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Abstract 

Dead copepods (carcasses) are widespread in aquatic systems, but their scientific quantification is rare due to 

the difficulty in discriminating them from live ones. In this paper, we hypothesized that due to large spatial 

and temporal change in hydrography in the Cochin backwaters, the percentage of copepod carcasses in the 

system could also change significantly on a spatial and temporal scale. In order to understand this aspect, we 

quantified the live and dead copepods in the Cochin backwaters under different hydrographical settings based 

on live and mortal staining technique. The most prominent temporal hydrographical feature during the study 

period was the large decline in salinity across the system, which was more pronounced downstream (15-20 

units) and was caused by the large freshwater influx associated with the Southwest Monsoon. During the 

entire sampling period, copepod carcasses were pervasive all over the study area with large spatial and 

temporal variations in their percentage contribution (2.5 - 35.8%) to the total community abundance. During 

all sampling, carcasses concentrated more in the downstream region, with maximum turbidity (16.5 - 35.8%), 

than in the upstream region (2.5% - 14.5%). The percentage of carcasses was the highest during the onset of 

the Southwest Monsoon (av. 23.64 ± 8.09 %), followed by the Pre-Southwest Monsoon (av. 13.59 ± 6.72 %) 

and Southwest Monsoon (av. 8.75 ± 4.14 %). During the onset of the Southwest Monsoon, copepod carcasses 

in the downstream were contributed by ~80% high saline and ~15% low saline species, indicating a salinity 

shock-induced mortality. On the other hand, the cumulative effect of the long residence time of the Cochin 

backwaters and high partial predation rate of carnivores contributed to the high abundance of carcasses during 

the Pre-Monsoon. 
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1. INTRODUCTION  

Copepods play an important role in aquatic ecosystem and they usually contribute > 60% to the total 

zooplankton abundance (Madhupratap et al. 1996; Jyothibabu et al. 2006; Calliari et al. 2008; Jagadeesan et 

al. 2013). It was noticed earlier that the natural samples of copepods contain a certain percentage of dead 

individuals (carcasses) despite the fact that routine zooplankton studies generally assume all individuals in the 

samples to be live (Bickel et al. 2009; Tang et al. 2009; Elliot and Tang 2011; Frangoulis et al. 2011). 

Quantification studies without the exclusion of carcasses certainly carries a certain percentages of error, 

leading to biased conclusions on ecosystem/food web functioning (Hansen and Boekel 1991; Elliot and Tang 

2011). Copepod carcasses get quick colonization by bacteria, eventually leading to the diversion of secondary 

production to the microbial loop (Tang et al. 2006; Tang et al. 2009; Bickel and Tang 2010). It is generally 

considered that zooplankton carcasses channelize the carbon flux into the deep sea (Isinibilir et al. 2011); 

therefore, neglecting the copepod carcasses in natural samples potentially leads to an overestimation of the 

available carbon for higher trophic levels in surface waters and the underestimation of the organic matter 

available for vertical and bacterial decomposition within the water column (Ohman and wood 1995; Bickel et 

al. 2009; Elliot and Tang 2011).  

Copepods are vulnerable to rapid and drastic changes in their surroundings, and extreme changes in abiotic 

factors can cause their mortality (Cervetto et al. 1999; Jagadeesan et al. 2013; Martinez et al. 2014; Tang et al. 

2014). Essentially, quantitative information about copepod carcasses in estuarine environment has scientific 

interest, because of the large and rapid hydrographical changes in such systems, especially during seasonal 

transitions phases (Martinez et al. 2014). Even though voluminous data are available on the distribution and 

abundance of copepods from the tropical estuaries (Padmavati and Gowsami 1996; Jyothibabu and Madhu 

2007; Madhu et al. 2007; Sooria et al. 2015), information on copepod carcasses from these estuaries are 

virtually absent (Martinez et al. 2014). 

The Cochin backwater (CBW) is heavily influenced by the Southwest Monsoon rainfall (June – September) 

and, therefore, referred to as a Monsoonal Estuary (Vijith et al. 2009). Usually, the balance between the 

riverine influx on one end and marine water intrusion at the other end determines the salinity and other 

physicochemical characteristics of the Cochin backwaters (Madhupratap 1987; Jyothibabu et al. 2006; 

Balachandran et al. 2008). Since the CBW is geographically located in the tropical region, seasonal variation 

of temperature at the surface is about 28°C in summer monsoon period (June -September) and 30°C in Pre-

Southwest Monsoon (Pre-Monsoon: March - May) (Madhupratap, 1987). During the Southwest Monsoon, the 

Cochin backwater is dominated by freshwater while saline water dominates during the Pre-Monsoon period. 

The onset of the Southwest Monsoon is quite rapid in this part of the world, which usually occurs during the 

first week of June (Qasim 2003). Very heavy rainfall (40 - 50 cm in a few hours) occurs in the region during 

the peak Southwest Monsoon and, as a result, within a short period salinity reaches near zero values over most 

parts of the CBW (Qasim 2003; Jyothibabu et al. 2006). This sudden transition from the poly/mesohaline  

waters during Pre-Monsoon to oligo/limnohaline  waters during the Southwest Monsoon conditions is 
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expected to produce physiological stress (salinity shock) to the native zooplankton community, leading to 

their mortality (Madhupratap 1987; Jyothibabu et al. 2006).However, estimates of such events are very few 

world over, mainly due to sampling constraints introduced by the rough weather during the period and also the 

short, episodic nature of such events (Martinez et al. 2014). Considering these factors, three important 

attributes of the CBW copepod community has been investigated in this paper (a) the percentage of 

contribution of copepod carcasses to the total community abundance on a temporal and spatial scale, (b) 

relative contribution of different copepod species to the carcasses in different hydrographical settings and (c) 

the impact of rapid hydrographical transformation on the physiological state of copepods during the onset of 

the Southwest Monsoon. 

2. STUDY AREA AND METHODS 

2.1. STUDY AREA AND SAMPLING 

The Cochin backwater is the largest estuarine ecosystem along the west coast of India and the second largest 

one in the entire Indian peninsula (Fig. 1a). It extends from Azhikode (10°10’N, 76°15’E) in the north to 

Alappuzha (09°30’N, 76°25’E) in the south over a length of ~80 km and covers an area of about 300 km2 

(Qasim et al. 2003; Jyothibabu et al. 2014). The depth of the estuary ranges from 3m to 10m with an average 

of 2.5m. In the present study, 14 close-interval locations were sampled along the salinity gradients in the 

Cochin backwaters (Fig. 1). First sampling was conducted on May 26, 2011 (Pre-Monsoon) to represent 

typical stratified/high saline conditions of the Pre-Southwest Monsoon. The second sampling (Onset of 

Monsoon/Monsoon 1) was conducted on June 2, immediately after the Onset of the Southwest Monsoon, to 

represent the sudden hydrographical transition phase. The third and fourth sampling (Monsoon 2 and 3) was 

conducted on June 9 and June 15 to represent the actual Southwest Monsoon condition (Fig. 1b). In this study, 

we adopted the standard salinity grouping designed for estuarine conditions by McLusky (1993), based on 

which waters/zones were grouped as (a) euhaline (salinity > 30), (b) polyhaline (salinity 25 to 32), (c) 

mesohaline (salinity 5 to 18), (d) oligohaline (salinity 0.5 to 5) and (e) limnetic (salinity < 0.5). During the 

entire study, we used the terms downstream, middle stretch and upstream to represent different regions in the 

Cochin backwaters sequentially from the bar mouth to the river mouth.  

