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Seasonal dynamics of the copepod community in a tropical monsoonal estuary and the role
of sex ratio in their abundance pattern
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ABSTRACT:

Background: As salinity is considered the prime “ecological master factor” governing the zooplankton
distribution and abundance in estuaries, a spatio-temporal interactive approach was followed to assess
whether the responses of the estuarine copepod community towards the salinity is always direct with a
strong positive affinity or whether there exists any complexities in their inter-relationship. The study,
also for the first time, addressed the role of sex ratio in governing the abundance and the population
structure of copepods in the tropical monsoonal estuarine system.

Results: The ecological scenario in the Cochin estuary revealed that irrespective of the season, higher
zooplankton abundance occurred in the mesohaline zone (MSZ, salinity 5-18) of the estuary, despite the
pronounced spatial shift of the MSZ from the lower reaches of the estuary to upstream locations, in
conjunction with the varying seasonal fluvial influx and marine water intrusion. In the case of the sex
ratio of copepods, the seasonal scenario revealed that the dominant copepods had a lower sex ratio
during the period of higher abundance, and a negative relation was observed between the abundance and
the sex ratio of copepod species during most of the seasons.

Conclusions: The preponderance of the meso- and euryhaline species of the copepod community formed
the key contributing factor towards the maintenance of higher abundance in the MSZ of the estuary. The
bias in the sex ratio towards females favored higher reproductive output, resulting in the higher
abundance during the favorable pre-monsoon period.
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Background

Estuaries, the confluence of marine and limnetic ecosystems, are considered one of the most
productive natural habitats on earth (Alongi, 1998). Though representing only 6% of the total coastal
zone area, these aquatic ecosystems play a pivotal role in the global carbon balance (Smith and
Hollibaugh 1993) and nutrient recycling (Fisher et al. 1982) and serve as a conducive breeding and
nursing environment for many commercially important shell and fin fishes (Haedrich 1983).The high
physico-chemical variability associated with estuarine ecosystems often affects the abundance and
distribution of the estuarine organisms immensely, leading to prominent spatial and temporal
heterogeneity in their abundance and community structure (Collins and Williams 1981; Madhupratap
1987; Laprise and Dodson 1994). Of the multitude of environmental variables, salinity is often
considered the prime ‘ecological master’ (Kinnel966), evoking pronounced spatio-temporal variability
in the estuarine zooplankton dynamics, as salinity experiences wide gradients in the spatial distribution,
with high-salinity zones in the inlet locations to limnetic environments in the upstream regions, which in
turn undergo prominent temporal variability associated with seasonal fluvial influxes. Hence, the
interrelation between salinity and zooplankton and also the mode of salinity regulation on zooplankton
dynamics have been central aims for many plankton ecological studies in estuaries worldwide (Baretta

and Malschaert 1988; Kimmerer 2002).

The Cochin estuary (CE), heavily influenced by the Indian summer monsoon, differs from all
other estuaries by its unsteadiness in salinity characteristics and also in its total runoff, which is many
times higher than the estuarine volume (Vijith et al. 2009; Revichandran et al. 2012) (June-September),
resulting in a possible wash-out during the monsoon period. This uniqueness in the estuarine features of
the CE thus demands a comprehensive study for identifying the regulatory mechanisms underlying the
seasonal variability in the abundance, distribution, and population maintenance of the endemic copepoda
community of this estuarine ecosystem. In the CE, as salinity is taken as the major limiting factor
influencing the zooplankton standing stock and abundance (Madhupratap 1987; Madhu et al. 2007), we
aimed to evaluate whether the responses of the estuarine copepods are always direct with a strong
affinity towards salinity or whether the estuarine copepods exhibit wide complexities in their responses

to the variability in salinity characteristics.

As copepods form the predominant zooplankton taxon in terms of both abundance and diversity and

since they form a critical component of the estuarine trophic ecology (Baretta and Malschaert 1988;



Soetaert and Rijswijk 1993; Froneman 2004), the variability in their population dynamics, in
conjunction with the prevailing environmental conditions, is very much decisive in the better
understanding of the seasonal dynamics of the zooplankton community in the estuarine ecosystem.
Copepods, being dioecious organisms with sexually dimorphic male and females, each exhibiting
prominent sex-specific differences in their physiological longevity (Rodriguez-Grana et al. 2010),
growth, and mortality rates (Ohman and Hsieh 2008), the responses of individuals belonging to varied
sexes to environmental variability are expected to play a crucial role in the population dynamics of the
estuarine copepod community. Though there are ample studies regarding biasness from the Fischerian
1:1 sex ratio in the natural population of various copepod species (Moraitou-Apostolopaulou 1972; Hirst
et al. 2010) and also on the factors responsible for the biasness in sex ratio (Gusmao et al. 2013), the
evaluation of the influence that sex ratio has on the abundance pattern and population dynamics of the
estuarine copepod community is mostly overlooked. In this context, we aimed to study the variability in
sex ratio of the dominant species among the copepod community in the CE and to assess the
determining role that sex ratio has on their seasonal community structure and population maintenance in

a tropical monsoonal estuarine system.
METHODS
Study area

CE, is an oxbow-shaped monsoonal estuarine system located along the southwest coast of India (Gupta
et al. 2009) (Fig. 1). This microtidal estuary (~1m) (Qasim 2003), with a surface area of 231 km?, makes
perennial connections to the Arabian Sea through two inlets: one at Cochin (width 450 m) and the other
at Azhikode (width 250 m). Heavily influenced by the Indian summer monsoon, the annual precipitation
of the CE is around 320 cm, of which around 75% occurs during the summer monsoon period (June—
September) (Qasim 2003). The estuary receives an influx of about 22,000 x10°m® of freshets annually
(Revichandran et al. 2012) from seven perennial rivers—Periyar, Chalakudy, Pamba, Muvattupuzha,
Manimala, Meenachil, and Achancoil—and their tributaries. The seasonal asymmetry in the balance
between the fluvial runoff associated with the Indian summer monsoon and the tidal incursion from the

Arabian Sea often evokes intense heterogeneity in the spatio-temporal characteristics of the CE.
Sampling

Monthly sampling was carried out at eight locations along the salinity gradient, covering the

entire CE (Fig. 1), from June 2008 to May 2009. Stations 1 and 2 were the two inlets (Azhikode and



