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ABSTRACT

The annual pattern of distribution and abundance of tintinnids and copepods —taking them as the
representatives of the major components of microzooplankton (20 to 200 um) and mesozooplankton
(200 um to 2 mm), respectively— was studied at the Pichavaram mangroves (India). Monthly sam-
plings were made from January to December 1989, covering three stations. For tintinnids, density
varied from 60 to 44,990 org./m’. Agglomerated tintinnids were the dominant form. The maximum
abundance (80,740 org./m®) of copepods was recorded in the freshwater and neritic water mixing zone
(station 2) during summer and the lowest (80 org./m®) in the freshwater zone (station 1). The genera
Acartia and Acrocalanus (belonging to the suborder Calanoida), Macrosetella and Euterpina
(belonging to the Harpacticoida), and Oithona (belonging to the Cyclopoida) were coincident with the
maximum species abundance at station 2. Species like Acartia southwellii and Oithona brevicornis
were observed during the lower abundance period. Calanoid and harpacticoid copepods were also
dominant at station 3. A significant positive relationship between the abundance of tintinnids and co-
pepods was observed. The seasonal distribution and abundance of tintinnids and copepods are dis-
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cussed in relation to hydrographical parameters.
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RESUMEN

Se estudio el patron anual de distribucion y abundancia de tintinidos y copépodos — tomados
como representantes de los mayores componentes del microzooplancton (20 a 200 pm) y mesozoo-
plancton (200 um a 2 mm), respectivamente—, en los manglares de Pichavaram (India). Se tomaron
muestras de enero a diciembre de 1989, en tres estaciones. La densidad de los tintinidos vario de 60 a
44,990 org./m®. Los tintinidos aglomerados fueron la forma dominante. La abundancia maxima de
copépodos (80,740 org./m’ ) se registré en la zona de mezcla de agua dulce y neritica
(estacion 2) durante el verano y ia menor (80 org./m’) en la zona de agua dulce {estacion 1). Los
géneros Acartia y Acrocalanus (pertenecientes al suborden Calanocida), Macrosetella y Euterpina
(pertenecientes al Harpacticoida) y Oithona (perteneciente al Cyclopoida) coincidieron con la méxima
abundancia de especies en la estacion 2. Se observaron especies como Acartia southwellii y Oithona
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brevicornis en el periodo de menor abundancia. Los copépodos calanoides y harpacticoides también
dominaron en la estacion 3. Se observd una notable relacion positiva entre la abundancia de tintinidos
v copépodos. Se discute la distribucion estacional y abundancia de tintinidos y copépodos en relacion

con los parametros hidrograficos.

Palabras clave: tintinidos, copépodos, India del Sur, distribucién, abundancia.

INTRODUCTION

The tropics are well known for the wide di-
versity in species composition, both within the
piant and animal kingdoms. Likewi
of the tropics are variegated and change their
composition daily (Krishnamurthy. 1962).

The plankton are broadly divisible into the
following based on their cell size (Dussart,
1965): ultraplankton (< 2 um), nannoplankton
(2-20 um). microzooplankton (20-200 pm),
mesozooplankton (200 pm-2 mm), megaplank-
ton (> 20 mm).

Among the planktonic organisms, the micro
and mesozooplankters play an important con-
necting role in the pelagic or aquatic food web.
They form a vital link for turnover of organic
matter and transfer of energy to higher trophic
levels of organic production between the prima-
ry producers like diatoms and the secondary
consumers like fish (Krishnamurthy et al,,
1979). Among microzooplankton, tintinnids are
common and dominant in this region. They are
the important food source of mesozooplankton.

These copepods graze on the primary pro-
ducers, which form their staple food. The or-
ganisms at tertiary level and at higher trophic
levels feed mainly upon zooplankton (Krish-
namurthy et al.. 1979). Some studies on the
annual distribution patterns of copepods in
relation to microzooplankton have been made
in the Pichavaram mangroves and adjacent bio-
topes (Krishnamurthy and Santhanam, 1975;
Damodara Naidu et al., 1977; Damodara Nai-
du. 1980) and clsewhere (Beers and Stewart,
1969; Conover. 1982: Capriulo and Carpenter,
1983).

In this study. simultaneous in situ varia-
tions in species composition and population of
tintinnids and copepods (the major components
of microzooplankton and mesozooplankton, re-
spectively) were investigated for a period of
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Es bien conocida la amplia diversidad de
los trépicos en cuanto a composiciéon de espe-
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cies de los reinos 'v'cg,cm} ¥y animal. El
de los tropicos es igualmente diverso y cambia
diariamente su composicion (Krishnamurthy,
1962).

En términos generales, ¢l plancton se divide
de acuerdo con ¢l tamario de su célula (Dussart,
1965): ultraplancton (< 2 um), nanoplancton (2
a 20 um), microzooplancton (20 a 200 pm),
mesozooplancton (200 um a 2 mm), mega-
plancton (>> 20 mm).

Entre los organismos planctonicos, los mi-
cro y mesozooplanctonicos representan una
funcién importante de conexion en la red
alimentaria peldgica o acuatica. Constituyen
un enlace vital para la renovacion de materia
organica y la transferencia de energia a niveles
troficos  superiores de produccion  organica
entre  los productores primarios.  comno
diatomeas, y los consumidores secundarios.
como los peces (Krishnamurthy et al.. 1979).
En ¢l microzooplancton, los tintinidos son
comunes y dominantes en esta region. Son
la fuente alimentaria importante del meso-
zooplancton.

Estos copépodos se alimentan de produc-
tores primarios, que forman su alimento basico.
1.os organismos del tercer nivel y niveles trofi-
cos superiores se alimentan principalmente de
zooplancton (Krishnamurthy et al., 1979). Se
han efectuado algunos estudios sobre los pa-
trones de distribuciéon anual de los copépodos
en relacion con el microzooplancton, en los
manglares de¢ Pichavaram y los biotopos adya-
centes (Krishnamurthy y Santhanam, 1975;
Damodara Naidu et al., 1977: Damodara Naidu,
1980), asi como en otros lugares (Beers y Ste-
wart, 1969; Conover, 1982; Capriulo y Carpen-
ter, 1983).
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STUDY AREA

The present study was carried out at the Pi-
chavaram mangroves located near Parangipettai
(Porto Novo), India, on the Bay of Bengal sea-
board (11°29' N, 79°45' E) (Fig. 1). This eco-
system is unique as it is connected with the
other aquatic biotopes, such as the estuary, the
backwater and the sea. Such a situation pro-
motes mixing of waters of varying salinity,
temperature, nutrient concentrations, etc. The
mixed waters of the mangroves are very fertile
and productive (Sundararaj and Krishnamurthy,
1974), enabling growth of a wide variety of or-
ganisms, shellfish and finfish, besides plankton.

In the present study. three ecologically
different study sites were chosen; the distance
between the stations was about 1 km (Fig. 1).
Station 1, Karithurai, is located in the
freshwater part of the mangroves; station 2,
Madai, is located in the mixing zone of
freshwater and neritic water; station 3,
Periyakadavu, is situated in the interior area.
The banks of the waterway in this area are lined
by the dense mangrove vegetation.