2.2 METHODS  

2.2.1. PHYSICO-CHEMICAL PARAMETERS 

A speed boat was used to carry out the field sampling. Vertical distribution of salinity and temperature were 

measured using SBE seabird 19 plus CTD. Surface water samples were collected using Niskin bottles for 

measuring the turbidity and nutrients. Turbidity was measured by turbidity meter following nephelometric 

principle. Nutrients (nitrate, phosphate and silicate) were analyzed based on the standard protocols of 

Grasshoff et al. 1983.  The rainfall data (seasonal and daily) were retrieved from the Indian Meteorological 

Department (IMD), Pune. Salinity stratification coefficient (SSC, m-1) was calculated as the salinity 

differences between the bottom and the surface layer divided by the depth differences between the layers. The 
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horizontal salinity gradient (HSG, km-1) was estimated as the differences between the surface salinity of two 

consecutive stations divided by the distance between them.  

Water column stratification parameter (ns ) was estimated by the formula: 

ns= δS/S’m 

Where δS=Sbott-Ssurf;S’m=1/2 (Sbott+Ssurf); Ssurf and Sbott represent salinity at the surface and the bottom of the 

water column, respectively. Based on the ns value, physical state of the estuary was determined. ns< 0.1 

represents completely mixed water column,  between 0.1 to 1 represents partially mixed water column were 

and >1 represents stratified water column (Haralambidou et al. 2010; Shivaprasad et al. 2013). 

2.2.2. ZOOPLANKTON SAMPLING AND STAINING 

Zooplankton samples were collected from horizontal hauls of WP-2 net (200µm mesh size) attached with a 

digital flow meter (Hydrobios). The volume of the water filtered in each zooplankton net tow was estimated 

using the flow meter readings. The zooplankton sampling consisted of two tows: one for quantitative 

measurements and species level identification of copepods and the other for demarcating live and dead 

copepods based on vital/mortal staining. This was essential to follow to standard procedure for staining 

copepods details below (Elliot and Tang, 2009). In the case of quantitative measurements and identification of 

zooplankton, samples were preserved in 4% formalin. In the laboratory, collected samples were filtered 

through a 200 µm mesh sieve (Hydrobios) and the excess water in the samples was removed using blotting 

paper and the mesozooplankton biomass was measured as displacement volume (Postel et al., 2000).  

Samples for demarcating live and dead components were collected carefully with slow towing speed with 

short duration hauls (to avoid the mortality). After the retrieval of the plankton net the contents of the cod end 

were transferred to a staining jar and stained for 15 – 30 minutes in situ temperature in the dark. The nets and 

collection buckets were rinsed thoroughly between consecutive tows to avoid the carryover of the carcasses 

(Elliot and Tang 2010). We used two stains (neutral red and Aniline blue) for the quantification of live and 

dead in copepods, considering their staining efficiencies at different salinities. Aniline blue (a mortal stain) 

was used for quantifying copepod carcasses in oligo- and limno-haline environments and neutral red in 

mesohaline and polyhaline conditions (Dubovskaya et al. 2003; Elliot and Tang 2009; Bickel et al. 2009). In 

the field, prior to the selection of the stain, salinity was measured using a calibrated salinity probe to 

determine which stain is applicable in each sampling location. After the incubation in dark, samples were 

filtered through a 60 µm mesh disc and rinsed with GF/F filtered water to remove the excess stain. These 

samples were then sealed in Petri dishes, transported to the laboratory in ice and stored at -20 °C until 

enumeration (Elliot and Tang 2009).  

Zooplankton total abundance was estimated from 50% of the sub-samples or whole samples based on the 

volume of the samples collected (Postel et al. 2000). Among various taxonomic groups, copepods were sorted 

out and identified to the species level using standard literature (Kasturirangan 1963; Sewell 1999; Conway et 
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al. 2003). For the assessment of live and dead individuals, whole samples were thawed using filtered estuarine 

water. In total, 200 - 500 copepod specimens were imaged as soon as possible under inverted microscope 

using two to three sub samples from each location. Subsequently, the microscope images were examined for 

quantification of carcasses and species level identification. All the samples were analyzed within a month’s 

time from the date of collection.  

2.3. STATISTICAL ANALYSES 

Cluster /SIMPROF and nMDS were used to group the sampling locations based on their relatedness in the 

distribution of environmental parameters. For cluster and NMDS analysis, Euclidian distance matrix was used 

on the datasets normalized prior to the analysis. For comparing the difference in environmental and biological 

data within and between the seasons, data were initially tested for their homogeneity (Zar 1999). On 

parameters having homogenous distribution, parametric ANOVA was used to compare the difference while in 

other cases of heterogeneous distribution, non-parametric ANOVA (Kruskal- Wallis) was performed. HSD 

test was performed for pairwise comparisons for parametric ANOVA, and Tukeys and Dunns test were used 

for non-parametric ANOVA cases.  

Redundancy analysis (RDA) was performed to find out the inter-relationships within and between the 

biological and environmental variables. RDA model was used to extract information about the extent to which 

the distribution of biological variables was controlled by the environmental parameters. The significances of 

RDA axes were tested by Monte Carlo permutations (Leps and Smilauer 2003). The result of RDA was 

represented in the form of a Triplot, in which the environmental and biological variables were represented as 

solid and dotted lines and each arrow represented increasing gradients of a particular parameter in a particular 

direction. In the Triplot, samples/ observations were displayed by points. The copepods species datasets were 

log (1+X) transformed prior to the analysis of RDA. 

3. RESULTS 

3.1. RAINFALL AND SALINITY  

The distribution of rainfall from 22nd May to 16th June 2011 is presented in Fig. 1b, which shows the clear 

seasonal transition from the Pre-Monsoon to the Southwest monsoon conditions. During the present study 

period, the southwest monsoon began on 30th May, a few days earlier than the usual. During the onset of 

monsoon, rainfall increased tremendously, becoming in the excess of 50 mm. In general, earlier datasets of 

rainfall and runoff from rivers emptying into the Cochin backwaters showed a close positive linkage with the 

rainfall (Supplementary Material 1).  

