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Abstract

The seasonal ecological response of microzooplankton in the southeastern Arabian Sea is presented.
During the spring intermonsoon period (March), stratification and depletion of nitrate in the surface
waters (nitracline was at 60 m depth) caused low integrated chlorophyll a (av. 19 + 11.3 mg m™) and
primary production (av. 164 + 91 mgC m? d™). On the other hand, nutrient enrichment associated with
coastal upwelling and river influx during the onset and peak summer monsoon resulted in high
integrated chlorophyll a (av. 21 + 6 mg m? and av. 29 + 21 mg m™ respectively) and primary
production (av. 255 + 94 mg Cm? d* and av. 335 + 278 mgC m™ d™ respectively). During all three
periods, diazotropic cyanobacterium Trichodesmium erythraeum dominated in the nutrient depleted
surface waters. A general increase in abundance of larger diatoms was evident in the surface waters of
the inshore region during monsoon periods. The microzooplankton abundance was found to be
significantly higher during the spring intermonsoon (av.241 + 113 x10% ind.m™) as compared to onset of
summer monsoon (av. 105 + 89 x10% ind.m™) and peak summer monsoon (av.185 + 175 x10% ind.m™).
Microzooplankton community during the spring intermonsoon was numerically dominated by ciliates
while heterotrophic dinoflagellate was the dominant ones during the monsoon periods. The high
abundance of ciliates during the spring intermonsoon could be attributed to the stratified environmental
condition prevailed in the study area which favors high abundance of smaller phytoplankton and
cyanobacteria, the most preferred food of ciliates. On the other hand, the dominance of heterotrophic
dinoflagellates during the monsoon periods could be linked to their ability to graze larger diatoms which
were abundant during the monsoon periods. The overall results show low abundance of
microzooplankton in the eastern Arabian Sea during the monsoon periods mainly due to a decline in
ciliates abundance. This decline during the monsoon periods could be the result of (a) low abundance of
smaller phytoplankton and (b) high stock of mesozooplankton predators (av. 245 ml 100 m™).
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1. Introduction

The microzooplankton (MZP), heterotrophic plankton with body size 20-200 um, plays an
important role in marine pelagic ecosystems in transferring primary organic carbon to higher trophic
levels (Dussart, 1963; Godhantaraman et al.,, 2004). They are mostly comprised of ciliates,
heterotrophic dinoflagellates and crustacean nauplii, capable of exploiting pico and nanoplankton that
are inefficiently utilized by other larger zooplankton (Marshall, 1973; Nival and Nival, 1976). MZP
also acts as a significant food source for a variety of zooplankton and vertebrate predators (Robertson
1983, Stoecker and Capuzzo 1990; Fukami et al., 1999), thereby acting as a trophic intermediate

between pico/nano plankton and mesozooplankton.

Studies have also shown that MZP dominates among grazers of tropical oceanic phytoplankton
in the Pacific Ocean (Miller, 1993), Atlantic Ocean (Burkill et al., 1993 a, Verity et al., 1993) and
Indian Ocean (Burkill et al., 1993 b). The high growth rates of MZP enable them to respond rapidly to
changes in phytoplankton communities, resulting in a close coupling between primary producers and
grazers within the food-web (Verity et al. 1993; Landry et al., 1995). MZP are also known to be a
critical link that transfers organic carbon from heterotrophic bacteria to higher trophic levels through
the microbial loop (Azam et al., 1983). In the Arabian Sea, the microbial loop seems to play a
significant role in maintaining high mesozooplankton biomass throughout the year (Madhupratap et al.,
1996).

In spite of the crucial ecological importance of MZP in marine pelagic food webs, information
on their diversity, abundance and biomass from the eastern Arabian Sea are lacking. The limited
information available highlights their important functional role in the eastern Arabian Sea in mediating
transfer of phytoplankton and bacterial carbon to higher trophic level (Gauns et al., 1996). On this
backdrop, we studied the MZP community of the eastern Arabian Sea with respect to the environmental
changes during the spring intermonsoon (SIM), onset of the summer monsoon (OSM) and peak
summer monsoon (PSM) with the following objectives (a) to generate baseline information on their
composition, abundance, diversity and ecology; (b) to characterize them with respect to the
environmental changes from SIM to PSM periods and (c) to understand their relationship with the

mesozooplankton community.

2. Materials and methods

2.1. Study Area
The area of investigation was the southeastern Arabian Sea (8 - 15°N and 69 - 77°E), bordered
by the Indian subcontinent on the eastern side (Figure 1). This region has unique oceanographic
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features mainly with respect to the monsoonal winds, which drive near — surface currents and affect
mixed layer development, hence nutrient availability in the upper euphotic zone. Based on the diverse
oceanographic features of the study area, seasons are mainly classified into spring intermonsoon

(March to May), summer monsoon (June to September) and winter monsoon (November to February).

The SIM is a transition period from winter to summer monsoons. During this period, the eastern
Arabian Sea is exposed to intense solar heating (summer) and characterized by weak winds, making the
surface layer of the ocean stratified (Muraleedharan and Prasannakumar, 1996). In addition, the low
saline oligotrophic Bay of Bengal water that occupies the surface layers of the southeastern Arabian
Sea (Figure 2) intensifies the stratification during SIM period (Sanilkumar et al., 2003). Besides, the
small amount of rainfall on the Indian subcontinent during the period causes a reduction in the volume
of nutrient rich river influx closer to the coast (Qasim, 2003). The combined effect of these processes
cause depletion of nutrients in the upper euphotic zone (upper 60 m of the water column has near zero
concentrations of nitrate). This eventually leads to low primary production and phytoplankton
abundance in the southeastern Arabian Sea during the SIM (Bhattathiri et al., 1996).

With the OSM, nutrient concentrations in the inshore surface waters increase due to coastal
upwelling resulting in enhanced biological production (Madhupratap et al., 1990; Nair et al., 1992).
The onset of upwelling occurs at the southern part of the west coast of India by the end of May - early
June, propagating northwards with time (Madhupratap et al., 2001). Apart from upwelling, nutrient rich
river runoff also stimulates biological production along the southwest coast of India (Madhupratap et
al.,, 2001; Nair et al., 1992). The resulting high nutrient content in the surface waters induces
proliferation of diatoms (Madhupratap, 1990; Nair et al., 1992; Sawant and Madhupratap., 1996).