In this tropical region, based on the climatic
variations, the year is divisible into four clima-
tic seasons: monsoon (rainy season), October to
December; postmonsoon, January to March;
summer, April to June; premonsoon, July to
September.

The salinity of the waterways is low during
the rainy (monsoon) season and high during the
summer season. The average annual precipita-
tion in this area is about 130 cm.

MATERIALS AND METHODS

Mesozooplankton samples were collected
monthly (table 1) using a conical net (mesh size
119 pm), having a mouth area of 0.25 m’; the
net was towed for tive minutes to collect the
surface zooplankton. A net (mesh size 54 um)
was also towed for five minutes for the collec-
tion of microzooplankton during high tide. The
net was towed horizentally (0 m depth) at the
surface water for a distance of about 50 m. To
collect a good number of species and estimate
the abundance of mesozooplankton (copepods),
200 1 of surface water were filtered with the
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En este estudio, se investigaron las varia-
ciones simultaneas in situ de la composicion de
especies y la poblacion de tintinidos y copépo-
dos (los mayores componentes del microzoo-
plancton y mesozooplancton, respectivamente),
durante un afio, de enero a diciembre de 19895.

AREA DE ESTUDIO

El presente estudio se llevo a cabo en los
manglares de Pichavaram, localizados cerca de
Parangipettai (Porto Novo), India, sobre el lito-
ral de la bahia de Bengala (11°29' N, 79°45' E)
(Fig. 1). Este ecosistema es inico pues esta co-
nectado con otros biotopos acuaticos: estuario,
remanso y mar. Tal situacién promueve ia mez-
cla de aguas de diferentes salinidades, tempera-
turas, concentraciones de nutrientes, etc. Las
aguas mezcladas de los manglares son muy
fértiles y productivas (Sundararaj y Krishna-
murthy, 1974). Permiten el crecimiento de una
amplia variedad de organismos, crusticeos y
peces Jde escama, ademas de plancton.

En la presente investigacion, se escogieron
tres lugares de estudio diferentes ecoldgica-
mente; la distancia entre las estaciones fue de
cerca de 1 km (Fig. 1). La estacion 1, Karithu-
rai, se localiza en la partc de agua dulce de los
manglares; la estacién 2, Madai, se ubica en la
zona de mezcla de agua dulce y agua neritica; la
estacion 3, Periyakadavu, esta situada en el area
interior. Las orillas del canal de esta area estan
bordeadas por la densa vegetacion del manglar.

En esta region tropical, con base en las
variaciones climaticas, el afio se divide en cua-
tro estaciones: monzon, octubre a diciembre
(lluvias), postmonzén, enero a marzo; verano,
abril a junio; premonzon, julio a septiembre.

Durante la temporada de lluvias (monzén),
la salinidad de los canales es baja y durante el
verano, alta. El promedio anual de precipitacion
en esta area es de cerca de 130 cm.

MATERIALES Y METODOS

Se recolectaron mensualmente muestras de
mesozooplancton (tabia 1) usando una red coni-
ca (luz de malla de 119 pm), con un area de
boca de 0.25 m?; la red se arrastré durante cinco

minutos para recolectar el zooplancton de la su-
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Figure 1. Map showing the study area. Numbers 1-3 indicate the study areas in the Pichavaram

mangroves.

Figura 1. Mapa del area de estudio. Los nimeros 1 a 3 indican las areas de estudio en los manglares

de Pichavaram.

help of a 20-I bucket (10 times). When com-
pared to mesozooplankton, microzooplankton
cell size is much smaller and there is a consid-
erable chance of missing a few smaller-sized
forms through the net. Hence, to obtain reason-
able values in the tintinnid abundance the sedi-

mentation technique was used, following the
of Shukhanova (1978).

lllblhud vl uuun\uuu
this method, one-litre surface water samples
were collected using polyethylene bottles and
fixed with 5% neutralized formalin on board.
The bottles were kept undisturbed for 48 hours
till complete sedimentation; microzooplankton
settled on the bottom and was used for numer-
ical counts, using Utermohl's inverted plankton
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perficie. También se arrastré cinco minutos una
red (luz de malla de 54 um) para recolectar mi-
crozooplancton durante la marea alta. La red se
arrastro horizontalmente sobre la superficie del
agua (0 m de profundidad), una distancia de
aproximadamente 50 m. Con el fin de recolec-
tar un buen numero de especies y estimar la
abundancia del mesozooplancton (copépodos),
se filtraron 200 | de agua de la superficie con la
ayuda de una cubeta de 20 I (diez veces). El ta-
maiio de célula del microzooplancton compara-
do con el del mesozooplancton, resulta mucho
menor y es considerable la posibilidad de per-
der algunas formas de las tallas menores, a
través de la red. Por tanto, para obtener va-
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Table 1. Month, day and hour of sampling

Tabla 1. Mes, dia y hora de muestreo

Month Date Day Station 1 Station 2 Station 3
January 2/61/89 Monday 8:30 a.m. 920 a.m. 106:20 a.m.
February 2/02/89 Thursday 7:45 am. 8:35a.m. 9:45 am.
March 4/03/85 Saturday 3:15 p.m. 4:10 p.m. 5:20 p.m
April 3/04/89 Monday 8:15 am. 9:20 am. 10:10 a.m.
May 2/05/89 Tuesday 9:45 am. 10:40 a.m. 11:40 a.m.
June 3/06/89 Saturday 10:40 am. 11:35 am. 12:30 a.m.
July 3/07/89 Monday 7:15 am. 8:20 a.m. %:15 am.
August 2/08/89 Wednesday 8:45am. 9:50 a.m. 10:40 a.m.
September 6/09/89 Wednesday 8:45 a.m. 9:35am 10:20 am.
October 4/10/89 Wednesday 9:40 a.m. 10:35 am. 11:20 a.m.
November 3/11/8% Friday 8:45 p.m. 9:35 a.m. 10.20 a.m.
December 30/12/89 Saturday 2:30 p.m. 3:20 p.m. 4:20 p.m.

microscope (Utermdhl, 1958). A water sample
was also collected for the measurement of hy-

drographical parameters such as temperature,
salinity and dissolved oxygen. Water tempera-
ture was measured using a standard Celsius
thermometer. Salinity was estimated by the
silver nitrate titration method and dissolved
oxygen by the modified Winkler method as de-
scribed by Strickland and Parsons (1972).