Cochin, respectively) at the lower reaches of the estuary. Stations 3, 4, and 5 were the near-inlet
locations to the middle reaches of the estuary, and stations 6, 7, and 8 were in the southern upper reaches
of the estuary. An SBE Seabird 19 plus CTD was deployed at every station location to measure the
surface water temperature and salinity. Water samples were collected from the surface (0.5 m) using
Niskin samplers for the estimation of salinity, pH, dissolved oxygen (DO), suspended particulate matter
(SPM), and chlorophyll a. Surface salinity values obtained through the CTD were further counter-
checked by using a digital salinometer for better precision of the data (DIGI — AUTO, 3G Tsurumi seiki,
Japan, accuracy + 0.001), and pH was estimated using a pH meter (ELICO LI610, accuracy + 0.01). The
estimation of DO was carried out following Winkler’s method (Grasshoff 1983). SPM was determined
by filtering 250 ml of water sample onto pre-weighed Millipore filter paper (0.45-um pore size) and
drying the residue at 80°C. The weight of the particles collected on the filter paper was estimated
gravimetrically following the standard procedure (APHA 2005). Chlorophyll ¢ was measured using a
flourometer (Trilogy, Turner designs, USA) after filtering 500 ml water on GF/F filter papers (pore size
0.7um), followed by overnight extraction in 10 ml 90% acetone (Strickland and Parsons 1972). For
phytoplankton species identification, 500 ml of water sample from the surface (0.5 m) was fixed in 1%
Lugol’s iodine and enumerated under an inverted microscope (OLYMPUS, CK-30, magnification 100
X) in a Sedgewick—Rafter counting chamber following standard protocols (Tomas 1997). Zooplankton
samples were collected using a Working Party net-2 (mesh size 200um) with a mouth area of 0.28 m™.
The net was hauled horizontally just below the surface for 10 minutes with an approximate speed of 1
knot to minimize net avoidance by the larger zooplankton. A digital flowmeter (Hydro Bios, Model-
438110) was attached across the mouth of the net to estimate the amount of water filtered. Zooplankton
biomass was estimated by the displacement volume method after removing large detrital particles and
was preserved in 4% formaldehyde solution (Harris et al. 2000). Zooplankton groups were sorted,
counted, and identified to the lowest possible taxon, and the abundance was expressed as individuals per
cubic meter (ind.m™). Copepod species level identification was carried out following the identification
keys of Sewell (1999), Kasturirangan (1963), and Wellershaus (1969). For calculating the sex ratio
(male:female) of the dominant copepod species, the identification of their sex was carried out mostly on
the C5 and adult stages, since sexes in copepod can only be morphologically distinguished in the late

stages of development (Gusmao 2013).



Data analysis

To check whether a significant variation exists between the seasonal values of both abiotic and
biotic parameters, one-way analysis of variance (ANOVA) was performed. Before the analysis, the
D’Agostino and Pearson omnibus normality test was carried out to check their normality in distribution,
and based on the result, parametric or non-parametric ANOVA was performed for the variables with

two-tailed P-values and 95% confidence intervals.

The dominant species of both the phytoplankton and copepod communities are expected to play
a vital role in the ecological process of the estuarine system because of their higher numerical
abundance. Hence, for identifying the dominant species in the estuarine system, along with their
abundance, the spatial frequency of occurrence was also considered and calculated according to Yang et

al. (1999) as
= (NN X F
where ¥, is the dominance of species i
N; is the number of individuals of species
N is the number of individuals of all species at all locations
f, is the frequency of locations at which species i occur.

The species with a Y value of > 0.02 were considered the dominant species (Yang et al. 1999, Lee et al.

2009).

While assessing the seasonal dynamics of the copepod community, the characterizing species of
each season were identified following the similarity percentages routine (SIMPER) implemented in
PRIMER (Clark and Gorley 2006) to get the best-suited representative of a particular season. These
species deal with good intra-group similarity and less standard deviation. The characterizing species

among the phytoplankton for each season were also identified following the same procedure.

Redundancy analysis (RDA) was performed on the physicochemical variables and chlorophyll a
and for both the characterizing and dominant species of copepods during each season for a better
elucidation of the relationship existing between them (Van den Wollenberg 1977). The advantage of
RDA is that it allows one to obtain a simultaneous representation of the observations of the response

variables (species) and the explanatory variables (physicochemical variables and chlorophyll @) in two



or three dimensions, and the position of the variables in the triplot helps in visualizing their inter-
relationships. Further, for a detailed understanding of the interrelation existing among the phytoplankton
and the copepod community of the CE, RDA was carried out between the characterizing and dominant

species along different seasons using the statistical software, CANOCO 4.5.

To check the similarity in the distribution of copepod species, agglomerative hierarchical cluster
analysis was performed based on the Bray-Curtis similarity during each season, and a similarity profile
test (SIMPROF) was done further to identify the significantly correlated species. Further, to find out the
similarity between station locations, non-metric multidimensional scaling (NMDS) was performed based
on the similarity in the distribution of different copepod species, using PRIMER (Clark and Gorley
2006).

To analyze the seasonal variability in the assemblages of the copepod community, the diversity
indices, such as species diversity (H") and species evenness (J), were calculated using PRIMER (Clark
and Warwick 2001).To identify the interrelation between the sex ratio and the abundance of the
dominant copepod species, Pearson’s correlation analysis was performed followed by a linear regression
analysis based on the monthly data of the sex ratio and abundance during each season. Considering the
wide variations in the abundance, log. transformed abundance value was used for the analysis. As the
dominant copepod species were not observed at few station locations during some months, the number
of samples (n) varied along seasons. To check whether the regression lines (slopes) are significantly
different from zero, a one sample t-test was also carried out. In estuaries, along with the sex ratio, as the
fresh water gradient along stations also may influence the zooplankton distribution and abundance, the
effect of the fresh water content (FWC) on distribution of the dominant species was also assessed by
plotting it against the residuals extracted from the regression plot of the sex ratio and abundance. The
amount of FWC along each location was calculated as follows

