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Abstract

Seasonal varaitions in species composition, abundance, biomass and production rates of tintinnids (Protozoa: Ciliata) were

investigated in the tropical estuarine and mangrove systems of Parangipettai, South India, monthly from January to December

1994. There were remarkable seasonal variations in environmental parameters, chlorophyll a concentrations and abundance,

biomass and production rates of tintinnids: highest in postmosoon/summer and lowest in monsoon. The total abundance and

biomass of tintinnids were in the range of 2–420 indiv. l� 1 and 0.02 3.01 Ag C l� 1, respectively, with the peak appearing in

the estuarine waters. A total of 47 species of tintinnids belonging to 14 genera was identified. Of which, Tintinnopsis was the

most abundant genus in terms of number of species (20), followed by Codonellopsis (4), Stenosemella (4), Favella (3),

Eutintinnus (3), and the remaining genus, number of species are one or two. Most of the tintinnid species occurred on distinct

seasonal pattern and closely associated to species-specific environmental conditions. Due to large thermal gradients (range:

22.5–33.8 jC), the overall mean biomass was highest (mean: 1.64 Ag C l� 1) during summer than the remaining seasons.

Estimated production rates of tintinnids ranged from 0.02 to 2.5 Ag C l� 1 day� 1, with peak in summer. The trophodynamic

role of tintinnids was assessed by estimating their grazing impact as expressed by daily removal of phytoplankton biomass. The

grazing impact also demonstrated a seasonal pattern and ranged from 0.03% to 1.24% removal day� 1. The higher grazing

impact estimated during summer could be related to high concentrations of food supply. Due to significant positive relationship

between the total biomass of tintinnids and chlorophyll a concentrations, food supply is not a problem for tintinnids harboring

in this estuarine and mangrove systems. Hence, predation loss by meso- and macrozooplankton might be the possible reasons

for the estimated low biomass of tintinnids in the present study. Therefore, the results demonstrate that tintinnids play an

important role to transfer the production of pico- and nanoplankton to meso- and macrometazoan predators. Thus, the seasonal

environmental factors exert major influence on the species composition, abundance, biomass and production rates of tintinnids.
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1. Introduction

Tintinnids are the dominant ciliates and thoroughly

investigated taxa among the marine microzooplank-
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ton community owing to their prominent structure of

lorica, which enables easy identification (Kofoid and

Campbell, 1929, 1939). Due to their ubiquitous in

distribution, small size, and rapid metabolic and

growth rates (Heinbokel, 1978; Verity, 1985; Fenchel,

1987), they are undoubtedly considered to play an

important role in transferring the production of pico-

and nanoplankton to meso- and macrocarnivores

(Capriulo and Ninivaggi, 1983; Stoecker and Govoni,

1984; Porter et al., 1985; Giffort, 1991). Furthermore,

they often represent an important link between the

microbial fraction and the larger grazers (Laval-Peuto

et al., 1986; Pierce and Turner, 1994). On the other

hand, few studies have also been demonstrated that

tintinnids may be an important food source for small,

first feeding larvae of many fish (Frank and Leggett,

1986; Stoecker and Govoni, 1984). Hence, detailed

studies on the species composition, abundance, bio-

mass and production rates of tintinnids have been

investigated in many marine coastal waters (Har-

graves, 1981; Capriulo and Carpenter, 1983; Sanders,

1987; Kršinic, 1987; Verity, 1987; Abboud-Abi Saab,

1989; Kamiyama and Tsujino, 1996). The authors,

Taniguchi and Kawakami (1983, 1985), Verity (1985,

1986), Kamiyama and Aizawa (1987) and Kamiyama

(1997) have estimated the growth and feeding capa-

bilities of tintinnids in laboratory and natural environ-

ments. However, the trophodynamic role of these

shell-building tintinnid protozoans is still insufficient

in tropical coastal marine waters, particularly in

Indian estuarine and coastal waters.

The Vellar estuary is one of the important tropical

estuaries at southeast coast of India with a complexity

of environmental conditions. Like other estuaries in

tropical regions, this estuary is also characterized by a

predominant monsoon regime, due to the active

northeast monsoon, which brings heavy rainfall (ca.