During the PSM, wind along the southwest coast of India attains its peak velocity intensifying
the coastal upwelling (Shankar et al., 2002a). As a result, the vertical advection of nutrient-rich
subsurface waters also increases resulting in high availability of macronutrients in the surface. In
addition to this, increased nutrient-rich freshwater influx from the westward flowing Indian rivers
maintains high level of macronutrient availability in the waters closer to the coast. The combined effect
of both processes creates a nutrient-rich environment along the southwest coast of India during the
PSM which supports the highest annual phytoplankton stock and production (Madhupratap, 1990,
Banse et al., 1996).

2.2 Methods

Seasonal samplings were carried out onboard FORV Sagar Sampada during the SIM (19
March- 7 April, 2004), OSM (27 May — 13 June, 2005) and PSM (25 August- 11 September, 2005).



The sampling locations were selected in five transects along 8, 10, 11.5, 13 and 15°N (Fig. 1). On each
transect, water samples for measuring biological parameters such as phytoplankton, chlorophyll a,
primary production and MZP were collected from two locations, one near to the coast (inshore) and one
in the oceanic region (offshore). The inshore locations were selected in such a way that the depth was

sufficient to operate an in situ primary productivity mooring system (~200m depth).

2.2.1 Physico — chemical parameters

Winds were monitored by an automated weather station onboard the ship and the data was
retrieved using Integrated Data Acquisition Software. The vertical profiles of temperature and salinity
of all study locations were recorded using a Conductivity Temperature Depth profiler (CTD - Seabird
Electronics Sea sat, SBE 911 Plus, USA). The Mixed Layer Depth (MLD) was taken as the depth at
which 1°C drop of Sea Surface Temperature (SST) was observed (Prasannakumar et al., 1996). Niskin
bottles mounted on a CTD rosette were used to collect water samples from 8 discrete standard depths
(0.5, 10, 20, 30, 50, 75, 100 and 120 m) for measuring dissolved oxygen (DO) and macronutrients
(nitrate, phosphate and silicate). DO was estimated following Winkler’s titration method. The
concentration of nitrate and silicate was analyzed by an autoanalyser (SKALAR, Model 51001-1)
following the principles of Grasshoff et al., (1983). Phosphate concentration was measured

spectrophotometrically following standard method (Grasshoff et al., 1983).

2.2.2. Chlorophyll a, phytoplankton and primary production

Two litre of water sample were collected from 7 standard depths (0.5, 10, 20, 50, 75, 100 and
120 m) from the Niskin bottles for the estimation of chlorophyll a and phytoplankton. One litre of
sample from each depth was passed through GF/F filter paper and the chlorophyll a was extracted in
90% acetone and measured spectrophotometrically (Strickland and Parsons, 1972). Column (integrated)

values of chlorophyll a was calculated by integrating the discrete depth values (from surface to 120 m).

For phytoplankton analysis, 500 ml of water sample was preserved in Lugol’s iodine. The
analysis of phytoplankton samples include initial concentration of water samples to 10 ml volume
based on settling and siphoning procedure. Subsequently 5 - 7 sub-samples of 1 ml in a Sedgwick rafter
counting chamber were analysed under an inverted microscope at 100 — 400x magnification following
the standard literature (Subrahmanyan, 1959, 1971; Tomas, 1997).

Water samples (2 litre) for measuring primary productivity were collected from seven standard
depths (same as that of chlorophyll) before dawn (~ 0500 hours). Samples were carefully transferred to

clean Nalgene polycarbonate bottles and **C - incubation was carried out in situ following UNESCO,
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(1994). Column (integrated) values of primary production was calculated by integrating the discrete

depth values (from surface to 120 m).

2.2.3. Microzooplankton (MZP)

Water samples (5 — 8 liter) for MZP were collected from the same depths as those of
chlorophyll a and primary production (0.5, 10, 20, 50, 75, 100 ad 120 m). Samples were prefiltered
through a 200 um bolting silk to eliminate the mesozooplankton and the filtrate was carefully collected
in black polythene bottles. Although the screening of samples through 200 um sieve may disturb large
and fragile MZP, this process is widely used in MZP sampling for discarding the mesozooplankton
(Froneman and McQuaid 1997; Putland, 2000; Stelfox - Widdicombe et al., 2004). Subsequently, 3 —
8% of acid Lugol’s iodine was added to the sieved samples. These samples were then concentrated by
gravity settling and siphoning procedure. Thus the samples were concentrated to 100 ml and preserved
in 1 - 3% acid Lugol's solution. Although there are some conflicts of opinion on the suitability of
various fixatives for MZP, the acid Lugol’s iodine is considered as the most useful and widely adopted
one, since it causes lesser damage to various groups of MZP community than other preservatives
(Gifford and Caron., 2000). However, there could be some underestimation of heterotrophic
dinoflagellates in the present study due to cell loss resulting from fixation in acid Lugols iodine. Prior
to the microscopic analysis, the initial 200 ml sample was allowed to settle for 2 days and concentrated
to 20 ml final concentration. Several sub-samples (5-8) of 1ml each were analyzed in Sedgwick rafter
counting chamber under an inverted microscope with phase contrast optics (100 — 400x)
magnifications. The organisms present in the samples were identified and categorized into four groups
viz., heterotrophic dinoflagellates, ciliates, sarcordines and crustacean nauplii. The heterotrophic forms
of dinoflagellates were differentiated from autotrophs following Steidinger and Williams, 1970;
Subrahmanyan, 1971; Taylor, 1976a and b; 1987. Similarly, ciliates were identified to the species level
wherever possible and the sarcordines and crustacean nauplii were categorized to the group level
(Kofoid and Campbell., 1939; Jorgenson, 1924; Marshall, 1969; Corliss, 1979; Maeda and Carey,
1985; Maeda, 1986; Lynn et al., 1988). The abundance of MZP at the sampled depths was integrated to
calculate the water column (integrated) values.

2.2.4. Mesozooplankton

A Multiple Plankton Net (Hydro - Bios, mouth area 0.25 m? mesh width 200 pm) with an
electronic depth sensor was operated vertically to collect mesozooplankton samples. Samples were
collected from the bottom of thermocline to the surface to get a fair representation of the euphotic
column. The zooplankton collections were carried out around the noon to avoid the possible error on
biomass due to vertical migration. Mesozooplankton biomass was measured as displacement volume.
2.2.5 Diversity



Diversity is a concise expression of how individuals of a community are distributed in subsets
of groups. The following diversity indices have been used to analyze changes in plankton community
due to environmental influence (a) Species richness - the number of different species in a particular
area (Margalef, 1968) (b) Species evenness - the relative abundance with which each species are
represented in an area (Heips, 1974) and (c) Species diversity - this index takes into account the number
of species and the evenness of the species. The index is increased either by having more unique species,

or by having greater species evenness (Shannon and Weaver, 1963).