Salinity of the opan ocaan — Sallulty of statlon ;x
Salintty of the open ocsan

FWC at station { (%) = 100

RESULTS
Physico-chemical variables

Among the environmental variables, the spatio-temporal distribution in the water temperature did not
show much variation during the sampling periods (Fig. 2a), whereas salinity exhibited marked seasonal

variation in the estuary (P<0.05) (Fig. 2b). Seasonal averages showed relatively higher salinity during



the pre-monsoon (av.19.2 £ 6.8) when compared to the monsoon (av. 5.4 + 9.7) and post-monsoon
seasons (av. 16.1 = 11.8). During the pre-monsoon season, salinity was relatively high in all station
locations, and a mesohaline zone with salinity 5-18 was observed in the stations located at the upper
reaches of the estuary (stations 6, 7, and 8) (Fig. 2b). With the onset of monsoon season, a sudden drop
in salinity was observed throughout the estuary, and it was <l at the stations in the southern upper
reaches of the estuary (stations 6, 7, and 8). During this period, relatively higher salinity was observed,
mainly in the inlet stations, among which the maximum value was recorded at station 1 (Fig. 2b). With
the post-monsoon season, salinity progressively increased in the estuary, and the mesohaline zone
prevailed at the middle reaches of the estuary, mostly at station 5. Stations 14 exhibited relatively
higher salinity, whereas a low-salinity environment (salinity <5) prevailed at the upstream locations of
the estuarine region (stations 6, 7, and 8). Though the dissolved oxygen (DO) showed higher values
during monsoon season compared to both the pre- and post-monsoon period at all station locations
except station 1 (Fig. 2c¢), the difference was not statistically significant (P>0.05). The pH values at all
station locations were relatively lower during the monsoon period compared to the other two seasons
(Fig. 2d) and exhibited a prominent seasonal variation (P<0.05), which was opposite to the trend
observed in the DO distribution. Though SPM varied seasonally throughout the station locations (Fig.
2e), the difference was statistically insignificant (P>0.05).

Chlorophyll a and phytoplankton composition

The seasonal scenario in the chlorophyll a distribution during the study period revealed relatively higher
values during the pre-monsoon (5.6 —31.2 mg m™, av. 10.9 + 8.4 mg m™) compared to the monsoon (4.8
—17.6 mg m™, av. 8.7 + 4.1 mg m™) and post-monsoon seasons (2.7 — 16.8 mg m™>, av. 6.9 £ 4.5 mg m’
%) (Fig. 3a), but this difference was statistically insignificant (P>0.05). As the phytoplankton community
composition and their relative contribution exhibited both spatial and temporal variability, to assess their
influence on the copepod species, the dominant and characterizing species of phytoplankton were
identified (for details, see additional file 1). In general, diatoms and dinoflagellates contributed a

relatively major share among the phytoplankton community during each season.
Zooplankton biomass, abundance, and composition

Pronounced spatio-temporal variation in the zooplankton biomass and abundance was observed
in the estuary during the study period (Fig. 3b, c). Both biomass and abundance were higher during the

pre-monsoon when compared to the monsoon and post-monsoon periods (Fig. 3b, ¢), and the seasonal



variation was significantly different (P<0.05). During the pre-monsoon season, relatively higher biomass
and abundance were observed at the mesohaline zone located in the upper reaches of the estuary
(stations 6, 7, and 8) than in other locations. During monsoon season, a sharp decline in zooplankton
biomass and abundance (<0.1 ml m™) occurred in all stations throughout the estuary except at station 1
(0.34 ml m™). With the post-monsoon season, a slight increase in the zooplankton biomass and
abundance was observed in most of the stations, and the maximum value was observed at the

mesohaline location at station 5 (0.30 ml m™) (Fig. 3b, c).

The zooplankton community of the CE was represented by 16 groups of holoplankton and seven
groups of meroplankton (Table 1). Irrespective of seasons, copepoda formed the most dominant
zooplankton taxon, and though there was a significant variation in their seasonal abundance (P<0.05),
similar to zooplankton distribution, relatively higher abundance of copepoda was observed in the
mesohaline zones of the estuary (Fig. 3d). During pre-monsoon season, copepoda contributed to 94.9%
of the total population, and with the onset of monsoon season and a subsequent drop in the salinity, the
holoplankton composition changed drastically throughout the estuary. Though copepods formed the
dominant representative, during monsoon season, their percentage contribution (87.8%) decreased
considerably, and cladocera (9.8%) formed the next abundant group. Though the holoplanktonic taxa
like mysida and amphipoda, were present throughout the seasons, their abundance varied greatly
between the seasons. The holoplanktonic groups, like thaliacea and pteropoda, with comparatively high
salinity preferences were observed only during the pre-monsoon and post-monsoon periods, respectively
(Table 1). Among the meroplankton, decapod larvae, gastropod larvae, and lamellibranch larvae

dominated, with relatively higher abundance during the pre-monsoon period (Table 1).
Copepod composition and abundance

The copepod abundance during the pre-monsoon period (av. 5369 + 5954 ind. m™) was markedly
higher than in the monsoon (av. 673 + 1433 ind. m™) and post-monsoon periods (av. 2152 + 2566 ind.
m™) (Fig. 3d). Copepod, the dominant taxon among the zooplankton community in the CE, was
represented by 31 species of calanoids, 3 species of cyclopoids, 2 species of poecilostomatoid and 1
species of harpacticoid (Table 2). Among the calanoids, the family Acartiidae and Paracalanidae
dominated throughout the study period, of which the most abundant species were Bestiolina simils,
Acartia plumosa, Acartiella gravelyi, Acartiella keralensis,and Acartia centrura. High-saline copepods,

like Labidocera pectinata, Acartia erythraea, Acartia spinicauda, and Subeucalanus subcrassus, were



observed in varying densities, mostly in or near the two inlets. Qithona brevicornis, belonging to the
family Oithonidae, showed higher abundance among the cyclopoids. The poecilostomatoids, Oncea
venusta and Onychocorycaeus catus and the harpacticoid, Euterpina acutifrons were also observed in

varying densities during the pre- and post-monsoon periods (Table 2).

During pre-monsoon season, a total of 28 species were observed throughout the estuary, and the
higher copepod abundance at the mesohaline zone at stations 6, 7, and 8 was mostly contributed by the
medium saline (salinity preference ~10-20) Acartia plumosa, Acartiella keralensis, and euryhaline
Bestiolina similis. Based on the dominancy analysis, these three were found as the dominant species of
this period. The SIMPER analysis revealed a total of 8 species as the characterizing species of the pre-
monsoon period, which are listed in Table 3. With the onset of monsoon season, copepod diversity
dropped throughout the estuary, and the community was represented by about 24 species of copepods.
During this period, maximum density (4198 ind. m™) and species diversity were observed at station 1,
the Azhikode inlet. Acartia plumosa, Acartia centrura, and Bestiolina similis and the low-saline
(Salinity preference < 10) Acartiella gravelyi were found as the dominant species during this period.
Another low saline species, Heliodiaptomus cinctus (av. 5 ind. m™), was also observed but with varying
density. A total of 10 species were found as the characterizing species, and among them, 3 species were
observed to be common during both the pre-monsoon and monsoon periods (Table 3). During the post-
monsoon season, species diversity among copepods was high and was represented by a total of 30
species and was dominated by Acartia plumosa, Bestiolina similis, and Acartia centrura. The maximum
abundance of copepods was observed at the mesohaline zone at station 5 (7700 ind. m™). Among the 15
species found as the characterizing species during this period, Acartia plumosa, Bestiolina similis,

