
Introduction 
Nearshore waters or regions are defined as areas located 

closer to the landmass than the open ocean. These regions typ-
ically consist of shallow waters characterised by significant 
variations in water movements (including wave actions and 
tidal effects), temperature and chemical composition com-
pared to deeper waters. Several environmental factors typi-
cally interact to affect the coastal ecosystems.  

Nearshore regions are transitional zone between the coast 
and the open ocean contributing to its varying physicochemi-
cal properties (Munk et al., 2003). Therefore, these zones often 
called as frontal zones have increased diversity owing to the 
amalgamation of several species living here (Acha et al., 
2004). 

Zooplankton are pelagic organisms known as drifters that 
move with the ocean currents. It is divided into two groups 
based on their lifespan as planktons: holoplankton and mero-
planktons. Holoplanktons spend their entire lifecycle as plank-
ton are the most dominant in the surf zone (Menendez et al., 
2023). Majority of holoplankton are made up of copepods. 
They form an integral part of the aquatic food web assisting 
in nutrient cycling by serving as primary food source for some 
fishes (Vakati, 2024).  Majority of sedentary benthic inverte-
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ABSTRACT 

The nearshore region of a coastal ecosystem is an everchanging, dynamic, transitional zone between land and open sea. It is a highly 
productive area because of sufficient sunlight and nutrients. The main aim of this research is to study the diversity and abundance 
of zooplankton especially holoplankton and meroplankton in relation with physicochemical factors for one year with their seasonality. 
Along with the diversity indices, multivariate ordination indices like Principal Component Analysis (PCA) and Canonical Corre-
spondence Analysis (CCA) were applied to study the diversity and their relationship with physicochemical factors. PERMANOVA 
was also used to test whether the abundance and physicochemical factors differed significantly across sampling sites and seasons. 
The study showed that holoplankton diversity in the Fishing Harbour (FH) was highest during the pre-monsoon season and lowest 

during the post-monsoon season. The meroplankton diversity 
was the highest during the pre-monsoon season and lowest dur-
ing the monsoon season which was also recorded from the FH. 
Principal Component Analysis (PCA) showed that Salinity, pH, 
dissolved oxygen and primary productivity as the significant 
physicochemical parameters affecting the Holoplankton and 
Meroplankton diversity. Canonical Correspondence Analysis 
(CCA) for holoplankton showed that salinity, pH, dissolved 
oxygen and primary productivity were positively related with 
copepods. While non-copepod species were positively related 
with salinity, pH and dissolved oxygen except primary produc-
tivity. Similarly, meroplankton groups showed positive corre-
lation with temperature only.  
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brates have a planktonic larva that allows them to disperse 
their offspring (Becker et al., 2007). Meroplankton is com-
posed of these larvae and several other fish larval forms that 
spend part of their lifecycle as planktons. The planktonic phase 
also allows access to the prolific upper water column 
(Pechenik, 1999; Palumbi, 2003). As meeting with a suitable 
benthic habitat ultimately determines larval success, seasonal 
fluctuation in the hydrodynamics also interacts with the timing 
of larval discharge (Metaxas 2001; Ayata et al., 2011). 

The diversity and distribution of zooplankton are greatly 
influenced by environmental variables such as temperature, 
salinity, pH, dissolved oxygen and turbulence (Srichandan et 
al., 2018). Temperature, salinity and food supply are known 
to influence spatial changes in zooplankton community 
(Lawrence et al., 2004). These environmental factors affect 
the zooplankton breeding and hence its composition (Green-
wood et al., 2001). Therefore, studying zooplankton in relation 
to the environmental factors in the nearshore regions carries 
great importance due to the variability of these factors in these 
waters and their effect on ecosystem (Ramdani et al., 2009). 

Till date, most studies have focused on the offshore region 
or open ocean of Indian waters, beginning with Sewell’s re-
search in 1948. Notable studies include the Galathea expedi-
tions and the International Indian Ocean Expedition (IIOE) in 
the Bay of Bengal during the 1950s. Additionally, qualitative, 
and quantitative studies of coastal waters were conducted by 
Raghuprasad and Jayaraman in 1954 and by Ganapathi and 
Rama Sharma in Visakhapatnam in 1958. 

