PLANKTON STUDIES IN THE ESTUARINE SYSTEM OF GOA

S. C. GoswamI aND R. A. SELVAKUMAR
National Institute of Oceanography, Goa-403 004, India

Distribution of zooplankton with special reference to cope-
pods at two stations in the Mandovi and Zuari estuaries of Goa
was studied over a period of one year. The annual fluctuations
in temperature at Old Goa (Stn. 1, Mandovi' and at St. Ja-
cinto Island (Stn. 2, Zuariy were within the range of 6 C.
However. the salinity varied from 0.21 to 33.6%. in Mandovi
and 1.96 to 36.61°%. in Zuari. Mean biomass (wet weight) was
higher at Stn. 2 (175g 1000 m %) than at Stn. 1 (81g. 1000 m ).

Ctenophora, polychaete larvae, decapod larvae, Sergestidae,
Copepoda. Chaetognatha. veligers. fish eggs and larvae were the
major constituents of zooplankton population but no single
group duominated the community throughout the vear. The
faunistic composition was more diverse at Stn. 2. Quantitative
and qualitative variations in copepod species were well pro-
nounced at these two stations. 43 species of planktonic copepods
belonging to 20 genera and 16 families were recorded at Stn. 2,
whereas at Stn. 1. there were only 33 species under 16 genera
and 12 families.

Correlation between salinity and copepod species found at
both the stations are discussed. Members of six copepod fami-
lies showed varying degrees of coexistence at both the statioons,

INTRODUCTION

Earlier work on the distribution of zooplankton including copepods in the
estuaries along the west coast of India is confined to Cochin backwaters (George,
1953: Tranter and Abraham, 1971: Menon et al., 1971: Nair and Tranter, 1671;
Pillai, 1971; Pillai et al, 1973 and Madhupratap and Haridas. 1975. Goswami
and Singbal (1974) described the zooplankton community in relation to hydro-
graphy of the Mandovi-Zuari estuarine complex of Goa during monsoon maonths.
No nublisiied account is available on the seasonal distribution of zooplankton
from this important estuarine system. The topographical features of this area
have been described by Dehadrai (1970) and Parulekar and Dwivedi (1973,

MATERIAL AND METHODS

Zooplankton samples were collected fortnichtly near Old Goa (Mandovi
estuary). stn. 1 and St. Jacinto Island (Zuari estuary: stn. 2. from June 1971
to May 1972. The stations are located at a distance of 15 km and 10 km from
the respective river mouths (Fig. 11 Stn. ! showed more or less estuarine condi-
tions but strn. 2 was marine. Horizontal samples were taken using a modified
HT net of 0.3 mm mesh size. The net had a mouth area of 0.25 m?2. The amount
of water filtered was determined by 2 calibrated ‘TSK’ flowmeter. The duration
of the tow varied from 2 to 5 minates and the samples were fixed in 5. formal-
dehyde preparcd in seawater bufier~d with 1. hexamine. In the laboratory,
aliquot samples were taken fer the delermination of total biomass, faunistic
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Fig. 1. Location of stations

composition and distribution of dominant species. For the count of various taxa
and their species. one of the aliguots was made up to 15¢ mi of which 10 mil was
examined under sterenscopic micrcscope. The number of crganisms was cai-
culated for the whole sample and estimated per m*. The salinity was estimate
following the method of Mohr as described in Strickland and Parsons +1963).
The species diversity of copepods was calculated following Shannon and
Weaver (19630

RESULTS

Seasonal changes in temperature, salinity. zooplankion biomass and the
numerical abundance of various plankton groups and their species at both the
stations seem to be influenced by the monsoon cycle. The salinity values were
quite high during postmonsoon (October to Januaryi and premonsoon moenths
(February to May» but during the monscon period (June to September: sudden
decrease could be seen in surface salinity in the Mandovi estuary. There was a
correlation between salinity and rooplankton biomass (Fig. 2v. The highest mean
biomass value (wet weighty of 130g 1000 m™ was recorded at stn. 1 during pre-
monsoon season when the salinity and temperature were quite high but at stn. 2,
the highest mean value of 220g-1000 m* was obtained during monscon meonths.
This may be due to the fact that the Zuari estuary is more saline even during
the rainy season since influx of freshwater is less.