Pseudodiaptomus annandalei, and Oithona brevicornis were found as common during all three seasons

(Table 3).
Multivariate analysis

The RDA triplot helped in unfolding the preferred abiotic environment for both the characterizing and
dominant species of the copepods in each season and also indicated the influence of chlorophyll a on
them (Fig. 4). During pre-monsoon season, when a high-salinity environment prevailed in a major part
of the estuary, the dominant species exhibited a negative relation with salinity and a positive relation
with temperature and DO, whereas several characterizing species showed close affinity to SPM but had

no proper trend with salinity (Fig. 4a). During the low-salinity period of monsoon season, few dominant



and characterizing species showed positive affinity with salinity, SPM and pH (Fig. 4b). During the
post-monsoon period, the dominant species showed neither positive nor negative affinity with salinity
(Fig. 4c). During most of the study period (except monsoon), the majority of the dominant and
characterizing species did not show any definite relationship with chlorophyll a (Fig. 4). Hence, a
detailed study on the interrelation among the species of the copepods and phytoplankton (both
characterizing and dominant species) was performed for each season, and the triplot in the RDA was
helpful in both visualizing all the data points plotted in the coordinate system and identifying the inter-
relationship among them (Fig. 5). Irrespective of season, Acartia plumosa and Bestiolina similis, which
were dominant throughout the study period, showed a preference for the autotrophic dinoflagellate
species compared to the diatoms. The preference of the low-saline species of copepods (Heliodiaptomus
cinctus, Allodiaptomus mirabilipes, Mesocyclops sps) for the phytoplankton species of the low-saline
environment (Anacystis sps, Actinastrum sps, Synedra sps, Scenedesmus sps, Melosira sulcata) was

evident during monsoon season (Fig. 5).
Cluster analysis and non-metric multidimensional scaling

The dendogram of the copepod species, based on their abundance pattern along different seasons, helped
considerably in understanding the similarity in their distribution in the estuary. During pre-monsoon
season, the three species that formed the dominant as well as the characterizing species were found in a
single cluster, and most of the other characterizing species were found in another cluster (Fig. 6a).
During monsoon season, all the dominant and characterizing species were found in a single large cluster
(Fig. 6b). During post-monsoon season, the two dominant species (Acartia plumosa and Bestiolina
similis) were found in a separate cluster, whereas most of the characterizing species were observed in a
large cluster. The characterizing species that had preferences for a low-salinity environment (P.

malayalus, Ac.gravelyi,and Ac. keralensis) were also found in a separate cluster (Fig. 6¢).

Figure 7a describes the similarity in the station locations along different seasons derived through
the NMDS analysis, based on the Bray-Curtis similarity indices, using the abundance of different
copepod species present along each season. The variability of the spatial abundance of the two common
dominant as well as characterizing species of each season (4. plumosa, B. similis), overlaid on the MDS
plot, also indicated their affinity towards the medium salinity environment during each season (Fig.

7b,c).



Diversity indices

Species diversity (H') of the copepods varied both spatially and temporally (Fig. 8a). As the inlet
locations are relatively more influenced by the nearby marine environment compared to the other
locations, the seasonal scenario of H' was checked separately for the inlet and the non-inlet locations and
also for all the station locations together. In both cases, though copepod abundance was higher during
pre-monsoon season, H' was higher during the post-monsoon period. Species evenness (J') did not show
much variation with the seasons (0.6 = 0.1, 0.6 = 0.2, and 0.5 £ 0.1 for pre-monsoon, monsoon, and
post-monsoon, respectively) (Fig. 8b). The maximum evenness value was observed at station 8 (0.9)

during monsoon season.
Sex ratio and abundance pattern

Since Acartia plumosa and Bestiolina similis were found as the only two species that remained the
dominant as well as characterizing species during all three seasons, a detailed investigation of their sex
ratio was carried out to understand whether sex-specific differences had any determining role in the
maintenance of their population in the estuarine system. In the case of both 4. plumosa and B. similis,
the seasonal scenario revealed relatively higher sex ratio values during monsoon season and lower
values during the pre-monsoon period (Fig. 9). A prominent skewness towards female dominance was
evident in the sex ratio of both the species, and in 4. p/lumosa, it varied between 0.02 and 0.98 (av. 0.36
+ 0.2). Except for one higher value (1.99) during monsoon season, the sex ratio of B. similis was also
limited between 0.05 and 0.8 (av. 0.31£ 0.26). The interrelation between sex ratio and the abundance of
A. plumosa showed a significant negative relation (P < 0.05) during both the pre-monsoon and monsoon
periods, whereas during the post-monsoon season, it did not show any particular trend (P > 0.05) (Fig.
10a). The result of the one sample t-test also showed that the regression lines are significantly different
from zero during pre-monsoon and monsoon periods (Fig. 10a). The analysis carried between the
residuals extracted from the regression plot of 4. plumosa and the fresh water content did not show any
significant relationship (P > 0.05) in any season (Fig. 10b). B. similis exhibited a negative relation with
abundance in all three seasons, and it was significant during the pre-monsoon and post-monsoon period
(P <0.05) (Fig. 10c), indicating an influence of the biased sex ratio in the variability of their abundance.
In case of B. similis, the result of the one sample t-test revealed that the regression lines are significantly

different from zero during pre-monsoon and post-monsoon periods (Fig. 10c) but the interrelation



between the residuals extracted from the regression plot and the fresh water content showed a significant

negative relation (P < 0.05) only during monsoon period (Fig. 10d).
DISCUSSION

While assessing the seasonal variability of the abiotic parameters and their control on copepod
dynamics, the spatial scale gradients in the biotic and abiotic variables and their subsequent effects on
the estuarine ecology were also given importance for a better elucidation of the spatio-temporal
heterogeneity occurring in the zooplankton community of this dynamic estuarine system. Marked
seasonality and unsteadiness in the salinity values, regulated by the monsoonal rainfall, were prominent
in the system, supporting its categorization as a typical monsoonal estuary. During monsoon season, due
to the heavy rainfall (~300 cm) and associated high river influx, the entire estuarine system behaved as a
limnetic region with low salinity values. Revichandran et al. (2012) have shown that in the CE, nearly
60% of the total annual rainfall occurs during the summer monsoon period, and this, along with the
subsequent river runoff (60% - 70% of the total), contributes greatly in the conversion of the estuary into
a freshwater-dominated region. Therefore, a marked salinity range (0.1 — 28.5) prevailed between the
upper and lower reaches of the estuary, and the salinity value could not reach >5, except at one inlet
location. With the post-monsoon season, due to the gradual intrusion of Arabian Sea water (Menon et al.
2000), though the salinity of the entire study area progressively increased, a salinity gradient prevailed
between the upper and lower reaches, with a mesohaline zone in the middle reaches. During pre-
monsoon season, with markedly less river influx (1.69%, Srinivas et al. 2003) and high incursion of
Arabian Sea water, the stations located at the lower reaches of the CE behaved as an extended part of the
Arabian Sea (Madhupratap 1987). The low salinity gradient (20.1 + 6.4) during this period was the
result of the progression of high salinity water up to the middle reaches of the estuary, resulting in the
development of a mesohaline zone in the upstream locations of the estuary (St. 6 — 8). The limited
seasonal variation in the temperature distribution throughout the estuary might be due to its tropical
nature, whereas the less conspicuous seasonal variation in the DO could be due to the existence of
higher phytoplankton standing stock, irrespective of the season (Madhu et al. 2007). The significant
seasonal variation observed in the pH distribution might have happened by the difference occurring in