1000 mm) for 3-month period from October to

December. For the remaining period of the year

(January–September), the climatic conditions were

warmer temperature and this 9-month period is

included into three different seasons, namely post-

monsoon: January–March; summer: April–June; and

premonsoon: July–September. Because of the shal-

low condition of the estuary (average depth 2.5 m),

the water temperature and salinity are influenced by

the degree of mixing of the neritic and fluviatile

elements and tidal inflow due to ebb and flow. Their

mixing proportion may also be changed seasonally,

thus providing unique hydrographic and environmen-

tal conditions. Hence, it is of interest to investigate

the tintinnids community structure in the varied

ecological conditions of the tropics, because the

generation time of tintinnid species are much shorter

than large animals so that their occurrence and

distribution are influenced more by varying environ-

mental factors. Despite the considerable accumulation

of data on seasonal distribution and abundance of

various plankton groups on tropics, there are not

many studies on the taxonomic composition, abun-

dance and biomass of tintinnids in the coastal waters

along the east coast of India (Krishnamurthy and

Santhanam, 1975, 1978; Damodara Naidu et al.,

1976; Krishnamurthy and Damodara Naidu, 1977;

Krishnamurthy et al., 1978, 1979; Damodara Naidu,

1977; Srinivasan et al., 1988). In order to gain more

knowledge on the role of tintinnids in the aquatic

planktonic food web, the species composition, abun-

dance, biomass and production rates of tintinnids in

relation to seasonal variations of environmental con-

ditions were investigated. For first time, the tropho-

dynamic role of tintinnids in the tropical Vellar

estuary and adjacent mangrove waters was assessed

under natural conditions.

2. Description of the study area

The Vellar estuary is situated at Parangipettai,

South India (11j29VN, 79j46VE), southeast coast of
India (Fig. 1). The river Vellar originates from the

Servarayan hills in Salem district, Tamil Nadu. After

meandering for a length approximately 480 km, it

forms an estuarine system at Parangipettai, where it

enters into the Bay of Bengal. The estuary is subjected

to tides with maximum amplitude of ca. 1 m., is

influenced by the considerable flow of mixed water

originating from the Pichavaram mangroves, and is

connected with the Coleroon estuary in south, through

a network of creeks, canals and gullies.

The Pichavarammangrove forest is one of the fertile

region of the Vellar–Coleroon estuarine complex,

covering an area of ca. 1100 ha and consisting of 51

islets ranging in size from 10 m2 to 2 km2. About 50%

of the total is covered by forest, 40% bywaterways, and

the remaining 10% by sand and mudflats. The channels
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in the mangroves are lined by a luxuriant vegetation of

salt marsh plants, trees, shrubs and thickets totaling

about 30 species, of which ca. 20 are woody. The

dominant trees belong to Rhizophora and Avicennia

and the salt marsh plants are Salicornia branchiata,

Suaeda maritima and Sesuvium portulaecastrum.

3. Materials and methods

Surface water samples were collected at the Vellar

estuary and the Pichavaram mangroves at Parangipet-

tai (Fig. 1), monthly from January to December 1994.

Environmental parameter such as water temperature

Fig. 1. Map of study area with the locations of sampling points.
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was measured by a Celsius thermometer (with 0.5 jC
accuracy) and salinity was estimated according to the

procedure of Strickland and Parsons (1972). For

estimation of chlorophyll a, 500 ml of surface water

samples were collected and filtered onto glassfiber

(Whatman GF/F filters). The extracts were prepared in

90% acetone. Later, chlorophyll concentration was

measured spectrophotometrically by using Milton-

Roy Spectronic 1001, according to the procedure of

Strickland and Parsons (1972).

For tintinnids, 500 or 1000 ml of surface water

samples was collected by plastic bottles and immedi-

ately preserved with glutaradelhyde at a final concen-

tration of 1%. Samples were kept refrigerated in dark

until microscopic examination. Particles were concen-

trated to a volume of 25 ml by settling, from which a

10-ml sample was transferred to Sedgwick–Rafter

chamber for counting, according to the method of

Utermöhl (1958), under an inverted microscope. Tin-

tinnids were identified using lorica morphology

described by Kofoid and Campbell (1929, 1939) and

Marshall (1969). Cell dimensions, i.e. length and oral

diameter of the lorica, were measured for each tintin-

nid species (minimum 10 individual species) to the

nearest 1 Am. Lorica volume (LV, Am3) was converted

to body carbon weight using the regression equation:

Ct = 444.5 + 0.053 LV (Verity and Langdon, 1984).