During the study period, temperature ranged from 27.6 °C to 30.4°C, with higher values during the Pre-

Southwest monsoon compared to Southwest monsoon period. The spatial difference in temperature during the 

all sampling was only marginal (Table 2). The heavy rainfall and associated runoff rapidly altered the salinity 

in the backwaters from a pre-monsoon surface salinity of 1.7 in the upstream regions and 26.5 in the 
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downstream regions (SSC 0.07 in the upstream and 1.51 in the downstream) to the onset of Monsoon salinity 

of 0.1 in the upstream and 1.3 in the downstream (SSC 6.34 in the upstream and <0.1 in the downstream).  

During the Pre-Monsoon to the Monsoon transition, the bottom salinity showed a similar trend except in the 

barmouth (location 1) where decrease in the bottom salinity value was less due to a strong salt wedge even 

during the Monsoon periods (Fig. 2; Table 1). All these essentially indicate that by the onset of the Southwest 

Monsoon, freshwater dominated in the entire Cochin backwaters with oligohaline condition close to the 

barmouth and limnohaline condition in the upstream.  

Monsoonal rainfall significantly altered the stratification in the entire Cochin backwaters except in location 1 

in the barmouth where a strong salt wedge was present in the subsurface waters during the Southwest 

Monsoon (Fig. 2). In general, water column was partially mixed (ns between 0.1to 1) during the Pre-

Monsoon/dry period and well mixed and dominated by the freshwater during the Southwest Monsoon 

(ns<0.1).However, in location 1 in the barmouth, the water column stratification parameter ns was 1.8 during 

the Monsoon collections, which essentially indicates the influence of freshwater in the surface layer and salt 

wedge in the subsurface layer (Fig. 2, Table 1). 

3.1.2 TURBIDITY 

Turbidity of the water column significantly varied in the collected water samples. Irrespective of seasons, 

water column was more turbid in the downstream locations (Supplementary Material 2). During the Pre-

Monsoon sampling, turbidity ranged from 2.76 - 11.5 NTU, which was the lowest range among all the 

sampling (Supplementary Material 2). During the onset of the monsoon, the turbidity increased several folds 

(8.05 - 115 NTU) and then decreased in subsequent Monsoon sampling (Monsoon 2 and 3). Nonetheless, the 

turbidity during Southwest Monsoon was significantly higher than the Pre-Monsoon levels. Throughout the 

observations, the turbidity maxima were found in the downstream, which was very prominent during the 

Southwest Monsoon. During Monsoon 2 and 3 sampling, the turbidity maxima was pushed further seaward 

due to the heavy freshwater influx (Supplementary Material 2). 

3.1.3 NITRATE, PHOSPHATE AND SILICATE 

The distribution of nitrate showed clear temporal and spatial variations with noticeably high concentration 

during Monsoon 3 observations.  In general, nitrate was high (>10M) in the entire stretch of the Cochin 

backwaters in all collected samples (Supplementary material 2).  Irrespective of seasons, phosphate 

concentration was high in the downstream locations (>0.4µM). The phosphate concentration was high in the 

entire stretch of the backwaters during the Pre-Monsoon (0.14  µM - 0.45µM), which gradually decreased 

during the onset of monsoon (0.12 µM – 0.41 µM) and < 0.1  µM in most of the locations (except the bar 

mouth) during the peak monsoon period (Supplementary material 2). Silicate concentrations were high in 

entire study locations, ranging from 24.03 µM to 53.03 µM even during the least freshwater discharge period 

of Pre-Monsoon. Silicate distribution showed an opposite trend to that of the phosphate. By the onset of the 

Southwest Monsoon, silicate concentration increased two folds higher than the Pre-Monsoon and ranged from 
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83.6 µM to 125.5 µM (supplementary material 2). During Monsoon sampling 2 and 3, silicate concentrations 

increased significantly, especially in the upstream locations. 

3.1.4. SEGREGATION OF LOCATIONS 

Based on the distribution of physico-chemical parameters (salinity, turbidity, phosphate and silicate) recorded 

in 14 locations, cluster/SIMPROF analysis grouped the locations into 3 clusters representing the Pre-Monsoon 

(Fig. 3a & 3b). Locations close to the barmouth (locations 1 and 2) were assembled in cluster 1, which was 

characterized by polyhaline waters (salinity 22.19 ± 2.29) with higher concentrations of phosphate (0.41 ± 

0.09 µM) and higher turbidity (6.97 ± 3.14 NTU) compared to the rest of the locations (Table 2). Locations in 

the mesohaline waters (salinity  9.78 ± 3.78) with moderate levels of silicate (35.03 ± 2.83 µM) and turbidity 

(5.46 ± 2.03 NTU) were grouped as cluster 2 (locations 3 to 8).  Locations in the oligohaline waters (2.51 ± 

0.75) with the highest level of silicate (50.47 ± 1.87µM), lesser turbidity (3.63 ± 0.78 NTU) and the lowest 

concentration of phosphate (0.14 ± 0.02µM) were grouped as cluster 3 (locations 9 to 14).  

By the onset of the Southwest Monsoon (Monsoon 1), freshwater dominated the entire backwaters, causing 

noticeable changes in the hydrography of the Cochin backwaters from that of the Pre–Southwest Monsoon 

conditions.  Representing this period, cluster/SIMPROF analysis  demarcated the locations in the entire study 

area into two clusters - locations closer to the barmouth under the slight influence of saltwater intrusion from 

the Arabian sea formed cluster 1 (locations 1 to 6) and the remaining locations dominated by freshwater 

(locations 7 to 14) formed cluster 2 (Fig. 3c and 3d). The cluster 1 locations were oligohaline (salinity: 1.98 ± 

0.23), more turbid (79.38 ± 18.01 NTU) with relatively high phosphate (0.37 ± 0.08µM) and low silicate 

(98.21 ± 11.45µM). Limnohaline waters (0.12 ± 0.04) with high silicate (120.62 ± 4.18µM) and low 

phosphate (0.14 ± 0.03µM) prevailed in cluster 2 (Table 2). 

During the Monsoon 2 sampling, saline water intrusion into the Cochin backwaters was confined only to the 

locations very close to the barmouth (Fig. 3e and 3f). As a result, the entire sampling locations were 

characterized by a small cluster 1 (locations 1 and 2) and a large cluster 2 (locations 3 to 14). Cluster 1 was 

characterized by oligohaline conditions (salinity: 1.41 ± 0.74) with high turbid(25.15 ± 2.76 NTU). On the 

other hand, cluster 2 showed limnetic conditions (salinity 0.08 ± 0.06) with high silicate (119.94 ± 7.37µM) 

and less turbid (13.26 ± 8.01 NTU) waters (Table 2). During Monsoon 3 sampling, the entire locations were 

grouped into two clusters (Fig. 3g and 3h); cluster 1 included the first three locations and they were 

characterized as the oligohaline conditions (salinity: 1.40 ± 0.38) with high turbidity (35.3 ± 3.67 NTU). 

Cluster two locations were characterized by the limnetic condition (0.10± 0.09) with less turbidity (22.35 ± 

1.4) as compared to cluster 1 (Table 2).  