the seasonal fluvial runoff characteristics and saline water intrusion (Saraladevi et al. 1983).

The higher zooplankton abundance observed during the pre-monsoon season and the lower

abundance during monsoon season, in accordance with the average seasonal salinity pattern of the



estuarine system, generally put forth the question of whether an increase in the salinity always leads to
higher zooplankton abundance. The earlier studies depicting the zooplankton distribution, based on the
average seasonal salinity and abundance values, support the concept of salinity-influenced zooplankton
abundance (Rao et al. 1975; Jyothibabu et al. 2006; Madhu et al. 2007) in the CE. However, the detailed
spatio-temporal analysis during the present study evidenced a varied view in the interrelation between
salinity and the zooplankton community in this monsoonal estuary. During pre-monsoon season, though
a high-salinity environment (salinity>18) prevailed in the lower reaches of the estuarine zone, higher
zooplankton abundance was observed, mostly at the mesohaline zones (salinity 5 — 18) at the upstream
locations, which indicates a positive affinity of the estuarine organisms towards the mesohaline salinity
ranges. During monsoon season, among all the sampling locations in the CE, only the inlet location,
station 1, had salinity >5, and concurrently, higher zooplankton abundance was observed at that station.
The higher abundance of zooplankton, mainly at the mesohaline zone of the estuary, during the post-
monsoon period also (Fig. 2, 3) further validates our concept of the preference of mesohaline salinity
ranges by the estuarine zooplankton community compared to the very-high- or very-low-salinity
environments. Though the result of our study differs from the observation of Kimmerer et al. (1998) on
the distribution of a major population of estuarine zooplankton in the low-salinity zone of the temperate
San Francisco estuary, the findings of Cronin et al. (1962) in the Delaware estuary clearly support our

view of the affinity of estuarine organisms towards the mesohaline zone.

Since copepods formed the predominant zooplankton taxon, contributing >87% of total
abundance, and is in accordance with earlier observations (Madhupratap 1987; Madhu et al. 2007), the
present study, depicting the detailed spatio-temporal distribution, community composition, and species-
specific abundance pattern, helped considerably in a better understanding of the ecology of the
zooplankton community of this estuarine system. Irrespective of the season, the higher preponderances
of the copepod community in the mesohaline zones of the estuary clearly validate their affinity towards
the mesohaline environment. With the evident intense seasonality in the abiotic variables and in copepod
abundance, a prominent change is also expected in the copepod community structure and in the relative
contribution of different species towards the total copepod population. But, the higher contribution of
the mesohaline species Acartia plumosa and Bestiolina similis, a euryhaline opportunistic colonizing
paracalanoid, towards the higher abundance in the mesohaline zones of the CE, irrespective of season,
points towards a significant role they play in the sustenance of the copepod community in this estuarine

system. Prior reports on the higher abundance of B. similis and 4. plumosa in different tropical estuaries



along the Indian coast (Goswami 1982; Ramaiah et al. 1996; Dalal and Goswami 2001) are in agreement
with our findings in the CE. The predominantly omnivorous diet of both these copepod species, along
with their short generation time of 7-10 days (VanderLugt and Lenz 2009), might have favored their
contribution towards higher abundance in the mesohaline zones of the estuarine region. Hence, the
observation of the higher abundance and dominance of these copepods and their preferences for the
mesohaline zones of the estuary throughout the study period further substantiate the concept of
considering them the most suitable estuarine endemic among the copepod community for this tropical
monsoonal estuary. The evident pattern of distribution and abundance of the copepods Pseudodiaptomus
annandalei and Oithona brevicornis as the characterizing species of all three seasons, along with A.
plumosa and B. similis, suggest their supporting role in the sustenance of the estuarine copepod
community. Hence, the view on the vital role of the allochthonous population in the maintenance of the
estuarine zooplankton abundance compared to the autochthonous populations, as observed in the
temperate EMS estuary by Baretta and Malschaert (Baretta and Malschaert 1988), seems inapplicable in

the case of this typical tropical monsoonal estuarine system.

The interrelation between the copepod species abundance and the distribution, based on their
preferred environment, was examined in detail to have a better understanding on the determining role of
the estuarine characteristics on the population dynamics and also on the complexities in the relation
between copepod species and the seasonal salinity patterns. As observed in the triplot of the RDA,
during pre-monsoon season, when a major part of the estuary behaves as an extension of the neighboring
Arabian Sea due to the high marine water incursion (Madhupratap 1987; Srinivas et al. 2003), A.
plumosa and B. similis showed negative affinity with salinity, and in contrast, during the monsoon
season, when the estuary gets transformed as a freshwater-dominated system due to the higher
precipitation and fluvial runoff, their abundance exhibited positive affinity with salinity, whereas in the
transitional phase during post-monsoon season, no particular trend was found, further affirming their
preferences towards the mesohaline environment. Among the characterizing species, the observed
negative affinity of the low-saline species Acartia gravelyi, Pseudodiaptomus malayalus, and
Allodiaptomus mirabilipes and the positive affinity of the high saline species Undinula vulgaris,
Subeucalanus  subcrassus, Acartia centrura, Pseudodiaptomus serricaudatus, Centropages
calaninus,and Centropages furcatus towards salinity along different seasons truly characterize their
preferences for the specific saline zones in the estuarine system. Similar observations on salinity-specific

habitat preferences have been reported in the zooplankton community of temperate estuaries also



(Collins and Williams 1981) as occurrence in the habitat of preferred salinity ranges aids in the higher
survival rate and also boosts their toleration capacity (Lance 1963). Among the copepod species, the
assemblages observed among the dominant and characterizing species of the copepod (Fig. 6) further
point towards their similarity in habitat preferences. The unique seasonal copepod community structure
in the CE might have been regulated by the distinct species-specific salinity preferences and tolerance of
the copepod population to the variability in the abiotic factors generated by the estuarine seasonality.
Among these species, the ones with more affinity and adaptability to the seasonal estuarine
characteristics might have gotten an advantage to be the dominant and characterizing species of the

respective season.