FAUNISTIC COMPOSITION

The predominant groups in this estuarine system were Copepoda, Serges-
tidae, decapod larvae, veligers, Chaetognatha, Ctenophora, fish eggs and larvae.
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Fig. 2. Correlation between zooplankton biomass and salinity at the two stations

The faunistic composition was different at both stations. Ctenophores. polychaete
larvae and veligers were more abundant in the samples from sin. 1 while hydro-
medusae. sergestids. cladocerans. copepods, chaetognaths, fish eggs and larvae
were dominant at stn. 2. Amphipoda and cirriped larvae were recorded only at
stn. 1 and appendicularians and pteropods from stn. 2. The distribution of the
dominant groups and their species at both the stations was as follows:

Coseroda: This group was the most important constituent of the zouo-
plankton ecommunity throughout the year except during the period of clado-
cerann and ctenophore abundance. The copepods showed a bimodal type of
distributicn +Fig. 31 At sin. 1. the major peak was during October November,
the liighest percentage of 94.517. occurring in early November. The secondary
copepod peak was during March April. Similarly at stn. 2. the major peak
(60.2° ) was during November and the secondary peak during February.

A total of 49 copepod species was observed in the surface collections from
the two stations, of which 46 were identified. Qualitative and quantitative varia-
tions in copep~.d species were discernible at these two stations. At stn. 1. 33 species
belonging to 16 genera and 12 families were collected whereas, at stn, 2, there
were 42 species belonging to 20 zenera and 16 families (Table 1). The percentage
occurre::ce ¢f some of the common species at both the stations has heen shown
in Fig. 4.

The distribution patterns of various copepod species along with the range
of salinity are given in Fig. 5 and 6. The figures show that the majority of the species
cccurrecd during the period of high salinity. Acartia soulhccclli, Acarticlla se-
welli, Heliodiaptomus cinctus, Diegptomus sp. and Cyclops sp. were observed in
low salinity and few others showed varying degrees of salinity preference.
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Fig. 4. Percentage occurrence of dominant copepod species at both the stations
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Fig. 5. Salinity range of copepod species at Station 1

The copepod species identified in the present investigation have been
classified into five different groups depending upon the salinity gradation from
marine to freshwater environments. Of the 49 species found at both the stations,
19 belonged to Orthostenohaline group, 8 to Orthosteno-euryhaline. 11 tc the
euryhaline, 8 to the eury-oligostenohaline and 3 to the Oligostenohaline group
(Table 2. Nineteen species of the first category were recerded mostly from sin. 2,
where marine conditions prevailed almost throughout the year. They migrate
into the estuaries during high saline conditions. The Oligostenohaline species
were observed only at stn. 1. where freshwater conditions (S%. =0.21) were
observed during the second fortnight of July. Most of the euryhaline forms appear
to be endemic. Significant correlation coefficient (r} values have been obtained
between some common copepod species and salinity (Table 3). Paracaianus acu-
leatus, Acrocalanus gracilis, Centropages furcatus, Temora turbinata. Pontella
securifer, P. danae, Acartia erythraea. A. plumosa, Tortanus forcipatus and Cory-
caeus danae exhibited positive correlation either at 1« or at 5. level. Acartielia
gravelyi showed negative correlation at both the stations indicating preference
for low saline conditions. 4. sewelli also showed negative correlation at stn. 2
and occurs there in large numbers (44.127¢) during low salinity regime.
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Species diversity ‘D" values varied from 0.99 to 3.34 at stn. 1 and from
0.36 to £.72 at stn. 2. At both the stations, higher and lower values were obtained
during higher and lower salinity conditions respectively. Many neritic species
migrate into this estuarine system when both temperature and salinity are
high. The maximum of 17 and 21 copepod species were observed at stns. 1 and
2 respectively during premonsoon months and the minimum of 2 and 5 species
in the surface collections during monsoon. Coexistence between members of six
copepod families viz. Paracalanidae, Centropagidae, Pseudodiaptomidae, Pontel-
lidae, Acartiidae and Oithonidae was observed at both the stations (Tables 4,
5). The species of the family Acartiidae were found to be dominant with the
highest mean number 40152100 m?“ at stn. 1 and 30666100 m?3 at stn. 2.

Species of genus Eirene were the common representatives of hydromedusae
in this estuarine system. Pleurobrachia globosa was the only ctenophore record-
ed in the samples, their highest percentage (90.47,) was obtained at stn. 1 during
the first fortnight of May. The polychaete larvae recorded mostly at stn. 1 were
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TapLE 1. DISTRIBUTION OF COPEPOD SPECIES AT STATION 1 anNp 2

Species

Stn. 1

Stn. 2

CALANIDAE

Canthocalanus pauper (Giesbrecht)
Undinula darwini (Lunbock)
var. typica Sewell

EUCALANIDAE

Eucalanus subcrassus Giesbrecht
E crassus Giesbrecht
E. monachus Giesbrecht

PARACALANIDAE

Paracalanus parvus (Claus)

P. aculeatus Giesbrecht
Acrocalanus gracilis Giesbrecht
A. gibber Giesbrecht

A. simiiis Sewell

CENTROPAGIDAE

Centropages furcatus (Danar

C. tenuiremis Thompson & Scott
C. trispinosus Sewell

C. orsinii Giesbrecht

PSEUDOLIAPTOMIDAE

Pscudodiaptomus auriviiii Cleve
P. cerricandatus «T. Scotth)

P. annuandalei Sewell

P mertoni Frichtl

P. ardiuna Brehm

P. binghami var. malayalus Wellershaus

DIAPTONIDAE

Heliodiartomus cinctus «Gurney)
Diantonius sp.