2.2.6. Multi-Dimensional Scaling and Hierarchical Clustering

These multivariate analyses have been carried out to see the seasonal species
similarity/difference at different locations using Plymouth Routine in Marine Environmental Research
(PRIMER - Clarke and Gorley, 2001). The similarity/differences in species abundance can directly be
related to the prevailing environmental conditions. MDS attempts to arrange "objects” (in the present
case MZP species abundance at different locations) in a space so as to reproduce the observed
similarities. As a result, we can explain the distances in terms of dissimilarity between species

occurring in different depths.

3. Results

3.1. Physicochemical features

3.1.1. SIM

The period was characterized by clear sky, high solar radiation and weak northerly winds (av.
4.2 m s™1). SST distribution showed a spatial variation between 29.4 and 30.3°C with a warming trend
towards the coast (Fig. 2a). A thin layer of low saline surface waters (<34.2) was found in the inshore
region between 8 and 15 °N (Fig. 2b). Relatively high SST (> 30°C) and shallow MLD were present in
the inshore region (Fig. 2a & c). The vertical distribution of temperature and salinity showed warm and
low saline waters along the inshore region (Fig. 3a & b). Weak winds, low salinity and high SST
favoured surface layer stratification in a major part of the study area (MLD av. 35 m) (Fig. 2c).
Stratification favored enriched levels of DO (>200 uM) in the upper 40 — 60 m of the euphotic column
(Fig. 3c), which is typical of the Indian seas during the SIM period. Stratification also caused a general
lack of macronutrients in the upper euphotic column (Fig. 3d, e & f). The nitracline (1 pM
concentration of nitrate) was found in 60 - 80 m depth; upper 60m water column had <0.8 uM of
phosphate and <3 uM of silicate (Fig. 3d, e & ).

3.1.2. OSM



Strong southwesterly wind (av. 7 m s™') was prevalent during the period. SST varied between
30.2 and 31.2°C with warmer waters in the offshore region (Fig. 2a). The distribution of isohalines
showed high salinity waters (>35.4) in the north (Fig. 2b) and shallow MLD in the inshore region of the
southern transects (Fig. 2c). Vertical sections of temperature distribution along the inshore region
showed shoaling up of isotherms between 8 and 11°N (Fig. 4a). A low saline plume was also found in
the surface waters between 8 and 12°N (Fig. 4b). The DO concentration in the surface waters of the
inshore region was less compared to the offshore (Fig. 4c). The decrease in DO was clearer in the
south of 10°N where 190 pM contour was found at 20 m depth (Fig. 4c). Concentration of all
macronutrients in the surface waters of the inshore region was many folds higher compared to the
offshore region (Fig. 4d, e & f). The nutrient values in the inshore region during the OSM were much
higher than the corresponding values during the SIM. On the other hand, the concentration of DO and
macronutrients in the offshore region during the OSM did not show much change from that of SIM
(Fig. 3c-f & 4c-f). This indicates that the changes in hydrographical conditions from SIM to OSM were

very prominent only in the inshore region whereas the changes were of low key in the offshore regions.

3.1.3. PSM

During the period, the wind was the strongest (av. 8 m s™) and SST was the lowest (25.2 —
28.3°C) among the three periods studied (Fig. 2a). Marked decline in SST (~ 4°C with respect to OSM)
was found along the inshore region (Fig. 2a). Signatures of upwelling (up-sloping of isolines) were
evident in the vertical structures of temperature, salinity, DO and nutrients along the inshore region
(Fig. 5a-f). Warmer and high saline waters were found in the offshore region (Fig. 2a &b). Upwelling
signatures were present over the entire inshore waters (8° to 15°N) as evidenced by the presence of low
oxygenated, high nutrient subsurface waters at the surface (Fig. 5¢-f). Upwelling was more active in the
inshore region south of 13°N, where prominent up-sloping of isolines were evident in the vertical
structures (Fig. 5c-f). The nitracline, which was usually found above 20 m depth all along the inshore
waters, was located near-surface waters between 10 and 11.5°N (Fig. 5d). On the other hand, nutrient
enrichment in the surface waters of the offshore region was in a low key. The upper 50 m water column
in the offshore region had low levels of nutrients (NO3; < 2uM, PO, < 0.5uM and SiO4 < 2uM).

3.2. Chlorophyll a, primary production and phytoplankton

3.2.1. SIM

The integrated values of chlorophyll a and primary production were generally low (av. 19.5 +
11.3 mg m?and av. 164 + 91 mgC m d™* respectively) during the period (Table 1). Surface chlorophyll

a was higher in the inshore waters (av. 0.3 + 0.2 mg m®) than the offshore (av. 0.1 + 0.1 mg m™), but
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the integrated values were higher in the offshore (av. 24 + 13 mg m) than the inshore (av. 15 + 8 mg
m®). Surface and integrated primary production were higher in the inshore waters (av. 4.7 + 1.9 mgC m’
%d ™ and 154 + 105 mgC m?d ™) than the offshore (av. 2.9 + 1.6 mgC m™> d™* and 151 + 72 mgC m?d ™
). The phytoplankton abundance at the surface was higher in the offshore region (av. 269 + 273 x 10°
cells m™®) compared to the inshore (av. 137 + 825 x 10* cells m® ). The composition of surface
phytoplankton community was found to be similar in both inshore and offshore regions. The dominant
species in their order of mean abundance was Trichodesmium erythraeum (av. 2000 x 10°cells m) >
Nitszchia pungens (av. 220 x 10°cells m®) > Rhizosolenia alata (av. 119 x 10° cells m®) >
Thalassiothrix (av. 88 x 10%cells m™) > Bacillaria (av. 81x 10% cells m®) > Leptocylindrus (av. 80 x 10°
cells m®). The abundance of Trichodesmium erythraeum was much higher in the offshore (av. 4000 x

10°cells m™) compared to the inshore (av. 1000 x 10°cells m™®).