3.2 ZOOPLANKTON BIOMASS AND DENSITY DISTRIBUTION 

Zooplankton biomass and abundance during the present time series sampling is presented in Fig. 4. 

Irrespective of collections, zooplankton biomass and abundances was spatially high in the downstream and 
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middle reaches of the backwaters as compared to the upstream. Seasonally, zooplankton biomass (ml.m-3) and 

density (No.m-3) were high during the Pre-Monsoon (0.01 to 0.13 ml.m-3; 36.6 to 636.21 No.m-3 in density), 

whereas the biomass and density decreased in the entire stretch of the backwaters during the onset of the 

monsoon (0.01 to 0.08 ml.m-3; 13.2 - 285.85 No.m-3). This decline was more prominent in the downstream 

and middle reaches of the backwaters (Fig. 4). The biomass and density values decreased further during the 

subsequent Monsoon sampling (Monsoon 2 and 3). The nMDS plots visualized the spatial differences of the 

zooplankton biomass and abundances in relation to the spatial and temporal variations of the salinity (Fig. 5 

and 6).  Zooplankton abundance during the Pre-Monsoon was significantly higher than the monsoon water 

samples (ANOVA, P<0.05). On the other hand, difference in zooplankton abundance between the monsoon 

samples were insignificant (ANOVA, P>0.05). Copepods contributed 40 -80% of the total zooplankton 

density, and the highest contribution of copepods to the total density was found in the downstream and middle 

reaches during the Pre-Monsoon period. During the Southwest Monsoon, copepod contribution to the total 

community abundance decreased, whereas during this period, the cladocera contribution increased. During the 

Pre-Monsoon, carnivorous zooplankton (hydromedusae, siphonophores, chaetognaths) contributed 7.62% to 

the total zooplankton density in the downstream and 1.12% in the middle reaches of backwaters, whereas they 

were absent in the upstream locations. During Monsoon sampling, carnivorous zooplankton were absent in the 

entire stretch of the backwaters (Table 3).   

3.3 CARCASSES OF COPEPODS  

The stained organisms showed three different color patterns during analysis under the microscope: fully 

stained, without stain and partial or patchy staining. When stained with neutral red, partially and fully-stained 

individuals were considered live and the animals without stains were considered dead (Fig. 7). In the case of 

aniline blue, the stained individuals were considered as dead and the partially patchy stained/ without stain 

was considered as live (Fig. 8). The occurrence of carcasses was widespread in the entire stretch of the 

backwaters and their percentage contribution to the total abundance ranged from 2.5 to 35.8% (Fig. 9). 

Irrespective of seasons, carcasses were higher in the downstream (16.5 – 35.8%) as compared to the upstream 

(2.5% - 14.5%). During the Pre-Monsoon, the copepod carcasses ranged from 4% to 24.1% of the total 

abundance, whereas, during the onset of the Southwest Monsoon, the percentage of carcasses increased in the 

entire stretch of the backwaters and found 6.4 % to 35.8%. Later, during Monsoon 2 and 3 sampling, the 

percentage of copepod carcasses decreased (3% to 17.5%) and was lesser than the respective values in the 

Pre-Monsoon (Fig. 9). 

3.4 COPEPODS COMMUNITY STRUCTURE AND CARCASSES  

During the Pre-Monsoon, altogether 21 copepod species were recorded from the study area. Their details and 

percentage contribution to the total copepods density are presented in Table 4. In general, carcasses were high 

in Calanoid copepods, followed by the Poecilostomatoids and least in Cyclopoids and Harpacticoids. During 

the Pre-Monsoon period, 14 species were reported in the downstream locations (cluster 1) where carcasses 
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varied from 3.32% to 38.27% to the particular species density (Table 5). The carcasses were found >25 % of 

the density of Acrocalanus gracilis, Paracalanus parvus, Acartiaerythraea, Acartia danae, Corycaeus dane, 

Corycaeus catus in the downstream locations. In the upstream locations, carcasses of 7 species of copepods 

(Allodiaptomus mirabilipes, Heliodiaptomus cinctus, Acartiella gravely, Limnocalanus macrurus, 

Mesocyclops sp., Thermocyclops sp., Microcyclops sp.,) varied from 4.77% to 8.61% of their total abundance 

(Table 5). In the middle reaches, 20 copepod species were found, which include 14 downstream and 6 

upstream species. In the middle reaches, Pseudodiaptomus annandalei was found as the most dominant form 

contributing 53.57% of the total community abundance and 4.45% of the carcasses abundance. Carcasses of 

Calanoid and Poecilostomatoid were high in the middle reaches of the estuary compared to either downstream 

or upstream. 

During the onset of monsoon (Monsoon 1), copepod community in the downstream varied from that existed 

during the Pre-Monsoon. Totally 19 species were found in downstream, which include many species of the 

Pre-Monsoon community as well as newcomers from the freshwater region. In the entire stretch of the 

backwaters, carcasses percentage was noticeably higher during the onset of monsoon (Monsoon 1) than the 

rest of the sampling (Table 4 and 5). In the downstream locations, the contribution of Paracalanus parvus, 

Acrocalanus gracilis, Acartia danae to the total density was less compared to the Pre-Monsoon. But carcasses 

of these three species were > 80% of their total abundance. During the onset of the Monsoon (Monsoon 1 

sampling), copepods species composition in the upstream locations were almost similar to the Pre-Monsoon 

condition but the carcasses percentage increased to become ~15% of their total abundance (Table 4 and 5). 

During Monsoon 2 observation, Allodiaptomus mirabilipes, Heliodiaptomus cinctus, Acartiella  gravely, 

Limnocalanus macrurus dominated the total abundance, with a few individuals of Acartia sp., Paracalanus 

parvus, Acrocalanus gracilis, Centropages orsini, Corycaeus dane, Corycaeus catus of which > 90% of the 

individuals were dead (Table 5). During the Monsoon 2 and 3 observations, the carcass percentages of 

freshwater forms significantly decreased as compared to the onset of the monsoon (Monsoon 1). During 

Monsoon 3 observation, high saline copepods were absent in the downstream locations and the entire estuary 

was dominated by freshwater forms (Table 4).  

3.5. RELATIONSHIP BETWEEN ENVIRONMENTAL AND BIOLOGICAL PARAMETERS  

The RDA triplot visualized the relationships between the environmental and biological parameters distribution 

and their inter-relationships during the time series sampling in CBW. The environmental parameters 

altogether explained 72.7% variance of zooplankton biomass, zooplankton density, copepod abundance and % 

of copepod carcasses. The environmental parameter, nitrate and silicate oriented left hand side of the plot and 

they showed a close positive relationship with one another and inverse relationship with the salinity and 

phosphate (Fig. 10a). The salinity axis was orientated towards the observations of the Pre-Monsoon and the 

nitrate and silicate axes towards the Monsoon 2 and 3 sampling locations. The water column stratification and 

the SSC axes were oriented towards the downstream locations of the Monsoon sampling indicates the 
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dominance of the freshwater in the surface and salt wedge structure in the sub surface.  The carcasses axis was 

oriented right hand side and opposite to observations Monsoon 2 and 3 observations indicates their low values 

(<10% except the downstream) during those periods. The carcasses % axis was oriented towards right hand 

side bottom with close association with SSC, Ns, and turbidity axes indicating high % carcasses in the 

downstream locations (Fig. 10b). 