RESULTS
Environmental parameters

Environmental

ceacnnal
sgaséna.

parameters showed wide

Hichest temnerature and
a1gnest wemplratu

salinity were recorded during the summer and
lowest during the monsoon season (Figs. 2, 3).
The minimum and maximum monthly tem-
perature were 24.5°C (December) and 35.5°C
(June), respectively. Salinity varied widely,
ranging from 3.9 ppt (September) to 35.5 ppt
(June). The dissolved oxygen values were high
(6.1 ml/1) during the monsoon (December) and
low (3.62 ml/l) during the summer (May) sea-
son (Fig. 4). Season-wise observation of dis-
solved oxygen showed an inverse trend against
temperature and salinity.
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lores razonables de la abundancia de tintinidos,
sc usé la téenica de acuuucutauuu con ¢l méto-
do de Shukhanova (1978). De acuerdo con este
método, se recolectaron muestras de un litro de
agua superficiai, usando boteiias de polietileno
y se fijaron con formalina neutralizada, a bordo.
Las botellas se mantuvieron quietas por 48
horas, hasta que se completd la sedimentacion.
El microzooplancton se asent6 en el fondo y
fue utilizado para ¢l conteo numérico, mediante
el microscopio invertido para plancton de
Utermohl (1958). Se recolectd también una
muestra de agna para medir parametros hi-
drograficos como temperatura, salinidad y
oxigeno disuelto. La temperatura del agua se

midiA coan nn termAmatern actdndar de aradnac
miGio 0L ull WIMOMEUs Ssandar 48 graGgos

Celsios. La salinidad se estimé con el método
de titulacion con nitrato de plata, y el oxigeno
disuelto con el método de Winkler,
tal como lo describen Strickland y Parsons
(1972).

R L. S Y
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RESULTADOS

Parametros ambientales

Los parametros ambientales muestran am-
plias variaciones estacionales. Las mayores
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Figure 2. Monthly surface water temperature (°C).
Figura 2. Temperatura (°C) del agua superficial, por mes.
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Figure 3. Monthly surface water salinity (ppt).
Figura 3. Salinidad (ppm) del agua superficial, por mes.
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Species composition and abundance of
tintinnids

A total of 22 species of tintinnids (Proto-
zoa: Ciliata) were recorded from the waterways
of the mangroves. The tintinnids are grouped
primarily into agglomerated and non-agglomer-
ated forms. Among these, agglomerated tintin-
nids constituted major part (18 species) of the
total species and were also found to be very im-
portant contributors, both qualitatively and
quantitatively. These 18 species (aggiomerated
forms) belong to the genera Tintinnopsis, Tin-
tinnidium, Leptrotintinnus and Codonellopsis.
The non-agglomerated forms comprised four
species with two genera, Favella and Eutintin-
nus. Tables 2-4 give the distribution of agglom-
erated and non-agglomerated forms at all three
stations. The distribution of tintinnids showed
less variations among stations. Species like
Favella brevis, F. philippinensis, Tintinnopsis
evlindrica and T. beroidea, occurred commonly
during the present study. Species like Eutin-
tinnus tenuis and E. lusus-undae occurred only
during the monsoon season.

Tintinnid abundance displayed impressive
spatial and temporal variations. Figure 5 shows
the seasonal abundance of tintinnids. Their sea-
sonal abundance varied, on average, from 3,580
to 17,670 org./m’, 4,480 to 73,540 org./m’ and
1,690 to 51,450 org./m’ at stations 1, 2 and 3
during monsoon and summer, respectively. The
highest peak of abundance (44,990 org./m®)
was recorded during June at station 2. Tintin-
nopsis cylindrica, T. mortensenii and T. tubulo-
sa were responsible for this peak abundance.
The minimum abundance (60 org./m®) was re-
corded during September at station 1, with the
occurrence of only Tintinnopsis lohmanni and
Favella brevis. The genus Tintinnopsis ranked
first in ail seasons during the present study. In
general, maximum and minimum abundance of
tintinnids were recorded during the summer and
monsoon at stations 2 and 3, respectively.

Species composition and abundance of
copepods

Tables 5-7 show the species occurrence at
different stations. A total of 20 species of co-
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temperaturas y salinidades se registraron du-
rante el verano y las menores, durante las esta-
ciones monzénicas (Figs. 2, 3). Las tempe-
raturas minima y maxima mensuales fueron
24.5°C (diciembre) y 35.5°C (junio), respec-
tivamente. La salinidad vari6 ampliamente,
en un intervalo de 3.9 ppm (septiembre) a
35.5 ppm (junio). Los valores de oxigeno di-
suelto fueron altos (6.1 ml/l) durante el monzén
(diciembre) y bajos (3.62 ml/I) durante el vera-
no (mayo) (Fig. 4). En el transcursode las esta-
ciones, el oxigeno disuelto mostré una tenden-
cia inversa contra temperatura y salinidad.

Composicion de especies y abundancia de
tintinidos

En los canales de los manglares, se registré
un total de 22 especies de tintinidos (Protozoa:
Ciliata). Los tintinidos se agrupan principal-
mente en las formas aglomerada y no aglomera-
da. Los tintinidos aglomerados constituyeron la
mayor parte (18 especies) del total de especies y
se encontré ademas que son contribuyentes im-
portantes tanto cualitativa como cuantitativa-
mente. Estas 18 especies (formas aglomeradas)
pertenecen a los géneros Tintinnopsis, Tintinni-
dium, Leptrotintinnus y Codonellopsis. Las for-
mas no aglomeradas comprendieron cuatro es-
pecies con dos géneros, Favella y Eutintinnus.
En las tablas 2 a 4, se da la distribucion de las
formas aglomeradas y no aglomeradas, en las
tres estaciones. La distribucion de tintinidos
muestra menos diferencias entre las estaciones.
Las especies como Favella brevis, F. philippi-
nensis, Tintinnopsis cylindricay T. beroidea, se
encontraron comunmente, durante el presente
estudio. Las especies como Eutintinnus tenuis y
E. lusus-undae estuvieron presentes sélo du-
rante la estacion del monzon.

La abundancia de tintinidos tuvo variacio-
nes espaciales y temporales impresionantes. La
Fig. 5 muestra la abundancia estacional de tinti-
nidos. En promedio, su abundancia varié de
3,580 a 17,670 org./m® en la estacion 1, de
44,990 a 73,540 org./m’ en la estacién 2 y de
690 a 51,450 org./m’ en la estacion 3, durante
el monzon y el verano. El mayor pico de abun-
dancia (44,990 org./m’) se registré durante ju-
nio, en la estacion 2. Tintinnopsis cylindrica, T.
mortensenii y T. tubulosa fueron las respon-
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Figure 4. Monthly surface water dissolved oxygen (ml/l).
Figura 4. Oxigeno disuelto (ml/1) en el agua superficial, por mes.
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Figure 5. Mean seasonal values of the abundance of tintinnids and copepods at stations 1, 2 and 3.
Figura 5. Valores promedio mensuales de abundancia estacional de tintinidos y copépodos, en las es-
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Table 2. Abundance of tintinnids at station 1 (10° org./m®).
Tabla 2. Abundancia de tintinidos en fa estacion 1 (10° org/m?).

