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Thunnus of the family Scombridae, tuna are found in 

temperate and tropical oceans around the world and 

products. It is the propensity of tunas to aggregate into 

areas, which render this highly mobile species an 

economically exploitable resource (Sharp, 1978; Sund 

et al

not form schools, but they do apparently aggregate along 

fronts, which can be areas of increased productivity and 

et al., 1993; 

Olson et al., 1994; Bigelow et al., 1999). Block et al. 

their time just above the thermocline. Moreover, tunas 

depths (Boggs, 1992). Vertical and horizontal distribution 

features are considered to be the primary determinants. 

However, studies on migratory behaviour of tunas are in 

relation to feeding and reproduction.

plant and animal life as such water masses carry a wide 

by the thermal structure of the water column, the depth 

of the mixed layer and the strength of the temperature 

gradient in the thermocline (Kitagawa et al., 2000). 

with oceanographic processes and parameters. The sea off 

along with plankton sampling were collected at seven selected 

monsoon. The observations indicated that the depth of the 

a

there was a broader peak of chlorophyll varying within the 

of mean phytoplankton and zooplankton abundances of the 

, respectively. 

a concentration and the zooplankton density 

varied as a function of time, but the spatial variability was 

zooplankton analysis indicated the dominance of crustacean 

The present analysis indicated that chlorophyll 

correlated with the phytoplankton and zooplankton density 

(p < 0.01)

water column and food availability are likely to determine the 

 Chlorophyll, phytoplankton, thermocline, tuna, 

zooplankton.

INTRODUCTION

conditions such as sea surface temperature and primary 

productivity. Understanding upper ocean processes are 
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food web. The biomass and distribution of the trophic 

levels depend on the water quality parameters (i.e. 

nutrients). Furthermore, the reversal of monsoon currents 

affects the circulation patterns in the Northern Indian 

Ocean, which in turn controls the nutrients such as nitrate, 

(Shankar et al.,

by seasonally varying stability of the water column. The 

a distribution, which is an indicator of the 

closely connected to the path of the Southwest monsoon 

current (SMC) (Vinayachandran et al., 2004). During 

show very low surface pigment concentrations (Yapa, 

with a maximum wind speed of 10 ms , which enhances 

the surface turbulence to lead near surface vertical mixing 

isothermal layer from November to January (Rao et al., 

2008).

 In general, the NE monsoon is considered to be a 

rather gentle phenomenon; the oceanic circulation is only 

does not penetrate much below the thermocline to bring 

up cooler waters from the deep. Thus, favourable wind 

conditions may result only in occasional weak upwelling 

along the coast of the study area.

a provides a useful estimate of 

a 

can be investigated covering a large area during a short 

period using satellite images. Nevertheless, the accuracy 

of chlorophyll data based on remote sensing techniques 

is low due to high turbidity, cloud cover and small extent 

data is important to obtain the vertical distribution in the 

layer just above the thermocline has been observed to 

the North and South of the equator (Rao, 1964a). Nearly 

a 50 m thick low saline surface layer has been found in 

the Northern Indian Ocean. The Bay of Bengal water 

existing in this region has been brought by the prevailing 

of Mannar. The thickness of the isothermal layer to the 

(Rao, 1964b). 

 The productivity of any aquatic water body depends on 

of invertebrate and vertebrate predators (Robertson, 

1983; Stoecker & Capuzzo, 1990; Fukami et al., 1999). 

through the marine pelagic food web and their ecology 

and dynamics have thus received attention worldwide 

(22 °C) to a shallower depth (50 m) located in the mixed 

layer (29 °C) where they remain during the whole night in a 

provides a useful tool basis for planning the management 

information is scanty, particularly on the continental shelf 

out by the World Ocean Circulation Expedition (WOCE) 

to collect conductivity, temperature, depth (CTD) and 

were carried out by the vessles R/V Samudramaru and 

with the oceanographic characteristics of the coastal 

waters off Thalawila for providing useful information 

oceanographic information. 

Study area

Eastern coast (Dissanayake et al., 2008).
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both peak tuna catching seasons. Hydrographic data and 

water samples were collected at 7 different locations off 

the coast of Thalawila, Kalpitiya (Figure 1) using a15 feet 

outborad motor (OBM) boat. The length of the survey 

line was limited to about 10 km from the coast where the  

the water depth varies between 500 m and 2000 m. Water 

samples were collected for analysis of phytoplankton, 

zooplankton and chlorophyll in the water column. 