4. DISCUSSION 

4.1. PHYSICO-CHEMICAL SETTING 

The study domain experiences tropical climatic condition with intense rainfall during the Southwest Monsoon, 

which usually begins in the first week of June (Qasim 2003). In the present study period, the onset of the 

monsoon rainfall occurred on 30th May, which was a few days earlier than the normal year. The study clearly 

showed low rainfall (<2mm) during the Pre-Monsoon period. But the rainfall increased several folds higher by 

the onset of the Southwest Monsoon as observed earlier (Qasim 2003; Jyothibabu et al. 2006; Sooria et al. 

2015). Heavy rainfall during the first week of June significantly transformed the saltwater dominant Pre-

Monsoon condition to a freshwater dominant Monsoon condition (Qasim 2003; Jyothibabu et al. 2006; 

Ravichandran et al. 2012).  

During the Pre-Monsoon, the river runoff into the Cochin backwaters was very low (1.4% of total runoff) and 

therefore, salinity intrusion dominated, which resulted in euhaline condition in downstream and oligohaline in 

the upstream (Jyothibabu et al. 2006). Less river runoff during the Pre-Monsoon also leads to longer flushing 

time (14.7 days - Shivaprasad et al. 2013). On the other hand, heavy rainfall and freshwater influx into the 

Cochin backwaters during the Southwest Monsoon lead to shorter flushing time(1 to 2 days) causing 

oligohaline salinity in the barmouth area and limnohaline salinity in the rest of the region (Shivaprasad et al. 

2013; Sooria et al. 2015). During the Pre-Monsoon period, a clear gradient of salinity (HSC found) was 

evident from bar mouth to the river mouth. The stratification parameters ns showed that the entire Cochin 

backwaters was partially mixed during the Pre-Monsoon (SSC 0.2 to 2.2). By the onset of the Southwest 

Monsoon, saltwater intrusion to the Cochin backwaters was limited only to the locations closer to the 

barmouth  and the stratification parameters  showed that the entire Cochin backwaters was well mixed in the 

barmouth region due to the subsurface salt wedge formation (ns>1) in the region. The turbidity of the 

estuarine water column depends upon various factors like runoff, tidal activity, morphology of the estuary and 

estuarine bed sediment characteristics (Acharyya et al. 2012). It was observed that water column was less 

turbid during the Pre-Monsoon, whereas by the onset of the monsoon (Monsoon 1),  turbidity increased 

several folds than the Pre-Monsoon due to initial flooding that carry high amount of suspended particles from 

the watershed and re-suspended particles from the river and estuarine bed (Howarth et al. 2000; Acharyya et 

al. 2012). The nutrients distribution in the Cochin backwaters observed in the present study showed significant 

spatial and temporal variations as noticed in a few earlier observations (Balachandran et al. 2008; Thottathil et 

al. 2008; Madhu et al. 2010; Martin et al. 2013). Irrespective of seasons, phosphate was high in the 
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downstream and the silicate concentration in the upstream indicating the source of these nutrients (Martin et 

al. 2013).  

4.2. ZOOPLANKTON AND COPEPOD CARCASSES 

Zooplankton biomass and density distribution in tropical estuaries shows significant spatial and temporal 

variations (Madhupratap and Haridas 1975; Madhupratap 1979; Madhupratap 1980; Madhupratap 1987; 

Padmavati and Gowsami 1996; Jyothibabu et al. 2006; Madhu et al. 2007; Sooria et al. 2015) and a similar 

trend was observed in the present study as well. In the present study, the zooplankton biomass and density was 

generally high during Pre-Monsoon, which declined significantly during the Southwest Monsoon especially in 

the downstream. It was observed that high copepod abundance was located in the downstream and middle 

stretches of the Cochin backwaters as compared to the environmental setting in the upstream oligohaline 

condition. The high zooplankton biomass and abundance during the Pre-Southwest monsoon period was 

related to intrusions of coastal marine waters into the upstream of the Cochin backwaters (Madhupratap 1987; 

Padmavati and Gowsami 1996).  

The survival and proliferation of organisms in an estuary depend upon their adaptation capacity and tolerance 

limits towards varying environmental conditions, especially salinity (Cervetto et al. 1999; Calliari et al., 2006; 

Calliari et al. 2008). Copepods are mostly osmoconformers and they are able to cope up with certain changes 

in salinity but this ability varies between the species, even within the members of the same genus (Cervetto et 

al. 1999; Calliari et al. 2008). Sudden fluctuations in salinity can affect the physiological state of all copepod 

species but with varying intensity and the secondary productivity pattern varies with salinity tolerance level of 

copepods. Even though copepods can survive in sub-optimum salinity levels, their production in such 

condition is significantly lower that when they are in optimum conditions (Chinnery and Williams 2004; Chen 

et al. 2006). 

In the Cochin backwaters, the presence of carnivorous zooplankton (siphonophores, hydromedusae and 

chaetognaths) was noticed only during the Pre- Southwest Monsoon. Similar observations were made earlier 

as well (Madhupratap 1987). The predatory action of the larger carnivorous causes the predatory mortality to 

copepods (Haury et al. 1995; Ohman and Wood 1995). In the present study, we considered predatory and non-

predatory carcasses together. During the Pre-Monsoon, incidences of wounds on the copepod dead bodies was 

high in the middle and lower reaches of the Cochin backwaters (Fig. 9f) indicating the effect of partial 

predation of copepods by carnivorous zooplankton. Carcasses with the wounds in exoskeleton, internal organ 

expulsions and body part remains are the result of predatory mortality (Genin et al. 1995; Haury et al. 1995; 

Ohman and Wood 1995) and the carcasses without any signs of the predatory actions are considered as non-

predatory / Non-consumptive mortality (Elliot and Tang 2009; Elliot and Tang 2011).The non-predatory 

mortality can be caused by various factors such as senescence, temperature change, injury, starvation, 

environmental stresses, diseases, parasitism and harmful algal blooms (Cervetto et al. 1999; Kimmerer and 

McKinnon 1990; Bickel et al. 2011; Kirillin et al. 2012) . 
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Earlier researches (Terazaki and wada 1988; Hirst and Kiroboe 2002) differentiated the predatory carcasses 

through their morphological appearances (empty exoskeleton, partially broken specimens, animals with 

damage etc.,) with the aid of microscopes which is practically not feasible in the case of extensive studies 

because of the special skill and labor required. Using traditional methods, quantification of non-consumptive 

mortality is difficult, though that contributes significant proportions (1/4 to 1/3) to the total mortality, (Hirst 

and Kiorboe 2002) because of their morphological resemblances with the live individuals (Tang et al. 2006; 

Elliot and Tang 2009; Bickel et al. 2009; Martinez et al. 2014).  

