 
on the west coast which account for 80% of marine fish landed in India, constituted a very small 
percentage of the total plankton production and there was scope for increasing the harvests 
from 3 to 10 times the then level (Subrahmanyan, 1959 a) assuming the possibility of same level 
of exploitation as in the North Sea (Cooper. I.e.). Subsequent increased exploitation by more 
number of mechanised boats inclusive had only reduced the gap by 004% in 1962. 

The above figures on percentage of exploitation have been substantially borne out by the assess­
ments based on primary production using C" by later workers (Prasad and Nair, 1962, 1963). 

Schaefer (1965) has attempted calculation of the eflUciency at different levels. Farther removed 
the organisms fished are from primary production in their food habits, lesser will be the harvest 
of this resource. 

INDICATION OF RESOURCES 

While much has been done to find correlations between plankton crop and fisheries and to 
identify indicator organisms in the temperate and arctic regions (for literature refer Subrahmanyan, 
1959 a, fc) practically little has been done in the tropical regions, particularly India, mostly due to 
paucity of investigations. Nair and Subrahmanyan (1955) and Subrahmanyan (1959 a) attempted 
some correlations for the Indian oil sardine, Sardinella longiceps, but much more remains to be 
done; the difficulty lies in that we do not have enough kn-owledge about the biology of the fishes 
contributing to our fisheries as well as quantitative studies on plankton. Nevertheless, on the 
basis of existing knowledge some indicators of the resources may be arrived at. 

Upwelling as mentioned earlier brings to the upper layers nutrients laden water in which 
plants rapidly multiply leading to enormous production of organic matter. If the previous 
course of this water is known and its source, with knowledge of meteorological factors, particu­
larly wind, areas of upwelling can be predicted as has been done for the West Coast of Africa 
(Orren, 1967). The upwelling regions mentioned earlier—Somali Coast, Arabian Coast, West 
Coast and East Coast of India, Equatorial and Java regions—appear to be well established. 

Owing to the horizontal displacement of the water by currents, this water is carried away 
from the area of upwelling and plankton crop appears separated by time and space, former depend­
ing on the rate of growth of constituents and latter the displacement during the time. The time 
may be short in a tropical environment due to higher rate of metabolism and the space will depend 
on direction and velocity of the currents concerned. 

During the south-west monsoon, the water mass in circulation in the Arabian Sea and to some 
extent in the Bay of Bengal is the upwelled water {refer pp. 210-211). Part of the upwelled water 
also flows towards the Indonesian Archipelago. ITie plankton standing crop is very rich. The 
Arabian Sea has been found to be the richest part of the Indian Ocean in plankton content 
(Subrahmanyan, 1959 a, 6, 1960; Bogorov and Vinogradov, 1961). This goes to sustain the pelagic 
fisheries of the oil sardine, the Indian mackeral and several others, high seas fisheries and of the 
demersal fisheries on the shelf chiefly prawns, which fp?d on the natter raining down to the 
iJQttom. 
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As there is rnvxh in common in the habits of the fishes occi'rring here and elsewhere on which 
much work has been done, e.g., the North Sea herring, the Sox.th African pilchard, Peruvian 
anchovy. Pacific tunas and the Antarctic whales, this knowledge could be used as a basis for inter­
preting the observations here. Perhaps the most important factor which leads to fish aggregation 
in a tropical environment is the availability of food and basic prodixtivity controls the distribu­
tion of fish ultimately {refer also: Murphy and Shomura, 1958). 

Relationship between plankton production and fisheries has been discussed by Subrah-
man.yam (1959fl, pp. 171-79) and it was summarised that movements of fishes could be related to the 
water movements and plankton blcom, and it k possible, as observed by Sette (1950, p. 295), that 
the fishes reach various areas along their route of migration at times, when, on the average feeding 
conditions are favourable; in other words, fish catches coincide with plankton concentration 
suggesting that fish tend to tarry in waters rich in plankton. 

In the clockwise circulation of the plankton-rich water in the Arabian Sea and Bay of Bengal, 
a number of convergence zones and eddies occur; in these places, plankton tends to accumulate. 
Being feeders on the smaller plankters, phyto—and zoo-plankton, the oil sardine and the mackeral 
are to be sought for not far from the zone of upwelling where these plankters occur and accumu­
late in the eddies; they are to be located nearer the shore and on the shelf. Migratory fishes 
are known to stay in eddies and run quickly, between eddies (for food of the oil sardine and 
mackeral refer Nair and Subrahmanyan, 1955; Subrahmanyan, 1959 a; George, 1964; Rao, 
1964; Rao, K. V. N. and Rao, K. P., 1957; Rao, K. V. N., 1964). The predators of these pelagic 
fishes, e.g., cat-fishes, sharks, and so on may be found near these places. 

