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ABSTRACT

A study was made to understand the influence of phytoplankton on the abundance of zooElank(on.

and the relationship between zooplankton and euphbausiids in the continental shelf waters of

e south-

west coast of India. The study revealed that the depth of the water column and nearness to the mainland
coupled with the process of upwelling have profound influence on the quantum of production at the pri-
maty and secondary levels and the euphausiids available over the shelf area. While the total plankion
showed an increase towards the shallower inshore areas, the euphausiids showed an increase in the deep

neritic areas thus showing an inverse relationship.

INTRODUCTION

THE PropuctioN at the various levels of the
food webin the sea is inter-related and com-
plementary to each other. The physicochemi-
cal properties of the marine environment play
significant roles in establishing such inter-
relationship. The phytoplankton being the
basic producer, all the other living organisms
have to depend upon them, either directly or
indirectly for their survival. Therefore where-
ever favourable conditions encouraging pro-
duction at the basic level exist, it is rather
customary to meet with increased production
at higher levels too.

The southwest coast of India is noted for
intense upwelling during the southwest mon-
soon (Banse, 1959, 1968; Ramamirtham and
Jayaraman, 1960; Ramasastry and Myriand,
1960; Panikkar and Jayaraman, 1966; Sharma,
1968, 1978; Anon., 1976). Consequently it is
one of the richer grounds of production at
the primary (Subramanyan, 1959; Kabanova,
1961; Nair, 1974), secondary (Silas, 1972;
Lenz, 1973; Anon., 1976; Menon and George,
1977y and tertiary levels. With these in
view, an attempt was made to find out the
influence of phytoplankton on euphausiids

and the inter-relationship, in space and time,
between zooplankton and euwphausiids in the
continental shelf waters along the south-
west coast of India.

The author is extremely thankfu! to Dr.
E. G. Silas, former Director of the Central
Marine Fisheries Research Inmstitute, Cochin
for suggesting the problem, guidance and
critically going through the manuscript. His
sincere thanks are also due to Dr. P. S. B. R.
James, Dircctor of the Institute for his keen
interest in this paper,

MATERIAL AND METHODS

Zooplankton samples were collected from
30 fixed stations for one year on a bimonthly
basis from the continental shelf waters of the
southwest coast of India between Calicut and
Karwar using an Indian Ocean Standard Net
of 0.33 mm mesh size as vertical hauls from
5-10 m above bottom to the surface. The
volume of zooplankton was determined by
displacement method and numerical counts
were taken for the euphausiids. For a better
comparison between the various aspects of
the study, the area under investigation was
divided into three depth zones such as (1)



RELATIONSHIP OF EUPHAUSIIDS WITH OTHER ZOOPLANKTERS

shallow water area upio 25 m depth, (2) area
of intermediate depth between 25 and 75 m
depth and (3) deeper water area between 75
and 180 m depth. The samples falling under
each depth zone were considered together
for the zooplankton volumes and euphausiid
numbers. These helped to find out () the
zoaplankton/euphausiid relationship in each
depth zone and (b) the zooplankton/euphau-
siid relationship in the different months in
each depth zonme. For this the displacement
volume of the zooplankion and the number
of euphausiid obtained from the respective
depth zone and the month were standardised
to 1000 m? of water. The data for the phyto-
plankton productivity were taken from the
published sources. In the first instance it is
desired to examine in brief the pattern of pro-
duction at the primary and secondary levels
along the southwest coast of India and then
conmpare these with the euphausiids.

Seasonal variations in the rate of primary
production along the southwest coast of India

In the inshore areas along the southwest
coast of India, Nair (1974) obtained primary
productivity values of over 2 gC/m?/day
within 50 m depth during the monsoor period
(Fig. 1). Just below the surface the rate per
unit volome was 12 mg C/m3/hour, suggest-
ing a constant replenishment of nutrients.
The monthly mean vaiues for the west coast
of India for two years are given in Fig. 2.
Kabanova (1961) observed intense production
off the Malabar coast, which extended sea-
ward for a considerable distance. The summary
of values for the different depth zones
given in Table { (Nair, 1974) indicates that the
level of organic production is high towards the
coast, becomes less towards the edge of the
continental shelf and is least outside the sheif,

The picture of primary productivity emerg-
ing out of the foregoing discussion is that (1)
the west coast of India is highly productive
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especially in areas of upwelling, (2) the near-
shore areas are comparatively more productive
than the offshore and oceanic areas and (3) the
southwest monsoon and the post-monsoon
months (upwelling period are more productive).
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Fig. 1. Values of primary production (g C/m?/day)
obtained for the water column at the res-
pective stations along the southwest coast of”
India and the Lakshadweep Sea during, 1965-.
1968 (after Nair, 1974).

