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Ecology of Mandovi & Zuari Estuaries: Plankton Community
in Relation to Hydrographic Conditions during

Monsoon Months, 1972*

Results

Hydrography

Average fortnightly values of the hydrographi'~
parameters are presented in Table 1.

Tempe,atu,e - Average value for different montb$
varied from 26'2° to 30·9°C.., Lowest tem~I11t~e
was recorded in the month of July at station 5. In
general, the temperature was high in June but with
the onset of monsOOnthere was a decrease and there'­
after a certain amountof uniformity was maintained
till September when an increase was again indiCated.

Salinity - During south-west monsoon, thesali­
nity values Were low due to heavy rainfall and lan,
drainage. In July and August, almost freshwater
conditions were recorded from station 5 to station
7 (0'26-3'26%0)' On the basis of salinity variation,
the estuarine complex during this periOd, could.
be divided into 3 zones: Zone I - from station 1
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Tot~lIM~lMktOD bioMaSS and the COD6UllItlt 'pe~ies under the major taxa in relation to
hydro~raphica1 conditions in the Mandovi·Zuari estuarine (omplex during June to September
1972were studied. Zuari estuary had ~reater marine influence and hi~her zooplankton biomass as
compared to Mandavi estuary. The faunal composition was very diverse and also the total'
number of species present was more in the former. Copepoda, Decapoda; Ctenophore, Serllesti.
dae, fish ell~s and larvae constituted the bulk of the collections. Copepoda was the major com­
ponent ,in all the samples, but durin~ the entire monsoon period, dominance of no sin~le ~rcup
was evident.

MANDOVI-ZUARI estuarine system in Goais being studied intensively and some of the
results have been reported1-P. The general

topography of this areahas been described by De­
hadrai1• The Mandovi and Zuari estuaries are COn­
nected with the Cumbarjua Canal at the upstream
points at distances of 11 kIn and 14 kIn of respective
rivers. The environmental features are influenced
by the semidiurnal tides and the freshwater influx
from land drainage, rivers and their tributaries.
Studies On zooplankton biomass and faunistic com­
position in relation to hydrography during monsOOn
months, when this environment undergoes appre­
ciable changes, are presented here.
Materials and Methods

Surface zooplankton samples Were collected fort­
nightly at each of the 12 stations (Fig. 1) from June
to September 1972. In all, 96 samples Were taken
during high tide using a modified version of WP-2
net' (mouth area, 0·25 m2 and mesh width 0·3 rom).
A fiowmeter was used for measuring the amount of
water filtered. The duration of hauls varied 2-5 min
and on an average 70 mS of water was filtered
per haul. The samples Were preserved in· 5% buf­
fered formaldehyde prepared in seawater. The
water samples Were analysed for temperature,
salinity, dissolved oxygen, inorganic phosphate and
nitrate. Standard methods were adopted for the
analysis of chemical parameters7,8. The values
for each month Were averaged.

For the counts of various taxa and their species,
one of the aliquots obtained by Folson plankton
splitter was made up to 150 ml, of which 10 ml was
examined under a stereoscopic microscope and the
number of organisms was raised to the total volume
of water filtered. The planktonic copepods were
classified after Kasturirangan9•

·This paper is a contribution under the project 203N.2
•• Ecology of Mandovi-Zuari Estuarine System" of the
Biological Oceanography Division NIO.
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TA

LE 1- AVERAGE FORTNIGHTLY VALUES OF HYDROGRAPHIC PARA:-'lETERS DURING MONSOON MONTHS, 1972

Month

Stations----------------------- ..----------------------.----2
34-56789101112

TEMPERATURE (0C)June

28'628·628'828'628·728'929·330·229'629'329·029'6
July 26·926·9no26·726·2~,.,27·627'927·627'628'028'0
Aug.

26-426'5270227-627-629·028·528·628·628·928·729·8
Sept.

27·328-429-429'830'130'430'930'430-530'228·42904

SALINITY (%0)June

18'0117'7216'9915'3015·3018'9218·8619·8221'9022'1122-6824-82
July

8,378·323,760'620·26M21'125-446,658'319,7611·85
Aug.

1309910·284,361·920,501·003·2612·8610·8415-4216·7419'59
Sept.

