Proc. Indian Acad. Sci. (Anirn. Sci.), Vol. 95, No.2, April 1986, pp. 125-134.

© Printed in India.

Composition and variations in the abundance of zooplankton in the
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Abstract. Total zooplankton biomass and the constituent species under the major taxa in
relation to hydrographic conditions in the Hooghly estuarine complex were studied around
Sagar Island during March 1979 to February 1981. Higher numerical counts and biomass of
zooplankton occurred during high saline premonsoon period. During monsoon efflux most of
the stenohaline organisms disappeared and only the low salinity species alongwith the
euryhaline ones were able to thrive in the estuary. Copepods constituted the most predominant
portion of zooplankton biomass throughout the year. Two peaks of zooplankton were
invariably noticed-primary major peak during June/July and January /February showed the
secondary major peak.
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Introduction

A correlative study on zooplankton distribution, their intensity and seasonal abundance in relation to environmental parameters is necessary for a correct understanding
of the fishery resources. Information on zooplankton in a vast tropical estuary like that
of the river Hooghly are rather inadequate (Dutta et a11954; Shetty et al1961; Sahaet al
1975; Bhunia 1979; Bhunia and Choudhury 1981; Sarkar et al1984a,b; 1985 a,b,c,d).
The present investigation intends to document the nature, composition, distribution
and variations of the surface zooplankton in the lower stretch of the Hooghly estuary.

2.
2.1

Material and methods
Area investigated

Sagar Island, the western most part of Sunderbans in the Bay of Bengal. is situated
96 km south of Calcutta, between latitudes 21°37' and 21°52'N and longitudes 88°03'
and 88°11' E. It is surrounded by large bodies of water, the river Hooghly in the north
and the north-western side and river Mooriganga in the eastern side. The southern part
of the island faces the open sea, Bay of BengaJ. For convenience ofstudy, 3 areas around
Sagar Island were selected for the present investigation-Kachubaria (station 1),
Chemagari creek (station 2) and south Sagar (station 3) (figure 1).
2.2

Techniques of study

Surface zooplankton samples were collected fortnightly from the 3 stations during
high tides in the forenoon hours. Measured quantities of surface water samples were
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Figure 1. Sagar Island, showing the study areas.

filtered through a conical net (0-25 m diameter and 0-0695 mm aperture) and preserved
in 4 %buffered formaldehyde in seawater. In the laboratory, aliquot sample were taken
in Sedgewick Rafter counting cell under a compound microscope for different
numerical analyses. From each plankton collection, 3 estimations were made and the
mean was recorded in no.ym '. Water samples were taken simultaneously for the
determination of various hydrological parameters and were analysed by the methods of
Strickland and Parsons (1968). Water transparency was determined with the help of a
secchi disc and precipitation data were collected from the Alipure Meteorological
Observatory, Calcutta. For estimating the plankton volume, the displacement method
was used.

3.

Results and discussion

3.1 Hydrology

Hydrology of Hooghly estuary, presents a cyclicpattern, characterized by large amount
of precipitation and tidal interplay (Sarkar et al 1985d). A marked difference in the
hydrological parameters in different seasons was noticed at all the stations. During the
course of study, the water temperature was higher in the premonsoon months
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(March-June) and lower during the postmonsoon months (July-october). Variations
in surface water temperature were normal for a tropical estuary with maximum value in
June (31'8°C at station 3)and minimum during January/February (21·QoC at stations 1
and 3). Every year the salinity gradient increased to a maximum during late
premonsoon months at all the stations paralleling with the higher temperature and
decreased during the monsoon months and was inversely proportional to the rate of
rainfall. The oscillatory fluctuations were very much pronounced at station 1 as the
strong freshwater flow from upper reaches of the Hooghly estuary dominates the high
saline seawater. The maximum and minimum values recorded were 23·77 and 1·87 %at
station 1,25'84 and 3'12 %at station 2 and 31·31 and 7·76 %at station 3, respectively.
Seasonal variations in the dissolved oxygen values were observed but not conspicuous
as salinity. The maximum value was recorded during monsoon and postmonsoon
months and minimum in summer season. pH did not show major fluctuations but
varied during monsoon months. Secchi disc readings indicated least values in turbidity
during the late monsoon months. Owing to soil erosion and admixture ofwater, station
3 experienced high turbidity all through the year.
3.2 Biomass value
The zooplankton standing crop as determined by biomass was high during the
premonsoon period, low during late monsoon months and with relatively minor
secondary value during the postmonsoon season (figure 2). Maximum displacement
volume (1'04 ml/m") was recorded in June 198Qat station 2. Due to greater abundance
of megalopa present in the sample in February 1981, the biomass showed a higher value
in' comparison with the numerical value of total fauna
3.3

Composition of zooplankton

Spatial and temporal distribution of zooplankton showed definite seasonal trends
associated with environmental fluctuations (figure 3). These include copepod, mysid,
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Figure 2.

