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" ECOLOGY OF THE CYCLOPOID COPEPODS FROM THE COCHIN BACKWATER

P. K. MARTIN THOMPSON*
Central Marine Fisheries Research Institute, Cochin-682 031

ABSTRACT

The ecological investigations on the cyclopoid copepods, wherein various trends in the occurrence
and seasonal abundance in Cochin Backwater, an estuarine system, have been studied. The material
is based on regular weekly zooplankton samples collected from two fixed stations during January,
1970 10 Daceraber, 1971, The various trends in the occurrence and abundance of 28 species of plank-
tonic cyclopaid copepods belonging to 5 genera and 4 families ars dealt with, The effect of salinity
and tempsrature on their distzibution is also elucidated, -

INTRODUCTION

Corepops especially cyclopoids form an im-
portant constituent of the plankton and play
a significant role in the estuarine ecosystem.
Cyclopoid copepods with their larvae constitute
the food of many fish larvae and plankton
eating food fishes, and hence their fluctuationin
abundance have a direct bearing on the local
fisheries, Many commercially important food
fishes, most of which are found in good num-
bers. constitute the fishery in Cochin Backwater
especially at the head of the estuarine system
around Cochin. Several species of cyclopod
copepods which have been recorded only
from neritic and oceanic waters were
encountered in brackish waters showing their
ewryhaline nature. During the Southwest
monsoon season and soon after. salinity goes
low in the estuary and its visinity and ¢his
is similar to the prevailing condition in the
estuarine head. Thus, the organisms inhabiting
such a coastal estuarine system at certain
periods of the year are able to withstand drastic
changes. Another possible factor is the great

% Present address : Krlshi Vigyan Kendra, Central
Matine Fisherics Rescarch Institute, Narakkal-682505,

increase in the available food supply thatis
found in the region of such estuaries.

Earlier works on this group of copepods in
Indian estuaries is confined to the description
of species or records of their occurrence in
different areas. George (1958) made an
attempt at quantitative study of the plankionic
copepods of Cochin Backwater mentioning
of only OQithona sp. and its occurrence.
Wallershaus (1969, 1970) gave a detailed treat-
ment of the taxonomy of some of the copepods
of the estuarine system chiefly calanoids found
around Cochin. Thompson and Easterson
(1977) studied the dynamics of cyelopoid
copepod population in Cochin Backwaters. In
this account the various trends in the occurrence
and abundance of 28 species of planktonic
cyclopoid copepods are dealt with., The effect
of salinity and temperature on their distri-
bution is also elucidated.

The author is thankful to Dr. B.G. Silas,
Former Director, Central Marine Fisheries
Research Institute, Cochin for suggesting the
problem and giving valuable suggestions. The
author also acknowledges the award of Govern-
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nment of India, Ministry of Education Senior
Research Scholarship during the period of
which this investigation was carried out,

MATERIAL AND METHODS

The material for the present study is based
on regular zooplankton samples collected
from two fixed stations (Fig., 1) for two
years from January, 1970 to December, 1971.
Tows were made for 10 minutes (5 minutes
subsurface and 5 minutes along the surface)

ARABIAN SEA

76°15°E

Fig. 1. Part of the Cochin Backwater showing the
stations from where material was collected
for ecological study,

and the speed of the boat in each tow was kept
at 1-1.5 knots, The conicai net used had a
diameter of 0.5 m with nylon gauze of 3,33 mm
mesh size, The volume of the water filtered
was determined by *TSK-487° flow meter.
The samples were preserved in 5% formalin.
Along with each plankton collection, measure-
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ments of temperature and salinity were also
made from the same station,

By the displacement method the total quantity
of zooplankton was studied volumetrically.
Through a close meshed gauze attached to the
bottom of a cylindrical tube, the samples were
strained and was allowed to drain off on paper
towelling, after which a known volume of 5%
formaldehyde was added to it. The total
volume of the sample was estimated since the
values obtained thus was so small, Since the
volume of plankton was less in most of the
samples, for the enumeration of cyclopoid
copepods. entire samples were examined. The
number of each specics of cyclopoid copepod
present in the samples was tabulated.,

Total estimate for 1000 m® of water filtered
have been calculated and monthly averages
are plotted for the same period. In studying
the numerical abundance and correlations,
standard statistical methods were used.