23·5916·5411·405·293,726,6711·2316'8619'0421'1026'0030'83

DISSOLVED OXYGEN (mi/litre)June

4·1440664·604'704,364-434-434'SS4'203'923'544'53July 40604'234,765,094,984,564-814'734-674-784-87S'01Aug. 4·344-735·105·125·02~.gB25·275'156·045-485-48Sept. 3'874-875·325'325·264-644·594-724-875·034'534'53

P04-P (iLg at/litre)June

1·321'521'161'411'401'04H810441-241-481·24-1-40July
0,841-680,580'580,580'5J0'911-451·261-561'371'45Aug. 0,861-181·830,861·151-140'88HO1'180·990'801·14-Sept. 0,841-030·910,890'510,680,720·420'650'650'680,99

NOa-N ([1.g at/litre)June

2'891'541·532'591'403'211,872-311-632·132·211-65July 1'451'641-77'1'241'650-691-921·080·931-44-0·600'80Aug. 1'321·151-161·241'350'961'111'160'802'091·331·28Sept. 1-680,560'600·760,480,480,560,860,570,600'570'88

9 10 11 12
6 7
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insect larvae. Some of the important planktonic
groups and their sp(;cies are given below:

Ctenophota: This group was abundant during
June when the temperature and salinity values were
high in this estuarine system, the highest percentage
recorded beil:g 14'9% at station 2. The ctenophores
were observed to be more at the stations in the Man­
davi estuary.

Chaetognatha: It was poorly representc·d durirg
low salinity conditions. Th'ree species of genus
Sagitta, viz. S. enflata, S. bedoti and S. pulchra Were
recorded. S. bedoti was the most Common. A few
specimens of S. pulckta were observed in the
collections from stations 11 and 12 during June.

Fig. 2 - Pooled mean values of total biomass at various
station are shown in semi-log scale

Zooplank on
Bioma - Pooled mea.n values of the total zoo­

plankton biomass as estimated by displacement
volume, et weight and dry weight from 12 stations,
are given in Fig. 2. The highest value obtair:ed was
at statio 9 and the lowest at station 5. During
mOnsOOnperiod the Zuari estuary is more produc­
tive than the Mandovi estuary and the Cumbarjua
canal.

Faunis 'c composition - Percentage distribution of
diffenmt lanktonic groups for all the stations has
been sho n in Fig. 3. These include copepods,
decapods, ctenophQres, cladoctrans, gastropods,
chatognat s, sergestids (Lucifer), fish eggs ande
larvae. he 'other groups' constituted less than 1%
of the to al composition in a sample and included
Hydrome usae, Amphipoda, Mysidacea, Polychaeta,
Isopoda, ikopleura, Cumacea, Cirreped larvae and

to 4 (0· 2-23·59%0)' Zone II - from station 5 to 7
(0'26-18, 2%0) and Zone III - from station 8 to
12 (5'44 30·83%0)'

Dissoled oxygen - Oxygen values did not differ
apprecia ly during the period of study, but the
values re high in mOnSOonseasOn than postmon­
SOOnan premonsoon months5•

Nutrie ts - The inroganic phosphate concentra­
tion va ed from 0·42 to 1'83 [Lg. at/litre and
the nitr tes varied from 0'48 to 3·21 [Lg at/litre
during nSOonmonths. The nutrient values Were
high in t e Cumbarjua canal where the effect of land
drainage is more pronounced and depth is less.
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it was not recorded in the surface collections. A.
sewetli preferred low salinity conditions and was
abundant during ] lily and August.

pseudodiaptomus aurivilZi, A. centrura and. A.
sPinicauaa appeared to be estuarine species, the last
two were distributed more in the Zuari.

Decapod larvae: Zoea of Brachyura and penaeid
larvae were present. The highest percentage
(65'4%) was recorded at station 5 duripg July.

Sergestidae: This group was distributed more at
the stations in the Mandovi and Zuad estuaries.

The highest percentage (64'3%) was recorded at
station 8 in August. Lucifer hensqni was the
common species.