Species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. -
Agglomerated tintinnids Q
Tintinnidium incertum 1.03 0.69 2.44 - - - - - - - - 0.03 ;5
Tintinnidinm nrintitivin _ 184 . - R R _ _ . _ - . =
Leprotintinnus simplex - 0.03 - - - - - - - 0.32 - - 5
l'intinnopsis bermudensis - - - - - 1.94 0.34 - - - - - ':5
Tintinnopsis beroidea - - 0.46 - - 0.02 - - - - 0.13 - R
Tintinnopsis cvlindrica - 0.34 2.70 - 0.94 2.44 0.43 0.54 - - - 0.03 3
Tintinnopsis directa 3 0.54 . ; 1.03 ; - 0.63 - 0.39 - . a
Tintinnopsis glans - - - - 0.18 - 0.06 - - - - - 5
Tintinnopsis gracilis 0.97 - - - - - - 0.03 - - - - E
Tintinnopsis kofoidi - - 0.03 0.19 - 0.48 - - - - - - §-
Tintinnopsis lohmanni - 0.02 - - - - 0.59 - 0.03 - - - 2
Tintinnopsis minuta - - - - - - - 1.03 - - - - g—
Tintinnopsis mortensenii - - - 1.95 1.84 - - - - - - - g
Tintinnopsis nucula - - 0.15 - - - - - - 0.34 - - §
Tintinnopsis radix - - - - - - - 0.01 - - 0.03 - b
Tintinnopsis iubulosa - - 0.17 - 1.34 0.34 - - - - - - 2
Tintinnopsis tocantinensis - - - - - - - - - - - - 5
Codonellopsis ostenfeldii 0.57 0.11 0.34 - 0.15 - - - - - - - 3
Non-aggiomerated tintinnids E‘
Favella brevis - 0.32 - - 0.55 4.17 - - 0.03 - 0.18 0.05 é—
Favella philippinensis 0.17 0.04 0.20 - 0.11 - 0.05 0.20 - - 0.69 - 5
Eutintinnus tenuis - - - - - - - - - 6.20 - 0.14 3

. . g
Eutintinnus lusus - - - - - - - - - 1.05 - - “
Total 2.74 3.93 6.53 2.14 6.14 9.39 1.47 2.44 0.06 2.30 1.03 0.25

WS L e W gl



08¢

Table 3. Abundance of tintinnids at station 2 (10° org./m").
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Tabla 3. Abundancia de tintinidos en la estacién 2 (10° org./m’).
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Species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Agglomerated tintinnids

Tintinnidium incertum 0.32 - 1.06 - - - - - - - - -
Tintinnidium primitivum - 0.25 0.82 - - 0.03 - - 0.32 - 0.02
Leprotintinnus simplex 0.04 0.25 - - - - 0.03 - - 2.79 - 0.03
Tintinnopsis bermudensis - - 0.32 - 0.15 0.02 - 0.06 0.19 - - -
Tintinnopsis beroidea 0.03 .93 - - - - 0.06 0.24 - - - -
Tintinnopsis cylindrica - - 3.41 - - 32.42 - 0.19 0.13 0.13 0.04 0.03
Tintinnopsis directa - 0.14 - - - - 0.03 0.16 0.27 - - -
Tintinnopsis glans - - 0.63 - 247 - 0.27 - - 0.06 - -
Tintinnopsis gracilis 0.37 - - - - 0.77 - 0.01 0.33 - - 0.04
Tintinnopsis kofoidi - - - 6.93 - - - - - 0.02 - -
Tintinnopsis lohmanni - 0.02 - - - 2.43 1.03 0.02 0.12 - - -
Tintinnopsis minuta - - - - - - 0.75 - 0.03 - - 0.06
Tintinnopsis mortensenii - - - 0.10 0.32 4.32 - 0.03 - - - -
Tintinnopsis nucula 0.87 - 0.09 - - - 0.67 - 0.07 0.03 - -
Tintinnopsis radix - - - - - - - 0.03 - 0.10 - -
Tintinnopsis tubulosa - 0.19 - - 5.42 397 - 0.27 - - - -
Tintinnopsis tocantinensis - - - - 1.82 - 0.43 - - 0.02 - -
Codonellopsis ostenfeldii - - 1.75 - - 0.39 - - - - - -
Non-agglomerated tintinnids

Favella brevis 0.12 234 - - - 029 0.13 0.02 0.59 0.03 0.03 -
Favella philippinensis - - 0.03 - 17.43 035 0.03 0.03 0.13 0.62 - -
Eutintinnus tenuis - - - - - - - - - - 0.05 0.13
Eutintinnus lusus - - - - - - - - - 0.19 0.02 0.04
Total 1.75 4.12 8.11 1.03  27.61 449 3.43 1.06 218 . 399 0.16 0.33
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Table 4. Abundance of tintinnids at station 3 (10° org./m’).

Tabla 4. Abundancia de tintinidos en la estacién 3 (10° org./m’).

Species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Agglomerated tintinnids

Tintinnidium incertum 0.13 - 3.42 - - - - - - - 0.05 -
Tintinnidium primitivum - 3.42 1.35 - 0.05 - - 0.03 - 0.03 - 0.03
Leprotintinnus simplex - - - - - 0.02 - - - 0.13 0.26 -
Tintinnopsis bermudensis - 0.03 - - - - - - 242 - - -
Tintinnopsis beroidea - 0.08 0.79 - 3.43 0.54 - 0.07 - - - 0.02
Tintinnopsis cylindrica 0.54 - 0.69 1.92 242 2.95 - - - - - -
Tintinnopsis directa - 0.16 0.97 - - - - 0.02 - 0.01 - 0.07
Tintinnopsis glans 0.03 - 0.07 1.03 4.75 - 0.32 - - - 0.11 -
Tintinnopsis gracilis - 0.04 - - - 0.05 0.55 0.33 0.03 - - -
Tintinnopsis kofoidi - - - 0.06 1.24 422 - - - - - -
Tintinnopsis lohmanni 0.03 - - - - 0.08 092 - - - - -
Tintinnopsis minuta - - 0.32 - 0.03 - 0.27 037 0.03 - - -
Tintinnopsis mortensenii - - - 0.36 - 13.42 - - - - - -
Tintinnopsis nucula - 224 - - 0.02 - - 0.19 - 0.04 - -
Tintinnopsis radix - - - - - - - - 0.07 - 0.32 -
Tintinnopsis tubulosa - - 0.54 0.07 - 873 0.03 0.02 0.01 - - -
Tintinnopsis tocantinensis - - - 0.48 5.42 0.69 - - - 0.03 - -
Codonellopsis ostenfeldii - - 0.59 - - - 0.07 - - - 0.02 -
Non-agglomerated tintinnids

Favella brevis 0.36 - 0.06 0.03 - 0.60 - 0.02 0.49 0.03 0.06 0.04
Favella philippinensis - 0.03 4.27 - 3.42 342 0.79 - - - 0.03 -
Eutintinnus tenuis - - - - - - - - - 0.06 - 0.03
Eutintinnus lusus - - - - - - - - - 0.13 - 0.19
Total 1.09 6.00 13.07 395 2078 2672 295 1.05 3.05 0.46 0.85 0.38
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pepods were recorded, belonging to 13 genera
and three major suborders: Calanoida (12 spp.),
Harpacticoida (3 spp.) and Cyclopoida (5 spp.).
The maximum and minimum numbers of cope-
pods were found at station 2 in May and at sta-
tion | in September, respectively. The genera
Acariia, Acrocalanus and Cenitropages, belong-
ing to calanoids, and Euterpina and Oithona,
belonging respectively to harpacticoids and
cyclopoids, were the dominant forms. Four spe-
cies were common to all three stations: Acartia
southwellii, Centropages orsinii, Euterpina
acutifrons and Oithona rigida. The species
Acartia danae, Oithona similis, Corycaeus ca-
tus and Labidocera acuta occurred only in the
freshwater-neritic mixing zone.