ENVIRONMENT

The northern portion of the Vembanad
Lake is called the Cochin Backwater (09°
58'N, 76°15’E) and it is a typical estuary
and includes part of a long chain of canals.
The ecosystem of the area is influenced by the
sea and fresh water of which, the influence of
the latter being considerablc during the mon-
soon period. It has a perennial connection with
the Arabian Sea, which form the main entrance
to Cochin Harbour. This region is subjected
to regular tidal influence and the tides of this
area are of semi diurnal nature whose maximum
range is about 1 m. There also exists a similar
conniection with the Arabian Sea at Azhicode,
about 25 km north of Cochin which also has a
bearing on the hydrography of the Vembanad
Lake. Variation of annual temperature at
Cochin being 28°-34°C and average annual
rainfall based on data from 1967-1972 is
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about 1080 mm, of which about 75, occurs
during the Southwest Monsoon (June — Sep-
tember).

Environmental features

The topography and hydrography of the
Cochin Backwater has been reported by a
number of recent workers (George, 1958 ;
George and Kartha, 1963 ; Ramamirtham and
Jayaraman, 1963 ; Cherivan, 1967 ; Qasim ef al.,
1969 ; Qasim and Gopinathan, 1969 ; Sankara-
narayanan and Qasim, 1969 ; Josanto, 1971 ;
Gopinathan and Qasim, 1971 ; Menon e? al.,
1971 ; Gopinathan, 1972 ; Wellershaus, 1972 ;
Sumitra et al.. 1972 ; Pillai ef al., 1973 ; Pillai
and Pillai, 1973 ; Qasim et al.. 1974 ; Madhu-
pratap and Haridas, 1975 ; Nair et al,, 1975 ;
Joseph and Pillai, 1975), There seems to
be three distinet periods in any year noticing
the trend in salinity of this area (1) a period
of low salinity — June to September; (2) a
period of gradualrise in salinity — Qctober to
January ; and (3) when the smeface salinity of
Cochin Backwater is comparable to that of the
adjacent inshore waters — February to May.

Temperature remains uniform throughout
the water column and records its higher values
due to warm weather and solar radiation during
the period January to April. A gradual fall
in temperature at the surface and a rapid
lowering at the bottom were noticed with the
onset of monsoon during July and thence onto
August which is mainly due to the intrusion
of cold water into the estuary (Ramamirtham
and Jayaraman, 1963 ; Sankaranarayanan and
Qasim, 1969). The thermal gradient which
usually develops by June lasts till September-
October. During November-December, the
temperature records a fall and this usually
coincides with the onset of Northeast monsoon.

Various seasonal environmental features of
the Cochin Backwater have been reviewed by
Sankaranarayanan and Qasim (1969). Litutle

- P, K, MARTIN THOMPSON

change in dissolved oxygen-is noticed in surface
Iayers, but at deeper layers during the monsoon
months, very low oxygen values were recorded,
and when the marine condition begin to occur,
this gradient disappears, During the monsoon
months, pH values are low, A pronounced
fall in alkalinity is secen during monsoon months
and also recovery of values were observed
during the same period. From January to May,
the nutrient concentration is homogeneous.
but high concentrations are recorded during the
monsoon months with gradient zone in different

depths, Solar radiation and its penetration in
the Cochin Backwater have been studied by

Qasim et al., (1968) and according to them the
maximum. solar radiation reaches the surface
during December to March and the minimum
from June to September, 250-500 g cal/cm®/day
being the range of radiation intensity.

PHYSiCAL FEATURES
Salinity

The mean monthiy variation of surface
salipity during the period of observation are
shown in Fig. 2 a. The yearly cycle of varia-
tions was more or less similar in 1970 and 1971,
A decreasing trend in surface salinity was
noticed from higher values in March-April
and a sharp fall at the onset of Southwest
monsoon in June. From June to August, this
decline was continued, after which period, a
steady increase till December was recorded. A
slight decline was noted during December
January and after that yntil March-April, the
values evinced an increasing trend.