3.2.2 OSM

There was a general increase in integrated chlorophyll a and primary production (av. 21 + 6 mg
m™ and av. 255 + 94 mg Cm d™) from that of the SIM (av. 19.5 + 11.3 mg m™ and av. 164 + 91 mgC
m™ d* respectively) (Table 1, Fig. 6). The surface and integrated chlorophyll a in the inshore waters
(av. 0.3 £ 0.07 mg m™ and av. 22 + 8 mg m™ respectively) were found to be higher than that of the
offshore (av. 0.21 + 0.1 mg m™ and av.19 + 3mg m™ respectively). The surface and integrated primary
production also showed similar trend with higher values in the inshore region (av. 9 + 4 mgC m3d*
and av. 301 + 103 mgC m?d™) than the offshore (av. 3+ 2 mgC m>d™® and av. 198 + 43 mgC m?d™).
The abundance of phytoplankton in the surface waters was also higher in the inshore region (av. 685
321 x 10” cells m™) compared to the offshore (av. 659 + 920 x 10" cells m™®). Similar to the SIM period,
Trichodesmium erythraeum was the most abundant phytoplankton during the OSM. The dominant
diatoms in the inshore and offshore regions showed only marginal compositional changes. The
abundance of dominant phytoplankton in the inshore waters was Trichodesmium erythraeum (av. 4884
x 10° cells m™®) > Rhizosolenia alata (av. 408 x 10° cells m™®) > Coscinodiscus radiatus (av. 208 x 10°
cells m™) > Nitzschia seriata (av. 89 x 10° cells m®) > Thalassionema nitzschiodes (av. 68 x 10%cells m’
%) > Bacillaria paradoxa (av. 16 x 10° cells m™). In the offshore region the order of abundance was
Trichodesmium erythraeum (av. 4640 x 10° cells m™®) > Rhizosolenia alata (av. 166 x 10° cells m™®) >
Diploneis sp. (av. 24 x 10° cells m™) > Thalassionema nitzschiodes (av. 68 x 10° cells m®) > Nitzchia
pungens (av. 4 x 10° cells m™®). There was a high occurrence of larger diatoms Rhizosolenia alata,

Coscinodiscus radiatus, Nitzschia seriata, Thalassionema nitzschiodes in the inshore waters.

3.2.3. PSM



The study period was characterized by the highest amount of integrated chlorophyll a (av. 29 +
20.5 mg m™) and primary production (av. 335 + 278 mgC m? d™*) (Table 1, Fig. 6). The surface and
integrated chlorophyll a in the inshore region (av. 1.12 + 0.69 mg m™ and av. 41 + 23 mg m®) was
markedly higher than that in the offshore (av. 0.36 + 0.23 mg m?and av. 17 + 7.4 mg m). The inshore
chlorophyll a values during the PSM (av. 1.1 + 0.6 mg m™>and av. 41 + 23 mg m™ respectively) was
much higher than the corresponding values during the SIM (av. 0.3 + 0.2 mg m>and av.15 + 8 mg m™
respectively) and OSM (av. 0.3 + 0.1 mg m™ and av. 21 + 8 mg m™ respectively). Similarly, the surface
and integrated primary production in the inshore region during the PSM was markedly higher than the
corresponding values during the SIM and OSM (Table 1). The surface phytoplankton abundance
showed a clear increase in the inshore region (av. 1493 + 1107 x 10* cells m™®) than the offshore (av.
571 + 394 x 10* cells m®). Nitzschia seriata (av. 1468 x 10% cells m™®) was the most dominant
phytoplankton in the inshore waters whereas Trichodesmium erythraeum was the dominant one in the
offshore region (av.1460 x 10° cells m™®). Dominant diatoms in the inshore waters were generally larger
in size with the following order of abundance Nitzschia seriata (av. 1468 x 10° cells m™®) > Rhizosolenia
alata (av. 728 x 10° cells m®) > Chaetoceros socialis (av. 544 x 10° cells m®) > Thalassionema
nitzschiodes (av. 304 x 10% cells m®) > Biddulphia rhombus (av. 204 x 10° cells m™®) > Chaetoceros sp.
(av. 166 x 10° cells m™®) > Thalassiosira (av.168 x 10° cells m®) > Pleurosigma directum (av. 136 x 10°
cells m®). The dominant diatoms in the offshore region were in the following order of abundance
Chaetoceros affinis (av. 376 x 10° cells m®) > Rhizosolenia alata (av. 73 x 10° cells m?®) >

Thalassionema sp. (av.15 x 10° cells m™®) > Bacillaria paradoxa (av.14 x 10° cells m™).

3.3. Microzooplankton

3.3.1. Composition

The protozoan component of microzooplankton consisted of heterotrophic dinoflagellates,
ciliates and sarcordines in which the first two groups were predominant during all the observations.
Heterotrophic dinoflagellates contributed substantially to the total abundance of MZP (av. 59 — 68 %
during these periods). Altogether 25 species of heterotrophic dinoflagellates were recorded during the
study and the dominant genera were Protoperidinium, Phalacroma and Ornithocercus (Table 2). The
seasonal variation in the total abundance of heterotrophic dinoflagellates species was only marginal (20
— 21 species). Over all, ciliates formed the second abundant group in the MZP community. However,
the number of species of ciliates (42 species belonging to 26 genera) was much higher than that of the
heterotrophic dinoflagellates (26 species belonging of 6 genera) (Table 2). The seasonal variation in
number of ciliate species was prominent with the highest number (32 species) during SIM followed by
OSM (30 species) and PSM (6 species) (Table 3).



3.3.2. Abundance and species diversity

The mean abundance of MZP in the inshore and offshore regions during SIM period (av. 230 +
66 x 10 % ind. m™ and av. 251 + 155 x 10% ind. m™, respectively) was higher compared to the OSM (av.
141 + 114 x 10% ind. m? and 69 + 37 x 10° ind.m™, respectively) and PSM (av. 186 + 247 x 10° ind.m™
and 183 + 88 x 10% ind.m™, respectively) (Fig. 7). The peak abundance of MZP during the entire study
period was found at 10°N during PSM. This was due to the exceptionally high abundance of
heterotrophic dinoflagellates at this location (Fig. 8). During the PSM, the mean abundance of
heterotrophic dinoflagellates was higher compared to SIM and OSM (Fig. 8) whereas, ciliates was the
highest during the SIM. The abundance of ciliates decreased from SIM (av. 40 + 18 x 10% ind. m™® in the
inshore and 65 + 30 x 10% ind. m™ in the offshore) to OSM (av. 27 + 13 x 10° ind. m?and 30 + 19 x 10°
ind. m? respectively) and PSM (av. 3 + 5 x 10° ind. m? and 30 + 19 x 10% ind. m-2 respectively) (Fig. 7
& 8). The abundance of crustacean nauplii was higher during SIM period (av. 115 + 53 x 10° ind. m™
in the inshore and 13 + 144 x 10° ind. m in the offshore) compared to OSM (av. 2 + 4 x 10% ind. m? in
the inshore and 1 + 1 x 10% ind. m™ in the offshore) and PSM (av. 6 + 9 x 10% ind. m™ in the inshore and
9 + 7 x 10° ind.m™ in the offshore region) (Fig. 7). Throughout the study sarcordines were found to be
numerically less in abundance (av. 3 £ 2 %). The crustacean larvae contribution to the total abundance
of MZP was low during the monsoon periods, (av. 6 = 4%) but there was a marked increase in their
abundance during the SIM (Fig. 7).