Copepod abundance showed spatial and
tf-mnnml variations. Fwnre shows the season-
al abundance of copepods from the three dif-
ferent stations. Their seasonal abundance var-

auaraga fram D 100 ta AL Q20 Aro /3
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7,490 to 180,370 org/m’ and 18,930 to
162,180 org./m’ at stations 1, 2 and 3 dur-
ing the monsoon and summer, respectively. in
general, species like Acartia danae, A. south-
wellii, Acrocalanus longicornis, Pseudodiap-
tomus serricaudatus, Centropages orsinii,
Macrosetella gracilis, Microsetella rosea, Eut-
erpina acutifrons, Oithona rigida, O. brevicor-
nis and Corycaeus danae were more in terms of
numerical abundance during the present
observation.

Species like Acartia southwellii, A. danae,
Acrocalanus longicornis, Macrosetella gracilis,

Lartorminag acuti tifrons and Oithona similis were

uuu:l[.uuu uuuu_/: ons and Oithona similis were

responsible for this maximum abundance. Only
Acartia southwellii and Oithona brevicornis oc-
curred during the minimum abundance.

Correiation coefficient

Significant positive correlation was ob-
served between the monthly abundance of co-
pepods and tintinnids at all three stations. Table
8 shows a highly significant correlation be-
tween the monthly abundance of tintinnids and
that of copepods at all three stations. It might
show their food web relationship in this
ecosystem.

W
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sables de este pico de abundancia. La minima
abundancia (60 org./m’) se registr6 durante sep-
tiembre, en la estacion I, sélo con la presencia
de Tintinnopsis lohmanni y Favella brevis. El
genero Tintinnopsis se situd en el primer lugar
en todas las estaciones del afio durante el pre-
las abundaicias
maxima y minima de tintinidos se registraron
durante el verano y el monzén en las estaciones
2y 3, respectivamente.

camba andes Al Ta  svoamaenl
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Composicién de especies y abundancia de
copépodos

Las tablas 5 a 7 muestran la presencia de las
especies en las diferentes estaciones de recolec-
cién. Se registraron 20 especies de copépodos,
en total, pertenecientes a 13 géneros v 3
subordenes mayores: Calanoida (12 espec1es),
Harpacticoida (3) y Cyclopoida (5). Los niime-
ros maximo y minimo de copépodos se encon-
traron en la estacién 2, en mayo, y la estacion 1,
en septiembre, respectivamente. Los géneros
Acartia, Acrocalanus y Centropages, pertene-
cientes a los calanoides, y Euterpina y Oithona,
pertenecientes a los harpacticoides y ciclo-
poides, respectivamente, fueron las formas do-
minantes. Cuatro especies fueron comunes a las
tres estaciones: Acartia southwellii, Centro-
pages orsinii, Euterpina acutifrons y Oithona
rigida. Las especies Acartia danae, Oithona si-
milis, Corycaeus catus y Labidocera acuta se
encontraron sélo en la zona de mezcla de agua
dulce y neritica.

La abundancia de copé
ciones espaciales y temporales La F1g 5
presenta la abundancia estacional de copépo-
dos en ias ires esiaciones de recoieccion. Dei
monzon al verano, ésta varid, en promedio, de
2,280 a 46,830 org./m’ en la estacion 1, de
7,490 a 180,370 org./m’ en la estacién 2 y de
18,930 a 162,180 org/m® en la estacién 3.
En general, en términos de abundancia numéri-
ca, fueron mads las especies como Acartia da-
nae, A. southwellii, Acrocalanus longicornis,
Pseudodiaptomus serricaudatus, Centropages
orsinii, Macrosetella gracilis, Microsetella
rosea, Futerpina acutifrons Oithona rigida, O.

observacn(’)n.
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Table 5. Abundance of copepods at station 1 (10° org./m’).
Tabla 5. Abundancia de copépodos en la estacién 1 (10° org./m?).

Species Jan. Feb, Mar. Apr. May Jun Jul Aug Sep. Oct. Nov Dec.
Calanoids

Acartia spinicauda 0.18 - 0.07 - 0.35 - 0.03 1.41 - -

Acartia erythraea - - - - - - - - - -

Acartia danae - - - - - - - - -

Acartia southwellii 0.04 0.02 0.09 - - - - - 0.03 0.61
Paracalanus parvus - - - - - - - - - -
Acrocalanus gracilis 0.06 0.02 - 0.70 - 1.24 0.26 - - -
Acrocaianus iongicornis - - - - - - - - - -
Metacalanus aurivillii - - - - - - - - - -
Centropages orsinii 0.08 0.05 0.18 0.60 0.74 1.52 2.37 3.19 - -
Centropages sp. 0.05 - 1.76 - - - - - - 0.08
Pseudodiaptomus serricaudatus - - - - - - - - - -
Labidocera acuia - - - - - - - - - -
Harpacticoids

Macrosetella gracilis - - - - - - - - - - -
Microsetella rosea 035 0.1% 0.68 4.67 3.42 3.43 - - - - 0.15
Euterpina acutifrons 0.18 224 2.84 - 4.24 0.42 - 1.40 - - 0.02
Cyclopoids

QOithona rigida 003 050 4.50 5.38 296 5.42 3.58 4.34 - - 0.05
Oithona similis - - - - - - - - - -

Oithona brevicornis 0.06. 3.14 4.48 2.47 3.36 3.90 - - 0.05 0.63
Corycaeus danae 0.03 0.37 3.95 0.52 - 1.49 0.17 1.40 - -

Corycaeus catus - - - - - - - - - -

Totai 1.1 6.53 18.55 1434 1507 17.42 6.41 i1.74  0.08 1.32 0.72
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Table 6. Abundance of copepods at station 2 (10° org./m®).

Tabla 6. Abundancia de copépodos en la estacién 2 (10° org./m>).