Temperature

Observations in the variations on monthly
mean values of surface temperature at stations
are shown in Fig. 2b. The annual cycle of
variations was observed to be more or less
similar in 1970 and 1971. The maximum
value were recorded during April and minimum
value during September, 1970. A steady in-
crease in temperature from March to April
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was noticed and registered a peak in April
and a fall in May. Till August its downward
trend was continued after which during October
in 1970, a gradual increase was noted, followed
by a gradual decline during the following
months. A rapid increase in surface tem-
perature was observed from January onwards.

BIOLOGICAL FEATURES

'The variation in the distribution of the mean
monthly displacement volumes of zooplankion
from January, 1970 to December. 1971
are shown in Fig. 2 c. During January to
May. usually the plankton volumes were
relatively high and during June to August, they
were low. In the September to November
period, a secondary maximum was noticed.
In 1970 and 1971, the yearly cycle of variations
was more or less similar, but from year to
year the period of maxima showed slight
variations. As previously noted. during June
to August, the rainfall was maximum and this
has a significant effect on the distribution of
zooplankton of this area, since the dominant
species constituting the bulk of the zooplankton
are marine in origin. Many marine organisms
migrate from the environment consequent to the
heavy rain and the resultant large influx of
fresh water into the estuaring system,

From January to April (peak in March)
the mean monthly data of zooplankton biomass
shows high values and low values during
August, 1970, A secondary peak was observed
in July. During the Northeast monsoon period
(October-December), a downward trend in the
values was noted. Although low values were
met with in April, 1971, the seasonal trend in
increase was maintained. Thus the zooplank-
ton abundance showed more or less a similar
pattern of variation from year to year despite
changes in the seasonal abundance of the cyclo-
poid copepod in the plankton.

P, K. MARTIN THOMPSON

Total cyclopoid copepod population

A total of 28 species of cyclopoid copepods
were identified and the data presented here
pertains to the species which occur in the
estuary.

Two maxima were apparent duringthe period,
a minor peak during the prc-monsoon period
and a major one during the post-monsoon
months (Fig. 2d). Aside from the first maxima
noted cither during the months of March,
April or May of any year, it was seen that
greater number of species of cyclopoid copepods
were present in the estuary during October
to March when the temperature and salinity
values were higher. A drastic dimjnution
of the stock was noted from April onwards
with least numbers occurring during the mon-
soon months. Foflowing the monsoonal mini-
mum noted. the average monthly catches in-
creased from August onwards and registered
a major peak during September in 1970, and
October in 1971, A gradual decline in popu-
lation was noted in Qctober, 1970 and Novem-
ber in 1971,

During this period, other planktonic
organisms such as fish eggs, fish larvae,
chaetognaths, hydromedusae, ctenophores

and lucifers were abundant in the estuary,
of these the fish laivae and chaetognaths arc
knovm 1o feed extemsively om cyclopoid
copepods especially copepodites. The presence
of fish ¢ggs in abundance in the plankton
samples during May indicates that fishes
were spawning at that time in the estuary,
the postlarvae and juveniles of which could
have made serious inroads on the existing
stock of copepods. Studies on the seasonal
occurrence of the carnivorous forms carried
out by George, 1958 ; Vannucci ez al., 1970 ;
Santhakumari and Vannucci, 1971 ; Srinivasan,
1971 ; Nair, 1971 ; Menon ef al.. 197 reveal
that their abundance in the plankton coingide
with that of cyclopoid copepods in the Cochin
Backwater,
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All these above observations suggest that
these carnivorous forms occur in the plankton
in good numbers when there is also an increase
in the cyclopoid copepod population in the
estuary and diminish soon after when the
cyclopoid copepod decrease in their numbers.
No study has been carried out on the feeding
behaviour and the propensities of these pre-
dators, but it is felt that a good proportion
of cyclopoid copepeds as nauplii, copepodites
and adults form food for other zooplankters,
Moreover the occurrence of these predatory
forms in the Cochin Backwater in large numbers
indicates a very high secondary production in
the estuary,

DISTRIBUTION OF ADULT CycLopoiD COPEPODS

During the post-monsoon months in 1970
and 1971, the adult population of copepods
represented by cyclopoid species were highest.
Almost all the species recorded decline in
number to varying degrees by the end of May
or June, although certain typical brackish-
water species such as Oithona hebes, O. brevi-
cornis, Q. rigida and O, nana continued to be
present in good numbers. In several species,
during the end of pre-monsoon months (May-
early June), decline was constant and in the
beginning of October-November period. a
reversal in trend was noted. A unimodal
pattern of distribution was noticed when the
adults of all the species were taken together,
although it was found that several of them
showed more than one peak and the peak was
not synchronised in these species when different
species were studied separately. Ome of the
peak periods observed of majority of copepod
species corresponds with the period September-
April, which is the season of population abun-
dance in the estuary.