Production at the secondary level along the-
southwest coast of India

Silas (1972) found that the peaks production
in the shelf arca along the west coast was in
June and October (the period of intense up-
welling in this region) when 761 and 717 cc of
zooplankton per 1000 m?® of water respectively
was obtained. The corresponding minima wer
observed in January and February (the p_erioe”
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of sinking) with values 23} and 253 cc per 1000
m? of water. According to Anon. (1976)
and Menon and George (1977) the zooplank-
ton biomass was low on the shelf waters from
Janpuary to April. Afterwards following the
upwelling during the southwest monsoon,
the zooplankton biomass increased to reach
a peak during July to September period. Then
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Fig. 2. Seasonal variation in the values of primary

production (g C/m%/day) along the west coast
based on monthly averages (afier
Mair, 1974).

there was a uniform concentration of plankton
slightly beyond the nearshore waters alt along
the coast. A secondary peak of production
occirred in November. A shoreward drift
of plankton could be observed during this
period with a reduction in overall abundance.
Plankton production and upwelling in this
region was closely and directly related.
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Zooplankton - euphausiid relationship in  the
study area

During the present investigations the average
rate of zooplankton production in the shelf
waters between Karwar and Calicut along the
southwest coast of India from December,
1966 to December, 1967 has been estimated
to be 208.92 cc per 1000 m® of water. This is
comparable with the highest values obtained
for the Indian Ocean during the International
Indian Ocean Expedition (Prasad, 1966).

Fig. 3 gives the results of the study made
on the relationship between the abundance
in zooplankton and euphausiids in the shelf
waters during the different months under ob-
servation. The largest number of euphausiids
(5,250.33/1000 m?® of water) was obtained
in October which was the month of least
abundance of zooplankton (159.49 cc/1000 m?
of water). Similarly when only 160 euphau-
siids per 1000 m® of water were obtained in
June, a rather high value of 25240 cc of
zooplankton was obtained. In the other
months also a somewhat similar trend in the
abundance of plankton and euphausiids was
observed.

A consideration of the depth-wise abundance
of zooplankton for the entire period of in-
vestigation showed that in the shallow water
arca the quantity of plankton per 1000 m® of
water was 350 cc while it was 272.27 cc in the
intermediate depth zone and only 123.45 cc
in the deep neritic zone. In the earlier discus-
sion on the variations in the rate of producti-
vity at the primary level in accordance with
the different bathymetric zones, a similar
trend was found operating, being more in the
shallower nearshore areas and less in the
off shore and oceanic areas (Table 1). At the
same time from a mere 83 euphausiids per
1000 m® of water in the shallow waters, it
rose to 1,569 in the intermediate depth zone to
reach the maximum of 2,542 specimens in the
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deeper zome. Thus an inverse relationship was
found to exist in the continental shelf area
between plankton and euphausiids.

Tasre 1. Swmmary of primary praduction values along
the wesi coast of India for the different depth
zones in g Cimijday and g C/m®[year (afrer

Nair, 1974)
Depth zones Total Average Annual
Upto 50 m 28.47 1.24 453
50-200 m 1091 0.47 172
Above 200 m 7.21 0.18 66

Some attempts were made to understand the
plankton-cuphausiid relationship in the differ-
ent months, again considered on the basis
of distance from shore or increasing depth
(Table 2),
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to October, some euphausiids were present
{Table 2).

In the intermediate depth zone, in each of
the months under consideration the quantum
of plankton present was comparatively less
than in the shallower areas. On the other
hand there was a drastic increase with regard
to the euphausiid abundance. The periods of
peak abundance of euphausiids in this depth
zone were Aungust and October (3,262 and
4,672 respectively per 1000 m® of water).
When compared to the shallow water areas
there was a change in the trend of plankton
abundance in different months in the inter-
mediate depth zone. The minimum quantity
was recorded in February and the maximum
in June from where onwards the quantity
declined again until October (Table 2). Thus

TAmE 2. Depth-wire abundance of zooplankton (in cc) and euphausiids (in Nos.) in the continental shelf waters

(estimated for 1000 m® of water)

Depth zones (m)
Months Upto 25 26-75 76-180
Zooplankton  Euphgusiids Zooplankton Euphauvsiids©  Zooplankton Euphausiids

December, 1966 388.00 - 298.67 866 165,32 605
February, 1967 20192 - 182.53 912 111.47 2,319
April, 1967 352.00 - 329.08 123 185.93 987
June, 1967 140.00 - 365.53 89 152,80 236
August, 1967 426.87 259 280.17 3,262 166.55 5.728:
October, 1967 376.67 200 214.46 4,672 73.92 6,027/
December, 1967 420.00 - 514 592 80.51 1,159

In the shallow water areas the irend in while in the shallow water area, the months.

secondary production showed an irregular
pattern in the different months and the quantity
ranged between 140.00 cc in June and 426.87 cc
In August. As far as euphausiids were con-
verned, in the area under investigation where
intense upwelling was noticed from August

of upwelling seemed to be highly productive,
in the intermediate depth zone the plankion
production was relatively poor.  However,
the seasonal fiuctuations in the rate of secon-.
dary production in the intermediate zone:
was not as pronounced as in the shallow areas..
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In the third depth zone, the zone of deeper
neritic waters, it was found that the rate of
secondary production was low when compared
to the other two zones and never showed any
substantial fluctuations through various months
1967

except in October and December,
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1000 m® of water} and it was almost equally
abundant in August also. The least number
found was in June Table 2).

