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ANNUAL VARTATIONS IN ZOOPLANKTON FROM A
POLLUTED COASTAL ENVIRONMENT
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ABSTRACT

Seasonal changes in the composition and distribution of zooplank-
ton from the coastal woters of Trivandrum were studied. The study indi-
cated that the effluent discharged from a nearby titanium dioxide factory
did not affect the zooplankton abundance. Copepods followed by clado-
cerans contributed to the bulk of zooplankton. Species composition of
zooplankton and their ecology are discussed. Diversity of zooplankton
was high in the postmonsoon months and also in April.

INTRODUCTION

Much information has been collected on the :zoogeography, distribution and
ecology of various groups of zooplankton from the Indian waters during the Inter-
national Indian Ocean Expedition. However, very few studies have been carried
out for the entire year to illustrate the changes in the composition and distribution
of zooplankton from the coastal waters- Results of the studies conducted on zoo-
plankton in 1976-77 off Trivandrum, southwest Kerala, are presented in this paper.

MATERIAL AND METHODS

Zooplankton samples were collected as a part of the survey conducted to study
the effect of effluent discharge from a titanium factory into the coastal waters of
Trivandrum (08°30'N; 76°55'E)- The effluent (discharge rate-4000 m®/day) chiefly
containing sulphuric acid, ferrous salts and titanium dioxide spreads along the coast
imparting a reddish brown colour to the seawater extending to a width 0.3 to 0.5km
from the shore- Lowering of pH of seawater occurred at the effluent outfall area
(o03), but rapidly increased to the pH of normal (©98) as the efluent mixed with seawater-
Z ooplankton were collected in oblique tows with a Heron-Tranter net (mouth area—
-25 m2, mesh size-300y1) attached with a flowmeter. Samples were collected within and
outside the effluent patch at monthly intervals from November 1976 to December 1977
{collections were not made in May-Junz and September-November in 1977} at the
effluent outfall area (TTP), Thumba, 5 km north of TTP and Sankhamugam 5 km
south of TTP (Fig- 1)- Coilections were also made at Kovalam (15 km south) which
remained 2s a clean station- Biomass was estimated as displacement volumz and
organisms in gach sample were counted to species level wherever possible-

Diversity indices for total zooplankton and copepods separately were found
from & (Fisher, Corbter and Williams, 1943) and D (Margalef, 1958) and from H

* Pr:ssat addrases: National Institute of Oceanography, Dona Paula, Goa-403 004.
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Fig. 1. Arca of work (closed circles) and location of stations (open circles). (Depth in Fathoms)

(Shannon & Weiner, 1963) and E (Heip, 1974) which give the equitability component
based on information theory. These were calculated after converting the nmumbers
of zooplankton to their number per cubic metre-

RESULTS AND DISCUSSION

Analysis of variance performed for biomass, total numbers and common spe-—
cies of zooplankion (Table I) did not show any significant variation bstween affected
and unaffected areas- This must be because the zooplankion get carried away with
water movements and their sojourn in the polluted water may bz too short to get
affected by the sublethal effects of suspended ferric oxide flakes unlike the benthic and
beach fauna which were found to be severely affected in the effluent spreading area
(Menon, Madhupratap, Haridas, Vanugopal and Rao, 1979). Field and laboratory
studies on acid-iron wastes from New York Bight (Gnce Weibe and Hoagland, 1973;
Weite, Grice and Hoagland, 1973) had shown it to be only a minor factor affecting
zooplankton abundance and distribution and mortality occurred only in pH less than
6-5. Qualitative analysis also failed to show any indicator species associated with
polluted water in the present study.
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Table I. Results of analysis of variance.

Source 5. df. ms. F.

1. Biomass

Total 0-2677 53 _

Stations 0+0240 2 0-0120 2479 (N.S4)
Areas 0:0116 1 0.0116 2:70 (N-5)
Months 0.0534 8 0,0067 1.56 (N.S.)
Error 0.1787 42 0.0043

2. Total Number

Total 84.4561 53 )

Stations 1.9738 2 0.9869 <l (N.5.)
Months 20.6586 8 2-5823 1-91 (N.S.)
Areas 5-1239 1 5-1239 3-80 (N.8)
Error 56- 6998 42 1-3500

3. Species

Total 43.7402 87

Ptations 1:9684 3 0-6561 <1 (N.Sh
Species 29-2646 10 2.9265 246 (N.S.)
Areas 0.8598 1 0.8598 <1 (N.S)
Error 16.6474 14 1.1891
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N. 8.=Not significant at 5 9} level.

Analysis of variance also did not show any significant variation in zooplank--
ton abundance (quantitative as well as qualitative) between stations probably owing
to their proximity. - Hence the values for all the stations in each month were pooled
together and averages were taken for presenting the annual cycle.

The mean biomass ranged between 0.07 ml/m® obtained in November aad
July and 0.74 ml/m3 in August- The latier was caused by a swarm of cladocerans
and high numbers of copepods especizlly belonging to the genera Temora and Acro-
calanus tesulting in high numbers of zooplankton (7078/m®).  Otherwise the tozal
numbers of zooplankton ranged between 98 in November o 1091/m3 in April with an
average of 1203/m?® (Table II)- Annual average of biomass (0-18 ml/m®) is comparable
to the average biomassvalue of 0-17 ml/m® obtained for the coastal station off Cochin
in 1972 (Stephen, 1977) although her data showed an increase in biomass towards
offshore. Nair (1978) has reported an average biomass value of 0.04 ml/m® from the

Binge Bay, Karwar-

Copepods formed the major zooplankton compeneni constituting 59.4% of the
annual counts (Minimum-76/m” in December 1976, Maximum 3574/m® in August
1977, annualmean-714/m®)- 42 species were identified inthe present study- 34 ofthem
belonging to 17 genera of the suborder calancida contributed to the main bulk of
copepoda. 2 genera of harpacticoids each represented by a specics and 6 species of
cyclopeides from 4 genera formed the resi. Copepods dominated throughout the
vear except in August and December 1977 when a swarm of cladocerans and sipho-
nophores dwarfed their dominance.