Over all, the species richness, evenness and diversity of MZP were higher during the SIM and
OSM compared to PSM (Fig. 9). The diversity, richness and evenness of ciliates were the least during
the PSM. The evenness of ciliates and heterotrophic dinoflagellates were markedly higher during the
SIM and OSM compared to PSM. The richness and diversity of heterotrophic dinoflagellates was
evidently higher during the OSM and PSM compared to the SIM (Fig. 9). MDS analysis using species
abundance data of ciliates and heterotrophic dinoflagellates showed similarity in species abundance at
different locations during the SIM whereas such clear grouping of locations was not evident during
monsoon periods (Fig. 10a). Heterotrophic species abundance at locations 1, 2, 3, 6, 7 and 8 showed
similarity. Similarly, ciliates species abundance at locations 1, 2, 3, 4, 8 and 9 also showed similarity. In
order to see the species resulting in such a grouping of locations based on species similarity, we
analyzed the result of hierarchical clustering of species data (Fig. 10b). Two major clusters were evident
in the cluster plots (at 40% similarity level) formed of 10 species of heterotrophic dinoflagellates and 12
species of ciliates respectively. The heterotrophic dinoflagellates cluster was formed of Dinophysis
hastata, Ornithocercus quadratus, O. magnificus, O. steinii, Phalacroma rapa, P. apicatum, P.

doryphorum, Podolampus spinifera, P. palmipes and Protoperidinium divergens. The ciliate species
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cluster was formed of Codonellopsis tesselata, Epiplocylis undella, Eutintinnus lusus undae, E.
elongates, Proplectella globosa, Rhabdonella spiralis, Salpingella decurtata, S. acuminata,

Salpingacantha ampla, Undella globosa, Protorhabdonella simplex and Xystonella trefortii.

3. 4. Mesozooplankton (MSP)

The mesozooplankton biomass was found to be high during the PSM (av. 245 + 293 ml 100 m’
%) compared to SIM (av. 29.7 + 12 ml 100 m™) and OSM (av. 36.08 + 22.8 ml 100 m®) (Fig.11). During
the PSM, marked enhancement in zooplankton biomass was evident in the inshore locations south of
13°N. Major zooplankton groups recorded are shown in Table 4. Nine groups formed the majority of the
zooplankton community during the SIM (av. 96 £ 6 %), OSM (av. 96 * 7%) and PSM (av. 98 + 2%).
Copepods formed the most dominant followed by chaetognaths, ostracods and siphonophores in which
copepods alone formed the bulk (>80%) of the total abundance. During all the three sampling periods,
majority of zooplankton groups showed higher abundance in the inshore waters compared to the
offshore (Table 4). During the PSM, the abundance of copepods, chaetognaths, ostracods,
siphonophores and euphausids were higher than SIM and OSM (Table 4). The increase in abundance of
these groups during PSM was more pronounced in the inshore waters compared to the offshore. The
highest abundance of copepods, chaetognaths and siphonophores were recorded in the inshore location
of 10 N followed by 11.5 and 8°N during the PSM (Table 4).

4. Discussion

4.1. Hydrographical features

The hydrography during the SIM period was characterized by stratification due to prevalence of
low saline (<34.2) and warm (>30°C) water in the inshore regions which was in concurrence with
several earlier studies (Muraleedharan and Prasannakumar et al., 1996; Sanilkumar et al., 2003). The
high amount of solar radiation, weak winds and presence of low salinity Bay of Bengal water had
apparently caused a shallow mixed layer in the study area. The combined effect of these factors
resulted in the formation of ‘warm pool’ in the southeastern Arabian Sea during the SIM period
(Sanilkumar et al., 2003). A major consequence of the surface layer stratification is the depletion of
nitrate in the surface layers (de Souza et al., 1996; Bhattathiri et al., 1996) and this feature was
observed during the SIM period of the present study also (nitracline was at 60 m depth). In contrast to
nitrate depletion, dissolved oxygen concentration was higher in the surface waters during the SIM
period (av.200 pM L™), as compared to PSM (av. 180 pM L™) possibly due to a lower amount of

biological decomposition as suggested by Jyothibabu et al., 2006. This environmental conditions during
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the SIM caused low primary production and chlorophyll a in both inshore and offshore regions (av.164

mgCm2d™and av. 128 mgCm™d™ respectively; av. 15mgm? and av.24 mgm respectively).

Upwelling begins in the inshore locations of the southern transects (8 and 10°N) with the OSM
period. This is clearly visible in the vertical structure of temperature, salinity, dissolved oxygen and
nutrients with the upsloping of isolines along these transects in the inshore region. During the southwest
(summer) monsoon, the southward flowing West Indian Coastal Current brings high salinity waters into
the southeastern Arabian Sea (Shankar et al., 2002a). Nutrient enrichment in the inshore region due to
coastal upwelling caused enhancement of chlorophyll a and primary production, but oligotrophic
conditions similar to the SIM persisted in the offshore region (Figure 6). Nonetheless, the offshore
primary production during the OSM was found to be higher (av. 198 mgCm?d™) than the SIM (av.
1251 mgC m2d™), and this may be due to relatively more availability of nutrients in the surface waters

during the former period.

Shallow MLD (<15 m), cold (~26°C) temperatures, and nutrient rich (NOs>2 pM) surface
waters observed between 8 and 15°N during PSM were due to intense upwelling. The high nutrient
concentration in the surface waters caused pronounced enhancement in chlorophyll a (av. 41 = 23 mg
m?) and primary production (av. 613+ 459 mgC m™ d). The highest chlorophyll a (69 mg m®) and
primary production (1314 mgC m™d™ for the entire study period were observed at the inshore location
of 11.5°N during the PSM. At this location the surface nitrate content was exceptionally high (1 puM)
inducing the growth of phytoplankton and primary production (Bhattathiri et al., 1996).