Species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Calanoids

Acrocalanus gracilis - - - - - - - - 0.59 - - -
Acrocalanus longicornis - - - 0.91 6.47 0.50 - - - - - -
Acartia spinicauda 0.03 0.72 3.34 - - - - - - - 1.03 -
Acartia erythraea 0.17 - 1.83 - - - - - - 0.76 0.38 0.03
Acariia danae - - - - 9.32 3434 0.54 18.75 - - - -
Acartia southwellii - - - 4.01 40.01 571 0.60 12.50 0.60 - - -
Centropages orsinii 0.69 0.45 - - - - 0.58 0.58 0.92 - - -
Centropages sp. - - - - - - - - - - - -
Labidocera acuta 0.03 0.54 0.04 - - - 0.03 - - 0.18 0.82 0.73
Metacalanus aurivillii - - - - - - - - - - - -
Paracalanus parvus - - 2.62 0.22 - 0.19 - - 0.63 - - -
Pseudodiaptomus serricaudatus - - - - - - - - - - - -
Harpacticoids

Macrosetella gracilis - - 3.35 - 4.72 054 349 - 3.21 0.73 0.56 -
Microsetella rosea - - - 1.01 131 28.02 - - 0.25 - - -
Euterpina acutifrons - - - 343 5.43 424 094 6.13 0.59 - - -
Cyclopoids

Oithona rigida 1.36 - 8.54 5.42 - 007 1.03 17.41 3.47 0.39 0.17 0.13
Oithona similis - 3.75 0.18 0.03 13.48 134 0.75 2.75 7.42 0.27 0.27 -
Oithona brevicornis 0.26 - 2.43 9.24 - - 0.34 0.20 0.84 - - -
Corycaeus danae - - - - - 0.09 - - - - 0.05 0.32
Corycaeus catus 0.03 - 1.72 - - 032 022 - - 0.19 0.90 0.03
Total 2.57 5.46 2405 2427 80.74 7536 8.52 5932  18.52 2.52 4.18 1.24
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Table 7. Abundance of copepods at station 3 (10° org./m’).
Tabia 7. Abundancia de copépodos en la estacion 3 (10’ org./m’).
Species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov Dec
Calanoids
Acartia erythraea 1.06 - 11.30 - 17.39 - 032 2840 1.21 - 3.36 0.02
Acartia spinicauda - - - - - - - - - - - -
Acartia danae - - - - - - - - - - - -
Acartia southwellii 0.17 1.02 - 25.95 - 11.22 7.67 0.26 - 1.61 - -
Paracalanus parvus - - - 0.95 - - 0.69 0.46 0.05 - 0.03 0.02
Acrocalanus gracilis - - - - - - - - - - - -
Acrocalanus longicornis 0.49 0.70 0.14 - - 22.36 2.27 0.33 0.02 - - 0.07
Metacalanus aurivillii 0.09 0.23 0.59 1.09 - - 0.55 0.07 - - 0.01 -
Centropages orsinii 0.34 - 0.69 - - - 1.09 0.07 0.6% - - 0.06
Centropages sp. 0.02 8.11 0.35 - - - - - - 1.33 5.75 0.33
Pseudodiaptomus serricaudatus 0.47 2.32 3.21 4.72 - 12.75 2.94 3.42 0.27 - - -
Labidocera acuta - - - - - - - - - - - -
Harpacticoids
Macrosetella gracilis - 0.22 2.75 0.55 13.81 - 5.44 5.34 - - 0.33 -
Microsetella rosea - - - - - - - - - - - -
Euterpina acutifrons 0.17 0.75 8.43 543 694 0.19 648 11.02 16.97 - 0.03 -
Cyciopoids
Oithona rigida 1.53 0.07 2.78 6.46  8.54 23.83 9.47 19.16 0.12 2.41 0.54 3.03
Oithona similis - - - - - - - - - - - -
Qithona brevicornis - - - - - - - - - - - -
Corycaeus danae - - - - - - - - - - - -
Corycaeus catus - - - - - - - - - - - -
Total 434 13.42 3024 4515 4668 70.35 36.92 68.53 19.33 535 10.05 3.53
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DISCUSSION

The variable nature of the environmental
parameters would affect the occurrence, com-
position and distribution of the plankton.
Among the various zooplankton, tintinnids and
copepods were the major components through-
out the study period, as has been reported for
different Indian mangroves: 91% by Subbaraju
and Krishnamurthy (1972), 71.75% by Gos-
wami and Selvakumar (1977), 89.75% by
Damodara Naidu (1980), 89.30% by Bhunia
and Choudhury (1981). It would appear that the
species composition and abundance of tintin-
nids and copepods in the Pichavaram man-
groves were rather poor when compared to the
adjacent biotopes such as Vellar estuary or the
coastal sea [up to 70 species by Subbaraju
(1968); 49 species by Damodara Naidu (1980);
45 species by Baskaran (1984); 130 species by
Krishnaswamy (1953)].

The occurrence of only a few species in the
waterways of the mangrove ecosystem could be
due to the shallowness of the water column, the
varying water salinity because of the constant
ebb and flow of tides and the highly turbid na-
ture of the water. Dutta ef al. (1954) and Baidya
(1984) reported in Hooghly estuary of West
Bengal, that the turbidity of water plays an im-
portant role in the distribution of zooplankton.
Higher occurrence and abundance of species at
stations 2 and 3 might be due to the migration
of neritic species into this area during high tide.
The higher values of temperature and salinity
recorded may also contribute to the greater
number of species found at these stations. The
lower number at station 1 might be due to the
frequent inflow of freshwater from the adjacent
irrigation channels. The input of freshwater into
sation 1 from the upland regions brings consid-
erable amounts of terrigenous material and ac-
counts for the highly turbid nature of the water
at this station. This could have been the reason
for the lower number of tintinnids and cope-
pods recorded at this station throughout the
year, Damodara Naidu (1980) and Palaniappan
and Baskaran (1985) also observed a greater
number of zooplanktonic species in the interior
of the mangroves. The following reasons may
be attributed to the recorded maximum abun-
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Las especies Acartia southwellii, A. danae,
Acrocalanus longicornis, Macrosetella gracilis,
Euterpina acutifrons y Oithona similis fueron
las responsables de esta maxima abundancia.
Durante la abundancia minima, (inicamente se
encontraron Acartia southwellii 'y Qithona

similis.
Coeficiente de correlacion

En las tres estaciones, se observé una corre-
lacién positiva notable entre la abundancia
mensual de copépodos y tintinidos. La tabla 8
muestra una correlacion altamente significativa
entre la abundancia mensual de tintinidos y la
de copépodos, en las tres estaciones. Esta puede
mostrar la relaciéon de su red alimentaria en este
ecosistema.

DISCUSION

La naturaleza variable de los parametros
ambientales puede afectar la presencia, compo-
sicién y distribucion del plancton. De la varie-
dad del zooplancton, tintinidos y copépodos
fueron los mayores componentes durante el pe-
riodo de estudio, como sucede en diferentes
manglares de la India segun informan: Subbara-
ju y Krishnamurthy (1972), 91%; Goswami y
Selvakumar (1977), 71.75%; Damodara Naidu
(1980) 89.75%; Bhunia y Choudhury (1981),
89.30%. Parece ser que la composicion de espe-
cies y la abundancia de tintinidos y copépodos
en los manglares de Pichavaram fue mas bien

nn , 1 -
pobre si se compara con los biotopos adya

centes, como el estuario Vellar o el mar costero
[hasta 70 especies segun Subbaraju (1968);
49, seglin Damodara Naidu (1980); 45, segin
Baskaran (1984); 130, segun Krishnaswamy
(1953)].