Lorica occupancy was assumed to be 100%.

Production rate (P, Ag C l � 1 day � 1) was esti-

mated from biomass (B, Ag C l � 1) and empirically

determined specific growth rate ( g, day � 1): P=

B� g. Multiple regression: ln g = 1.52ln T� 0.27ln

CV� 1.44, where T is the temperature (jC) and CV is

the cell volume (Am3), proposed by Müller and Geller

(1993) for ciliates was used. In this case, the cell

volume of tintinnids was calculated back from their

body carbon weight using the conversion factor of

0.14 pg C Am� 3.

4. Results

4.1. Environmental parameters

The seasonal variations in temperature, salinity and

chlorophyll a concentration are shown in Fig. 2, for

estuarine and mangrove waters. The surface temper-

ature showed slight stratification between estuarine

and mangrove systems; however, the seasonal thermal

fluctuations were largest, varied from 22.5 to 33.8 jC
during monsoon and summer seasons, respectively.

The maximum and minimum salinity in the estuary

and mangroves were in the ranges of 3.3–34.5 and

2.9–32.2, respectively (Fig. 2). The minimum salinity

was presumably due to the influence of heavy rainfall

and the resultant river run-off, as a regular annual

event in this area during monsoon. The slight varia-

tions of salinity between the estuarine and mangroves

was owing to the proximity of the former to the Bay

of Bengal. The chlorophyll a concentrations varied

from 1.5 to 18.6 and 1.4 to 16.9 Ag l � 1 in estuarine

and mangrove waters, respectively (Fig. 2). Average

chlorophyll a concentration during summer was 3.2-

fold (estuary) and 2.9-fold (mangrove) higher than

during the monsoon season.

Fig. 2. Seasonal variations of temperature, salinity and chlorophyll a

in estuarine and mangrove system.
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4.2. Seasonal variations in species composition,

abundance, biomass and production rate of tintinnids

4.2.1. Estuary

There were remarkable seasonal variations in abun-

dance of tintinnids: highest (420 indiv. l � 1) during

summer and lowest (2 indiv. l � 1) during monsoon

(Fig. 3). The seasonal abundance was highest (mean:

270 indiv. l � 1) during the summer, followed, by

postmonsoon (115 indiv. l � 1), premonsoon (105

indiv. l � 1) and monsoon (27 indiv. l� 1). Over the

entire study period, genus Tintinnopsis was numeri-

cally dominant (ca. 67%). The other important genera

were Stenosemella and Favella (Fig. 3).

Total of 47 species of tintinnids belonging to 14

genera was identified, of which 42 species were

occurred in the estuary (Table 1). They are Tintinni-

dium, Tintinnopsis, Leprotintinnus, Codonellopsis,

Stenosemella, Dictyocysta, Favella, Eutintinnus,

Amphorellopsis, Coxliella, Dadayiella, Helicosto-

mella, Metacylis and Rhabdonella. Among them,

genus Tintinnopsis was the most abundant in terms

of number of species (18), followed by Codonellopsis

(3), Favella (3) and Eutintinnus (3), and the remaining

genera were represented by one or two. Most of

tintinnid species occurred on distinct seasonal pattern.

Species as Tintinnopsis minuta, T. beroidea, T. mor-

tensenii, T. uruguayensis, Codonellopsis ostenfeldii

and Favella philippinensis were found commonly

and abundantly over the entire period of study. Typ-

ical species in the post-premonsoon period included

Tintinnidium incertum, Tintinnopsis butschlii, T. gra-

cilis, T. glans, T. nucula, T. radix, T. tubulosa, Favella

enhrenbergii, Stenosemella ventricosa, Codonellopsis

orthoceros, C. schabi, Dictyosysta seshaiyai and

Favella brevis. Species as T. cylindrica, Eutintinnus

tenus and Leprotintinnus simplex were found only

during monsoon and T. lohmanni, T. kofoidi, T.

bermudensis, T. tenuis, S. nivalis, C. annulata, H.

longa, R. spiralis and D. ganymedes were found

particularly in summer. Species of the genus Cox-

liella, Metacylis, Rhabdonella and Dadayiella were

found only in the estuary.

