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MONSOON REGIME IN THE INDIAN OCEAN AND
ZOOPLANKTON VARIABILITY
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INTRODUCTION

The effect of the monsoon in the Indian Ocean is
limited to north of 10°S, the area being defined as
the region of seasonally changing monsoon gyre
(Wyrtki, 1973). The southwest monsoon (SW) is
prevalent from May to September when the
cyclonic circulstion in the surface waters of the
Arebien Ses and Bay of Bengal results in water
movement from west to east. The wind direction is
reversed during the northeast monsoon (NE)
period extending from November to March and the
gyre besomes anticyclonic leading to a circulation
from eest to west. The monsoonal effects on
zooplankton lead to characteristic zoogeographic
patterns in the open oceen and coastal waters.

Studies of 200plankton verisbility were taken up
since the International Indian Ocesn Expedition
(1960-65) and later surveys made by the
National Institute of Oceanography (Reo, 1979;
Rao et al.,1981). The various aspects presented
here are based mainly on the euthor's
investigations covering a8 period of about fifteen
years, The evaluation is presented in three
sections to show how the monsoon exerts its
influence on zooplankton from different types of
environment.

OPEN OCEAN

The reversal of the monsoon circulation is one of
the most important factors affecting the sbundence
and diversity of zooplankton in the open ocean and
is reflectad in the reletive abundance of total
2ooplankton biomass (10BC, 1968) and common
groups like copepods (10BC, 1970), cheetognaths
(Nsir, 1972), pelagic tunicstes (Nair & lyer,
1974), decapod lsrvee (10BC, 1970), pelsgic
moliuscs (10BC, 1971) and others. This is true
whether the entire group or a species belonging to

the group is concerned. Higher abundance of the
group/species is observed along the north esstern
part of the Indian Ocean (Bay of Bengal) during
the SW monsoon, when the circulation is from
west to east. During the NE monsoon period, the
flow is reversed and the relatively higher
population existing in the esstern side begins to
spread along the west coast of the Indien
peninsule. This is well marked in the
z000e0graphy of Sagitts bedoli, S.bipunctale,
S.enflata, S.pacifica, S.reguleris and S.
robusts(Nair, 1972; 1977)(Table I).

On the western side of the Arabien Sea, 83 8
result of its reversal, the Somali current
transports zooplankton meridionally across the
equator both in southern and in northern
directions according to the time of year. The
samples collected during the Lusiad Expedition in
July/September 1962, along the equatorial
region of the Indian Ocean with north-south
transects covering the eguatorial Current System
show this (Nair, 1976). Common groups and
different species of cheetognaths reach maximum

-population density west of S7°E, suggesting a

meridional distribution on the western side end 8
2onal distribution along the remaining part of the
equatorial zone (Fig. 1). Upwelling enriches the
Somali waters during the SW monsoon period and
the current carries part of the dense population
seen off Somalia towards the esstern part.

COASTAL WATERS

The cosstal waters of the tropics are highly
productive and sustsin a rich snd abundant
plankton life. This area is also influenced by the
seasonal variations in rainfall on account of the
monsoon. Here the monsoonal effect is more
during the SW monsoon (June to November) when
freshweter influx from rivers and estuasries



-211-

potded uoosuow 3N 8y butunp eniBA PeAJesqo wnuixel .
potuad uoosuow ms ey} Bulunp enjBA peAsesqo WNWIXel ,

¥9'1919 £SCSOF 11°801Z| 1S IFZZ OP'SZY 16°2191199°'91P1 OL SPE 96°ZL01)99°29ZS Z1 1IFE S 9SBZ Y101
oav6 .11°'98 698 £Z6L S8'1 BLLl [i1zzZL osvY 122 0S'e8l Z8'v8 .99°86 njsnqos-§
ShI6l SZOSI ZZ Ly |SPILLL 00SZ .CSHOFL (D900Z ORI 961 VeSSl ZIL ODLS SitEinbess
cZIT S@LZ 986 £8°S 0£E $£SC 2Tt 080 L5611 (ovwy SKPEZZ  .S912 ssy3/nd"S
C6'609 ~FSSZF ¥ bEL [S6080Z S6'81 000061 (0618 O1GL 0SZ9 (106SF CZ¥IZ QLVOL #3//138d°§
05801 L6'SL £CZE |92°SZ O1°'SL 9901 |[rFi'90L OF1) ¥LV6 |(SZVL 62S9 v68 ay20/600°85
804 -—— a0t - - -—- ol’o -=- ol'0 9CLl ZBZL  wvY rjIH S
FSZE  S861 69zt (ozs 00t 0TV 1 240 010 ¥ZoO BI'SE Z6LL .9Z°LL sssydexey s
ceel cr'y 268 9»'6Z O00'CZ 99S |peR ozre wlo 960 L09Z 69Z X048)°%
CO'SEAC BZ0ZST LT SIS 81°ZZSI SL°91Y SPS06 (L1'P68 OF LIZ 227289 | 19°80ZC ¥C'CZVL LV S98) #78/jue’S
S2°001 S961 0608 |C6°061 02°ZZ .£ZQYl |1SCQ 086 12'SZ [/28091 8Zy0 60°'9L #yj2andig s
SI'BCL L5G0S B8LZEZ [11'96 SO'IZ 90°SL |[18Zr) O£ 1T I1S911 |VOL6S P6SIZ .06 18F 170peq-§
C601C L0081 .B8°0FL |IT°68 0L0C 1985 [»OOl 09 SC L1'S61 06'8Z 9Z911 o284p 1
1 WA ez's L6271 |00°) -==- 00} z9'l -—-  TY 09yZ 6612 19°Z 51117985y
CZCS OLZS E£SZTz (vl OZSKH KZIT [S62Z OSPL SPCL (106 CIIl 9042 &3//130d"y
Wi01L MmS E ] V101 MAS N Tviol AS E 1v101 MS N
(3.08-SZ ® N.OI-S) (3.S2-04 ® N.0Z-S1) (3.0£-59 ® N.SZ-02Z) (3.55-0S % N.G1-01)