Gastropoda: Hydrobid gastropods. of Bithynia
sp. were the COmmon representatives at stations 4
and 5, located near th,e baI:\k iQ the Ma.ndovi estuary
and, in August, they formed 91·1 and 88,2% of the
plankton, respectively ..

Fish eggs and larvae: The eggs and larvae of the
family Clupeidae were abundant during July and
August.

Hydromedusae: This was represented by the
species of genus Eirene and were recorded at
stations 11 and] 2.

Polychaete larvae: were present inconsistently.
The highest percentage (0'94%\ was recorded at
station 9. Species of genus Nereis were present.

Amphipoda: This group was represented by a few
gammrid amphipods.

Cirreped larvae: were present in small numbers
in both the estuaries. Larvae of genus Balanus
were present.

Mysids, cumaceans, isopods, oikopleura and insect
larvae occurred inconsistently in the ~amples.

Discussion

Mandovi-Zuari estuarine system undergoes impor­
tant hydro biological changes during monsoon
moriths, when the Zuari estuary retains its marine
nature whereas the Man dovi estuary arid the
Cumbarj ua canal become almost freshwater due to
drainage from their catchment area. This results
in wide sali'nity variations from 0·26 to 30·83%0'
This fluctuation in salinity influences the d,istribu­
tion of plankton, different faunal taxa and their
species in this area. Dehadrail has recor.ded nil
salinity during ebb in the Mandovi estuary during
monsoon months and reported that the salinity
variation plays an important role in the ecology "Of
Mandovi and Zuari estuaries. No appreciable tem­
perature dlfference is observed. Value .of dissolved
oxygen increases during August and September.
This may be the effect of south-west monsoon or
phytoplankton abundance in the nutrient.-rich waters.

Zooplankton biomass is higher in the Zuari
estuary than in the Mandovi estuary. The diver­
sity of planktonic taxa in the former indicates that
it is more productive during monsoon months.
Highest biomass values are recorded at station 9;
the presence of stable and true estuarine ccnditions
there may account for it. The lowest values are
obtained at station 5 where freshwater conditions
prevail. Dehadrai and Bhargava2 have also shown
that the Zuari estuary i~ more productive than Man­
dovi estuary during south-west monsoon. Seven­
teen major planktonic groups are present in the
zooplankton samples but no single' group has

era: Cladocerans. ~ccurred in large numbers
econd fortnight of September constituting
f the plankton at station 12. Evadne ter­
nd Penilia avirost1is formed the bulk of
n population. The fortner was greater
ance than the latter, and preferred low
nditions. :The salinity range varied from
3·59%0 for Evadne and 19·04- to 30·83%0 for

Clad

during
48'4%
gestina
cladoce
in abu
saline
5·29 to
Penili~.
, .Cope da ~ This group- wa;; the major component
of....the la.!lkton community throughout the mon­

soon pe od. In One zooplankton sample at station 51

during he first fortnight of September, it contri­
buted 5 much as l}7·1%. Tbirty species of
plankto ic copepods belonging to 12 families and
15 gene W2re present.

The (l tribution of species aL all stations has been
shown' Table 2. It is evident that thele is
qual it at . e and quantitative variations in their di::i"
tributio. The species were comparatively more
in Zuari estuary than in the Mandovi estuary and
Cumbarj a canal. The salinity gradient may be
the lim ting factor in their distribution. The
salinity ranges were: 0,26-23,59%0, 0·72-19·82%0
and 6·6 30·83%0 for the stations in the Mandovi
estuary, Cumbarjua canal and Zuari estuary res­
pectivel. Undinuta darwini, Eucalanus crasssus,
Centropa .es elongatus and Acartia erythraea were
recorded only in the Zuari. Eucalanus subcrassus,
Centropa es trispinosus and Pontella danae were ob­
served 0 ly in the Mandovi. Acrocalanus gibber,
Centropa es tenuiremis, C. orsinii and Pseudodiap­
tomus s ricaudatus were common to both the
estuaries but absent in the Cumbarjua canal. The
last two pecies were observed only at stations 1 and
12, whe hydrographical conditions were almost
identical Heliodiaptomus cinetus, Pseudodiaptomus
merotoni, Oithona brevicornis and Cyclops sp. were
common 0 stations in the Mandavi estuary and the
Cumbarj a canal but absent in the Zuari estuary.
Pontella curifer and Temora turbinata were observed
at all sta ions in the Zuari estuary and at station 8
in the C barjua canal. This indicates the flow
of water rom the former into the latter.