4.2. Response of phytoplankton

During the SIM period, as a result of stable environmental conditions and stratification,
Trichodesmium erythraeum occurred in exceptionally high abundance (40 — 144 x 10° cells m™)
especially in the offshore locations as has been explained before (Madhupratap et al., 1990; Nair et al.,
1992). This high abundance of Trichodesmium erythraeum could be one of the important reasons for
the high chlorophyll a concentration found in the offshore region. Stable environmental conditions
(calm sea, high transparency and temperature) are conducive for the development of Trichodesmium
blooms (Carpenter, 1993; Capone et al., 1998; Jyothibabu et al., 2003). Most of these conditions are
typical of the southeastern Arabian Sea during the SIM period (Krishnan et al., 2007). The other
dominant phytoplankton genera that occurred in the study area such as Rhizosolenia, Coscinodiscus and
Leptocylindrus are relatively small in size. This corroborates earlier finding that during SIM period

cyanobacteria and smaller diatoms numerically dominate in the Arabian Sea, taking advantage of the
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intense stratification and nitrogen limitation (Jochem et al., 1993; Gordon et al., 1994; Campbell et al.,
1998; Garrison et al., 2000; Brown et al., 2002).

During the OSM, the higher nutrient concentrations prevailing in the surface waters favoured an
increase in the total abundance of phytoplankton from SIM period. Although there was an appreciable
increase in the nutrient concentrations in many of the inshore locations during OSM compared to the
offshore, phytoplankton abundance and species composition were more or less same in both regions.
Trichodesmium erythraeum overall, dominated the phytoplankton community during the OSM followed
by Rhizosolenia alata. This could primarily be due to similarity in environmental conditions during the
SIM and OSM in a major part of the study area. In general, stratification and nitrate limitation in the
surface waters were widespread during both the SIM and OSM. However, in a few inshore locations
during the OSM, nutrient enrichment in the surface waters was evident due to upwelling. In these
inshore locations, diatoms adapted to high nutrient environments belonging to Coscinodiscus,
Thalassionema, Nitszchia and Chaetoceros (Subrahmanian, 1959; Sawant and Madhupratap., 1996)

were the dominant phytoplankton.

As a response to nutrient-enriched conditions during the PSM, the phytoplankton community
existing in the OSM in the inshore locations shifts to a greater dominance of larger individuals,
particularly diatoms (Landry et al., 1997). This was found to be true during the present study also since
a pronounced enhancement of phytoplankton abundance was found in the inshore waters during the
PSM period. Taking advantage of the high nutrient concentration available in the surface waters during
the PSM period, diatoms belonging to the genera Nitszchia, Rhizosolenia, Chaetoceros, Biddulphia and

Thalassionema proliferated in the inshore regions.

The seasonal occurrence of Trichodesmium erythraeum in the eastern Arabian Sea has been
well documented (Devassy et al.,, 1978; Krishnan et al., 2007). The literature suggests that the
occurrence of this species in the Arabian Sea is strictly seasonal and restricted to the SIM period.
However, the present study shows that it was widespread in the entire southeastern Arabian Sea during
the SIM and OSM seasons and in the offshore region during the PSM. Our observation certainly
warrants revising our traditional belief that T. erythraeum occurs only during SIM period. The present
observation implies that even during the upwelling period a resident stock of T. erythraeum occur in the
Arabian Sea. Obviously, temperature > 28 °C, which are favourable for Trichodesmium blooms prevail
in most parts of the eastern Arabian Sea during the SIM and OSM and in the offshore locations during
the PSM. In recent years, the incidences of T. erythraeum along the east and west coasts of India have
increased considerably (Jyothibabu et al., 2002, Krishnan et al., 2007, Habeebrehman et al., 2007),
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which may be linked to the increasing atmospheric temperature due to global warming as suggested by
Ramos et al., (2005).
4.3. Response of MZP and mesozooplankton

The availability of preferential food and a warm condition are the key factors, which favor the
MZP abundance in marine ecosystems (Heinbokel, 1978; Taniguchi and Kawakami, 1983; Verity,
1986; Godhantaraman and Krishnamurthy, 1997). Heterotrophic dinoflagellates dominate the MZP
community of tropical and temperate waters due to their ability to utilize a wide size range of prey
through diverse feeding mechanisms (reviews by Gains and Elbrachter, 1987; Hansen, 1991; Lessard,
1991; Stoecker and Capuzzo, 1999). In the present study, the relative abundance of heterotrophic
dinoflagellates was the highest during the PSM followed by OSM. The species richness and diversity of
heterotrophic dinoflagellates was evidently higher during the OSM and PSM compared to the SIM.
This seasonal feature could be due to the ability of heterotrophic dinoflagellates to feed on larger
diatoms which were more abundant during the OSM and PSM. The highest diversity, richness and
evenness of ciliates were found during the SIM which could be linked to the high availability of smaller
phytoplankton cells as a result of surface stratification (Cushing, 1989; Yentsch and Phinney, 1995;
Jyothibabu et al., 2008 a & b). The low relative dominance of ciliates during the PSM may also be
linked to their inability to feed on larger cells. Abundance of ciliates (particularly tintinnids) in marine
systems is related to the availability of smaller phytoplankton (Godhantaraman and Krishnamuthy,
1997; Heinboeckel et al., 1979). The high abundance of crustacean nauplii during the SIM period could
be linked to the high availability of picoplankton, the major preferred food source of invertebrate larval
forms (Roff et al., 1995)

The results of diversity analyses clearly showed that species evenness of both ciliates and
heterotrophic dinoflagellates were markedly higher during the SIM and OSM compared to PSM. This
could be attributed to the more homogenous environmental conditions prevailed during the SIM and
OSM compared to the PSM (Jyothibabu et al., 2008a). MDS analysis using species abundance data of
ciliates and heterotrophic dinoflagellates showed marked similarity in species abundance at different
locations during the SIM. Prevalence of similar environmental conditions and phytoplankton food
availability in various locations during the SIM caused due to surface stratifications could be the
possible reason for the observed similarity in species abundance. The phytoplankton cells in strongly
stratified marine environments are smaller compared to those in relatively less stratified conditions
(Johnson and Sieburth, 1979; Platt, 1983; Cushing, 1989; Yentsch and Phinney, 1995).

The higher mean abundance of MZP during the SIM period compared to the OSM and PSM

observed during this study was in agreement with the results of earlier studies from the Arabian Sea
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(Gauns et al., 1996) and Bay of Bengal (Jyothibabu et al., 2008a). However, the highest abundance of
MZP for the entire study period was observed in the inshore location of 10°N during PSM. The high
MZP abundance in the inshore region of 10°N transects was also reported in two earlier studies (Gauns
et al., 1996; Jyothibabu et al., 2008b). This could be due to the influx of Cochin backwaters which is the
largest estuarine system along the west coast of India and rich in microzooplankton community
(Jyothibabu et al., 2006).