The high abundance of Paracalanus parvus, Acartia danae, Acartia erythraea, Centropages orsini, 

Corycaeus danae, Corycaeus catus in the barmouth region and Allodiaptomus mirabilipes, Acartiella 

gravelyi, Heliodiaptomus cinctus in the upstream locations indicated their optimum level of salinity prevailed 

in the respective regions. In the middle reaches, a mixed community of both upstream and downstream 

copepods was found but less in abundance than in their preferred environments (Madhuparatap and Haridas 

1975; Madhupratap 1979; Madhupratap 1987; Jyothibabu et al. 2006). Carcasses were found in the entire 

stretch of the Cochin backwaters with percentage contributions to the total abundance varying from 2.5 to 

35.8%. Irrespective of sampling, carcasses percentage was clearly high in the downstream as compared to the 

upstream (Fig.10) which corroborates the observations made in previous work (Elliott et al. 2010; Elliot and 

Tang 2011; Martinez et al. 2014). 

During the onset of the Southwest Monsoon, salinity changed from mesohaline /polyhaline to oligohaline 

levels in the downstream, during which a mixed copepod community was found consisted of the newcomers 

from the upstream and also the Pre-Monsoon forms but in less abundance. Noticeably, >80% of 

coastal/estuarine species like Paracalanus parvus, Acrocalanus gracilis, Acartia danae, Acartia erythraea, 

Centropages orsini, were found dead during the onset of Monsoon (Monsoon 1) due to the  sudden salinity 

change during the seasonal transition. Similar observations of rapid salinity changes associated mortality of 

copepods were noticed in fjords environment (Kaartvedt and Akesnes 1992), and Westerschelde estuary 

(Soetaert and Herman 1994). It was noticed earlier in laboratory experimental studies that copepods can 

tolerate gradual decrease/increase of salinity from their optimum levels but, any large change in salinity leads 

to mass mortality even in their suboptimum salinity levels (Kaartvedt and Akesnes 1992; Soetaert and Herman 

1994; Cervetto et al. 1999; Chinnery and Williams 2004; Calliari et al. 2006; Chen et al. 2006; Calliari et al. 

2008; Hubareva et al. 2008). 

The residence time of carcasses in estuaries depends upon their sinking rate, bacterial decomposition, surface 

flow transportation, stratification and turbulent mixing. Carcasses resides in surface layers from few hours to 

few days, whereas, their sinking rate was less in turbulent mixing conditions like in estuarine barmouth (Tang 

et al. 2006; Elliott et al. 2010). The high % of the carcasses in the barmouth locations in the present study 

associated with high turbidity (Fig. 10), considered as the result of suspension of the settled/ partially settled 

carcasses to the surface associated with their dynamic nature and turbulent mixing (Kaartvedt and Akesnes 

1992; Tang et al. 2006; Elliott et al. 2010; Martinez et al. 2014).  
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The presence of mesohaline and polyhaline copepod carcasses in the barmouth during the Monsoon 2 and 3 

sampling indicated their possible immigration from adjacent regions (Aksnes et al. 1997; Martinez et al. 2014) 

to the estuary. The overall carcass percentage was minimum during the Monsoon 2 and 3 collections, which 

could be linked to the dominance of a well-adapted oligohaline/mesohaline community in the estuary and the 

short residence time (faster flushing) of the Cochin backwaters (Shivaprasad et al. 2013). On the other hand, 

longer residence time and increased abundance of carnivorous plankton (predatory mortality) of the Cochin 

back waters could be contributing to the second highest percentage abundance of copepods during the Pre-

Monsoon period. The increased predatory mortality of copepods (carcasses) during the Pre-Monsoon was 

supported by high incidence of wounds on the carcasses during the period (Fig. 9 and 10). 

5. CONCLUSION 

Copepod carcasses in a tropical Monsoonal estuary in relation to the hydrographical setting is presented in this 

study. The rapidity of the monsoon alters salinity distribution and the state of the estuary.  During the onset of 

the Southwest Monsoon, downstream locations characterized as the oligohaline salinity and the upstream as 

limnohaline salinity. The occurrences of the copepod carcasses were found widespread in the estuary which 

varied from 2.5 to 35.8% of the total copepod abundance. The copepod community structure varied spatially 

and seasonally associated with salinity distribution. Irrespective of the season, copepod carcasses were high in 

the downstream locations. During the onset of the Southwest Monsoon, copepod carcasses increased 

significantly in the entire stretch of the Cochin backwaters. During the onset of the monsoon period, >80% of 

the pre-Monsoon forms and 11 – 19 % of the new comers from the oligohaline conditions were found dead in 

the downstream due to salinity shock associated with the rapid hydrographical transformation. The minimum 

carcasses abundance during late Southwest Monsoon sampling was associated with the dominance of a well-

adapted oligohaline/mesohaline community in the estuary and the short residence time (faster flushing) of the 

Cochin backwaters. On the other hand, longer residence time and increased abundance of carnivorous 

plankton in the backwaters have caused the second highest percentage of carcasses abundance during the Pre-

Monsoon period.  
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Fig. 1 a 

 

 