The biomass of tintinnids ranged from 0.04 to 3.01

Ag C l � 1 (Fig. 3). Seasonal averages were 1.41, 1.64,

0.93 and 0.09 Ag C l � 1 during postmonsoon, sum-

mer, premonsoon and monsoon, respectively. In gen-

eral, most of the species were smaller in size fraction

(lorica length < 65 Am) and the contribution of these

size categories to biomass was large (>50%).

The maximum and minimum daily production of

2.5 and 0.07 Ag C l � 1 day � 1 was estimated during

summer and monsoon seasons, respectively (Fig. 3).

Fig. 3. Seasonal variations in abundance, species composition,

biomass and estimated production rates of tintinnids in estuarine

system (TINM—Tintinnidium; TINS—Tintinnopsis; HELI—Heli-

costomella; STEN—Stenosomella; FAVE—Favella; DICT—Dic-

tyocysta; OTHS—Others).
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Average production was 1.1 Ag C l� 1 day � 1, and

total annual production was 0.40 mg C l � 1 year� 1.

The seasonal average was highest in summer (mean:

1.57 Ag C l� 1 day � 1), followed by postmonsoon

(1.43 Ag C l � 1 day� 1), premonsoon (1.19 Ag C l� 1

day � 1) and monsoon (0.13 Ag C l� 1 day � 1). The

contribution of species from genus Tintinnopsis and

Favella to total production was higher (ca. 52%). The

overall mean estimated production rate over the entire

study period was 2.4-fold high in the estuary than in

mangroves.

4.2.2. Mangroves

The monthly abundance of tintinnids varied from 3

to 290 indiv. l� 1, and the maximum abundance was

relatively lower than the estuary (Fig. 4). Seasonally,

they were most abundant during postmonsoon (mean:

170 indiv. l � 1), followed by summer (167 indiv.

l � 1), premonsoon (62 indiv. l � 1) and monsoon (15

indiv. l � 1). Species from genus Tintinnopsis was

overwhelmingly dominant, as observed at estuary.

The number of tintinnid species decreased to 29

belonging to 10 genera (Table 1), namely Tintinnopsis,

Tintinnidium, Leprotintinnus, Codonellopsis, Stenose-

mella, Dictyocysta, Favella, Eutintinnus, Amphorel-

lopsis and Helicostomella. Among them, genus

Tintinnopsis was the most important in terms of

number of species (14), followed by Eutintinnus (3),

Codonellopsis (2), Stenosemella (2), Favella (2) and

others (6). T. minuta, T. beroidea, T. mortensenii, T.

nana and H. longa were found commonly and

accounted largely to total abundance. Species as T.

glans, T. kofoidi, T. nucula, T. radix, T. tubulosa, F.

enhrenbergii, C. schabi and D. seshaiyai belonged to

post-premonsoon type and T. directa, T. amphora, C.

tessellata, E. tenuis and E. rectus to the monsoon type.

Typical summer type species in the mangroves were T.

lohmanni, Stenosemella parvicollis, Eutintinnus lusus-

undae and F. philippinensis. In general, the number

species decreased from dry months (January–Septem-

ber) to monsoon months (October–December).

Biomass varied from 0.02 to 2.18 Ag C l� 1 (Fig.

4). Seasonally, it was highest (mean: 0.98 Ag C l � 1)

during postmonsoon, followed by summer (0.65 Ag C

l � 1), premonsoon (0.11 Ag C l � 1) and monsoon

(0.07 Ag C l � 1). Species belonging to the genus

Tintinnopsis and Favella (>65 Am in size categories)

largely contributed to the total biomass.