OCCURRENCE AND SEASONAL DISTRIBUTIONS

The species-wise analyses of the numerically '

mote abundant species are dealt with below.

P. K. MARTIN THOM!_’SON

Otthona brevicornis Giesbrecht (Fig. 2¢)

This is one of the common species present in
the plankton in abundance during pre-monsoon
months and to a lesser extent during monsoon
and post-monsoon months during 1970, but
the case was reversed during 1971, During
1970, it was numerous during March to May.
September and November and was absent in
October. In 1971, a minor peak was seen in
February and numerically abundant during
September-December. From the pattern of
distribution it was evident that it occurs in the
plankton throughout the year, but in more
numbers during high saline and warm waters
of the pre-monsoon and post-monsoon months.

Oithona hebes Giesbrecht (Fig. 2 1)

This species was present in the plankton in
abundance during the pre-monsoon and to a
higher extent during post-monsoon months
during 1970 and 1971. During 1970, it was
numerous during January to May, August and
September and in 1971 during January to
March and September to December. The
major peak in 1970 was observed during Sep-
tember and in 1971 during October. From the
pattern of distribution it is evident that this
species prefers the warm and high saline waters
of the pre-monsoon and post-monsoon months.

Qithona rigida Giesbrecht (Fig. 2 g)

This is a common species present in the
plankton in good numbers during the pre-
monsoon and to a higher extemt during the
post-monsoon months, During 1970, it was
numerous during January, April. May, Sep~
tember and November and in 1971, it was more
abundant during the period September to
December. Im 1970, its peak period was
observed in April, after which dwindled in
numbers, but a secondary peak was seen in
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TABLE 1, Species-wise average monthly occurrence of cyclopoid copepods (Nol1000 m*)

Species Year Stn, J F M A M 1 J A S 0O N D
M) @ & @ &6 6 O 6 0 da) an a4z a3 a9 a9

g

Oithona attenuiata A 1 2 — 47 4T - - = = = e e -
2 47 _— 47 47 -— —— — — — — - -
B 1 - = = = = = = = =~ 4T
2 — - = = - = D = = = — 4
0, plumifera o A 1 423 — 47 — = = = = = = 23—
2 434 — —  — 188 — e e — o 47
B 1 — = — — = — = o~ o~ = 25
2 - = = - = - = = = - -~ 25
O, similis o A 1 188 —_ - - ——— e —-— — — — — —
2 188 = - e e e e = e
B 1 — = e = e = = — 1,410 6932
2 e T A R | .
0. simplex v A 1 47 — —_ — 159 — —_ — —_ — " 94
2 M — — 47 — - — — - — — 9
B 1 - - - = = = - = = = -
2 . 7 U
Oncaeaclevei .. A 1 W/ - = - = = = o~ S =
2 28 — - = = = = = = = 4
B — — — = = = = = — — 40 41
-2 - = = = = = = -~ — 1880
O, conlfera o A 1 47 = e = — e o e
2 - = = = e e em e
B 1 = = = = = = = ~— 410 — 470 23
2 - - = = = e = = = = 238
0. nedia . A 1 188 — - 47 -— — _ - —_ — — —
2 117 -— — 94 — — —_ — — — — _—
B 1 — 47 e — —_ - —_— = — 40 235
2
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September, During 1971. the secondary peak
was in October,

Oithona nana Giesbrecht (Fig. 2 h)

This is one of the common species present in
the plankton and found in abundance during
the pre-monsoon months and to a higher extent
during post-monsoon months. A major peak
was observed during October, 1970 and 1971,
The maximum mnumber of this species were
geen during September to December during
both the years.

Oithona oculata Farran (Fig. 3 a)

This species is present in the plankton
samples during the pre-monsoon and post-
monsoon months. The major peak was ob-
served during September 1970 and 1971, It
was absent in the plankton during July, August

_and October in 1970 and during June to August
in 1971, Tt was present in the plankton samples
in good numbers during September to December.