La presencia de s6lo algunas especies en los
canales del ecosistema de manglares podia de-
berse a la poca profundidad de la columna de
agua, la salinidad variante del agua por el cons-
tante flujo y reflujo de las mareas y la natura-
leza altamente turbia del agua. Dutta et al
(1954) y Baidya (1984) informaron que, en el
estuario Hooghly de Bengala Occidental, la tur-
bidez del agua tiene un papel importante en la
distribucion del zooplancton. La mayor pre-
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Table 8. Simple correlation coefficient (r) values and probability values between the monthly abun-
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Tabla 8. Valores del cocficiente de correlacion simple (r) y valores de probabilidad entre la abundan-

cia mensual de copépodos y tintinidos.

Station Correlation coefticient (r) Probability value
1 0.8626 P <0.001
2 0.7770 P <0.01
3 0.9274 P <0.001
dance of both groups during summer: (a) for sencia y abundancia de especies en las esta-

tintinnids the regularity of the reproductive
cycle and rapid cell division; (b) for copepods
io breed. propagate and colonize.

During summer, a greater number of
smaller-sized tintinnids were observed. This
could be due to the relative consistency ot tem-
perature and salinity regimes of the water col-
umn. The dominance of smaller-sized food
items like naked flagellates, smaller-sized dia-
toms and peridinians during this season could
also be the reason for their peak abundance.
Similar observations were made by Tranter and

Abraham (1971), Subbaraju and Krishnamurthy
(1972 l(rlchnamnrfh\/ and Santhanam IIQ7<\

QPN allG Sanis 7 i),

Damodara Naidu (1980). This observation of
smaller-sized diatoms, dinoflageilates and per-
idinians in these mangrove waters is similar to
the observation of Mani (1989), who estimated
total phytoplankton biomass (9.99 x 10° cells/l)
with dominance of smaller-sized phytoplankton
during summer. Kannan and Krishnamurthy
(1979) also estimated the biomass of photosyn-
thetic  bacterioplankton (bacteriochlorophyll
30.23 mg/m’) and phytoplankton (chlorophyll a
24.57 mg/m?) in these mangrove waters.

For tintinnids, the species of the genus Tin-
tinnopsis were the most important in terms of

the number of Cr\P{‘IPQ QanPQ like Tlnhnnnpwc

cylindrica, T. mortensenii, Favella philippinen-
sis and F. brevis contributed to the maximum
abundance. This may be due
productive capacity of the specics. Similarly,
Damodara Naidu (1980) and Jegadeesan (1986)
also noticed such tintinnid species dominancy
in the bulk of the biomass of microzooplankton
in the mangrove waters and adjacent Colcroon

estuarine complex.

to the high re-

387

ciones 2 ¥ 3 pucde deberse a la inmigracion de
las especies neriticas a esta zona durante la ma-
rea afta. Los altos valores de temperatura y saii-
nidad registrados pueden también contribuir al
alto namero de especies encontrado en estas cs-
taciones. El nimero menor encontrado en la es-
tacion I puede deberse al frecuente flujo en-
trante de agua dulce de los canales adyacentes
de irrigacion. La entrada de agua dulce prove-
niente de las regiones altas lleva a la estacion
lcantidades considerables de material terrigeno
y causa la naturaleza altamente turbia del agua.
Esta puede haber sido la razén de que fuera me-

nor al niimera de tintinidne v caondnndnc rooicl
nor €1 numerg ¢¢ Uninicos y copepoaos regis

trados en esta estacion durante todo el aflo.
Damodara Naidu (1980), y Palaniappan y Bas-
karan (1985) también observaron un nGmero
mayor de especies zooplancténicas cn ¢l inte-
rior de los manglares. La maxima abundancia
registrada de ambos grupos durante ¢l verano se
puede atribuir a las siguientes razones: a) en el
caso de los tintinidos, la regularidad del ciclo
reproductivo y la rapida division celular; b) en
el caso de los copépodos, la crianza, propaga-
cién y colonizacion.

Durante ¢l verano, se observé un niimero
mayor dec tintinidos de menor tamafio, proba-
blemente debido a la relativa consistencia de
los regimenes de temperatura y salinidad de la
columna d¢ agua. Durante esta estacion, ¢l do-
minio de elementos alimen
maiio, como flagelados descubicrtos, diatomeas
menores y perideos, podria tambicn ser la razon
de su pico de abundancia. Tranter y Abraham
(1971), Subbaraju y Krishnamurthy (1972),
Krishnamurthy y Santhanam (1975) y Damoda-
ra Naidu (1980) han hecho observaciones simi-

cing da emanae
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agglomerated tintinnids,

the non-

Among
Favella philippinensis and F. brevis were the
dominant forms during the peak of tintinnid
abundance. This might be due to the rapid cell
division of the species and the abundance of
suitable food items. A swarm of F. philippi-
nensis (12,858,000 org./m’) was also recorded
in the Vellar estuary by Krishnamurthy and
Damodara Naidu (1977).

Among the species of copepods, the cala-
noids were represented by more species than
the cyclopoids. The calanoid Acartia spp. and
cyclopoid Oithona spp. were found to be domi-
nant in the present study. This may be due to
their continuous breeding behaviour, quick lar-
val development and that they adopt well to the
environmental conditions of the mangroves.
This dominance of Acartia spp. among cala-

‘noids was reported for the Godavari estuary
(Chandramohan, 1963) and Cochin backwaters
{Menon et al., 1571; Madhupratap, 1978), and
that of Oithona spp. among cyclopoids was
noticed in the Vellar estuary (Chandran, 1982;
Sivakumar, 1982). Similar findings were also
noticed in Malaysian waters by Chong and
Chua (1973), who pointed out that the abun-
dance of Oithona spp. was mainly due to its
high reproductive capacity.

The dominant copepods in the present
study were Acartia danae, A. southwellii, Acro-
calanus gracilis, Pseudodiaptomus serricauda-
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Macrosetella

tus,

tus, acutifrons,
gracilts,Mlcrosetella rosea, Oithona rigida and
Oithona similis. The abundance of these species
Illight be due to their continuous bTCCuius na-
ture and the suitable environmental conditions
of the ecosystem. Similar dominance of this
species in bulk to the biomass of macrozoo-
plankton in the Mandovi and Zuari estuaries
was also recorded by Dwivedi et al. (1974) and
in the Vellar estuary by Thangaraj (1984).

The maximum monthly abundance of tin-
tinnids coincided with the maximum monthly
copepod abundance. The correlation coefficient
and probability values showed a significant
relationship between the abundance of tintin-
nids and copepods. This could be attributed to
the trophic relationship existing between tin-

tinnide and conennds

The neak of conenod
UnniGs ana copepodas.