Table 1

Species list of tintinnids and occurrence of peak month with

abundance (+: < 50, ++: 50–250, +++: >250 indiv. l� 1) at

estuarine and mangrove waters

Species name Peak month with abundance

Estuary Mangrove

Tintinnidium incertum July (+) Sept. (+)

T. primitivum Feb. (+) May (+)

Leprotintinnus nordqvisti Sept. (+) –

L. simplex Nov. (+) Oct. (+)

Tintinnopsis amphora – Nov. (+)

T. directa – Dec. (+)

T. minuta Apr. (++) Mar. (+++)

T. kofoidi May (++) Sept. (+)

T. lohmanni Apr. (++) May (++)

T. karajacensis Mar. (+) Jan. (+)

T. cylindrica Oct. (+) –

T. beroidea Apr. (+++) June (++)

T. butschlii July (+) –

T. glans Jan. (+) Feb. (++)

T. gracilis Aug. (+) Mar. (+)

T. bermudensis June (++) –

T. radix Aug. (++) Mar. (++)

T. tubulosa Sept. (+) Jan. (+)

T. mortensenii July (++) Mar. (++)

T. tenuis Apr. (++) –

T. tocantinensis Feb. (++) –

T. nucula Feb. (+) July (++)

T. uruguayensis Sept. (++) –

T. nana May (++) Mar. (++)

Stenosemella

ventricosa

Jan. (++) –

S. stenei – Dec. (+)

S. parvicollis – Apr. (++)

S. nivalis June (+++) –

Codonellopsis

ostenfeldi

Mar. (++) –

C. orthoceros Mar. (+) –

C. schabi Aug. (+) Feb. (+)

C. tessellata – Oct. (+)

Dictyocysta seshaiyai July (++) Mar. (++)

Coxliella ampla Apr. (+) –

C. annulata May (+) –

Metacylis corbula Mar. (+) –

Helicostomella longa June (++) Sept. (+)

H. fusiformis Mar. (++) –

Favella brevis July (++) –

F. philippinensis Aug. (++) May (++)

F. ehrenbergii Feb. (++) June (++)

Rhabdonella spiralis June (+) –

Amphorellopsis acuta Apr. (+++) Mar. (++)

Dadayiella ganymedes June (++) –

Eutintinnus

lusus-undae

Dec. (+) Apr. (+)

E. tenuis Oct. (+) Oct. (+)

E. rectus Dec. (+) Oct. (+)
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The production rate was relatively high (2.01 Ag C

l � 1 day � 1) during postmonsoon and low (0.02 Ag C

l � 1 day � 1) during monsoon (Fig. 4). The average

production was 0.44 Ag C l � 1 day � 1, and total annual

production was 0.16 mg C l � 1 year � 1. Seasonal

averages were 0.98, 0.51, 0.18 and 0.09 Ag C l� 1

day� 1 during postmonsoon, summer, premonsoon and

monsoon seasons, respectively. Species belonging to

the genus Tintinnopsis contributed on an average about

65% of the total production.

5. Discussion

In general and in particular in tropical waters, the

distribution and abundance of tintinnids varied remark-

ably due to the seasonal environmental fluctuations,

and these variations are well pronounced in the shel-

tered systems like estuarine and mangrove waters. In

the Vellar estuarine and mangrove waters, total abun-

dance of tintinnids was highest in summer and post-

monsoon than the other seasons, as commonly ob-

served in many marine coastal and estuarine waters

(Capriulo and Carpenter, 1983; Verity and Langdon,

1984; Verity, 1987; Sanders, 1987; Paranjape, 1987;

Abboud-Abi Saab, 1989; Edwards and Burkill, 1995;

Kamiyama and Tsujino, 1996). Similar seasonal varia-

tions have also been reported in the Parangipettai

coastal waters by Krishnamurthy and Santhanam

(1975), Damodara Naidu (1977), Godhantaraman

(1994). The higher proliferation of tintinnids in sum-

mer months might be attributed to higher temperature

and chlorophyll a concentrations, which both are

often considered as the most important factors to in-

crease the growth rate (Revelante and Gilmartin,

1983; Verity, 1985; Sanders, 1987; Abboud-Abi Saab,

1989; Kamiyama, 1994; Godhantaraman, 2001).

The abundance of tintinnids was lowest during

monsoon months, when the water column was mark-

edly stratified to a large extent because of heavy

rainfall, overcast sky and cool conditions. As a result

of these, water temperature, salinity and chlorophyll a

concentration decreased largely with increased turbid-

ity. The low temperature and chlorophyll concentra-

tions drastically affect the life cycles of many tintin-

nids. Hence, the influence of these factors severely

affects the abundance and growth rate of tintinnids

(Kamiyama and Aizawa, 1987; Godhantaraman,

1994; 2001). Moreover, many tintinnids disappeared

during flood and species composition also changed,

since they are mostly euryhaline and stenohaline.