In hindsight, more diversity and distribution studies have 
been conducted in the Arabian Sea, with notable research by 
Madhupratap and Haridas (1990), Smith et al. (1998), Smith 
and Madhupratap (2005), Hitchcock et al. (2005), and 
Khandagale P. et al. (2022). This may be attributed to the high 
primary productivity in the Arabian Sea due to increased up-
welling in coastal and oceanic regions.  

In contrast, fewer studies have been conducted in the Bay 
of Bengal, with earlier research by Achuthankutty et al. (1980) 
and Ramaiah et al. (1996), and more recent studies by Rakesh 
et al. (2005) in both neritic and oceanic waters. Additional re-
search has been carried out in the open oceanic waters of the 
Bay of Bengal by Abdullah Al M. et al. (2018) and Fernandes 
V. and Ramaiah (2009), and in coastal zones by Sahu G. et al. 
(2010) and M. Shanti et al. (2011).  

Coastal areas and river outlets are characterised by abun-
dant nutrient distribution, leading to high phytoplankton 
growth and primary productivity. Similarly, regions with 
prevalent upwelling exhibit high nutrient concentrations, 
making them more productive. Mostly high primary produc-
tivity regions are often associated with abundant and diverse 
marine life.  

Given the fluctuating phenomenon of primary productivity 
and physico-chemical parameters occurring in the nearshore 
areas, this study aims to investigate how these factors impact 
zooplankton diversity and numerical abundance in the 
nearshore region of Visakhapatnam coast in the Bay of Bengal. 
Specifically, this research focuses on the major divisions of 
the zooplankton community, Holoplankton and Meroplankton 
diversity, numerical abundance and their relationship with pri-
mary productivity and abiotic factors. 

Materials and Methods 
Study site 

The zooplankton sampling was conducted in the 3 study sta-
tions- Fishing Harbour (FSH), Rushikonda (RSK) and Mang-
maripeta (MGP) from June 2022 to May 2023 (Figure 1). 
Rushikonda and Mangmaripeta are beaches with high aesthetic 
value with a coastal terrain lodging in many nutrients from the 
nearby hatcheries. While in Fishing Harbour is more of an area 
with trade and commercial perspective which can indirectly point 
to oil pollution and ballast water contamination showing an im-
pact on the key research point of this study. 

 
Sampling 

The samples were collected with a plankton net having 150µ 
mesh size by a horizontal net towing from the surface of the sea-
water. The depth at which the samples were collected was between 
20-25 m during early morning hours. Then the physical factors 
surface seawater like temperature (ᴼC), salinity (‰), pH and dis-
solved oxygen (mlL-1) were also measured. Sea surface tempera-
ture was measured using a thermometer, salinity with the help of 
a hand-held refractometer (Erma Hand Refractometer) and pH by 
using a portable pocket-size digital pH-meter. Dissolved oxygen 
was measured using the Winkler’s method. 

Primary productivity was measured using the light and dark 
bottle method and expressed as gCm-2hr-1. The zooplankton sam-
ples were collected by towing the net horizontally for 10 minutes 
at low velocity. The filtered sample was collected in a sample bot-
tle out of which one part was used for diversity analysis and rest 
was used for biomass analysis. 10 ml of the sample was taken sep-
arately for sorting out and counting the holoplankton and mero-
plankton in Bogorov counting chamber under the microscopic 
(Stereo Zoom Microscope Model ZEISS- STEMI-2000C, Zeiss 
AxioPlan-2ie Imaging Manual Upright Microscope; Zeiss, 
Oberkochen, Germany) observation. The species were identified 
by referring to the taxonomic keys (Kasturirangan L.R. 1963; Al 
Yamani F.Y. et al. 2011; WoRMS website 2024).  

Seasonal variation of all the above physicochemical and bio-
logical components were studied by classifying the components 
into three seasons- Monsoon (June, 2022, to September, 2022), 
post-monsoon (October, 2022, to January, 2023) and pre-monsoon 
(February, 2023, to May, 2023). 