TEMORIDAE
Temora turbinala (Dana
LUCICUTIIDAE
Lucicutia flavicornis (Claus)
CANDACIIDAE
Candacia bradyi A. Scott

..I.
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Species

PONTELLIDAE

Ponteila danae Giesbrecht, var. ceylonica Thompson
& Scott

P. securifer Brady

P. spinipes Giesbrecht

Labidocera penctinata Thompson & Scott

L. Aroyeri (Brady)

ACARTIIDAE

Acartia (Odontoacartia) centrura Giesbrecht
A. (O spinicauda Giesbrecht

A. (O erythraea Giesbrecht

A. (Acanthacartia) plumosa T. Scott

A southwelli Sewell

A. negligens Dana

A. sp.

Acartiella sewelli Steuer

A. gravelyi Sewell

TORTANIDAE

Tortanus forciptus Giesbrecht
TACHIDIIDAE

Euterpina acutifrons (Dana)
OITHONIDAE

Oithona rigida Giesbrecht
O. brevicornis Giesbrecht
O. hebes Giesbrecht

ONCAEIDAE
Oncaea venusta Philippi

CORYCAEIDAE

Corycaeus danae Giesbrecht (=C. crassiusculus Dana).

C. gibbulus Giesbrecht
SAPPHIRINIDAE

Sapphirina ovatolanceolata Dana

CYCLOPOIDAE
Cyclops sp.

Stn. 1

Stn. 2

.i..

+4-

Present
Absent
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TABLE 3. CORRELATION COEFFICIENT
SALINITY AT TWOQ STATIONS

(r) VALUES BETWEEN COPEPOD SPETIES AND

Station 1

Station 2

Species

Eucalanus subcrassus 0.147 NS -0.536 NS
Paracalanus parvus -0.006 NS 0.057 NS
P. aculeatus 0.823 * 0.962 **
Acrocalanus gracilis 0.443 NS 0.235 NS
A. gibber 0.614 ** 0.38¢ NS
Centropages furcatus 0.679 *¥ 0712 **
Pseudodiaptomus aurivilli 0.267 NS 0.32¢4 NS
Temora turbinata 0.810 * 0.609 *
Labidocera pectinata 0.297 NS 0.139 NS
Pontella danae 0.710 * 0.684 *
P. securifer 0.914 0.762 *
Acartia centrura 0.163 NS 0.160 NS
A. spinicauda 0.788 0.032 NS
A. erythraea 0.933 0.919

A. plumosa 0.710 0.727 *#
Acartiella sewelii 0.987 -0.527 NS
A. gravelyi -0.640 NS -0.602 NS
Tortanus forcipatus 0.716 0.742 **
Oithona rigida 0.128 NS 0.035 NS
Corycaeus danae 0.641 0.704 **

NS = Not Significant

236

Significant at 57, level
Significant at 1¢¢ level
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represented by members of the families Nercidae, Eunicidae and Terebellidae,
Brachyuran zoea, naupliar, mysis and postlarval stages of Metapenaeus dobsoni,
M. monoceros, Penaeus merguiensis etc. were the common decapod larvae at both
the stations. Lucifer hensani was the only species of sergestids, occurring more
at stn. 2 where the highest number of 307757100 m ¥ was recorded during July.
Two species viz., Evadne tergestina and Penilia avirostris formed the cladoceran
population. Evadne was observed to be a dominant cladoceran species at stn. 1
preferring low salinity (0.21 to 1.67%.). Penilia was recorded more at stn. 2 and
occurred during high saline conditions (19.31 to 33.95%.). Sagitta enflata, S. be-
doti and Sagitta sp. were the common chaetognaths, S. bedoti being the most
dominant. The chaetognaths were recorded almost throughout the year at stn. 2
but at stn. 1, this group was not observed during monsoon months. Appendicu-
larians (Qikopleura sp.) and pteropods (Cresis acicula) were recorded only at
stn. 2 when marine conditions (34.51 to 36.61%.,) prevailed there. The veligers,
fish eggs and larvae were recorded almost throughout the year. The highest
percentage of fish eggs (4.9'¢) and fish larvae (5.29/) of family Clupeidae was
obtained at stn. 1 during second fortnight of July.