When the conditions are favorable, normal plankton

composition reappeared. This kind of cyclic change in

the species composition of tintinnids was a character-

Fig. 4. Seasonal variations in abundance, species composition,

biomass and estimated production rates of tintinnids in mangrove

system (TINS—Tintinnopsis; HELI—Helicostomella; STEN—

Stenosomella; FAVE—Favella; DICT—Dictyocysta; OTHS—

Others).
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istic feature of the Vellar estuarine and mangrove

systems.

Total of 47 species of tintinnids was identified in this

estuarine and mangrove waters, of these 20 species

belonged to the genus Tintinnopsis. They are often

common and contributed significantly to the total

abundance of tintinnids, as reported in many coastal

and oceanic waters (Verity, 1987; Graziano, 1989;

Laybourn-Parry et al., 1992; Edwards and Burkill,

1995), indicating that they are adapted to different

thermal and salinity gradients. Species as T. minuta,

T. beroidea, T. mortensenii, C. ostenfeldii and F.

philippinensis were noticed over the entire study

period, implying their euryhaline and eurythermal

nature. Most tintinnid species occurred on a remarkable

seasonal basis. Species from the genus Tintinnopsis,

Favella, Stenosemella and Codonellopsis was noticed

at high numbers during all seasons except monsoon

season in both estuarine and mangrove waters, indicat-

ing their thermofilic nature. A few tintinnid species (E.

tenus, T. cylindrica, L. simplex, T. directa, T. amphora

and C. tessellata) were particularly abundant during

monsoon season, indicating that these species are

adapted to low temperature conditions. Thus, the

seasonal occurrence of tintinnid species may be closely

associated with the species-specific environmental

conditions that required to encystment or excystement

(Paranjape, 1987; Kamiyama and Aizawa, 1992). The

occurrence of species from the genus Coxiella,

Dadayiella, Metacylis and Rhabdonella in estuary

was conspicuous. The higher number and variety of

tintinnid species in the estuary might be influenced by

the migration of species belonging to the adjacent sea,

i.e. Bay of Bengal, and these migration activities are

limited in the mangroves due to the distance from the

sea. Kršinic (1987) observed that the number of tintin-

nid species increased consistently towards the outer

region of the Bay of Mali Ston, where the salinity was

high.

The maximum abundance of tintinnids was re-

corded 420 indiv. l� 1. The value estimated now is

higher than the maximum abundance of tintinnids

estimated 100 indiv. l � 1 in Larzarev Sea (Froneman

et al., 1996); 219 indiv. l � 1 in Funka Bay, Japan (Dohi,

1982); 288 indiv. l � 1 in Bay of Mail Ston (Kršinic,

1987); and also lower than the maximum values were

estimated 1000 indiv. l� 1 in Solent estuary, England

(Burkill, 1982); >1000 indiv. l� 1 in Chesapeake Bay,

USA (Coats and Heisler, 1989); 5700 indiv. l � 1 in the

Seto Inland Sea of Japan (Kamiyama and Tsujino,

1996); 7000 indiv. l � 1 in Damariscotta River estuary,

USA (Sanders, 1987); 11300 indiv. l � 1 in Bahia

Blanca estuary, Argentina (Barria de Cao, 1992); 270

000 indiv. l� 1 in Narragansett Bay (Verity, 1987).

However, in Parangipettai coastal waters, Krishnamur-

thy and Santhanam (1975) and Damodara Naidu

(1977) estimated maximum abundance of 375 and

413 indiv l � 1, respectively, in the estuarine and man-

grove waters. These values are slightly lower than or in

the same level as the maximum value (420 indiv. l � 1)

in the present study. However, the abundance of

tintinnids is not strictly comparable, because some of

the values are water column average abundance of

tintinnids.

The total biomass of tintinnids also demonstrated a

strong seasonal pattern with the highest (3.01) in

summer and lowest (0.02) in monsoon (Fig. 3). The

elevated higher biomass in summer could be attributed

to water temperature and chlorophyll a concentration,

which were also recorded higher in summer (Fig. 2).