It is significant to note that ciliates in the inshore region were declining with the progression of
the seasons (SIM to PSM). This could possibly be due to the predominance of smaller phytoplankton
during the SIM period and progressive increase of larger diatoms from SIM to PSM. The high biomass
and abundance of phytoplankton lead to high abundance of mesozooplankton grazers such as copepods.
Many of these grazers are omnivores and consume ciliates as an important nutritional requirement
(Robertson, 1983). Several studies have suggested that even many of the carnivorous zooplankton
may also prey up on MZP (Stoecker and Capuzzo, 1990; Fukami et al., 1999). The substantial increase
in the abundance and biomass of copepods and many other mesozooplankton during the PSM would be
a causative factor for the low abundance of the MZP community during the PSM due to high predation

pressure (top down control).

It is important to see that the mesozooplankton community in terms of biomass and abundance
was low during the SIM and OSM compared to PSM. This could primarily be due to the relatively low
phytoplankton production during the SIM and OSM. Due to stratified environmental conditions,
majority of the phytoplankton biomass during these periods is contributed by pico/nanoplankton which
favors a dominant herbivorous microbial food web (Azam et al., 1983). Thus the MZP abundance and
abundance increase during the stratified conditions. However, the total exploitable carbon available for
mesozooplankton (large phyto + MZP) during these periods would be lesser compared to the PSM
(Jyothibabu et al., 2008a). This situation eventually causes the highest MZP abundance and the lowest

mesozooplankton biomass during the SIM.

5. Conclusion

Stratification due to warm (>30°C) and low salinity (<34.2) waters during the SIM caused
depletion of nitrate in the surface waters leading to low chlorophyll a and primary production. Mean
MZP abundance and diversity was higher during SIM compared to the OSM and PSM, probably
because of the presence of abundant smaller phytoplankton cells due to nitrogen depletion. The MZP
community was characterized by the numerical dominance of heterotrophic dinoflagellates in most of

the stations during the PSM due to their ability to graze large diatoms. However, the abundance of
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ciliates decreased from SIM (av. 52.8 + 26.6825 x 10° ind.m™ ) through the OSM (av.28+ 15 x 10°
ind.m?) to the PSM (av. 19.2 + 34 x 10° ind.m®) probably due to the low abundance of smaller
phytoplankton (causing low abundance of ciliates) and high stock of mesozooplankton grazers
particularly in the inshore region (av. 29 ml 100m™, av.36 ml 100m™ & av. 245 ml 100m™, during the
PSM, OSM and PSM respectively). This paper demonstrates that the MZP community is less prominent
in the eastern Arabian Sea during the southwest monsoon season (high phytoplankton biomass and

production) probably due to the exceptionally high stock of mesozooplankton predators.
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Figure captions
Figure 1 — Station locations
Figure 2 - Horizontal distribution of (a) temperature (b) salinity (c) mixed layer depth

Figure 3 - Vertical distribution of (a) temperature (b) salinity (c) dissolved oxygen (d) nitrate ()
phosphate and (f) silicate during the spring intermonsoon

Figure 4 - Vertical distribution of (a) temperature (b) salinity (c) dissolved oxygen (d) nitrate (e)
phosphate and (f) silicate during onset of summer monsoon

Figure 5 - Vertical distribution of (a) temperature (b) salinity (c) dissolved oxygen (d) nitrate (e)
phosphate and (f) silicate during peak summer monsoon

Figure 6 — SeaWiFs images of chlorophyll a during the (a) spring intermonsoon (b) onset of summer
monsoon and () peak summer monsoon

Figure 7 — The seasonal relative abundance of major groups of MZP (CTS - ciliates, HDF —
Heterotrophic dinoflagellates, NAU- Nauplii, RAD — Radiolarians, FOR — Foraminifers)

Figure 8 — the abundance of (a) total microzooplankton (b) heterotrophic dinoflagellates (HDF) and (c)
ciliates (CTS)

Figure 9 — Community structure indices of ciliates and heterotrophic dinoflagellates during the spring
intermonsoon, onset of summer monsoon and peak summer monsoon

Figure 10 - Results of (a) MDS analysis and (b) hierarchical clustering

(Heterotrophic dinoflagellates: Di. has.- Dinophysis hastata ; Gy. Sp. - Gyrodinium sp. ; Or. mag. -
Ornithocercus magnificus ; Or. qua. - Ornithocercus quadratus ; Or. spl.- Ornithocercus splendidus;
Or. ste. - Ornithocercus steinii; Ph. api. - Phalacroma apicatum; Ph. dor. - Phalacroma doryphorum;
Ph. rap. - Phalacroma rapa; Po. bip. - Podolampus bipes; Po. pal. - Podolampus palmipes; Po. spi. -
Podolampus spinifera; Po. ret. - Podolampus reticulate; Pr. div. - Protoperidinium divergens; Pr. dep. -
Protoperidinium depressum; Pr. fat. - Protoperidinium fatulipes; Pr. gra. - Protoperidinium grandae;
Pr. obl. - Protoperidinium oblongum; Pr. oce. - Protoperidinium oceanicum; Pr. ovu. - Protoperidinium
ovum; Pr. pel. - Protoperidinium pellucidum. Ciliates: Am. spe - Amphorides species; Br. pal-
Brandtiella pallida; Co. ace - Codonella acera; Co. amp - Codonella amphorella; Co. nat - Codonella
nationalis; Co. nip - Codonellopsis nipponica; Co.ost - Codonellopsis ostenfeldii; Co. tes. -
Codonellopsis tesselata; Cy. acu - Cytarroyclis acutiformes; Da. gan. - Dadayiella ganymedes; Di. ele -
Dictyocysta elegans; Ep. ret. - Epipocyclis reticulate; Ep. und - Epipocyclis undella; Eu. elo
Eutintinnus elongates; Eu. und. - Eutintinnus lusus undae; P. loh. - Parundella lohmani; Pe. amp. -
Petalotricha ampulla; Pr. sim. - Protorhabdonella simplex; Pr. glo - Proplectella globosa; Rh. amo. -
Rhabdonella amor; Rh. cor. - Rhabdonella cornucopia; Rh. ele. - Rhabdonella elegans; Rh. hen. -
Rhabdonella henseni; Rh. spi - Rhabdonella spiralis; Rhabdonella poculum; Sa. amp. - Salpingacantha
ampla; Sa. acu. - Salpingella acuminate; Sa. dec. - Salpingella decurtata; St. ste. - Steenstrupiella
steenstrupii; Un. glo. - Undella globosa; Xy.tre. - Xystonella trefortii)
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Figure 11- Mesozooplankton biomass in the (a) inshore and (b) offshore regions