In this context a reference to Figs. 1 and 2 and a comparison of the fish landed at the different 
centres may be made; it may be seen that catches are several times higher during the north-east 
monsoon months which is the result of the high production cf plankton during the earlier south­
west monsoon season. Almost all the landings are from nearshore by county crafts using gear 
locally popular; only less than 6% of the landings accrue from mechanised vessels. 

Farther off, where one encounters the larger plankters omnivorous and carnivorous copepods, 
euphausiids, chaetognaths, micronekton and so on, their predators abound, the several species 
of tunas. (For more information on food of tunas please refer Kumaran, 1964; Raju, 1964; 
Thomas, 1964; Watanabbe, 1964). The tunas show a wide range of distribution from near the 
shore on the shelf to far off oceanic waters in the Arabian Sea and almost all oyer the Indian 
Ocean to almost 30° S (Fig. 5; Nakamura etal., 1956; Mimura, 1958, 1967; Mimura and 
Nakami'.ra, 1959; Miyamoto, 1967; Morrow, 1964; Jones, 1967 a,b,c; Silas, 1967; Silas and 
Rajagopalan, 1967; Shomura et ah, 1967; Blackburn, 1965). A reference to Fig. 4 reproduced 
from Vinogradov and Voronina (1962 b) would show that tuna grounds are located in the areas 
where larger zooplankters and micronekton abound. This has been the experience of investigators 
in the Equatorial Pacific where the tunas occurred far removed west (near Japan.) by some 
hundreds of miles from the zone of upwelling at the Equator in the east (nearer to North America) 
and were caugjit by the Japanese not far from their Islands (Sette, 1955; Blackburn, 1965). 

Fishing grounds of some important conamercial fishes such as flying fish, skipjack and 
mackerals are located on topographically stationary eddies formed by islands or submarine banks. 

Studies by Varadachari and Sharma (1967) indicate a number of convergence and divergence 
zones, the former more in number during the north-east monsoon season as is to be expected 
and they are situated where the standing crop of plankton also is rich and hence, latter tend to 
accumulate. The convergence zones are indicators of potential fishing grounds; those about 
the Equatorial zone, as is now known, are tuna long-line fishing zones. The convergence zone 
near Laccadives and the Andamans would account for the tuna fishery in these locations. The 
former region is also rich in the larvae and juveniles of tvjias (Jones, 1958-65; Jones and Kujnaran, 
}964«,6), 
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Spawning has also been reported in the Bay of Bengal (March to May), Timor Islands and 
Banda Sea (January to February) and the Indo-Ai stralian Archipelago is regarded an important 
spawning ground fUeyanai?i, 1964). 

I N D I A N O C E A N • eo*sT»i. »NO HISH 5E»5 fiSHcniEs 

FIG. S.Fishing areas in the Indian Ocean and adjacent seas. Compiled from various accounts. 

Since the fifties, the Japanese have consistently exploited the tunas of the Indian Ocean in 
the Equatorial waters, south Bay of Bengal, Andaman Sea, and Laccadive Sea (Shorn' ra et al, 
1967). Jones (/.c.) has drawn attention to these resources since long but there have been no 
Indian ventures to share in this abundance of the tunas yet. 

Our knowledge of the bottom topography, and submarine ridges, b.anks, etc., is rather poor* 
These strcctures hinder the even flow of the currents, cause eddies which lead to sinking of 
plankton rapidly than otherwise. As most of the demersal fishes have a food chain with the 
sinking matter as the first link one might trawl usefully on the banks and the environment of 
submarine elevations. The resources (Mendis, 1965) of the Wadge Bank are to be attributed 
to such a cause. 

Also the trawl fisheries off Gujarat and Maharashtra coasts (Jayaraman et al, 1959; Kagwade, 
1967; Rao, K.V. et.al, 1966; Sudarsan, 1965; Pruter, 1964; Hida and Pereyra, 1966) could 
be attributed to production during south-west monsoon and the concentratiop and sinking pf 
plankton in these regions during north-^ast inonsoon season, 
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A similar pattern of indications of fisheries discussed above has been found also by Longhx'rst 
(1966). 

It has been suggested by some (Banse, 1959, 1968) that the demersal fisheries are considerable 
affected temporarily on the west coast due to Og deficiency in the f.pwelled water which spreads 
over the shelf. In the absence of the Og requirements of the organisms concerned, it is difficult 
to say how far the set-back to fisheries is due to Og deficiency, for, even concentrations as low as 
0 • 1 ml/L have been found sufficient for plankton animals, more so at lower temperatures, 
(Nikitine, 1931; Nikitine and Malam, 1934; Schmidt, 1925; Jespersen, 1935; Sverdrup etal., 
1942). Adverse effect on the organisms is attributed more to presence of hydrogen sulphide 
which has been found in the intermediate layers as a result of the action on sinking organic 
matter by sulphur reducing bacteria, (Ivanenkov, and Rozanova, 1961; Sewell, 1952). It has 
also been noticed that different species react in different maimer to fall in Og content (Vinogradov 
and Voronina, 1962 a). 