The peak of copepod
abundance (80,740 org./m®) during summer
was succeeded by the peak of tintinnid abun-

w
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dinoflagelados y perideos efectuadas en las
aguas de estos manglares son similares a las de

NMani (1020 Anien actimA la hinmaca tntal dal
wialii \x/u}}, Yuivii €SO 1a 010Mmasa tota: Gei

lares. Las observaciones de diatomeas menores,

fitoplancton, 9.99 x 10° cel/1, con dominio del
fitoplancton de tamafio mas pequefio, durante el
verano. Kannan y Krishnamurthy (1979) tam-
bién estimaron la biomasa del bacterioplancton
fotosintético (bacterioclorofila 30.23 mg/m®), y
fitoplancton (clorofila @ 24.57 mg/m®), en las
aguas de estos manglares.

Para los tintinidos, las especies del género
Tintinnopsis fueron las mas importantes, en
términos del nimero de especies. Las especies
como Tintinnopsis cylindrica, T. mortensenii,
Favella philippinensis y F. brevis contribuye-
ron a la abundancia maxima. Esto puede de-
berse a la alta r‘annmdzd renrndnrhva de las es-

pecies. De manera parecida, Damodara Naidu
(1980) y Jegadeesan (1986) notaron este domi-
nio de las especies de tintinidos en la mayor
parte de la biomasa del microzooplancton, en
las aguas de los manglares y en el complejo es-
tuarino adyacente de Coleroon.

Entre los tintinidos no aglomerados, Favel-
la philippinensis y F. brevis fueron las formas
dominantes durante el pico de abundancia de
tintinidos. Esto puede deberse a la rapida divi-
sién celular de las especies y la abundancia de
elementos alimenticios apropiados. Una multi-
tud de F. philippineisis (12,850,000 org./m’)

fue también registrada por Krishnamurthy

Ay giaiiald SHlamuniy

Damodara Naldu (1977), en el estuario Vellar.
Entre las especies de copépodos, los cala-
noides estuvicron representados por mas c€spe-
cies que los ciclopoides. Se encontr6 que el
calanoide Acartia spp. y el ciclopoide Oithona
spp. fueron dominantes en el presente estudio.
Esto puede deberse a su comportamiento repro-
ductivo continuo, desarrollo larval rapido y a
que se adaptan bien a las cambiantes condi-
ciones ambientales de los manglares. Este do-
minio de Acartia spp. entre los calanoides
fue observado en el estuario de Godavari
(Chandramohan, 1963), el remanso de Cochin
(Menon ef al., 1971; Madhupratap, 1978), y el
de Oithona spp. entre los ciclopoides fue ob-
servado en el estuario de Vellar (Chadran,
1082 Sivakumar. 1982). Chone v Chua (1973)

1082; Sivakumar, 1982). Chongy Chua (1973)
encontraron proporciones similares en aguas
malasias y seflalaron que la abundancia de Oi-

v
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dance (44,990 org./m’) during the tail end of

summer and the early premonsoon season.
Damodara Naidu (1980) also observed such a
significant relationship between these two
groups in mangrove waters during his
investigation.

The low abundance of nlanktnn recorded

during the monsoon season might be due to the
non- availability of food, low temperature and

Ynsar gnli Tha A4 annes ~F ¢ a0 w
1I0W aauuuy 1ic a aincc o1 Lht, fu\)d Wk.b

iblulb
and minimum production of plankton during
the monsoon season have been observed in
many Indian estuaries and mangroves (Dutta et
al., 1954; Shetty et al., 1982; Subbaraju and
Krishnamurthy, 1972; Madhupratap, 1976;
Damodara Naidu, 1980; Prince Jeyaseelan and
Krishnamurthy, 1980; Bhunia and Choudhury,
1981). During the monsoon, the values of sa-
linity decreased (3.4 and 18.7 ppt) owing to the
inflow of freshwater. The low salinity would
drastically affect the plankton abundance
(Wilson, 1942; Damodara Naidu, 1980; Baska-
ran, 1984). In the present investigation, the in-

or decrease of sali iry the water

column exert cither a direct or an indirect effect
on species composition and abundance. A di-
rect effect 1s the disappearance of some forms
and replacement by others. The second effect is
probably the migration of some species from
one station to another to avoid either low or
high salinity. The indirect effect might be due
to the scarcity of food caused by the fluctua-
tions of salinity in the waters, ultimately affect-
ing the population abundance of tintinnids and

copepods.
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thona spp. se debid principalmente a su alta ca-
pacidad reproductora.

Los copépodos dominantes en el presente
estudio fueron Acartia danae. A. southwellii,
Acrocalanus gracilis, Pseudodiaptomus serri-
caudatus, Euterpina acutifrons, Macrosetella
gracilis, Microsetella rosea, Oithona rio://n y

Oithona similis. La abundancia de estas espe-
cies puede deberse a su naturaleza de repro-
duccidn continua y a condicioncs ambientales
apropiadas del ecosistema. Un dominio similar
de esta especie en la mayoria de la biomasa del
macrozooplancton fue registrado por Dwivedi
et al(1974), en los estuarios de Mandovi y
Zuari, y por Thangaraj (1984), en ¢l estuario de
Vellar.

La abundancia maxima mensual de tintini-
dos coincide con la abundancia méaxima men-
sual de copépodos. Los valores del coeficiente
de correlacion (r) y de probabilidad muestran
una relacién significativa entre la abundancia
de tintinidos y copépodos. Esto puede atribuise
a la relacién tréfica existente entre ambos. El

nico de la abundancia de condnodos durante ¢l
pPiCC G 1a asundandia GC COpOpoass auranic ¢

verano (80,740 org./m®) fue seguido por el pico
de la de tintinidos (44,990 org./m’) durante el
finai dei verano y ¢i inicio de ia estacion pre-
monzonica. Damodara Naidu (1980) también
observo esta relacion significativa entre los dos
grupos, en aguas de manglares.

La baja abundancia de plancton registrada
durante la estacion del monzon puede deberse a
la falta de disponibilidad de alimento, asi como
a bajas temperatura y salinidad. La perturbacion
de la cadena alimentaria y la minima produc-
cién de plancton durante la estacion del
monzon se observo en muchos estuarios y man-
glares de la India (Dutta et o/, 1954; Shetty ef
al., 1982; Subbaraju y Krishnamurthy, 1972;
Madhupratap, 1976; Damodara Naidu, 1980;

.........

fll“bC JCyaDCCl(lll ‘y l\l lbllllalllul lll_)’, 1980 Bhu-
nia y Choudhury, 1981). Durante el monzdn,
los valores de salinidad disminuyeron (3.4 y
18.7 ppm) debido a la entrada de agua
dulce. La baja salinidad afecta drasticamente
la abundancia de plancton (Wilson, 1942;
Damodara Naidu, 1980; Baskaran, 1984). En
la presente investigacion, el aumento o dismi-
nucion de la salinidad en la columna de agua
¢jercio un efecto directo o indirecto sobre la
composicion y abundancia de especies. Un
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