Though in CE relatively low copepod diversity (H' < 2) was observed across the seasons, the
seasonal variability in the H' value observed during the study period helped further in a better
understanding of the variability occurring in the seasonal composition of the copepod community. The
low species diversity of copepods during the monsoon period might have resulted due to the absence of
high-saline marine migrants with a salinity preference >20, and a similar feature has also been observed
in other monsoonal estuarine systems along the Indian coast (Goswami 1982) and also in the coastal
waters of this region (Stephen 1977). The interesting feature evident in the seasonal diversity and
abundance pattern with high abundance during pre-monsoon season and high A’ during the post-
monsoon season augmented the need to understand the role of community composition during periods of
varying abundance and diversity. During post-monsoon season, though salinity progressively increased,
a wide salinity range prevailed in the estuary (salinity — St. 1 - 4 > 18, St. 5 > 5 and <18, and St. 6, 7,
and 8, < 5), which in turn triggered different copepod species to inhabit niches of preferred salinity
ranges in the estuary with maximum abundance at the mesohaline middle reaches. This was evident
from the restricted occurrence of the low-saline copepod species Pseudodiaptomus malayalus and
Heliodiaptomus cinctus (salinity preference < 10) in the southern limb of the estuary and several high
saline species (salinity preference > 20) in the polyhaline region (salinity > 18) in or near the two inlets.
Most of the medium-saline species had wide distributions in the estuary, based on their specific salinity
preferences. In contrast, during pre-monsoon season, though the abundance was higher, it was mostly
contributed by the mesohaline and euryhaline copepods, with maximum abundance in the mesohaline
upstream locations. Though several high saline species were present in varying abundance during this
period, the species that had preferences to low salinity were mostly absent in the estuarine zone,

resulting in the lower H' during this period.



As a fundamental trait of the sexually reproducing population, studies on the sex ratio, its
variability from the Fischerian 1:1 ratio in the natural population, and the factors responsible for the
skewness have received attention from the scientific community (Gusmao et al. 2013). Both laboratory
studies (Irigoien et al. 2000; Dur et al. 2012) as well as field observations (Moraitou-Apostolopaulou
1972) imply the role of variability of sex ratio in governing the population dynamics of the copepod
community, and hence, in the present study, it became an important tool to unfold the critical role they
play in sustaining the population of the two dominant copepod species, 4. plumosa and B. similis, in this
dynamic estuarine ecosystem. In the seasonal scenario, the observation of the lower sex ratio during the
period of higher abundance and vice versa clearly indicates the leaning of sex ratio towards female
dominance during higher abundance. This observation of skewness in sex ratio towards females, in
conjunction with the abundance pattern, is against the view of Moraitou-Apostolopaulou (1972) in the
temperate Aegean Sea but is in agreement with the observations made by Saraswathy and Santhakumari
(1982) on the copepod population along the coastal waters of India. The incident high female skewness
in the copepod population might be an advantage towards easier mate finding for the male copepods and
in turn facilitates higher reproductive output during the stable (with the lowest riverine influx) and food-
rich environment (maximum chlorophyll a) in the pre-monsoon period, leading to the higher abundance.
In the CE, the abundance of microzooplankton, another major diet of the copepod (Calbet and Saiz
2005), has also been recorded at maximum levels during the pre-monsoon period (Jyothibabu et al.
2006). Hence, along with higher chlorophyll a, this might also have played a role in supporting the
biased sex ratio and, in turn, the higher abundance of the dominant omnivorous copepod species, A.
plumosa and B. similis during the pre-monsoon season. As the female copepods have comparatively
higher feeding efficiency and are reported to be voracious feeders than their male counter parts, they
might have utilized the food-rich environment more efficiently than the males, resulting in their
dominance. The negative relation observed between the abundance and the sex ratio of both copepod
species during most of the seasons (Fig. 10) further supports the inclination towards female skewness
during the period of higher abundance. The insignificant relation observed between the fresh water
content and the residuals extracted from the regression plots of both species also clearly substantiates the
role of sex ratio in their abundance. The preference for mesohaline environment over the low and high
saline environments might be the reason for the insignificant relation observed between the fresh water
content and the residuals extracted from the regression plots (Fig. 10). The inter-relation between the

dominant and characterizing species of the copepod and phytoplankton community further helped to



understand the influence that the autotrophic community have on the sex ratio-abundance pattern of the
dominant copepod species. Irrespective of season, Acartia plumosa and Bestiolina similis, which
remained dominant throughout the study period, exhibited a preference for the autotrophic dinoflagellate
species than the diatoms (Fig. 5). Compared to the diatoms, the dinoflagellates have been reported to
have potential influence on egg production, hatching viability, and, in turn, the reproductive success of
copepod species (Ceballos and Ianora 2003), as they provide more protein, carbohydrate, and lipid than
diatoms of equivalent volume (Kleppel 1993). Thus, the female-biased sex ratio and the feeding
preference towards dinoflagellates over diatoms of both dominant estuarine endemic copepod species
(Fig. 5) might have helped them in maintaining the dominance and also in their population sustenance

during each season.

The NMDS plot expressing the similarity between stations along different seasons, based on the
abundance of all copepod species, and addressing the variability in the spatial abundance of the two
dominant species further helped us to get a better inference of their spatio-temporal distribution. The
distinct groups of the station locations, based on the abundance of different copepod species, showed a
close affinity towards the different salinity ranges, signifying the role of salinity in their abundance and
distribution (Fig. 7a). The higher abundance of both 4. p/umosa and B. similis in the mesohaline region
(Fig. 7b, ¢) and the negative relation of sex ratio with their abundance values (Fig. 10) indicate towards

the role of sex ratio in maintaining their high population in the mesohaline environment of the estuary.
Conclusions