Sampling and data collection

of conductivity, temperature and pressure (depth). 

a in the water 

were collected at each selected location during the study 

period (Figure 1). The raw data was processed to obtain 

a

software. Ruttner sampler was used to collect water 

a 

determination. The simple plankton net (mesh size 100 µm) 

was used for zooplankton vertical hauls. The zooplankton 

et al., 

1984) until laboratory analysis was performed. Surface 

et al., 

1984) for phytoplankton analysis.

Determination of chlorophyll-a

a

(absorbance) of the extract was determined with a UV 

visible spectrophotometer (Shimadzu, Japan) (Richards 

& Thompson, 1952; Parsons & Strickland, 1963). 

a was estimated following Parsons et al. 

(1984). 

The water samples preserved 

the composition. Supernatant of the preserved water 

sample was decanted without disturbing the settled cells 

so that the sample was concentrated to a known volume. 

One millilitre of this concentrated sample was placed 

in the Sedgwick rafter cell and numerical abundance, 

composition and the diversity of phytoplankton were 

of 10×10 (Newell & Newell, 1963; Robert, 2003; 

Verlencar & Somshekar, 2004). The numbers of each 

taxon were converted to densities, i.e. numbers m  

et al., 2000).

Zooplankton standing stock was 

determined by a numerical method. The composition of 

major taxonomic groups of zooplankton was determined 

10×10. The samples were analyzed for the determination 

of zooplankton abundance, composition and diversity 

(Newell & Newell, 1963; Todd et al., 1991; David et al., 

.

Figures 2(a) and (b) indicate the wind data during January 

to December 2007. The monsoonal event occurs at the 

same time in the year with slight changes in some periods. 

The wind speed varied from 0.08 ms  

 Map of the study area showing sampling locations
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in May and the mean wind speed was ~3 ms . The daily 

averaged wind graphs show a low speed during March, 

 Figure 2(b) illustrates the changes of wind directions 

in the area where the survey was carried out. The blue 

dots represent measured directions. The majority of the 

wind data shows its direction from Southwest towards the 

(summer monsoon). However, reversing wind patterns 

to December in 2007, which is exactly similar to the 

expected monsoonal wind patterns.

chlorophyll

Salinity, temperature and chlorophyll varied both spatially 

 Wind data during January to December 2007 at Katunayaka 

 a). Wind speed  (ms ). The measured data are represented by a gray line, the red line denote the daily averaged wind 

speed from the original; b). Wind direction 

 Data source: Meterological Department, Colombo

(a) (b)
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and November 2007 is illustrated in Figure 3. In January, 

and deepened towards the offshore. The halocline was 

salinity of 36.5 psu was observed within the depth range 

to a depth of 70 m and a maximum salinity was observed 

showed a slight salinity decrease compared to January 

and March. Further, the halocline depth was recorded at 

observed throughout the water column of 80 m. During 

the other seasons. The detailed observations suggest that 

the thermocline was weakening during the Northeast 

monsoon by mixing. Vertical variation of sea surface 

temperature explains the salinity increase from January 

a (mg m
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and strong at offshore deeper locations in the study area. 

The highest thermocline depth was recorded in January 

depth of 80 m and 90 m was recorded in March and 

wind speed was very favourable for upwelling during the 

a data during January, rising isotherms/ isohalines /isochl 

lines can be seen along the bottom coastal boundary, 

which is a clear indication of upwelling signals along the 

coastal boundary.

a (Chl) at seven 

2007 is shown in Figure 5. In general, the maximum 

chlorophyll levels could be observed in the subsurface 

waters depending on the mixing processes. In January the 

chlorophyll maximum (1.2 mg m ) was recorded at the 

depth of 60 m. Nevertheless, in January and March the 

chlorophyll maximum zone was higher than 1.0 mg m , 

The origin of higher chlorophyll concentration close to the 

coast is due to the production of land base sources. It was 

observed that a higher phytoplankton density dispersed 

at about 80 m, which was deeper than other months. In 

November chlorophyll maximum disappeared at a depth 

was recorded at the surface particularly at locations close 

to the coast. 

Spatial and temporal variation of chlorophyll-a

Chlorophyll-a

a 

studied but not with the sampling locations at p = 0.05. 

a concentration of 

0.35 ± 0.20 mg m  was recorded in November within the 

a

among the locations (Table 1 and Figure 6b). The mean 

a concentration at the surface waters off 

Thalawila was 0.52 ± 0.10 mg m  with a wide variation 

 (n = 35). 

abundance among the months and locations (p > 0.05; 

Table 1). The mean phytoplankton abundance was 3273 ± 

 in the 

study. The most dominant phytoplankton genus was 

Rhizosolenia

population followed by Bascillaria Navicula 

Coscinodiscus Chaetoceros sp. 