Several othet species appear only occasionally
and details about their seasonal cycles and
relative abundance are given in Table 1 for a
period of two years for the two stations.

SEASONAL FLUCTUATIONS

George (1958), Tranter and Abraham (1971),
Pillai et al., (1973) and Madhupratap et 4l,
(1975) have attempted studies on the seasonal
cycle of different group of copepods through the
course of a year from the Cochin Backwater.
Similar investigations carried out from the
inshore waters along the west coast of India
revealed that the peak period of occurrence was
during January to February along Trivandrum
coast (Menon, 1945); during October to
December at Calicut (George, 1953 ; Subrah-
manyan, 1959 ; Mukundan, 1971) and during
March to April and October to November in
the inshore waters off Bombay (Pillai, 1968).
From all these studies it is evident that the
copepod density along the western coastal
waters of India is higher during Ootober to

k! |
March. The characteristics of the inshore

‘coastal waters exert profound influence on the

seasonal rhythm as it is evident in the pattern
of occurrence and distribution of the copepod
in the Cochin Backwater.

Many species of pelagic cyclopoid copepods
exhibit distinct seasonal periodicity as it is
evident in the monthly distribution of species.

TABLE 2, Maximum abimdance recorded for 5 species of
cyelopoid copepods in the Cochin Backwater
during January 1970 to December 1971 for
the two stations

January 1970 January 1971
Species Sin, to December  to December
1970 1971
Olthona brevicornts 1 September November
2 March September
Olthona nana i September November
2 Sep:ember October
Qithona hebes 1 September October
2 Sepiember October
Qithona oculata 1 Seprember Qctober
2 Sepiember March
Qithona rigida 1 Sepiember October
2 September October

The following categories of ecological sub-
divisions can be made out in the Cochin Back-
water based on the pattern of distribution and
seasonal occurrence.

(i) Species which occur either throughout
the year or for most part of the year:
e.g. Oithona brevicornis, O. hebes,
0. nana, O. rigida, O. aculata,

(ii) Species which occur only during certain
months of the year apparently influenced
by higher salinity : e.g. Oithona phimi-
Jera, O, simplex, O. attenuata, Corycaeus
(Dltrichocorycaeus) andrewsi, etc,

(iii) Species which are very rare and oceur
' sporadically in small numbers in Cochin
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Backwater, the distribution of some of
which may be considered fortuitous :
e.g. Oithona similis, Oncaea venusta, O.
media, 0. conifera, O. clevei, Corycaeus
(Onychocorycaens) pacificus, C. (0.
Ovalis, C. (0O agilis, C. (0.) pumilis,
C. (Ditrichocorycadlis) asiaticus, C.{(D.)
dubius, C. (D.) affinis, Farranula gibbulus.

ROLE OF TEMPERATURE AND SALINITY ON
THE DISTRIBUTION

In the estuary, environmental changes are
of prime importance because cf their action
directly upon the physiological processes of the
organisms, especially upon the rate of meta-
bolism reproductive cycle and longivity which
have a direct bearing on their relative abun-
dance, Not merely species, but many genera
and even higher systematic categories are con-
fined entirely, or nearly so to a particular
watermass. The relationship of a particular
species with T-S can be utilised as a character
which determines the range and tolerance of that

species when it occurs at a particular environ-

ment and is also an useful instrument for
understanding the ecology of the species.
There are hardly any references from the
Indian Seas on the effect of environmental
changes on the abundance of a given species
of planktonic cyclopoid copepods.

The monthly fluctuation in composition of the
total cyclopoid copepod in the Cochin Back-
water during the two year period January 1970
to December 1971 are shown in relation to
T-S diagram (Fig. 2). In Fig. 3 b-h and 4 a-h,
the occurrence and abundance of the following
species namely Oithona similis, O. attenuata, O.
brevicornis, O. nana, 0. oculata, Q. rigida, O.
simplex, O. plumifera, Oncaea clevei, O, coni-
fera, O. media, O. venusta, Corycaeus (Cory-
caeus) speciosus, C. (Onychocorycaeus) agilis, C.
(0.) ovalis, C.(0.) pacificus, C. (0.) pumilis, C.
(Ditrichocorycaeus) andrewsi, C. (D.) asiaticus,
C. (D.) dubius, and Farranula gibbulus in the
temperature and salinify ranges ate also drawn,
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Distribution of species