SIM
La(t:lt\Tu)de Inshore Offshore
Chla PP Chla PP
mgm?  mgCm2d! mgm? mgCm?2d?
g 5 74 10 169
(0.1) (3.3) 0.1) (4.6)
10 10 71 15 153
(0.5) (5.1) (0.1) (2.0)
115 15 238 - o
(0.3) 2.2) 0.1) 4.0)
13 25 170 44 71
(0.1) (6.7) (0.3) (0.6)
15 20 267 29 127
(0.1) (64) (0.1) 32)
OSM
g 3 360 25 190
(0.3) (11.7) (0.1) 2.0
10 33 452 16 143
(0.4) (13.4) (0.1) (1.9)
115 16 229 ks o
(0.2) (4.4) 0.2) G.1)
3 13 205 21 242
(0.3) (9.9) (0.2) (.5)
15 21 258
(0.2) (5.0) - -
PSM
3 56 607 16 123
(1.2) (38.6) (0.2) (21)
10 46 736 29 821
(2.0 (122) (0.5) (15.5)
115 69 1314 9 84
(15) (35.4) (0.2) (3.8)
e 16 242 14 271
02) ©6) 0.2) (4.6)
15 19 167 19 167
0.7) (17.1) (0.7) (17.1)

Table 1 - Seasonal variations of surface (mg m™ ), integrated chlorophyll a (mg m™), surface primary
production (mgC m® d™) and integrated primary production (mgC m? d?) during the spring
intermonsoon (SIM), onset of summer monsoon (OSM) and peak summer monsoon (PSM) periods.
Values in brackets represent the surface.
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SIM

OSM

PSM

Species Name

Inshore

Offshore

Inhsore

Offshore

Inhsore

Offshore

Gyrodinium sp.
Dinophysis hastata
Ornithocercus magnificus
O. quadratus

O. splendidus

O. steinii

O. thumii
Phalacroma apicatum
P. doryphorum

P. rapa

Podolampus bipes

P. palmipes

P. spinifera

P. reticulata
Protoperidinium divergens
P. depressum

P. elegans

P. fatulipes

P. globulus

P. grandae

P. leonis

P. nipponicum

P. oblongum

P. oceanicum

P. ovum

P. pellucidum

+ + 4+ + + +

LA S S T S S T S S S S S S S S

+

+ 4+ 4+ + A+ 0+

+

+ 4+ +

+ o+ 0

+ + 4+ + 4+ + 0+ +

[ S S|

+ 1

+ +

+ + 4+ + 4+ + + + o+

+ + 4+

4+ 1

+ +

N L

+ 4+ + + A+ + o+

+ +

O T T T T SRR T i S T S

+ +

Table 2 - Species composition of heterotrophic dinoflagellates during the (a) spring intermonsoon
(SIM), onset of summer monsoon (OSM) and peak summer monsoon (PSM). + present and - absent.
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SIM OSM PSM

Species Name Inshore  Offshore  Inshore Offshore  Inshore  Offshore

+
1
1
1
1

Amphorides sp. -
Amphorella quadrilineata
Brandltiella pallida
Codonella acera

C. amphorella
C.nationalis
Codonellopsis nipponica
C. ostenfeldii

C. tesselata

C. ecuadata - -
Coxliella sp. - -
Cymatocyclis vanhoeffeni -
Cytarroyclis acutiformes -
Dadayiella ganymedes -
Dictyocysta elegans +
D. grandis - -
D. lepida

Epipocyclis reticulata

E. undella

Eutintinnus elongatus

E. lusus undae

Favella brevis
Helicostomella subulata
Lohmaniella spiralis
Parundella lohmani
Petalotricha ampulla
Protorhabdonella simplex
Proplectella globosa
Rhabdonella amor

R. cornucopia

R. elegans

R. henseni

R. spiralis

R. poculum
Salpingacantha ampla
Salpingella acuminata

S. decurtata
Steenstrupiella steenstrupii
Tintinnidum incertum
Undella hyalina

U. globosa

Xystonella trefortii

+

+ 1
+ + +

+ + 4+ +
+ + +
+ + 4+ + + + +
+ + 0+ + + + 4+
1 1
+ 1

+ + + +
+ + + + + 0 o+
+ + 4+ 0+ 0 0
LI S e L L v
! ! - T
+ . + o

+ + + + + v
+ + + + + 0+ 0
+ v + + + v 4+
+ + v + + +
! '
l '

+ + +
1
1

+ 4+ + + + o+
+ + + + +

+ +
+ +
+ +
+ + +
!
1

Table 3 - Species composition of ciliates during the (a) spring intermonsoon (SIM), onset of summer
monsoon (OSM) and peak summer monsoon (PSM). + present and - absent
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Zooplankton SIM OSM PSM

Groups Inshore Offshore Inshore Offshore Inshore Offshore
Siphonophores 0.91+£081 1.84+2.05 0.72+0.67 157+040 187.85+4145 257+2.80
Pteropods 1.03+1.18 049+087 39.26+54.80 0.35+0.28 1.04+1.2 1.07+1.54
Ostracods 11.60+10.14 3.22%2 40.86 +51.76 0.76 +1.10 12437+186 58.93 + 86.55
Copepods 229.7 £118.8 197.7 + 117.2 784.64 + 656.78 224 + 77.51 1354.62 + 1776.3 251.37 + 67.04
Euphausids 0.08+0.12 0.26+0.33 214+3.13 0.70+0.67 24.12+28.79 2.23+1.62
Decapods 3.49+245 0.75+£0.57 782+437 186+125 24.60=+37.82 5.59 + 5.88
Chaetognaths 29.53+£9.61 13.44+291 20.27+20.87 15.01+4.71 40.82+44.38 26.82+19.94
Copelates 8.48+145 3.12+401 24.46+39.29 2.08+227 7.33 +8.55 0.36 £ 0.34
Fish larvae 0.57+0.45 0.05+0.08 1.09+£1.15 0.28+0.29 1.31+£242 0.15+0.13

Table 4- Seasonal abundance (No. m™) of major zooplankton groups
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