Figure 1 - Panel (a) shows the study locations (1-14) in the Cochin backwaters. The Pre-Monsoon sampling 
was carried out on May 26,  onset of Southwest Monsoon  sampling (Monsoon 1) on June 2, second and third 
Southwest Monsoon sampling on 9th and  15th June 2013, respectively.   Panel (b) shows the daily rainfall 
(mm) in Ernakulum (ERN) and Alappuzha (ALP), two main revenue districts of Kerala encompassing the 
catchment area of the Cochin backwaters, from 22nd May to 16th June 2013.  The pink boxes in x axis 
represent the exact date of sampling. A motorized speed boat was used for the field sampling in the present 
study. 
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Figure 2 - Vertical distribution of salinity during (a) Pre-Monsoon, (b) Onset/first sampling of the Southwest 
Monsoon (Monsoon 1), (c) second sampling during the Southwest Monsoon (Monsoon 2) and (d) third 
sampling during the Southwest Monsoon (Monsoon 3). Salinity gradients along the study area was prominent 
during the Pre-Monsoon with polyhaline salinity in the downstream and oligohaline salinity in the upstream 
locations. During the onset of southwest monsoon, freshwater dominated the entire study area with 
oligohaline salinity in the downstream and limnohaline salinity in the upstream locations. During the 
Southwest Monsoon sampling, salt water intrusions into the backwaters was restricted to the locations very 
close to the barmouth. Salt wedge formation is clear in the downstream locations prominently during the Pre-
Monsoon.  
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Figure 3  - Euclidian distance matrix cluster and NMDS delineated the sampling locations into three clusters 
based on the distribution of the physico chemical parameters (salinity, phosphate, silicate and turbidity) 
representing the Pre-Monsoon and two clusters  each representing (c & d) Monsoon 1, (e & f), Monsoon 2 and 
(g & h) Monsoon 3. 1-14 represent the sampling locations. 
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Figure 4 - Spatial and temporal change in the distribution of zooplankton biomass (green bars), density (blue 
bars) and copepod density (white diamonds). Zooplankton biomass (ml.m-3) and density (No.m-3) were high 
during the Pre-Monsoon, which declined abruptly by the onset of the Southwest Monsoon (Monsoon 1). 
Zooplankton biomass and density further decreased during subsequent Monsoon sampling (Monsoon 2 & 
Monsoon 3). Copepod density distribution closely followed the total zooplankton abundance pattern. 
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Figure 5 - Bubbles overlaid NMDS presenting the distribution of salinity, zooplankton biomass and density 
on a spatially assembled locations representing (a, b, c, d) Pre-Monsoon and (e, f, g, h) Monsoon 1. Green, 
brown, blue and orange circles represent polyhaline, mesohaline, oligohaline and limnohaline salinity, 
respectively. Station positions of the bubbles in (b), (c) & (d) are same as in panel (a) representing the Pre-
Monsoon. Similarly, station positions in panels (f), (g) & (h) are the same as in panel (e) representing 
Monsoon 1. The value in each station is relative to the reference bubbles in each panel.  
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Figure 6 - Bubbles overlaid NMDS showing the distribution of salinity, zooplankton biomass and density on 
a spatially assembled locations representing (a, b, c, d) Monsoon 2 and (e, f, g, h) Monsoon 3. Blue and 
orange circles represent oligohaline and limnohaline salinity, respectively. Station positions of the bubbles in 
(b), (c) & (d) are same as in panel (a) representing the Monsoon 2. Similarly, station positions in panels (f), 
(g) & (h) are the same as in panel (e) representing Monsoon 3. The value in each station is relative to the 
reference bubbles in each panel. 
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Figure 7 - The quantification of live and dead copepods using neutral red (vital stain). Blue arrow 
represents the different stain absorption patterns. (SP-1) indicate stain on the entire body, (SP-II) 
indicate individuals without stain, and (SP-III) indicates stain only on the metasome. Individual with 
stain on the entire body were live and others either with partial stain or without stain were dead. The 
black arrow represents an aged copepod carcass. Panel (f) indicate the dead (unstained) individuals 
with wounds from partial predation (Pink arrows). 
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Figure 8 - The quantification of live and dead copepods using aniline blue (mortal stain). Red arrows 
represent different stain absorption patterns. (SP-1) indicate stain on the entire body, (SP-II) stain only on 
appendages, (SP-III) stain on some parts of metasome and (SP-IV) without stain. Individual without stain 
were live and all others were dead. The black arrows represent aged copepod carcasses. 
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Figure 9 - Percentage contribution of copepod carcasses to the total community abundance during the four 
field sampling carried out in the present study (Pre-Monsoon, Monsoon 1, Monsoon 2 & Monsoon 3). 
Throughout the observations, copepod carcasses were high in the downstream compared to the upstream 
locations. During the onset of the southwest monsoon (Monsoon 1), copepod carcasses remarkably increased 
in the entire stretch of the Cochin backwaters. However, in later collections in Monsoon (Monsoon 2 & 3), 
copepod carcasses decreased to a level lower than the Pre- Monsoon. 
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Figure 10 - RDA Triplots explains the distribution and interrelationship between the environmental and 
biological variables. Panel (a) represents the basic RDA plot showing the distribution of various parameters 
and their inter-relationships. Panel (b) represents the carcasses overlaid (contours) plot clearly evidencing the 
gradients in carcasses distribution and their relation with other parameters. Red dots (P1- P14) represent Pre-
Monsoon, pink dots (M1.1 – M1.14) represent Monsoon 1, green dots (M2.1 – M2.14) represent Monsoon 2 
and grey dots (M3.1 – M3.14) represent Monsoon 3.   
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Table 1 - Salinity in (s) surface and (b) bottom and their derived parameters; salinity stratification 
coefficient (SSC, m-1) and water column stratification parameters (ns). In the case of ns< 0.1, the 
water column was considered fully mixed, when 0.1< ns<1.0, the water column is  partially mixed 
and if ns>1.0, water column is stratified with a prominent salt wedge. 
 
 
 

                                                                    Stations 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Pre-Monsoon 
Salinity  (S) 26.3  25.8 13.9 10.9 10.4 6.4 5.5 5.2 2.9 2.8 2.6 2.0 1.9 1.7 
Salinity (B) 31.3  29.3 29.0 26.6 21.7 17.9 14.0 6.2 7.5 7.0 7.5 4.2 3.4 1.9 
SSC 1.4 1.5 3.2 3.4 2.9 2.5 1.9 0.5 1.0 0.9 1.0 0.4 0.3 0.2 
ns 0.3 0.3 0.7 0.8 0.9 0.9 0.9 0.5 0.8 0.8 0.9 0. 7 0.5 0.1 
Monsoon 1 
Salinity  (S) 1.3 1.2 1.1 0.8 0.7 0.4 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 
Salinity (B) 30.5 2.5 1.2 0.8 0.7 0.4 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 
SSC 6.34 0.3 0.01 - - - - - - - - - - - 
ns 1.8 0.6 0.07 - - - - - - - - - - - 
Monsoon 2 
Salinity  (S) 2.0 1.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Salinity (B) 32.5 1.9 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
SSC 6.8 0.1 - - - - - - - - - - - - 
ns 1.8 0.3 - - - - - - - - - - - - 
Monsoon 3 
Salinity  (S) 1.7 1.6 0.5 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Salinity (B) 22.8 1.7 0.5 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
SSC 4.7 - - - - - - - - - - - - - 
ns 1.8 - - - - - - - - - - - - - 

 

 
Table 2 - Distribution of physico-chemical parameters in clusters of locations during Pre-Monsoon, Monsoon 
1, Monsoon 2 and Monsoon 3. The locations to the each cluster are the same as in Figure 3.   
 