The evident heterogeneity in the spatial and temporal abundance, community composition, and
diversity indices of the copepod community in the CE is governed mainly by the species-specific
sensitivity and subsequent responses of the organisms towards the prime limiting abiotic variable,
salinity. In spite of the prominent unsteadiness in the salinity characteristics induced by the seasonal
variability in the precipitation regime and fluvial fluxes influenced by the Indian summer monsoon
(Revichandran et al. 2012), the maximum zooplankton abundance always occurred at the mesohaline
zone of the estuary, which experienced a seasonal shift from the lower reaches of the estuary during
monsoon season to the middle reaches during post-monsoon season and ultimately towards the upstream
locations of the estuary during the pre-monsoon period, in contrast to the expected high-salinity zones of
the estuary. The dominant zooplankton taxon, copepods (>87%), played a crucial role in the

maintenance of the higher abundance of the zooplankton community in the mesohaline zones of the



estuary. Depending on the seasonal variability in salinity, though a few high saline and low saline
species flourished in the lower and upper reaches of the estuary, respectively, the estuarine copepod
community was dominated by the preponderance of the mesohaline and euryhaline copepods Acartia
plumosa and Bestiolina similis, along with Oithona brevicornis and Pseudodiaptomus annandalei, as the
characterizing species, irrespective of season. The role of sex ratio in the maintenance of the higher
abundance of the dominant estuarine endemic species in the mesohaline region was another important
finding in the present study, and in the seasonal scenario, the bias in the sex ratio towards female
skewness might have favored higher reproductive output, resulting in the higher abundance during the
favorable pre-monsoon period. Hence, the species specific sensitivity to the seasonal changes in the
salinity distribution of the copepod community played a prominent role in determining their abundance
pattern in the CE and the trend in the sex ratio of the dominant copepods towards female dominance
further aided in sustaining the higher abundances in the mesohaline zone. Considering the limited study
on tropical monsoonal estuarine zooplankton dynamics, the results of the present study will be relevant
in the better understanding of the unique population sustenance of the estuarine endemic zooplankton
community. Further studies can be focused towards understanding the mechanisms that lead to the

biasness in the sex ratio of the estuarine endemic copepod species.
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Figure 1. Sampling locations in Cochin estuary
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Figure 2. Distribution of the physico-chemical variables along the sampling locations in each season
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Figure 3. Distribution of the biotic parameters along the sampling locations in each season
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Figure 4. The redundancy analysis triplot displaying the ecological relationship between physico-
chemical variables, chlorophyll a and dominant and characterizing copepod species during a) pre-
monsoon, b) monsoon and c) post-monsoon period. The direction of an arrow dictates the direction
of increase of that particular variable on spatially assembled sampling locations.
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Figure 5. The RDA triplot showing interrelation between copepod and phytoplankton species (dominant
and characterizing species) during a) pre-monsoon, b) monsoon and c) post-monsoon period. The

red color indicates the phytoplankton species and the black color indicates the copepod species.
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Figure 6. Bray-Curtis similarity based hierarchical clustering of copepod species during a) pre-monsoon,
b) monsoon and c¢) post-monsoon period. The SIMPROF analysis was overlaid with the cluster and
the species connected by gray lines could not be significantly differentiated. The red color indicates
the characterizing species and the bold letter indicates the dominating species.
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Figure 7. a) Bray-Curtis similarity based non-metric multidimensional scaling (NMDS) plot of sampling
locations based on the abundance of different copepod species, b) The NMDS over laid with the
bubble plots of Acartia plumosa showing their abundance and distribution, ¢) The NMDS over laid
with the bubble plots of Bestiolina similis showing their abundance and distribution. The bubble
positions in these plots correspond to the positions of the sampling locations in Figure 7a. The
bubble size in each plot is proportional to the abundance (ind. m™). Among the bubble colors, green
indicates low saline, cyan indicates mesohaline and blue indicates high saline characteristics of the

(a)

(b)

(c)

sampling locations.
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Figure 8. Diversity indices [a] species diversity, [b] species evenness, along three seasons. The vertical
line on the bar diagram indicates the standard deviation. (PRM — pre-monsoon, MS — Monsoon, PM
— post-monsoon)

2.5 1 1 -

= 2 1 =08 1

= 71

iz 2

EI.S %O.ﬁ

e =

S 1 - © 04 -

2 g

305 A g 02 1

c’%o :Eo
A B C A B C A B C A B C A B C A B C
PRM MS PM PRM MS PM

A - Inlet stations B - Non-inlet stations C - All stations together

Figure 9. The seasonal variability of the sex ratio of the dominant species (a) Acartia plumosa and (b)

Bestiolina similis.
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Figure 10. The relation between the abundance and sex ratio of the dominant copepods, Acartia plumosa
and Bestiolina similis along different seasons and the interrelation between the residuals extracted
from the regression plot and the fresh water content. The t value with an asterisk (*) indicates that
the regression line is significantly different from zero. The residual represents the difference
between the observed and the estimated value in the abundance of the respective species.
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Additional file 1. List of the dominant and characterizing species of phytoplankton along different
seasons in the Cochin estuary. (# - dominant species, * - characterizing species).

Phytoplankton species
Pre-monsoon
Chaetoceros sps.*
Coscinodiscus sps.*
Cyclotella sps.*
Cylindrotheca closterium™#
Gonyaulax sps.*#
Grammatophora sps.*
Navicula sps.*
Nitzschia longissima™*#
Pleurosigma normanii’*
Prorocentrum micans*
Protoperidinium sps.*
Rhizosolenia setigeratt
Skeletonema costatum™#
Thalassiosira subtilis*#
Thalassiosira sps.*#
Post-monsoon
Alexandrium sps.*
Chaetoceros sps.*
Coscinodiscus sps.*
Gonyaulax sps.*
Gymnodinium sps.*
Leptocylindrus minimus*
Navicula sps.*

Nitzschia sps.*
Prorocentrum sps.*#
Protoperidinium sps.*
Rhizosolenia sps.*
Skeletonema costatum™#
Thalassiosira subtilis*#
Thalassiosira sps.™

Monsoon

Actinastrum sps.*
Agmenellum sps.*#
Amphiprora sps.*
Anacystis sps.*
Coscinodiscus gigas*
Cyclotella sps.*
Cylindrotheca closterium*
Fragilaria sps.*
Gymnodinium sps.*#
Leptocylindrus danicus™#
Melosira sulcata*
Navicula directa™*#
Navicula distans™#
Navicula sps.*

Nitzschia longissima*
Nitzschia seriata™
Protoperidinium sps.#
Prorocentrum lima#
Rhizosolenia sps.*
Scenedesmus sps.*#
Skeletonema costatum™*#
Synedra sps.*
Thalassionema nitzschioides™
Thalassiosira subtilis*#




Table 1: Zooplankton composition and abundance (ind. m™) during each season (PRM: pre-monsoon,
MS: monsoon, PM: post-monsoon)