Excessive bloom of plankton which often discolours the water has an adverse effect on other 
organisms in the water including fishes and such an occurrence will affect the marine resources. 
Several instances have been recorded (prefer Subrahmanyan, 1954, 1959 a; Brongersma-Sanders, 
1957; Foxton, 1965), however, they are not of such frequent occurrence in our waters. 

OIL DEPOSITS—REMARKS ON POSSIBLE ORIGIN 

The enormous production of organic matter has been referred to already. Not all of it is 
used up, only a fraction appears to be consumed. Workers (Sewell, 1952; Ivanenkov and 
Rozanov, 1961) have drawn attention to the enormous quamtities of organic matter in the deposits 
in the Ajabian Sea where decomposition at times leads to evolution of hydrogen sulphide with 
deleterious effects. These deposits are rather rich in the northern regions and it would appear 
that the circulation pattern with eddies and convergences also lead to sinking of much matter. 

Subrahmanyan and Gupta (1963) in their investigation, on the lipid content of plankton 
observed that the east coast plankton is relatively poorer in lipid content compared with plankton 
of the west coast (Venkataraman and Chari, 1953). 

It is well known that rich deposits of organic matter, particularly micro-organisms in a former 
epoch are responsible for the present day source of oil. It is possible that the oil deposits in 
and along the Arabian and Persian coasts had such an origin when those areas were also sub­
merged; and the Saurashtra region also is likely to yield good results. Geological studies 
indicate that the sea bed in the Gulf of Oman to be Middle Eocene and further north, similar 
beds were found to be petroliferous (Sewell, 1952; also re/er: Bordovsky, 1964, 1966). It is 
probable that the bed in the rest of the northern region also is similarly petroliferous. Consider­
able sinking occurs in this northern region during north east monsoon which might account for 
the enormous organic matter depo>,its in the northern region. The process appears to 
continuing one and present production of plankters might be a living source which die and form 
deposits of future resources. 

GENERAL REMARKS 

According to Shomura et aJ. (1967) the yield of marine resources in the Indian Ocean could 
be increased four to six fold to bring it to a level comparable to that of the Atlantic and Pacific 
Oceans, if productivity is similar in the three Oceans. The maximim yields for the Atlantic 
and Pacific Oceans have not yet been attained, This potential assessment given, hepce, is only 
fi n înimal level, 
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From what is already known of organic production in the three Oceans and what has been 
presented here, organic prodx.ction is rot any the less in the Indian Ocean region. The high 
fertility of the waters of the Arabian Sea, the Laccadive region, the Equatorial region and the 
Andaman waters should be quite obvious from the data presented. The possibility of 
a three to ten fold increased exploitable resources pointed out over a decade ago by the writer 
(Subrahmanyan, 1959) is rot far off the mark. This is the picture in a "well exploited—inshore 
area of the Indian Ocean region by a developing nation"; the western and northern region of 
the Arabian Sea, parts of the Bay of Bengal ard in the borc'ering developing countries where 
rich organic production ard stardirg crop are indicated (Fig. 3), exploitation is much less. An 
indication of the potential resources of these rear east courtries is given by Mietle (1967). It 
may be mentioned here as of interest that beyond the very narrow belt fished by the country crafts, 
the mechanised vessels introdixed also confine themselves to a few select places for fishing and 
vast areas remain untouched and mechanised fishing even row accounts for, on an average, only 
less than 6% of the total landings (CMFRI data). 

There were sceptics when the above possibility of increasing the resources was indicated 
by the writer over a decade ago; not long after, however, the observations were confirmed by 
subsequent work or organic production (Prasad and Nair, I.e.). 

It might be of interest to notice here the report of a phenomenal mortality of fishes in the 
Arabian Sea (Jones, 1964) encountered by the Russian ship IRKUTSK in 1957; it was reported 
that the dead fish estimated amounted to over 20 million tons—nearly equalling world's then 
annual catch. Though this is not a regular feature and of this magr.itide, if this could be the 
figure for dead fish what must be the resources of this area, may well be imagined. Even dis­
counting all this, the following statement by the Russian scientists (Bogorov and Rass, 1961; 
quoted by Jones, 1967 c) is very significant and revealing. "There is evidence of significant 
fishing resources in open parts of the Indian Ocean, first of all in waters of the Aradian Sea. ..The 
route from the Soviet Black Sea ports (Kherson, Odena, Kerch) to the Arabian Sea is no larger 
than 4-4-5 thousand miles and the possibilities of developing our fishes here are undoubtedly 
of practical interest." The our refers to 'Soviet Russia'. It is now well known that vessels 
not only from Japan and Russia but also Korea fish in the Indian Ocean waters. There is no 
reason why India should rot take a share of the resources available at her doors. 
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