In summing up the discussions made above
it may be stated that in all the months the
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Fig. 3. Zooplankten - Euphausiid relationship in the continental shelf area of
the southwest coast of India during the various months of observation.

(Table 2). The quantum of production ranged
between 73,92 cc per 1000 m? of water in Octo-
ber and 18593 cc per 1000 m® of water in
April. The abundance of euphausiids showed
great fluctuations, Its population in this depth
zone was maximum in October, (6,027/

quantity of euphausiids was more in the deep
neritic  zone, moderate in the intermediate
depth zone and least in the shallow inshore
areas. The only exception to this general find-
ing was December, 1966 in which there was
only 604,62 euphausiids per 1000 m? of water
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m the deep neritic zone whereas there
were 866 specimens in the intermediate zone.
With regard to the zooplankton, the trend of
increase in their quantity with decreasing depth
was more pronounced during the period from
August to December while in February, April
and June though the production was com-
paratively less in the deeper zone, it was com-
parable in the intermediate and shallower
depth zones.

The foregoing accout once again confirms
the positive relationship between phytoplank-
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ton and zooplankton. The increase or
decrease of the former reflect on the dis-
tribution and abundance of the latter in
space and time, However, such a posj-
tive correlation was not found with regard
to euphausiids in the continenta! shelf
waters. As far as these organisms are com-
cerned it may be the physical environmental
factors that play a major role in controlling
their geogeaphic distribution and abundance,
at least, in the continental shelf areas, a rich
supply of food either of plant or animal origin
being of only secondary importance.

REFERENCES

Anonymous 1976, Physical oceanography of the
south-west coast of India based on the investigations
of the UNDP/FAQ Pelagic Fishery Project. UNDP/FAG
Pelagic Fishery Project,  BergenfCochin,  Progress
Reporr, 16, 39 pp.

Bansg, K. 1959, On the upwelling and bottom trawl-
ing off the southwest coast of India. J. mar. biol. Ass.
India, 1 (1); 33-49.

———— 1960. Hydrography of the Arabian Sea
shelf of India and Pakistan and effects on demersal
fishes. Deep Sea Research, 15: 45-T79.

Kapanova, J. G. 1961. Primary production and
nutrient salts content in the water of the Indian Ocean.
Okeanol. Isaled., 4, 72-75.

Lenz, 1. 1973, Zooplankton biomass and its relation
to particulate matter in the upper 200 m of the Arabian
Sea during the NE monsoon. Ecelogical Studies - 3.
In: Bernt Zeitzschel (Ed) The Biology of the Indian
gcalr(n. Springer - Verlag, Berlin, Heidelberg, New

ork.

MEnoN, M. D, anp K. C. Georce 1977, On the
abundance of zooplankton along the south west coast
of India during the years 1971-75. Proc, Symp. Worm
warer Zoopln,, UNESCO{NIO, Goa, pp. 205-213.

Nar, P, V. R, 1974,

. g Studies on the primary produ-
¢tion in the Indian seas.

Ph. D, Thesis, Univ. Cochin.

PanikKak, N. K. anD R. JavaraMan 1966, Ecolo-
gical and oceanographical differences between Ara-
bian Sea & the Bay of Bengal, Proe. Indian Acad.
Sect., Indian Ocean, 14: 231-240.

Prasap, R. R, 1966. Some aspects of productivity
and fisheries of the west coast of India. Sea Food Trade
Jour., 1 (8): 11-15,

RaMaMIRTHAM, C. P. anD R. Javaraman 1960.
Hydrological featyres of the continental shelf waters
off Cochin during the years 1958 and 1959. J. mar.
biol. Ass. Indla, 2 (2): 199-207.

RAMASASTRY, A. A. AND P. MyrLAND 1960. Distri-
bution of temperature, salinity and density in the Ara-
bian Sea along the South Kerala Coast (South India)
g;u;iggsthe post Monsoon season. Indian J. Fish., 16:

Suarma, G. 5. 1968. Seasonal variation of some
hydrolo jglcal properties of the shelf waters off the west
coast of India. Proc. Symp. Indian Ocean, New Delhi.
(Bull. N. 1. §. 1), 38 (1): 263-276.

————— 1978, Upwelling off the southwest coast
of India. Indian Jour. mar. Seci., T (12): 209-218.

SiLas, E. G. 1972. Investigations on the deep sca-
ttering layers in the Laccadive Sea. Proc. Ist Int, Symp.
Corals & Coral Reefs , MBAI, pp. 257-274.

SUBRAHMANYAN, R. 1959. Studies on the phytoplank-
ton of the west coast of India I-IIl. Proc. Indian Acad
Sci., 50: 113-252.