8 species, viz., Temora turbinata (35-2%), Acrocalanus monachus (14.8°%),
Acartia erythraea (12.59;), Undinula vulgaris (6-6%,), Canthocalanus pauper (6.5%),
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Paracalanus parvus (4-15,), Acro-
calanus similis (4°%) and Coryeca-
eus speciosus (2-5%) constituted
about 86 %, of the total copepods-

About 50% of the copapod
species occurred only sporadically-
Acrocalanus monachus, Paracala-
aus parvus. Eucalanus monachus,
Pseudodiaptomus ~ serricaudatus
and Corycaeus speciosus occurred
almost throughout although some
of them were represented in
small numters {(Fig- 2a, b, ¢}
Some other common spacies like
Temora styiifera, Calanopia ellip-
tica, Pontellina plumata, Undinula
vulgaris and  Acartia erythraea
were absent during the monsoon
collections (July-August)-

Among Acartiidae, Acartia
centrurd, A.spinicauda, A- south-
welli and A- pacifica are known
to be common high saline estua-
rine forms (Madhupratap and
Haridas, 1975) and occurred in
the coastal waters off Trivandrum
during the monsoon period. This
was probably because the salinity
in the estuarine habitat became
to0 low due to monsoonal inun-
dation for survival resulting in
shifting their population to the
coastal waters- A- spinicauda was
observed in the collections in
Aprilalso. Salinity in the coastal
waters off Trivandrum did not
show extreme variations during
the period of present investiga—
tion and ranged between 33-1 and
1471, Acartia erythraea which
is a neritic form was common in
the samples whereas the oceanic
species A. negligens was observed
in only one collection in April-

A sudden peak in copepod
numbers observed in August was
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due to the swarming of two
species, viz., Temora turbinata and
Aecrocalanus monachus- Such sud-
den swarming of T. rwrbinata
in the shelf waters off Trivandrum
and Cochin during the upwelling
period {Augusi-September) had
teen rteported (Menon, 1945;
Stephen, 1977)-

Cladocera formed the next
most abundant group in the
annual counts represented by
two species Penilia avirostris and
Evadne tergestina- They kept a
low profile during most part of
the year (<3/m®) but swarmed
into abundance in August(Fig- 2)-
The reason for such sudden
swarming of cladocerans is atiri-
buted to their capacity to proli-
ferate by parthogenesis  (Della
Croce and Venugopal, 1972;
Onbe, 1977)-  The importance of
cladoceran swarms following up-
welling and phytoplankton maxi-
ma in the mackeral fisheries of
the coastal waters had been emp-
hasized (Selvakumar, 1970)-

Sagitta enflata which has
a wide distribution (Indo-Pacific
and Atlantic) was the abundant
chaetognath (Fig. 3)- The two
neritic forms S. neglecta and
S. bedoti were also common. The
oceanic species S- regularis and
Pterosagitta dracodid not occur
during the monsoon period.

Ctenophores (Fig- 4) were
represented by Pleurobrachia sp-
and Beroe sp- Siphonophores
occurred in large numbers in
December 1977 mainly constituted
by Lensia subteloides, L. subtelis,
Diphyes chamissonis and Agalma
sp- Other species observed in
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the study were Diphyes bojani, Enneagonum hyalinum, Chelophys contorta, Eudoxid mitra
and Bassia bassensis. The sergestid Lucifer hanseni, pteropod Creseis acicula, salp Thalia
democratica, doliolid Delioletta gegenbauri and appendicularians belenging to the genera
Oikopleura and Frittilaria also occurred in the collectioqs-

A variety of invertebrate larvae were represented in the collections, viz-, echino-
pluteus and ophiopluteus of Echinodermata, cyphonautes of Bryozoa, lingula of
Brachiopoda, alima of Stomatopoda and polychaete larvae- Among decapod larvae
penaeid, crangonid, processid, alpheid, paleomonid, hippolitid and phyllosoma larvae
of Macrura, zoea and megalopa of Brachyura and albunid zoea and pagurid larvae
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Fig. 4. Monthly distribution of groups of zooplankton off Trivandrum coast (1976-77).
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of Anomura were recorded. Hydromedusae, Tanaidacea, Isopoda, Lamellibranchiata,
Heteropoda, Ostracoda, Amphipoda and invertebrate eggs were other groups repre-
sented. Fish eggs and larvae occurred throughout wiih peaks in Augustand December.

Diversity indices (@ and D) were generally high in the postmonsoon and early
premonsoon months (Table II). The lower values obtained in April albeit the number
of species remaining high was due to the inherent drawback of these indices being
density dependent- The month of August showed minimum valus when maximum
density and minimum number of species were recorded. Highest equiiability in
species discribution (from H' and E) were ob:ained in November 1976 and Avril and
December 1977- The very low evenness obtained in February was due to the
dominance of a single species, viz., Acartia erythraea (288 in 326/m?) in the samples-
In general, the diversity indices are higher compared to the estuarine waters (Pillai,
Qasim and Nair, 1973; Madhupratap, Haridas, Rao and Iyer, 1975)- Nevertheless, they
were found to be lower in comparison (Madhupratap, unpublished) to the zooplank-
ton diversity in shelf slope and oceanic regions.
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