Monthly average biomass values at stations I, 2 and 3.
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Figure 3. Seasonal trends in the density of total zooplankton and copepod in relation to
other environmental parameters (A) station 1 (B) station 2 and (C) station 3.
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lucifer, gammarid amphipod, cladoceran, ostracod, cumacea, hydromedusae and
chaetognath among holoplankters. Qualitative and quantitative variations in the
faunistic compositions were noticeable during different months. The most striking
feature in the zooplankton abundance in the Hooghly estuarine system was the contrast
between the premonsoon and late monsoon periods. Some of the important
zooplankters and their species are given below.

1. H oloplankters
(A) Crustacea
(a) Copepoda: Copepods were the most dominant groups of the plankton community throughout the year at all the stations constituting 73·0-96'4 % of the total
zooplankton. They formed the bulk of the zooplankton biomass. The pattern of
bimodal type of copepod distribution closely followed that of biomass with relatively
higher values in June/July, a gradual trend of rise in January/February. A sharp fall in
copepod population associated with the lower diversity of copepod species were
observed in late monsoon months. Out of 32 genera and 54 species recorded from the
studied area, calanoid copepods were represented by 17 genera and 37 species,
cyclopoids by 7 genera and 9 species and harpacticoid copepods by 8 genera each
having single species. During monsoon months, a good assemblage of oligohaline
species e.g., Acartiella keralensis, N eodiaptomus strigilipes, Pseudodiaptomus binqhami,
H alicyclops tenuispina; M esocyclops sp., and Cyclops sp., were encountered especially at
station 1 for the greater inflow of freshwater from the upper stretch of Hooghly river.
These copepod species were totally absent in other two stations. Copepods can be
divided into 3 distinct categories depending on their period of existence in the study
area The first comprises the euryhaline species which are present almost throughout
the year in considerable numbers. The second group is comprised of those species
which have a limited period of existence depending on the variable salinity. The species
which are casual migrants constitute the third category. Species composition of the 3
categories are listed below:

Category I
Paracalanus sp., Acrocalanus sp., Acartia sp., A. spinicauda; Labidocera euchaeta,
Pontella andersoni, Eucalanus subcrassus, E. elongatus, Pseudodiaptomus annandalei. P.
hickmani, Oithona sp., "Saphirella" cf. indica, Microsetella rosea, Laophonte sp.
Category II
Pseudodiaptomus aurioilli, Euchaeta marina, E. wolfendeni, Euchaeta sp., Centropages
dorsispinatus, Acartiella sewelli, Corycaeus danae, Euterpina acutifrons, Cladorostrata
breoipoda, H arpacticus sp., Clytemnestra scutellata, M acrosetella gracilis.
Category III
Acartiella keralensis, Labidocera sp., L. minuta, Pontel/opsis herdmani, Eucalanus sp.,
Pseudodiaptomus tollinqeri, P. masoni, P. binqhami, P. dauqhlishi, Pseudodiaptomus
spp., Neodiaptomus striqilipes, Euchaeta tenuis, E. concinna, Centropages furcatus,
Temora turbinata, T. discaudata, Tortanus gracilis, T. forcipatus, Candacia bradyi,
Canthocalanus pauper, Undinula darwini, Corycaeus catus, C. agilis, Oncaea oenusta,
Halicyclops tenuispina, Mesocyclops sp., Cyclops sp., Tachidius discipes.
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(b) Mysidacea: An euryhaline species of this group-Mesopodopsis orientalis
Tatersall, was collected almost throughout the study period at all the stations. It
exhibited almost uniform abundance with little increase in pre- and postmonsoon
periods. Maximum density (50 no.ym") was recorded in January 1982 at station 3.
(c) Serqestidae: The presence of this group, being represented by single species,
Lucifer hanseni Nobili, was noted in monsoon and postmonsoon months. During late
monsoon months, this species showed a maximum abundance of80 no.ym' at station 2
in September 1980.
(d) Amphipoda: Gammarid amphipods were present in pre- and postmonsoon
periods and showed variations between 4-28 no.ym:'. No definite pattern in their
distribution could be outlined since many gammarid species could not be identified.
(e), (f) Cladocera and Ostracoda: These two groups were represented by the genera
Evadne spp., and Philomedes sp., respectively and were present in small numbers during
high saline period, the latter being totally absent at station 1.
(g) Cumacea: Cumacea, constituted by single species Paradiatylis sp., was sporadically present in the premonsoon months at stations 2 and 3 with the maximum average
density of 135 no.zrrr' in June 1980 at station 2.
(B) Non-crustaceans
(a) Chaetoqnatha: Chaetognath was represented by two species, Sagitta bedoti
Beraneck and S. enflata Grassi, the former being dominant throughout the year,
tolerating a wide salinity range (1'87-31'33 %). Sporadic occurrence of S. enjlata was
encountered during relatively high saline period (13-31-31'34%) at stations 2 and 3.