 
Statistical analysis 

The species diversity indices like species richness (S), Mar-
galef’s diversity index (d), Pielou’s evenness (J’), Shannon Weiner 
diversity index (H’) and Simpson’s index (H1-D) were employed. 
Multivariate analysis like Principal Component Analysis (PCA) and 
Canonical Correspondence Analysis (CCA) was performed to un-
derstand the correlation of physical parameters with the zooplank-
ton. The diversity indices and multivariate analysis PCA and CCA 
were performed using PAST v.4 software package. Two-way PER-
MANOVA was performed on Bray-Curtis Similarity matrix to test 
the null hypothesis for significant differences in holoplankton and 
meroplankton abundance across sites and seasons. Two-way PER-
MANOVA was also conducted on Euclidean distance for environ-
mental factors to test if the data is significantly different or not. 
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Figure 1. Study area showing the three stations of the Visakhapatnam coast. FH, Fishing Harbour; RSK, Rushikonda; MGP, Mang-
maripeta. 
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Cluster and non-metric multi-dimensional scaling (nMDS) 
analysis were used to investigate the community structure 
trends in the three sampling stations and seasons. The holo-
plankton and meroplankton abundance (ind m-3) were square 
root transformed for the analysis. The PERMANOVA, cluster 
and n-MDS analysis was performed using PRIMER v.6 
software. 

 
 

Results 
Physicochemical factors 

The study period of one year from June 2022 to May 2023 
recorded a mean surface water temperature of 26.79±1.52°C. 
The surface water temperature ranged between 24°C in the 
month of November and December, 2022 (post-monsoon) and 
30°C during the month of June, 2022 (monsoon). The studied 
data showed the lowest temperature at station Mangamaripeta 
(MGP) in the month of November and the highest temperature 
was recorded from two stations Mangamaripeta (MGP) and 
Rushikonda (RSK) in the month of December. The mean 
salinity recorded was 34.67±1.05‰. The salinity recorded for 
the year ranged between 27‰ in August, 2022 (monsoon) 
from the stations RSK and MGP and 40‰ in the month of 
February, 2023 (pre-monsoon) from the station Fishing Har-
bour (FH). The mean pH recorded was 7.68±2.77. The pH 
ranged from 7.3 in the month of August, 2022 (monsoon) to 
7.9 both in the months of December, 2022 (post-monsoon) 
and April, 2023 (pre-monsoon). The minimum pH recorded 
was from FH and the maximum pH recorded was from MGP 
in the month of December, 2022 and FH and RSK during 
April, 2023. The mean dissolved oxygen recorded was 
6.23±0.7mlL-1. The dissolved oxygen ranged from 3.37mlL-1 
in the month of September, 2022 (monsoon) to 11.42mlL-1 in 
the month of June, 2022 (monsoon). The minimum dissolved 
oxygen was recorded from FH and maximum was from RSK. 
The seasonal variation in the physical factors is shown in Sup-
plementary Figure 1. 

 
Primary productivity 

The primary productivity rate was measured and expressed 
as gCm-2hr-1 (Supplementary Figure 2). The mean net primary 
productivity rate observed was 0.0467±0.332 gCm-2hr-1. The 
minimum net primary productivity recorded from station Fish-
ing harbour was 0.0013 gCm-2hr-1 in the month of July, 2022 
(monsoon). Maximum net primary productivity recorded was 
0.4142 gCm-2hr-1 from Rushikonda in the month of April, 2023 
(pre-monsoon). 

 
Principal Component Analysis 

PCA was carried out to understand the variance and corre-
lation of the physical factors as shown in Supplementary Figure 
3. PC-1 showed 94% variance with eigen value 0.0826 and PC-
2 showed 5% variance with eigen value 0.048. Estimated salin-
ity (0.018), pH (0.008) and dissolved oxygen (0.132) showed 
positive correlation. The temperature (0.027) and primary pro-
ductivity showed negative correlation.  

Total zooplankton 
After a study period of one year a total of 117 taxa were iden-

tified during the study covering 44 families belonging to 18 major 
groups of zooplankton. Copepods were the most abundant groups 
contributing about 80% to the zooplankton population followed 
by chaetognaths comprising 4.69%. The other major groups ob-
served were Decapod larvae (3.79%), Sergestid species like Lu-
cifer hanseni (3.57%) and Cladocerans (3.35%) (as shown in 
Supplementary Figure 4). 