DISCUSSION

The Mandovi-Zuari estuarine complex is a highly variable environment
due to strong tidal influence. Because of perennial connection with the sea,
there is a rhythmic ingress and egress of marine plankton. The annual range in
temperature at both the stations was of the order of 6 C but the salinity varied
from 0.21 to 33.5%., at stn. 1 and from 1.96 to 36.61%, at stn. 2 with an annual
mean of 16.23%. and 26.33%, respectively. It seems that salinity is an impor-
tant factor which influences the seasonal distribution of different groups of
zooplankton in this area. Dehadrai (1970 reported freshwater conditions at low
tide in the Mandovi estuary during monsoon months stating that the salinity
variations piay an important role in the ecology of Mandovi and Zuari estuaries.
The annual zooplankton biomass was higher at stn. 2 than at stn. 1 with the
mean weight of 175 ¢ 1000 m*~ at the former and 81 g 1000 m" at the latter.

Eighteen major zooplankton taxa were present in the collections. Hydro-
medusae, (Ctenophora, Chaetognatha, Pteropoda and Appendicularia occurred
more during high saline period (premonsoon: while Amphipoda. Mysidacea. Cia-
docera and Veligers were predominant during low saliniiy. Copepods were found
to be one of the most dominant groups of zooplankten with bimodal tvpe of dis-
tribution at the two stations which agrees with the report of Prasad (1¢54
from Gulf of Maannar. During the present study. a total of 49 copepod specie

1771

have been recorded. bulk of which were from sin. 2. Pillai (1971 in his accou
on the estuarine copepods of India has recorded 41 species from Cochin bact
waters. out of which 26 have been observed in the ccllections from the present
two stations. ‘

ot

n
{
18

Significant correlation was found between the number of copepoad species
and salinity at both the stations indicating presence of several species of marine
origin. During premonsoon months when the salinity was high in this estuarine
system, neritic species viz. Canthocalanus pauncr, Undinwla darwini, Fucalanus
crassus, E. monachus. Acrocalanus gracilis, Centropanes furcatus. C. orsinis. Pseu~-
dodiaptomus serricaudatus. Temora turbinata, Lucicutia flaricornis. Candacig
bradyi, Acartia cruthraca. Tortanus forcipatus cte. were recorded. Pillai L1870
also stated that A. erwthraca, A. spinicauda. P. scrricqudatus. P. mertonl, P.
aur{rilli,.P. ardjuna ete. are marine forms but are present in the backwaters
during high salinity. During monsoon months. the hydrographical conditions and

239



Plankton in the Estuaries of Goa

consequently the copepod species were different at both the stations. Pseudo-
diavtomus annandalei. Acartiella gravelyi and Oithonra brevicornis were recorded
at étxl. 2 and Acartia southwelli, A. gravelyi, Heliodiaptomus cinctus, Diaptomus
sp. and Cyciops sp. at stn. 1. Though A. gravelyi occurred at both the stgtions
during monsoon, it preferred low saline conditions. Previously Pillai ef al. (1973)
recorded A. gravelyi. A. keraicnsis and members of the family Diaptomidae during
the period of very low salinity and Kasturirangan (1963) has also reported the
occurrence of A. south:eili in low saline conditions.

Members of six families of copepods coexisted in the Mandovi-Zuari
estuarine complex. Pillai ef al. (1973 reported the coexistence of six major
families /e, Acartiidae, Centropagidae. Pseudodiaptomidae, Pontellidae. Temo-
ridae and Diaptomidae, out of which the first four families occur commonly in
this environment. According to Tranter and Abraham (1971) four factors are
important for the coexistence of species of genus Acartia in the Cochin Back-
water, namely tolerance to salinity, food supply. generation length and flow.
They state that the available food present in the estuary may be a limiting
factor in the distribution of species of Acartie. During the present study, nine
species of Acartia were recorded at the two stations. Dehadrai and Bhargava
(1972) based on their studies from January to August 1970. have given peak
primary production (gross) of 360 to 400 mgC ‘m3 day during low tide and 550
1o 580 mgC/m3/day during high tide respectively in the Mandovi and Zuari estua-
ries. The overall production potential of these two estuaries thus appear to be
high. Qasim (1970) and Qasim ef al. (1969 have also reported that the phyto-
plankton production in an estuarine system far exceeds the rate of consumption
by the zooplankters. Thus, the availability of food may not be a limiting factor
controlling the distribution of members of Acartiidae in this environment,

The present study has indicated that the seasonal distribution of different
zooplanktonic groups and the species composition are dependent upon the pre-
vailing hydrographical conditions. The total biomass and species under various
taxa are far more diverse at stn. 2 (Zuari) than at stn. 1 (Mandovir. There
exists a significant relationship between different species of copepods and ths
salinity. It is thus obvious that these two stations represent different ecosystems
differing in hydrographical and biclogical characteristics.
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