Sampling Cluster Salinity Turbidity (NTU) Nitrate (µM) Phosphate (µM) Silicate (µM) 

Pre-Monsoon 

Cluster 1 25.82 ± 0.33 6.97 ± 3.14 17.06 ± 0.71 0.41 ± 0.01 25.83 ± 1.51 

Cluster 2 9.78 ± 3.78 5.46 ± 2.03 14.94 ± 12.07 0.22 ± 0.11 35.03 ± 2.83 

Cluster 3 2.51 ± 0.75 3.63 ± 0.78 30.02 ± 10.47 0.14 ± 0.02 50.47 ± 1.87 

Monsoon 1 
Cluster 1 1.98 ± 0.23 79.38 ± 18.01 9.61 ± 3.39 0.37 ± 0.08 98.21 ± 11.45 

Cluster 2 0.12 ± 0.04 15.36  ± 10.05 9.32  ± 5.13 0.14  ± 0.03 120.62  ± 4.18 

Monsoon 2 
Cluster 1 1.41  ± 0.74 25.15  ± 2.76 16.45  ± 2.48 0.37  ± 0.02 103.2  ± 14.38 

Cluster 2 0.08  ± 0.06 13.26  ± 8.01 17.08  ± 1.47 0.24  ± 0.05 119.94  ± 7.37 

Monsoon 3 
Cluster 1 1.40  ± 0.38 35.3  ± 3.67 21.15 ± 1.06 0.09  ± 0.01 114.93  ± 8.11 

Cluster 2 0.10± 0.09 22.35 ± 1.4 28.86 ± 3.42 BDL 130.76 ±  6.14 
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Table 3 - The percentages of the contribution of various zooplankton groups to the total zooplankton 
abundance in spatially assembled locations during the Pre-Monsoon and Southwest Monsoon (Monsoon 1, 
Monsoon 2, Monsoon 3). The station locations in each cluster are as shown in Figure 3. Abbreviations: (C1) 
Cluster1, (C2) Cluster 2, (C3) Cluster 3. Minus sign represents the absences. 
 

 

 Premonsoon Monsoon 1 Monsoon 2 Monsoon 3 
SI. NO Groups  C1 C2 C3 C1 C2 C1 C2 C1 C2 

1 Hydromedusae 0.34 0.13 - - - - - - - 
2 Siphonophores 0.41 0.09 - - - - - - - 
3 Chaetognaths 6.87 0.92 - - - - - - - 
4 Copepods 83.11 85.31 55.4 60.39 58.93 75.26 62.54 73.88 60.54
5 Cladocerans 5 7.92 36.85 36.64 36.95 21.89 33.06 22.94 35.45
6 Lucifers 0.48 0.05 - 0.16 - - - - - 
7 Ostrocods 0.31 0.04 0.18 0.04 0.06 0.04 - - - 
8 Mysids 0.1 0.03 - - - - - - - 
9 Polychaete larvae 0.19 0.12 0 0.24 0.12 0.06 - - - 
10 Decapod larvae 2.75 3.77 5.41 1.36 2.46 1.56 2.56 1.49 2.16
11 Molluscans larvae 0.26 1.5 1.71 0.89 1.12 1.12 1.36 1.36 1.12
12 Fish Eggs 0.11 0.05 0.24 0.12 0.24 0.06 0.12 0.17 0.46
13 Fish larvae 0.07 0.07 0.21 0.16 0.12 0.01 0.36 0.16 0.27

 

 
 
Table 4 - The percentages of the contribution of various zooplankton groups to the total zooplankton 
abundance in spatially assembled locations during the Pre-Monsoon and Southwest Monsoon (Monsoon 1, 
Monsoon 2, Monsoon 3). The station locations in each cluster are as shown in Figure 3. Abbreviations: (C1) 
Cluster1, (C2) Cluster 2, (C3) Cluster 3. Minus sign represents the absences. 
 

 Premonsoon Monsoon 1 Monsoon 2 Monsoon 3 
SI. NO Groups  C1 C2 C3 C1 C2 C1 C2 C1 C2 

1 Hydromedusae 0.34 0.13 - - - - - - -
2 Siphonophores 0.41 0.09 - - - - - - -
3 Chaetognaths 6.87 0.92 - - - - - - - 
4 Copepods 83.11 85.31 55.4 60.39 58.93 75.26 62.54 73.88 60.54
5 Cladocerans 5 7.92 36.85 36.64 36.95 21.89 33.06 22.94 35.45
6 Lucifers 0.48 0.05 - 0.16 - - - - -
7 Ostrocods 0.31 0.04 0.18 0.04 0.06 0.04 - - -
8 Mysids 0.1 0.03 - - - - - - - 
9 Polychaete larvae 0.19 0.12 0 0.24 0.12 0.06 - - - 
10 Decapod larvae 2.75 3.77 5.41 1.36 2.46 1.56 2.56 1.49 2.16
11 Molluscans larvae 0.26 1.5 1.71 0.89 1.12 1.12 1.36 1.36 1.12
12 Fish Eggs 0.11 0.05 0.24 0.12 0.24 0.06 0.12 0.17 0.46
13 Fish larvae 0.07 0.07 0.21 0.16 0.12 0.01 0.36 0.16 0.27
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Table 5   - Percentage contribution of carcasses by each copepod species during the Pre-Monsoon 
and Southwest Monsoon (Monsoon 1, 2 & 3). Stations in each cluster was same as in Figure 6.  C1, 
C2 and C3 represent cluster 1, 2 and 3, respectively.  Minus sign represents absence. 
 
 

 Pre-Monsoon Monsoon 1 Monsoon 2 Monsoon 3 

SI .NO Genus/species C1 C2 C3 C1 C2 C1 C2 C1 C2 

1 Paracalanus parvus 38.27 53.85 - 82.85 - 96.59 - - - 

2 Acrocalanus gracilis 33.49 47.39 - 83.35 - 91.38 - - - 

3 Pseudodiaptomus annandalei 5.72 5.99 - 23.77 - 9.4 - - - 

4 Acartia sp., 15.51 15.56 - 79.87 - 85.95 - - - 

5 Acartia danae 24.91 35.85 - 81.57 - - - - - 

6 Acartia erythraea 30.81 39.66 - 86.78 - - - - - 

7 Centropages orsini  19.43 56.75 - 75.59 - 98.54 - - - 

8 Allodiaptomus mirabilipes - 8.91 5.09 18.43 14.03 4.4 5.67 6.79 5.68 

9 Heliodiaptmus cinctus - 6.82 7.42 17.95 13.95 5.2 5.68 6.24 6.34 

10 Acartiella  gravelyi - 9.27 8.61 19 16.04 3.89 4.98 4.23 7.54 

11 Limnocalanus macrurus - - 5.97 14.65 12.38 5.68 3.47 1.07 5.39 

12 Oithona rigida 6.16 11.28 - - - - - - - 

13 Oithona brevicornis 7.15 2.46 - - - - - - - 

14 Mesocyclops sp., - 6.24 7.61 7.73 8.26 6.06 4.32 4.95 3.72 

15 Thermocyclops sp., - 7.96 7.97 7.77 4.88 3.58 4.44 4.65 3.13 

16 Microcyclops sp., - 15.05 4.77 47.9 2.28 3.94 7.73 2.32 4.59 

17 Macrosetella gracilis 10.55 5.72 - 13.26 - 89.29 - - - 

18 Microsetells norvegica 9.86 4.87 - 15.73 - 42.31 - - - 

19 Euterpina acutifrons 3.32 1.54 - 4.71 - 16.96 - - - 

20 Corycaeus danae 35.22 54.03 - 80.73 - 96.86 - - - 

21 Corycaeus catus 37.47 57.35 - 85.04 - 97.32 - - - 

 

 

 