 
The Holoplankton community 

The holoplanktons accounted for 94% of the total zooplank-
ton. From the total holoplankton, majority group belonged to 
copepods in which 46.23% were calanoid copepods, 35.05% were 
cyclopoid copepods and rest 4.48% were harpacticoid copepods. 
The non- copepods accounted for 14.23% of the holoplankton 
community.  

Family wise, the major dominating family in calanoid cope-
pods were Paracalanidae, then Calanidae and Eucalanidae. While 
Oithonidae followed by Corycaeidae were dominant in cyclopoid 
copepods. But the species of Oithona brevicornis dominated the 
entire zooplankton community.  Euterpinidae was the most dom-
inant family in harpacticoid copepods. In non- copepods the dom-
inant family belonged to Sagittidae of chaetognath, Podonidae in 
Cladocera, etc. 

 
Seasonal variation in species diversity 

The number of species ranged from 4 to 59. Highest number 
of species (59) was recorded from RSK during the pre-monsoon 
season and lowest (4) was recorded from the FH station during 
the post-monsoon. 

More diversity (d=12.32, H’=3.702) was obtained during the 
pre-monsoon season from the FH station. While less diversity 
(d=1.802, H’=1.075) was seen dung the post- monsoon season 
from the FH station. Evenness was maximum (J’=1.015) during 
the post- monsoon season from the RSK station, minimum 
(J’=0.296) during the pre-monsoon season at the MGP station. 
The Simpson’s index(1-D) ranged from 0.562 to 0.959 (Supple-
mentary Figure 5). 

 
Meroplankton community 

The meroplankton community accounted for only 6% of the 
total zooplankton. The decapod larvae were the dominant group 
accounting for 62.38% of the total meroplanktons. The next major 
group was Leptomedusae (12.26%), molluscan larvae (11.89%), 
Cirripedia larvae (6.09%), Fish larvae (3.77%), Phyllosoma larvae 
(2.45%) and Octopus larvae (0.42%). 

The decapod larvae constituted of Anomura and Brachyura 
crab Zoea and crab Megalopa larvae. Various specimens of shrimp 
larvae in different stages like nauplius, zoea and mysid stages 
were found. The shrimp larvae mainly belonged to the two fami-
lies of Penaeidae and Palaemonidae family. Molluscan velligers 
comprised mainly of bivalve and gastropod veligers and pteropods 
which included a family of Scaphopod gastropod veliger. Polyc-
ahete larvae, phyllosoma larvae, Obelia sps. along with other lep-
tomedusae, Diphyes sp. And octopus’ larvae made up the rest of 
the meroplankton community. 
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The meroplankton diversity (d) ranged between 0 and 18.76 
during the monsoon in FH and pre-monsoon in FH respectively. 
Evenness (J’) was minimum (J’=0.355) in pre-monsoon at RSK 
and maximum in pre-monsoon at FH. Simpson’ s index (1-D) 
ranged between 0 and 1.039. 

 
Canonical Correspondence Analysis  

The CCA was performed for 3 different plots- one for domi-
nant copepods belonging to each family, second is for dominant 
species for various other families and order of non- copepods 
groups and third one for meroplankton groups. 

In the first plot axis-1 (Supplementary Figure 6A) showed 
52.86% variability and axis-2 with 20.6% variability. The holo-
plankton copepod species Centropages bradyi (5.27), Sapphirina 
sp. (3.65), Tortanus gracilis (3.59), Nannocalanus sp. (2.58) and 
Clausocalanus sp. (0.56) showed strong positive correlation with 
physical factors like salinity, pH, dissolved oxygen and primary 
productivity in the stations of RSK and FH during the pre-mon-
soon and RSK station during the monsoon season. 

Axis-1 showed 54.14% variability while axis-2 showed 
32.59% variability in the second plot of CCA (Supplementary Fig-
ure 6B). The holoplankton non- copepod species like Pseude-
vadne tergestina (1.69), Brachionus sp. (1.43) and ostracod (1.58) 
showed strong positive correlation with salinity, pH and dissolved 
oxygen in the pre-monsoon season in all 3 stations of FH, RSK 
and MGP. Other non-copepod species like Tintinnopsis gracilis 
(0.47), Favella sp. (0.39), Oikopleura (0.10) and Moina sp. (0.09) 
also showed positive correlation with salinity, pH and dissolved 
oxygen in pre-monsoon season in all 3 stations as mentioned 
above. Unlike copepod species the primary productivity showed 
negative correlation with non-copepod species. 