Distribution pattern of 23 species of calanoid
copepods that were recorded from Cochin
Backwater during 1968-1969 has been briefly
discussed by Pillai (1971) and the range of
salinity within which each species occurs,
and came to the conclusion that particularly
the marine forms in the estuary have restricted

-distribution. -

28 species of cyclopoid copepods have been
studied in the present observation, Based on
the observed salinity values and the range of
salinity within which each species ocour, the
species are divided into two groups as follows :

Group A : Specles which generally occur in
salinity less than 25%,,.

Oithona brevicornis, 0. hebes, O, rigida, O.
plumifera, 0. nana, O. oculata, Corycaeus
(Onychocoryeaeus) pacificus.

Group B: Species which occurs in salinity
above 25%,.

Oithona similis, Q. simplex O. attenuata,
Oncaea venustq, O, media, 0. clevei, 0. coni-
fera, O, mediterranca, Corycaeus (Corycaeus)
speciosus, C. (C\) crassiusculus, C. (Ditricho-
corycaeus) subtilis, C. (D.) affinis, C. (D.)
andrewsi, C. (D.) dublus, C. (D.) dahli, C. (D.)
asiaticus, C. (Onychocorycaeus) ovalis, C. (0.)
agilis, C. (0.) pumilis, Farranula gibbulus,
Sapphirina nigromaculata.

The following species namely Oithona similis,
Oncaea venusta, Corycaeus (Coryeaeus) crassius-
culus, C, (Ditrichocorycaeus) subtilis, C. (D.)
affinis, C. (D.) dubius, and Sapphirina nigromacu-
lata which are categorised under Group B
have limited distribution ir the estuary during’
the pre-monsoon months when the salinity
in t ‘ estuary is in par with that of nearshore

walers,
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DISCUSSION

The Cochin Backwater receives run off from

the Southwest monsoon between June and.

August and also some rain from the Northeast
monsoon from October to December. The
discharge from the rivers during the monsoon
period reduces the salinity of the backwater
system considerably. Thus for six months
of the year, the environment is subjected to
drastic changes due to the influx of fresh water.
The estuarine area for the remaining six months
(December to May) is relatively stable with
regard to temperature and salinity, particularly
near the mouth of the estuary from where the
collections were made for the present study.
During the hot pre-monsoon period,evaporation
and reduced flow of fresh water results in an
increased salinity of the whole system. Based
on the hydrographical condition of the Cochin
Backwater, three seasons can be recognised
in any year as indicated earlier, Thus fluctuat-
ing hydrological conditions influence the eco-
system resulting in the seasonal and biological
cycles of cyclopoid copepods.

This study tends to show that of all the
physico-chemical factors, salinity is pivotal in
controlling the occurrence and abundance of
cyclopoid copepods in the Cochin Backwater.
Owing to the perennial connection with the
sea, there is a regular ingress and egress of
marine plankters to the backwater, caused in
part by the tidal flow. This was evident, for
most of the species studied, the maximum
abundance was met with during the pre-
monsoon months, when the estuary was less
turbulant and the hydrographical parameters
were comparable to the inshore waters.

The mixo-euryhaline population tend to re-
establish themselves in the estuary after the
monsoon as evidenced by a general reversal
from limnophilous condition to the monsoon

period, - With steady high tidal influence and

watermass movements, pockets of high saline
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water persist in the lower layers in the estuary.
On the distribution of surface salinity, Rama-
mirtham and Jayaraman (1963) remarked that
with high salinity at the bottom and almost
freshwater at the surface, there is a very sharp
gradient of salini sulting from the strati-
fication, during th nsoon months, Studies
on the salinity changes in the Cochin Backwater
corresponding to tidal variation were studied
by Qasim and Gopinathan (1969) and they
opined that during the monsoon period large
quantities of freshwater cnter the estuary,
resulting in very low saline waters at the surface
and a denser layer of saline water at the bottom.
Moreover differences induccd by tides are well
pronounced at the surface and bottom during
this seasom and the mixing gets prevented
with the result that brackishwater at the surface
remains more or less undisturbed. Since zoo-
plankton collections were not made from the
bottom layers, the effect of this lay:r on the
distribution of cyclopoid copepods could not
be ascertained. There is reason to believe
that since some species do not completely dis-
appear, it can be migrating to this higher saline
bottom waters or present in the pockets of high
saline waters.

