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Diversity and Density of Zooplankton in Active and Non-Active Fishing Zones off Kollam, Southwest Coast of India
ABSTRACT
Zooplankton constitute a fundamental component of marine pelagic ecosystems, serving as a critical trophic link between primary producers and higher trophic levels, including commercially important fish species. Understanding the distribution and abundance of zooplankton is essential for elucidating ecosystem processes and supporting ecosystem-based fisheries management. The present study investigated the diversity, composition, and density of zooplankton communities in active fishing zones (FZs) and adjacent non-fishing zones (NFZs) off Kollam, Keralam, along the southwestern Arabian Sea, a region of considerable ecological and economic significance.
Sampling was conducted monthly from November 2019 to February 2020 across near-shore, coastal, and offshore waters. Active fishing zones were identified using the Indigenous Traditional Knowledge (ITK) of local fishers in conjunction with acoustic observations from a GPS-coupled fish finder, whereas non-fishing zones were selected from nearby areas lacking active fishing operations and visible fish aggregations. Zooplankton samples were collected using a 200 µm mesh plankton net, preserved in 4% buffered formalin, and analysed using a Sedgwick–Rafter counting cell and standard taxonomic identification keys.
A total of 53 zooplankton taxa were recorded during the study period, contributing valuable baseline information on zooplankton biodiversity from the coastal waters off Kollam. Total zooplankton density ranged from 422 to 503 ind. m⁻³, with the highest density observed at FZ-1 during November and the lowest at NFZ-3 during December. Copepods constituted the dominant component of the zooplankton assemblage in both fishing and non-fishing zones, accounting for 49.6–72.1% of total abundance, followed by decapod larvae (9.7–24.4%) and chordates. Two-way analysis of variance (ANOVA) revealed significant spatial and temporal variations in zooplankton density among sampling zones and months. However, a consistent distinction between fishing and non-fishing zones was not evident, as elevated zooplankton densities occurred in both zone categories during different sampling periods.
The results indicate that temporal environmental variability exerts a stronger influence on zooplankton distribution than fishing-zone status alone in the coastal waters off Kollam. The study enhances understanding of plankton–fish trophic interactions in the southwestern Arabian Sea and provides a scientific foundation for future investigations on fish aggregation processes, marine ecosystem dynamics, and ecosystem-based fisheries management.
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1. INTRODUCTION
Zooplankton are fundamental components of marine pelagic ecosystems, occupying a pivotal position in aquatic food webs by linking primary producers to higher trophic levels, including commercially important fish species. They serve as one of the most important biotic components influencing all functional aspects of an ecosystem, including food chains, food webs, energy flow, and cycling of matter (Sonekar & Chahal, 2025). Through their contribution to secondary production, nutrient regeneration, and energy transfer, zooplankton play a crucial role in maintaining ecosystem structure and functioning (Waters, 1977; Verity & Smetacek, 1996). Recent synthesis also emphasises that sustained zooplankton observation is necessary because changes in zooplankton communities can influence biogeochemical processes, energy transfer, and interactions with higher trophic levels (Ratnarajah et al., 2023).
The distribution and population dynamics of zooplankton are regulated by a combination of physical, chemical, and biological processes. Environmental variables such as temperature, salinity, dissolved oxygen, pH, nutrient availability, hydrodynamic conditions, and predation pressure strongly influence zooplankton community structure and biomass (Horne & Schneider, 1994; Greenwood et al., 2001; Greene, 1983). Consequently, spatial and temporal variations in zooplankton assemblages often reflect broader ecosystem processes and environmental fluctuations. Previous studies have also demonstrated that zooplankton abundance is closely linked to phytoplankton productivity and the availability of food resources, thereby influencing higher trophic-level productivity and fishery yields (Sheldon et al., 1977; Mitra et al., 2014).