In the third CCA plot (Supplementary Figure 7), axis-1 
showed 70.2% variability while 19.36% variability was shown in 
axis-2. Temperature showed strong positive correlation with 
meroplankton groups such as Cnidarians (2.20), Podocopida lar-
vae (1.57), molluscan larvae (1.49) and Icthyoplankton (1.29) dur-
ing the monsoon season in the stations of RSK and MGP and 
pre-monsoon season in FH station. 

 
PERMANOVA analysis 

The PERMANOVA analysis conducted for holoplankton 
abundance in between seasons and sampling sites showed signif-
icant variation across seasons (Pseudo F- 1.75 and p-value-0.012). 
But it did not show significant variation between sampling sites 
(Pseudo F=1.75 and p-value=0.062) (Table 1). 

PERMANOVA results for meroplankton showed significant 
variation in between seasons (Pseudo F value=2.23 and p-
value=0.04) than for sampling sites (Pseudo F=2.23 and p-value= 
0.87) (Table 1). 

PERMANOVA results for physicochemical factors indicated 
significant variation across seasons (Pseudo F value=10.87 and 
p-value=0.007). But there were no significant variations in be-
tween sampling sites (Pseudo F value=2.32 and p-value=0.09).  

The cluster analysis and n-MDS was plotted to determine the 
resemblance in abundance in between sampling stations and sea-
sons. There was greater resemblance between stations in the mon-
soon and post-monsoon season. But the RSK station exhibited 
least resemblance with other stations during the pre-monsoon 
(Supplementary Figure 8). 

The meroplankton exhibited more resemblance between sites 
during monsoon season. During post-monsoon and pre-monsoon, 
FH and MGP stations were more closely related, with the excep-
tion of RSK, which was too different (Supplementary Figure 9). 

Table 1. Results of permutational multivariate analysis of variance (PERMANOVA) for meroplankton and holoplankton assemblages 
both main and Pair-wise tests. 

Meroplankton 
Source                                                 df                                  Pseudo-F                             P(perm)                               P (MC)  
SE                                                                2                                           22.282                                        0.039                                         0.083 
SI                                                                  2                                          0.57266                                       0.874                                         0.780 
Res                                                               4                                                                                                                                                     

Pair-wise tests                                        
Groups                                                 t                                    P (perm)                              P (MC)                                        
M, PM                                                     16.124                                        0.193                                         0.187                                               
M, PR                                                      16.345                                        0.177                                         0.168                                               
PM, PR                                                    12.456                                        0.286                                         0.311                                               

Holoplankton 
Source                                                 df                                  Pseudo-F                             P (perm)                              P (MC) 
SE                                                                2                                           34.735                                        0.012                                         0.020 
SI                                                                  2                                           17.556                                        0.062                                         0.154 
Res                                                               4                                                                                                                                                     

Pair-wise tests                                                                                    
Groups                                                 t                                    P (perm)                                                                                   
M, PM                                                     19.641                                        0.097                                                                                                
M, PR                                                      20.902                                        0.094                                                                                                
PM, PR                                                    15.300                                        0.187                                                                                                
SE, Seasonal Effect; SI, Site Effect; M, Monsoon; PM, Post-Monsoon; PR, Pre-Monsoon.
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Discussion  
According to the results obtained in PCA, salinity, pH and 

dissolved oxygen emerged as the significant physicochemical 
factors that influenced the holoplankton and meroplankton di-
versity and abundance in the monsoon, post-monsoon and pre-
monsoon season. Many environmental studies have employed 
PCA which is regarded as a useful resource for understanding 
the natural environment (Aruga et al., 1993; Wenning and Er-
ickson, 1994). 