(b) Hydromedusae: This group was present in meagre amount during high saline
premonsoon period with an average density of 4-18 no.zm".
II.

Meroplankters

(a) Polychaete larvae: This group appeared in considerable numbers throughtout
the year being absent or poorly represented during the late monsoon period followed
by a gradual trend of increase during postmonsoon period.
(b) Crustacean larvae: Nauplius and zoea conceivably represented the bulk of
crustacean larvae followed by megalopa, decapod larvae (e.g., Penaeus monodon, P.
indicus, Metapenaeus monoceros, M. dobsoni, M. breoicornis, M. affinis and megalopa
larva), anomuran larva and alima larva. The last two larval stages were present only at
station 3 in small numbers.
(c) Fish eggs and larvae: Various groups offish eggs and larvae were present during
certain months of the year.

3.4

Statistical analysis

Simple, partial and multiple correlation coefficients between the population density of S.
bedoti and two environmental parameters (water temperature and salinity) at 3 stations
have been shown in table 1. The positive correlation between temperature and salinity
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indicates that the changes in one are associated with the other and that these two factors
together explain a great deal of variation that occurs in the zooplankton composition in
the estuary. Again, a positive and highly significant partial correlation between S. bedoti
and salinity, eliminating the effect of water temperature, suggests that chaetognath
population is greatly influenced by the salinity gradients of the sourrounding medium.
Temperature and salinity give a positive and highly significant multiple correlation
coefficient with the chaetognath, suggesting that temperature and salinity have
considerable influence on chaetognath population and a great deal of variation of
chaetognath population is caused by these two parameters.
Table 2 represents the statistical correlation coefficient (r) values between common

Table 1. Simple, partial and multiple correlation coefficients between population
density of Sagitta bedoti (M), salinity (Y) and water temperature (Z) at stations I, 2
and 3.
r My

Station 1
Station 2
Station 3

(}7325"
(}4434"
(}611<)b

ry Z

r MZ

-(}1231
(}2882
-(}3090

(}0530
(}1959
(}1091

r M y- Z

(}7458"
(}4120"
(}3424

r M Z- Y

-(}2382
(}2290
-(}4778"

R M -y Z
(}7501"
(}4887"
(}5172 b

"Significant at 5 ~-~ level. "Significant at I % level

Table 2. Showing relationship between zooplankton population and hydrological parameters at station 2.
Correlation values (r)

Zooplankton

Paracalanus spp.
Acrocalanus spp,
Acartia sp.,
Acartiella sewelli
Labidocera euchaeta
Eucalanus subcrassus
Pseudodiaptomus
annandalei
Oithona sp.,
Saphirella indica
Microsetella rosea
Lucifer hanseni
Hydrornedusae
Amphipoda
Mysid
Polychaete larvae
Nauplius
Zoea
Megalopa

Water
temperature

Salinity

Dissolved
oxygen

pH

Transparency

-(}0851
-(}0065
-(}8495"
(}2526
0·0074
(}1092
-(}3334

(}4904"
(}4637"
-(}3150
-(}7200"
(}4752"
() 7647"
-(}2257

-(}3441
-(}3667
(}1069
(}7246"
-(}4329"
-(}6283"
(}1316

(}6012"
(}6643"
(}0947
-(}7672"
(}6018"
(}4790"
(}0648

-(}2160
(}2309
(}4039"
(}4328"
(}4464"
-(}0152
-(}0772
(}1878
-(}8195"
-(}7614"
-(}647()1'

(}4802"
(}8892"
(}667 I"
-(}3206
(}7833"
() 7098"
-(}2033
(}3892"
0-0736
o 1462
(}0092

-(}4034"
-(}5628b

(}654<)b

(}5954b

(}54 I ()I'

o 1437

"Significant at 5 % level. "Significant at I ~,~ level.