Group PRM MS PM
Holoplankton

Hydromedusae 5 0.034 0.004
Siphonophore 0.001 - 0.1
Ctenophore 0.018 0.474 -
Polycheata 0.084 0.031 0.025
Chaetognatha 2 7 4
Copepoda 5369 673 2152
Ostracoda - 0.004 -
Cladocera 0.039 75 0.287
Mysid - 0.014 0.0157
Isopoda 0.001 0.002 -
Amphipoda 0.157 0.054 0.528
Stomatopoda 0.001 - 0.005
Luciferiidae 15 2 1
Thaliacea - 0.011 -
Appendicularia - 0.069 0.14
Pteropoda - - 0.003
Copepoda nauplii 13 - 12
Meroplankton

Polychaete larvae 0.015 0.132 -
Decapod larvae 57 3.5 6
Cirriped larvae 2 - 0.112
Gastropod larvae 162 0.438 6
Lamellibranch larvae 24 0.648 1.469
Fish Eggs 5 0.186 7.5

Fish larvae 1 4 1




Table 2. List of the copepod species along different seasons in Cochin estuary. (* sign indicates
abundance <1 ind. m>, ** indicates 1 — 10 ind. m™, *** indicates 10 — 100 ind. m~, **** indicates 100

— 1000 ind. m™ and ***** indicates >1000 ind. m™).

Copepoda species Pre- Monsoon  Post-

monsoon monsoon
Acartia centrura Giesbrecht, 1889 Hkok ok *H* *kk
Acartia spinicauda Giesbrecht, 1889 oAk ok oAk
Acartia erythraea Giesbrecht, 1889 * - *
Acartia plumosa Scott T., 1894 ook ook ook
Acartia bowmani Abraham, 1976 ** ** -
Acartiella gravelyi Sewell, 1919 oAk ook ok
Acartiella keralensis Wellershaus, 1969 Hokok ok ** *kk
Paracalanus aculeatus Giesbrecht, 1888 wkk - Hkk
Bestiolina similis Sewell, 1914 Hk kK lalol Hokok ok
Acrocalanus monachus Giesbrecht, 1888 - - **
Pseudodiaptomus annandalei Sewell, 1919 oAk ok roAk
Pseudodiaptomus serricaudatus Scott T., 1894 ok * ok
Pseudodiaptomus malayalus Wellershaus, 1969 * ok HAx
Pseudodiaptomus mertoni Frichtl, 1924 - ok -
Heliodiaptomus cinctus Gurney, 1907 - ok -
Allodiaptomus mirabilipes Kiefer, 1936 - ok -
Subeucalanus subcrassus Giesbrecht, 1888 ok * ok
Subeucalanus crassus Giesbrecht, 1888 * ** **
Undinula vulgaris Dana, 1849 *x * HAx
Canthocalanus pauper Giesbrecht, 1888 * * ok
Centropages alcocki Sewell, 1912 *ox oAk HoAk
Centropages furcatus Dana, 1849 rodx * ok
Centropages tenuiremis Thompson & Scott, 1903 koE - -
Centropages trispinosus Sewell, 1914 ok ok ok
Centropages calaninus Dana, 1849 *x * *x
Centropages orsiini Giesbrecht, 1889 - - ok
Candacia bradyi Scott A., 1902 - - *ok
Labidocera pectinata Thompson & Scott, 1903 ok - ok
Labidocera acuta Dana, 1849 ** - -
Temora turbinata Dana, 1849 - - ok
Tortanus forcipatus Giesbrecht, 1889 - - *
Oithona brevicornis Giesbrecht, 1891 wEE RRE wEE
Oithona rigida Giesbrecht, 1896 - * _
Oncaea venusta Philippi, 1843 * - *
Mesocyclops sps * *x *x
Euterpina acutifrons Dana, 1847 * - ok

% kk

Onychocorycaeus catus Dahl, 1894




Table 3. Result of the SIMPER analysis exhibiting the characteristic species of each season. The
analysis was performed based on the fourth root transformed abundance data of copepod species. As for
a good charactering species, the average similarity for a particular taxa within a group should be greater
than its intra-group standard deviation (SD) by a factor of at least one, they were marked with bold
letters (Av. — average, Abund — abundance, Sim — similarity, Contrib — contribution, Cum. — cumulative)

Species Av.Abund Av.Sim Sim/SD Contrib% Cum.%
Pre-monsoon

Bestiolina similis 5.85 16.66 4.25 36.59 36.59
Acartia plumosa 4.61 11.17 1.52 24.53 61.11
Acartiella keralensis 2.94 3.76 0.48 8.26 69.37
Acartia centrura 1.87 3.14 0.71 6.91 76.28
Oithona brevicornis 1.54 2.86 0.7 6.29 82.56
Pseudodiaptomus annandalei 1.07 1.54 0.67 3.38 85.94
Labidocera pectinata 0.99 1.45 0.71 3.19 89.13
Centropages alcocki 0.88 1.01 0.5 2.22 91.35
Monsoon

Acartia plumosa 2.2 7.92 2.93 16.44 16.44
Bestiolina similis 2.39 7.43 3.29 15.43 31.87
Acartiella gravelyi 1.66 6.78 2.01 14.07 45.94
Mesocyclops sps 1.08 4.92 1.44 10.22 56.16
Allodiaptomus mirabilipes 1.09 4.19 1.41 8.69 64.85
Oithona brevicornis 1.45 3.74 2.47 7.76 72.61
Pseudodiaptomus malayalus 0.9 2.98 0.94 6.18 78.79
Heliodiaptomus cinctus 0.99 2.85 1.26 591 84.71
Pseudodiaptomus annandalei 1.01 2.6 0.92 541 90.11
Post-monsoon

Bestiolina similis 4.23 10.2 3.99 24.1 241
Acartia plumosa 3.48 6.45 1.42 15.24 39.34
Oithona brevicornis 2.37 5.01 1.63 11.85 51.19
Acartia centrura 1.95 2.98 1.02 7.03 58.23
Pseudodiaptomus annandalei 1.26 2.49 1.5 5.89 64.12
Acartiella keralensis 1.45 1.86 0.58 4.39 68.51
Pseudodiaptomus serricaudatus 1.3 1.78 1.02 4.21 72.72
Centropages alcocki 1.17 1.23 0.71 2.9 75.62
Pseudodiaptomus malayalus 1.07 1.12 0.5 2.66 78.28
Centropages furcatus 1.3 1.11 0.51 2.61 80.89
Subeucalanus subcrassus 1.07 0.95 0.51 2.25 83.14
Centropages calaninus 0.75 0.95 0.51 2.25 85.38
Acartiella gravelyi 0.83 0.94 0.46 2.23 87.61
Undinula vulgaris 1.09 0.91 0.51 2.15 89.76

Centropages trispinosus 0.95 0.84 0.51 1.99 91.75