From the Supplementary Figure 5, it is clear that the holo-
plankton diversity (S, d, H’) was high during the pre-monsoon, 
reduces in the monsoon and becomes least during the post-
monsoon (Santhanam & Perumal 2003; Perumal et al., 2008). 
Evenness was highest during the post-monsoon indicating less 
diversity when the opposite occurs during the pre-monsoon 
season. The Simpson’s index (1-D) indicates that the holo-
plankton community is dominated by one or a few species. 
The study of diversity indices can be helpful to understand the 
ecosystem health (Ismael and Dorgham, 2003; Cardoso et al., 
2012).  

In the holoplankton, cyclopoid copepods (Stephen 1988; 
Fernandes & Ramaiah 2019) especially Oithona brevicornis 
and Oithona simplex emerged out as highest contributing 
species in terms of abundance. The reason for Oithona brevi-
cornis (Giesbrecht, 1892) to be so abundant in nearshore re-
gion as it is a euryhaline copepod (Deevey, 1948) and most 
commonly found in shallow waters of tropical and temperate 
areas of Pacific, Indian and Atlantic Ocean (Shuvalov, 1980; 
Razouls et al., 2005-2015). Salinity has been widely recog-
nized as the primary factor determing the spatial and temporal 
distribution of zooplankton (Goswami, 1982; Woolridge, 1999; 
Dalal and Goswami, 2001; Megalhaes et al., 2006).   

Same is reflected in the meroplankton community. Accord-
ing to the study conducted by Brandao C.M. et al., (2020) the 
numerical abundance of meroplanktons were quite high irre-
spective of the hydrological conditions. But the meroplanktons 
in this research are found to be much less abundant in popula-
tion. This may be because of pollution caused by tourism, trad-
ing and transportation occurring along the coast. Although they 
are more diverse during the pre-monsoon season followed by 
monsoon and decreases in the post-monsoon season. Here also 
the Simpson’s index indicates that the meroplankton commu-
nity is dominated by one or few species. 

Previously the studies conducted by Sahu G. & Satpathy 
K. (2010) showed good correlation of density of zooplankton 
with salinity. The CCA analysis showed that in the holoplank-
ton community, both copepod and non-copepod species (den-
sity or numerical abundance) were strongly correlated with 
salinity, pH and dissolved oxygen mostly during the pre-mon-
soon and monsoon season when it was high in almost all three 
stations (Supplementary Figure 6). But only copepod species 
were affected by primary productivity in the pre-monsoon sea-
son when primary productivity was high. However, in case of 
meroplankton community, showed strong positive correlation 
with temperature when it was high during the monsoon and 
pre-monsoon season (Supplementary Figure 7). 

From the PERMANOVA analysis it was observed that 
both the holoplankton and meroplankton variation was signif-

icant across seasons, but between stations was not significant. 
This same variation was seen in environmental factors as well. 
This phenomenon can occur because most zooplankton vary 
seasonally in abundance due to their life-history strategies and 
environmental preferences (Klais et al., 2016).  The clustering 
analysis and the n-MDS plot showed that the abundance be-
tween the sampling stations were evenly distributed (Supple-
mentary Figure 8 and 9). This indicates that the 
oceanographic features are localized between the stations (Lee 
et al., 2005). 

 
 

Conclusions 
As the salinity, dissolved oxygen and pH increased from 

monsoon to pre-monsoon, the diversity and density of holo-
plankton increased while meroplankton were affected more by 
temperature variation. As for primary productivity, except for 
copepods, it did not affect the non-copepod and meroplankton 
groups showing negative correlation with them. 

In conclusion, it can be said that physical factors- salinity, 
pH and dissolved oxygen played a significant role in regulating 
the holoplankton abundance and diversity; and temperature in 
case of meroplanktons. Hence the diversity and abundance of 
holoplankton and meroplankton increased from monsoon to 
pre-monsoon season in the nearshore region of coastal 
Visakhapatnam, east coast of India. Seasonal variation in holo-
plankton and meroplankton abundance and diversity of the 
Visakhapatnam coast were more pronounced in seasonal vari-
ation than spatial variation because of its geographic location 
and influence of hydrological parameters. Therefore, more 
studies should be conducted here to further understand this 
phenomenon.  
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Online supplementary material: 
Supplementary Figure 1. Graphical representation of seasonal variation in physical factors: temperature, salinity, pH and dissolved oxygen. 
Supplementary Figure 2. Graphical representation of seasonal variation in primary productivity. F, Fishing Harbour; R, Rushikonda; M, Mangmaripeta; 