The tidal action is quite conspicuous through-
out the year in the Cochin Backwater. During
the post-monsoon months, the maximum tidal
tanges were about 1 m. The entire water
column gets well mixed during this period and
the salinity of the backwater increases at the
flow and decreases at the ebb. During this
period along with the tidal current, several
marine species of the cyclopoid copepod popu-
lation also enter the estuarine system. This
is evident from the nature of the cyclopoid
copepod population of the backwater. Several
of the species present are marine forms that
have been recorded from the coastal waters
of this region and some species have a very
wide distribution and are found in tropical
waters in almost all the world oceans. The
marked fluctuation in abundance of the various
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typically marine forms is easily explained wheti
linked up with the widely varying salinity of the
estuarine waters. It is also observed that such
species propagate in the estuary (e.g. Oithona
simplex, O. attenuata, Corycaeus (Ditrichocory-

P. K, MARTIN THOMPSON

caeus) andrewsi, Oncaed clevel, C. (Onycho-
corycaeus) agilis from the end of post-monsoon
period to throughout the pre-monsoon period,
but are uncommon during the low salinity
regime,

REFERENCEY

Casrryaw P, V, 1967, Hydrological studies in aﬁd
around Cochin Harbour, Bull, Dept. Mar, Biol,
Oceanogr. Univ, Kerala, 3:9-17.

Georae M.J, 1958, Observations on the plankion
of Cochin Backwater. [Indian J. Fish., 5 (2} ; 375-401.

aND K. N, R. KartHA 1963, Surface
salinity of Cochin Backwater with reference to tide.
F. mar. biol, Ass. India, 5§ (2) : 178184,

Gzorgr, P, C, 1953, 'The marine plankion of the
coastal waters of Calicut with observation on the hydro-
logical condition, J. Zool. Soc. India, 8 : 76-107,

GorNaTHAN C. K. anD 8, Z, Qasid 1971, Silting
in navigational chanuels of Cochin harbour atea.
mar, biol, Ass. India, 13 (1); 14.26.

. GoPmATHAN, C, P, 1972, Seasonal abundance of
gggtg%ankton in the Cochin Backwater. Ibid., 14 (2):

JosepH, K. J. aNp V, KuNjugrisawa Prear 1975,
Seasonal and spatial distribution of phytoplankton in
the Cochin Backwater, Ibid., 7 (1) : 171-180,

Josanto, V. 1972, The bottom salinity characteri-
stics and the factors that Infizence the salt water pene-
tration in the Vembanad Lake. Buwll. Dept. Mar.
Biol. Oceanogr, Uniy, Cochin, §; 1-16,

MabHUPRATAR, M, anD P, Haribag 1975, Compo-
sition and variations in the abundance of zooplankton
on backwaters from Cochin to Alleppey. Indian J.
Mar. Sci., 4 (1) : 77-88.

, P. Haripas, T, 8, 8, Rao, anD H. Krisuna
Ivem 1975, Species assoctations of calanoid copepods
in an estuary. Ibid, 4: 177.180,

MznoN, M, A, 8.1945, Observations on the seasonal
distribution of the plankton of the Trivandrum Coast,
Proc. Indian Acad, Sci., 221 3162,

MeNON, RAVINDRANATHA, N., P. VENUGOPAL AND
5. C. Goswamr 1971, Total biomass and faunistic
composition of the zooplankton in the Cochin Back-
water, J. mar, biol. Ass, India, 13 (2): 220.225,

MukunDaN C. 1971, Plankion off Calicut inshore
waters and its relationship with coastal pelagic fisheries,
Indtan J. Fish., 14 (1 & 2) ; 271.292,

Nar, R, VOAvALARsEMt 1971, Seasonal fluctuation
of chaetogaaths in the Cochin Backwater, J. mar,
blol. Ass, India, 13 :226.233,

Nam, RAMACHANDRAN P, V,, K. ), JoserH, V, K,
BALACHANDRAN AND V. KUNFURRISHNA PiiLat 1975,
A study on the primary production in the Vembanad
Lake, Bull Dept. Mar, Sci, Uniy, Cochin, T{1) : 161-170.