a, phytoplankton 

and zooplankton

a Phytoplankton Zooplankton

 df MS F MS F MS F

Month 4 2.47 25.27 * 2.12 × 107 1.02 14104.43 7.26 *

Sites 6 0.30 0.76 3.73 ×  107 2.16 2042.01 0.56

Melosira Peridinium sp. was the 

The highest species richness was observed in November 

(Figure 8). 

 was found in November than that of the 

other months (Figure 6e). The monthly mean zooplankton 

 and ranged from 

under 20 taxonomic groups and the most dominant group 
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a, phytoplankton and zooplankton in Thalawila sea (data point 

a a variation among 

locations; c) Phytoplankton variation among months (n = 7); d) Phytoplankton 

variation among locations (n = 5); e) Zooplankton variation among months (n = 7); 

f) Zooplankton variation among locations (n = 5). 

 Error bars on the graphs represent the standard error.

 Overall composition of phytoplankton off Thalawila during the 

Coscinodiscus
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 Pearson’s bivariate correlation analysis revealed 

a

phytoplankton density (r = 0.66) and zooplankton density 

(r = 0.60) (p <

correlation between the zooplankton density and the 

phytoplankton density.

This paper describes the vertical variation of salinity, 

temperature and chlorophyll, including plankton 

dynamics spatially and temporally in the coastal sea off 

Thalawila. The temporal variation was directly related to 

monsoon climate, which is indicated in the wind speed 

diagram. However, the timing of monsoon can vary by 

a few months depending on the onset of climatic events 

in the Bay of Bengal. Rao et al. (2008) observed a wind 

 in the area during November and 

February coming from the Northeast direction, which 

diagram that greater heat loss in the environment makes 

an upwelling condition. Similar results were observed 

during the present study with a wind speed of about 

8 ms

expected during the study period compared to previous 

chlorophyll maximum zone, which represents an 

a was recorded had the 

highest abundance of phytoplankton. Therefore, due 

to the higher abundance of primary producers at these 

thermocline depth during January and March indicates 

that tuna might associate with shallow depth. Similar to 

thermocline has been found in the North Indian Ocean 

(Rao, 1964b). The low saline water originated from the 

Bay of Bengal has been brought by the prevailing surface 

Mannar (Rao, 1964a). However, between the equator and 

5 oN the surface salinity is moderately high and uniform 

(35.00 to 35.20 psu) representing the typical equatorial 

water mass. 

 The thickness of the thermocline layer at the North 

and 80 m, respectively due to the aggregation of tuna 

species for favourable temperature and food availability. 

However the most productive month is November in 

terms of plankton biomass. 

 Fisheries data with related coordinates are important 

(within the area of latitudes 9 o oN and longitudes 

79 o oE, approximately), show high chlorophyll 

concentrations (> 0:8 mg m ) throughout the year with 

no apparent variation from month to month (Yapa, 2000). 

Tang and Kawamura (2001) reported that the chlorophyll 

concentration was less than 3 mg m  in the southern part 

of the Bay of Bengal. Ocean colour studies also have 

 Composition of major zooplankton groups in Thalawila sea  Species richness of phytoplankton off Thalawila during the 

study period in 2007
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shown that the chlorophyll concentration was higher than 

2 mg m during all the months, but the values were low 

Vinayachandran et al., a 

content close to the coast may be due to high freshwater 

discharge and continuous mixing, which brings nutrients 

to the surface affecting high phytoplankton productivity 

particularly during the Northeast monsoon. However, 

vertical chlorophyll variation in November indicated a 

highly mixed environment, which may have been created 

reason for the high chlorophyll content in surface water, 

 The number of phytoplankton genera reported in 

Mannar and Palk Bay (Jayasiri & Priyadarshani, 2007) 

and lower than the Palk Strait (Jayasiri, 2007). Further, 

the reported range of phytoplankton abundance in this 

study is lower than the Palk Strait (Jayasiri, 2007). 

Zooplankton abundance found in this study is consistent 

the copepod percentage in the Palk Strait is in line with 

the present study. Furthermore, Jayasiri (2007) found 
2 = 0.71) for the 

relationship between phytoplankton abundance and 

a concentration in the surface waters of Palk 

Strait.

in areas with high biological productivity in terms of 

phytoplankton and zooplankton, which in turn affects 

tuna aggregation in the water column. However, a 

to understand the correlation between environmental 

behaviour (collected via acoustic telemetry or electronic 

on their physiologically based environmental tolerances, 

forage abundance and appropriate oceanographic data. 

Such observational techniques will eventually provide 

migratory and behaviour patterns of tuna in relation 

reviewers of the paper for their fruitful comments which 

were very helpful to improve the quality of the paper.
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