Maxim m number of copepod species were re­
corded d .ng June when high salinity prevailed
in the M ndovi-Zuari estuarine system and the in-
flux of ritic species was discernible. With the
advent south-west monsoon and consequent
lowering f salinity, only 8 species were seen in the
surface c llections. The number increased again
to about 19 in September, when an abundance of
diatoms nd dinoflagellates which constitute their
food was noticed in the nutrient-enriched water.
paracalan s parvus, Aeroealanus gracilis, pseudo­
diaptomu aurivilli, Labidoeera pectinata, Tortanus
foreiPatus Oitkona rigida, Aeartia centrura, A. plu­
mosa and . sewelli were the common species. The
monthly .ariations in the distribution of 6 numeri­
cally abu dant species has been shown in Fig. 4.
These sp cies in the order of dominance were
Acartia p mosa, Pseudodiaptomus aurivilli, Tortanus
foreiPatus Acartia sewelli, A. sPinicauda and A.
eentrura. They were recorded at all 12 stations
during J e.

T. forci atus seems to be a neritic species occur­
ring in la ge numbers when the salinity is high in
this envi . nment. With the onset of monsoon,
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GOSWAMI & SINGBAL: ECOLOGY OF MANDOVI & ZUARI ESTUARIES

dominated the community throughout the momoon
months. iucifers, chaetognatbs,rtenophores and
decapod larvae are fairly well represented inthe sam­
ples during June, when the salinity is high. With the
onset o£ rain!l, the planktoni,glOUps show prefelence
to salinity zones in their distribution. Lucifers and
fish eggl?and larvae are more in zone Idecapods and
gastropods in zone II and chaetognaths in III.
Cladocerans appear in large numbers in September.
Selvakumar10 has also reported cladoceran abun­
dance from September to February with peak in

'October in Mandovi-Zuari estuaries. Menon et al.n
have recorded c1adoceran peak during August and
September in Cochin Backwater when the salinity
was low. Chaetognaths occur more in the Zuari
estuary Sagitta beclotibeing dominant. S. pulchra
is present in small numbers during June. Accord­
ing to Rao12, S. pulchra is present in large numbers
during high saline conditions in the inshore plank­
ton.

Majority of copepods recorded occur in June.
During July-August, only 8 species are seen in the
surface collections. The number increases again
in September, when there is abundance of diatoms
and dinoflagellates in this environment. Ganapati
and Sarma13 and Prasad and Kartha14 have also
recorded close diatom-copepod relationship off
Walt air coast and in the Gulf, of Mannar and Palk
Bay .respectively. Eucalanus subcrassus, Cen­
tropages tenuiremis, C. orsinii, PonteUa danae, Pseu­
dodiaptomus serricaudatus are observed at the stations
in the Mandovi, Undinula darwini, Centropages
flongatus, Temora turbinata, Acartia erythraea and
A. sPinicaurla in the Zuari. H eliodiaptomus cinctus,
Pseudodiaptomus annandalei and Cyclops sp. are re­
corded in the Citmbarjua canal. PonteUa securifer
and Temora turbinata are observed at the stations in
theZuari estuary and at station 8 in the Cumbarjua
canal, indicating flow of water from the former into
the latter. The movement of water from the Zuari
to the Mandovi through the canal has also been re­
ported by Das et al.4 paracalanus parvus, Acroca-

lanus gracilis, pseudodiaptomus aurivit#,' LafJiaote,.~
pectinata and Oithona rigida are present invariably
at all stations. Pillai15 has given a 'list of 67
species of calanoid copepods from, the eStuarine
waters of Indi~. He h~sst~tedtha;t AMrlia
centrura, A. spinicauda, A. erythraea, Pseudodiap .•
tomus se"icaudatus and P.aurivilli are marine fOnfis
which are also present in the estuarine environment,
The distribution of these species in the Zuari
estuary and at the mouth of the Mandovi estuary
indicates the ingress of marine species il)to these
estuaries.
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