¥ YRV £ YRIY tAE: |\ 1 YRiY sejaedg

*SeJ8nbs _C Pe139(9S 9y} JO SN{RA [BI1JeWnU 808.USAR YIiM BOS UBIQRJY 91} U} 59108d5 JUeJa))ip jo Jequinu 85BJBAY | 0|qB]




-212-

© S.robusta
x K. subfilis

® S.bedoti
8 S. neglecta

3004
0S. pulchre I

. A K pacifica
‘ 4o
1501 & S. minima

o 151 Ofn 4° ‘O a

2001
tﬂﬂ/\hj hexaptera
0 P ) Py P

| \ S.bipunctata G
[] 2 aa T a abon

>

m

X

e

]

a

u e

c

£

'g 1600 _/\/ S.regularis  F
2 ¢

v L N
s -

- L

]

o

E

E]

4

PP S SN Sy SN

800 / Ptdtaco £
0 /‘. . [

b oc®

500l S. ferox D
3
0 P

S.pacifica  C

10000

S.enflata
S000} B
0 - e P

~
v

Biomass per Haul
=

o)
T

Phosphate -Phosphorus (ug at/l)

=)

Fig.1 Distribution of (A) totsl zooplankten,
cheetognath volume, phosphate phosphorus and (B
to 1) different species of Cheetognaths along the
equatorial east-west transect of the Lusied
Expedition in the Indian Ocesn (8, totsl
2c0plankton: b, cheetogneth volume and c,
phosphate phosphorus).

lower the salinity along the coast to 30-34.5%¢0.

in general, throughout the Indian coestal waters
the annual 2ooplankton distribution is bimodal
with two peaks - one just before the monsoon and
the other just after the rain. (Rao, 1979, Reo et
8l.,1983). The plenkton production triggered

during the SW monsoon period (June -
September) mekes the region an excellent .
pasturage for the plankton feeders and in general,
the peak fishing season along the coastal waters
coincides with this period (Nair, 1982). ,

Along the east coast there is an increase in the
biomass of 2ooplankton from north 1o south
whereas a reverse patlern has been observed
during October to November along the west coast
(Nair, 1977). The incidence of high densities of
cheetognaths along the two coasts also follows a
similar pattern. Along the west coast, off Bombay
the populstion maximum of cheetognaths was seen
in November-December (Nair et al., 1981),
south of Bombay, off Calicut in October -
November and further south at Trivandrum the
pesk observed was much eerlier (July -
September). On the eest coast, the pesk periods
for the chestognsth species were found off Madras
during May - August, and towards the South in the
Guif of Menner it was in November and December
(Rao et al., 1981). The prevailing difference in
salinity, periods of upwelling and surface
currents may contribute to this pattern of
abundance. Upwelling along the west coast starts
in March and continues during the SW monsoon
with its maximum effect in August - September.
It sets in earlier in the south and graduslly
extends to the north (Rao, 1979) and concomitant
with this, the movement of pesk zooplankton
abundance is also from south to north.

ESTUARIES

The monsoon exerts stress on estuarine fauna by
bringing about a drastic change in salinity, which
was more marked towards the upper reaches.
During the high salinity period zooplankton
maintained a high level of production of avout 3 to
7.5 times thet of the relatively low standing stock
of zoopiankton observed during the low salinity
period (Nair, 1982).

The low saline fauna replacing the high saline
species are not at all diverse or rich in
comparison (Rao et al., 1981). Neritic species
like Sagitta bedoti penetrate to the upper
reaches of the estuarine system during the
premonsoon period when a uniform salinity (25.3
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- 33.5%00) preveiled throughout the system
(Nair, 1974). In the postmonsoon period the
cheetognath populstion synchronically followed
the steep gradient in salinity (0.2 to 28.6%00)
along the estuary and became restricted to its
seaward end.

CONCLUDING REMARKS

In the open ocesn the semi annually reversing
system of currents exert profound influence on
the shifting of 2ooplankton populations. The
assumption is based on samples mostly collected
from the upper 200m of the indien Ocean and the
limit of such influence is yet to be ascertained. In
the coastal waters the time lag involved in the
north to south or reverse pettern of movement of
species along with associated factors responsible
for such veriability calls for detailed
investigation. Estusries with the characteristic
fluctuations in salinity on account of monsoon and

the theory of repopulation are espects to be
studied in detsil.
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