-(}3625"
(}5062"
-(}5076"
-(}4523"
-(}1749
-(}0903
-(}1683
-(}2150
-(}0142

(}45W
-(}463<)b
(}5404"
(}5096"
-(}1384
(}3806"
(}4462"
(}4973"
(}3318

(}4273"

(}4953b

o 3460"
-(}4028"
(}5204b
-(}0124
(}0064

(}1616
-(}3657"
(}0474
(}3472"
-(}0213
(}3333
(}5696"

(}5184b
(}288 I
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zooplankton species with the hydrological parameters at Chemagari creek. Significant
correlation coefficient (r) values have been obtained among some common zooplankton species, salinity and pH. Correlation values between zooplankton species
and water temperature indicated that most holoplankters showed no significant values
while meroplankters showed negative correlation with water temperature paralleling
the abundance of meroplankters during low temperature regime of post-monsoonal
period. Again, almost all meroplankters showed no significant values with salinity and
dissolved oxygen. Zooplankton species, as a whole, showed no significant values with
transparency values indicated that the parameter had almost no effect on their seasonal
population fluctuations.
The organisms inhabiting the estuary can be expected to react and adapt to physical,
chemical and biological changes of the environment. Being a tropical estuary,
temperature fluctuations were not significant enough to inhibit the recruitment of these
organisms. Food supply seldom acts as a limiting factor in a tropical estuary and does
not seem to govern the seasonal abundance (Qasim 1970). The fluctuation range of
dissolved oxygen and pH at the surface waters in the Hooghly estuary are little to
moderate. Hence salinity, with wide range of fluctuations, appears to be the major
hydrographic factor controlling the incidence of these organisms which has been
endorsed by other workers (Chand ramo han 1977; Madhupratap 1980;Gajbhiye et al
1981; Goswami 1982). A seasonal pattern in distribution reflecting the seasonal change
in salinity was exhibited by all groups of zooplankton.
Monsoon flows exert profound influence on every aspect of estuarine hydro biology
and zooplankton. Considering the importance of the effects of monsoon in the system,
Hooghly estuary may be called as a 'tropical monsoon estuary'. Rapid fall of salinity,
consequent on heavy precipitation and surface drainage interferes with the distribution
of marine forms, leading to conspicuous reduction in population leaving a few
euryhaline and oligohaline species.
An intermediate condition prevails during the postmonsoon period permitting rapid
multiplication of the brackishwater forms and reassemblage of the groups which prefer
salinity and temperature, thereby ensuring sufficient recruitment of population in the
estuarine waters.
Copepods showed the highest numerical dominance among the zooplankton groups.
The pattern of succession gathered from the dominance broadly outlined 3 species
categories. They are the high saline species, low saline species and species preferring
medium salinities. The highest (31)and the lowest (8)number ofcopepod species in this
estuarine system were obtained during premonsoon and monsoon seasons, respectively. The presence of only a few copepod species during the monsoon months has also
been reported from the other Indian estuaries (Pillai et a11973; Madhupratap 1980;
Goswami 1982). Apart from salinity, strong currents and transparency may also render
the environment 'severe' for their existence.
Although carnivores such as hydromedusae and chaetognath thrived in the estuary
only during the high saline period when a higher standing stock of zooplankton was
present, salinity rather than food seems to limit their presence during the monsoonal
period.
Abundance of decapod larvae and the occurrence of fish eggs and larvae almost
throughout the year accentuates the importance of the estuary as the breeding and
nursery ground for these groups.
From the available data it appears that the annual zoopiankton distribution in
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Indian estuaries shows bimodality with two peak periods and it varies from region to
region. In the north Kanara coast of India it has been observed that the production of
zooplankton shows the maximum peak in August-November which coincided with the
diatom peak (Ramamurthy 1965). In the Bombay coast, the volume of total plankton
showed maximum peaks in March/April and OctoberjNovember (Pillai 1968;
Radhakrishna and Pillai 1978). Raghunathan and Srinivasan (1983) from Ennore
estuary, Madras also noted two peaks during December and February and calanoid
dominance in plankton production. Prasad (1954) observed the higher standing crop of
zooplankton in March in Palk Bay, and lower peak in September-October. Subbaraju
and Krishnamurthy (1972) found the abundance in April and September at Porto
Novo waters. In the Hooghly estuary, particularly at the upper stretch of the river,
Dutta et al (1954) recorded two peaks, one in October-January and the other in
June-July. Shetty et al (1961) also reported two peaks, one in November-February and
the other in June-August. In the lower stretch of the estuary, Bhuina and Choudhury
(1981) and Baidya and Choudhury (1984) recorded two peaks, one in March-April and
the other in November-December. The present observation also corroborates the
preceding documents.
Dominance expresses the magnitude of influence exerted by a species on its habitat
and thus is not only dependent on the number of individuals but also their biomass
(Debauche 1962). Copepods, no doubt, showed highest numerical dominance and
contributed to the bulk of the standing crop. But apart from the numerical dominance,
the ecological dominance exerted by other groups, especially carnivores such as
hydromedusae and chaetognath cannot be overlooked. These being larger organisms
formed a significant portion of the biomass eventhough occurring in smaller numbers.
Their utility, whether positive or negative since they are carnivorous in the energy
transfer in the trophic system, is also of considerable importance.
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