Hence, the seasonal changes in biomass of tintinnids in

the estuarine and mangrove waters could be related to

the interactive effects of temperature and food avail-

ability. Hence, significantly ( p < 0.05) positive rela-

tionship was obtained between the total biomass of

tintinnids and chlorophyll a concentrations for all water

samples (Fig. 5). Although these estimated biomasses

of tintinnids are not strictly comparable, the values

Fig. 5. Relationship between biomass of tintinnids and chlorophyll a

concentration over the study period.
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consistently lower within typical ranges of similar

coastal and estuarine waters (Beers and Stewart,

1970; Burkill, 1982). As indicated above, the avail-

ability of food is sufficient for the growth of tintinnids.

Hence, predation loss by meso- and macrozooplankton

might be responsible for the lower biomass of tintinnids

in this estuarine and mangrove systems, because these

systems are supporting high mesozooplankton popula-

tions (Krishnamurthy et al., 1974; Santhanam et al.,

1975; Godhantaraman, 1994). Furthermore, the con-

tribution of small size categories of tintinnids (lorica

length < 65 Am) to the total biomass was higher

(ca.>50%). Hence, the collective study of tintinnids

size categories and numerical abundance (data of

previous studies by Damodara Naidu, 1977; Godhan-

taraman and Krishnamurthy, 1997), presumably indi-

cated that tintinnids harbored in the estuarine and

mangrove waters may be suitable food sources for

the first feeding fish larvae of many fishes (Stoecker

and Govoni, 1984; Edwards and Burkill, 1995), as

supporting from the study of Prince Jeyaseelan and

Krishnamurthy (1980) that the Vellar estuarine and

mangrove systems harboring about 200 species of shell

and fin fishes.

5.1. Trophodynamic roles

The average production rate of tintinnids was higher

during summer than the remaining seasons might be

due to the combined effects of higher biomass and

temperature. However, in winter, the growth rates of

tintinnids were depressed by the low temperature. The

estimated annual production of 0.40 and 0.16mgC l � 1

year � 1 in the estuarine and mangrove waters are

comparable to or lower than the values reported by

Verity (1987) and Burkill (1982) in the Narragansett

Bay and Solent estuary, respectively.

In order to understand the trophodynamic role of

tintinnids, with reference to phytoplankton grazing, the

rate of daily removal of phytoplankton biomass was

estimated. To estimate this, the phytoplankton carbon

biomass was estimated from chlorophyll a concentra-

tion using a carbon/chlorophyll ratio of 40 (Parsons et

al., 1984). The amount of phytoplankton food required

to meet the production rate was estimated assuming

that the gross growth efficiency is 0.4 for ciliated

protozoans (Fenchel, 1987). The potential percentage

of the initial phytoplankton biomass removed by graz-

ing of tintinnids remarkably varied seasonally. It was

estimated highest (1.24%) in summer and lowest

(0.03%) in winter (Fig. 6), and these results indicated

that the seasonal environmental conditions not only

affect the distribution and growth rate of tintinnids, but

also changing their grazing activities. The grazing

activities was higher in summer when the chlorophyll

a concentrations was estimated higher (3.2-fold) than

in monsoon, because they required high concentrations

of food to sustain population growth rate. The low

grazing activities during monsoon might be due to the

less food availability and high predation of mesozoo-

Fig. 6. Seasonal variations in grazing impact of tintinnids as expressed by percent (%) removal of phytoplankton biomass per day in estuary

(open columns) and mangroves (filled columns).
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plankton. Hence, the food abundance appears to have

important effects on populations abundance, survival

and growth of tintinnids (Stoecker et al., 1984; Verity

and Villareal, 1986). Thus, tintinnid-based food web is

changing remarkably due to the characterized seasonal

environmental conditions of the Vellar estuarine and

mangrove systems.

To conclude, the species composition, abundance

and biomass of tintinnids varied seasonally due to

wide temperature fluctuations (range: 22.5–33.8 jC),
salinity gradients (2.9–34.5) and chlorophyll a con-

centrations (1.4–18.6 Ag l� 1). The estimated high

chlorophyll a concentrations (18.6 Ag l� 1) indicated

that food supply is not causing problem for tintinnids

populations, hence predation loss by meso- and mac-

rozooplankton might be responsible for the lower

biomass of tintinnids in this estuarine and mangrove

systems.
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