M, Monsoon season; PM, Post-Monsoon; PR, Pre-Monsoon. 
Supplementary Figure 3. Principal Component Analysis (PCA) graph representing a summary of physical factors. T, Temperature; S, Salinity; DO, Dis-

solved Oxygen; PP, Primary Productivity in three seasons (M, Monsoon season; PM, Post-Monsoon; PR, Pre-Monsoon) and three stations (F, 
Fishing Harbour; R, Rushikonda; M, Mangmaripeta). 

Supplementary Figure 4. Pie chart representing the percentage of major groups of zooplankton. 
Supplementary Figure 5. Graphical representation of diversity indices (S, Number of species; H’, Shannon Weiner index; J’, evenness) in three seasons 

(M, Monsoon season; PM, Post-Monsoon; PR, Pre-Monsoon) and three stations (F, Fishing Harbour; R, Rushikonda; M, Mangmaripeta). 
Supplementary Figure 6. Cannonical Correspondence analysis of Holoplankton groups with environmental factors. A) Dominant species from all family 

of copepods. Parvc- Parvocalanus crassirostris, Para- Paracalanus sp., Nanc-Nannocalanus sp., Sube- Subeucalanus crassirostris, Eucls- Eucalanus 
subcrassus, Euag- Euaugaptilus sp., Claus- Clausocalanus sp., Euch- Euchaeta marina, Luci- Lucicutia sp., Metr- Metridia sp., Labi-Labidocera 
acuta, Acard- Acartia danae, Canb- Candacia bradyi, Centb- Centropages bradyi, Pseum- Pseudodiaptomus marina, Temot- Temora turbinata, Tortg- 
Tortanus gracilis, Oithb- Oithona brevicornis, Oiths- Oithona simplex, Oncac- Oncaea clevei, Corya- Corycaeus agilis, Sapp- Sapphirina sp., Eutr- 
Euterpina, Micrs- Microsetella sp., Clytm- Clytemnestra sp. B) Dominant species of other non-copepod families. Parsg- Parasagitta sp., Kroht- 
Krohnitta sp., Penl- Penilia sp., Psudt- Pseudevadne tergestina, Moi- Moina sp., Oiko- Oikopleura sp.,  Amph- Amphipoda,  Ostr- Ostracoda, 
Pleubrobrachia, Tingr- Tintinnopsis gracilis, Favl- Favella sp., Brach- Brachionus sp., Lucih- Lucifer hanseni, Form- Foraminifera, Salp- Salpidae 
in three seasons (M, Monsoon season; PM, Post-Monsoon; PR, Pre-Monsoon) and three stations (F, Fishing Harbour; R, Rushikonda; M, Mang-
maripeta). 

Supplementary Figure 7. Canonical Correspondence Analysis (CCA) of Meroplankton groups with environmental factors. Deca, Decapod larvae; Molsc, 
Molluscan larvae; Icthy, Icthyoplankton; Podoc, Podocopidae (Barnacle) Larvae; Polyc, Polychaete larvae; Cnidr, Cnidarians; Bryoz, Byozoan 
larvae in three seasons (M, Monsoon season; PM, Post-Monsoon; PR, Pre-Monsoon) and three stations (F, Fishing Harbour; R, Rushikonda; M, 
Mangmaripeta). 

Supplementary Figure 8. n-MDS Plot showing distribution of Holoplankton abundance in stations. FH, Fishing Harbour; RSK, Rushikonda; MGP, 
Mangmaripeta and across seasons (M, Monsoon season; PM, Post-Monsoon; PR, Pre-Monsoon) on Bray-Curtis similarity index. 

Supplementary Figure 9. n-MDS Plot showing distribution of Meroplankton abundance in stations. FH, Fishing Harbour; RSK, Rushikonda; MGP, 
Mangmaripeta and across seasons (M, Monsoon season; PM, Post-Monsoon; PR- Pre-Monsoon) on Bray-Curtis similarity index.