fn._mr, V. K&Jsﬂgvmull;mgs h!%& Segionﬂa‘l Bcgclg of
pelagic copepods from the fishi unds off Bombay,
Indian J, F?sg.. 15 : 198-206, ki Y

Prean P, ParaMeswaran 1971, Studies on estua-
Eizl;e i:g ellgﬁds of India. J. mar, biol, Ass. India, 13

. AND M. AvyarpaN Pnpar 1973, Tidal
inflience of the diel variations of zooplankton with
spacial reference to copepods in the Cochin Backwater,
Ibid., 15 (1) : 411417,

, 3. Z, Qasma anD A, K. K. Nar 1973,
Copepod component of zooplankton in a tropical
estUary. Indian J. Mar. Sci., 2 : 38-46,

QaaM, 8. Z., P. M, A, BRATTATERI aND 8. A, H,
Anipr 1968, Solar radiation and its penetration in a
tropical estuary. J. exp. mar. Biol. Ecol, 2: 87-103.

———— AND C. K. GoOPINATHAN 1969, Tidal
cycle and environmental features of Cochin Back-
water. Proc. Indian Acad. Secl., 69 (6) : 336-348.

, 5. WELLERSHAUS, P, M, A, BHATTATHIR(
AND 8. A, H. AwiDt 1969, Organic production in a
tropical estuary. Ibid, 69 (2): §51.94,

: , V. SumrTHra, K. T, JoserH AND V, K,
BarscHANDRAN 1974, Contribution of microplankion
and nanoplankton in the waters of a tropical éstuary.
Indian J, Mar, Sei., 3 (2} : 146-149,

RavamirTHAM, C. P, AND R, JAYARAMAN 1963,
Some aspects of the hydrographic conditions of the
backwaters around Wililngdon Island (Cochin). J
mar, biol. Ass. India, 2 (2) 1 199207, _

_ SANKARANARAYANAN, V. N, AND 8, Z. QasmM 1969, -
Nutrients of Cochin Backwater in relation to environ.
menial characteristics, Mar. Bjol., 2; 236-247,



ECOLOGY OF CYCLOPOID COPEPODS

SANTHAKUMARI, V, AND M, VANNUCcT 197). Mon.
soonal fuctuations in the disuibution of the hydro.
medusae of the Cochin Backwater, 1968.69. J. mar.
biol. Ass. Indla, 13 :211.219,

SemuivasaN, M. 1971, Biology of chactognaths of
the estuarine waters of India. 1bid,, 13 : 173181,

SupraHMANYAN, R. 1959, Studies on the phyto-
plankton of the west coast of India, I-II. Proc, Indlan
Acad, S¢i., 50 : 113.252,

Sumirra, V., K. J, JosgpH, D, C, V, EASTERSON AND
V. K. BaracHaNDRAN 1972. Studies on dissolved
carbohydrate content (DCHO) in a tropical esivary.
J. mar. biol, Ass. India, 14 (2) : 864-866,

TuoMPsoN, P. K. MarTiN AND D, C, V. BASTERSON
1977, Dynamics of cyclopsid copepod population
in a tropical estwary., Proc, Symp, Warny Warter zoopl,
Spl. Publ, UNESCO!NIO, pp. 426.496,

368

TRANTER, D. J. AND S. ABRARAM 1971, Coexistence
of species of Acartidae (Copepoda) in the Cochin
ili:clg;%t% la. monsoonal estuarine lagoon. Mar, Blol,

Yanuccr, M., V., SANTHAKUMARI AND E. P. Das
SaNTOA 1970. The ecology of hydromedusae from
Cochin area, Ibid,, 7: 49-38,

WELLERSHAUS, S. 1969, On the taxonomy of
plankionic Copepoda in the Cochin Backwater (a South
llfridi%r;sEzs.étsmry). Veroff. Inst, Meeresforsch. Bremerh.,

1970. On the Taxconomy of some Cope-
poda in Cochin Backwater (a South Indian Estuary),
Ibid., 12 : 463-490,

1972, On the hydrograph}y of the Cochin
Backwater a South Indian estuary. J. mar, biol, Ass.
India, 14 (2) : 487.495,