Marine fisheries productivity is intrinsically linked to plankton dynamics. Zooplankton constitute a major dietary component for many pelagic fish species and have long been recognised as indicators of fishery potential and habitat productivity (Tiwari & Nair, 1991). In India, approximately 54% of the total fish landings are contributed by pelagic fisheries (CMFRI, 2025). A substantial portion of the pelagic fishery comprises small pelagic schools of sardines, mackerel, and anchovies, which are planktivorous. Prasad (1969) suggested that plankton are considered an index of fertility, as the fishery resources of any aquatic system depend mainly on the magnitude of phytoplankton and zooplankton production. Consequently, understanding the relationship between zooplankton distribution and fish aggregation is essential for advancing ecosystem-based fisheries management and improving the prediction of productive fishing grounds. A recent marine zooplankton inventory from the Maheshkhali Channel recorded copepods as the dominant group and emphasised the value of baseline taxonomic information for coastal ecosystem assessment (Ayshi et al., 2024).
The Arabian Sea is among the most productive marine ecosystems in the tropical Indian Ocean. Its high biological productivity is driven by monsoon-induced oceanographic processes, including coastal upwelling, nutrient enrichment, wind-driven mixing, mesoscale eddies, and lateral advection (Madhupratap et al., 1996). These processes promote elevated primary production and support abundant zooplankton populations, which in turn sustain diverse and productive fisheries. Along the southwest coast of India, several studies have documented the composition, abundance, and seasonal variability of zooplankton communities and highlighted the dominance of copepods in pelagic food webs (Rao et al., 1990; Sharma & Cyril, 2007). However, despite increasing interest in ecosystem-based fisheries management, information on zooplankton assemblages in relation to active fishing grounds remains limited. Recent acoustic and net-sampling work in the eastern Arabian Sea further indicates that zooplankton distribution during the monsoon system can be shaped by upwelling, circulation, mesoscale eddies, stratification, and subsurface chlorophyll-a patterns (Jadhav & Smitha, 2025). Despite the availability of regional zooplankton records, the present study indicates that comparative information from simultaneously sampled active fishing and adjacent non-fishing zones off Kollam remains insufficient. This limits interpretation of whether local fish aggregation areas correspond to consistent differences in zooplankton density and composition during the sampled period.
Therefore, the present study was undertaken to investigate the diversity and density of zooplankton communities in active fishing zones and adjacent non-active fishing zones off Kollam, along the southwest coast of India. Specifically, the study aimed to (i) characterize the taxonomic composition of zooplankton assemblages in fishing and non-fishing zones, (ii) compare zooplankton density between the two habitat categories, and (iii) assess temporal variations in zooplankton abundance during the study period. The findings provide baseline ecological information on zooplankton distribution in relation to fishing activity and contribute to a broader understanding of ecological processes underlying fish aggregation and fisheries productivity in the southwestern Arabian Sea.

2. MATERIAL AND METHODS  
2.1 Study Area and Sampling Strategy
The present study was conducted in the nearshore, coastal, and open waters off Kollam, located along the southwest coast of India in the southwestern Arabian Sea. Sampling was performed monthly from November 2019 to February 2020. Although the study was originally designed to cover a continuous six-month period extending up to April 2020, subsequent sampling could not be undertaken because of restrictions imposed during the COVID-19 pandemic.
Sampling was carried out in the early morning hours (between 5 AM and 8 AM) without disturbing the fishing operations. The sampling sites for active fishing and non-fishing zones varied each month because of changes in fish school congregations and availability.
2.2 Identification of Fishing Zones
Active fishing zones were identified based on the Indigenous Traditional Knowledge (ITK) of experienced local fishers, in combination with acoustic observations obtained using a GPS-coupled fish finder (TF350 Plus). The area and location of active fishing zones varied throughout the day because of the dynamic nature of the ocean. Non-fishing zones were selected from adjacent coastal waters that lacked active fishing operations and visible fish shoals during the sampling period.
2.3 Zooplankton collection
Zooplankton samples for qualitative and quantitative analyses were collected by filtering 5 L of surface seawater through a 200 µm mesh-size zooplankton hand net. These were allowed to settle, filtered, and transferred to 1 L dark plastic sample bottles that were pre-labelled, kept in ice boxes, and brought to the laboratory. After collection, the sample bottles were fixed with 4% buffered formalin (Goswami, 2004).
2.4 Qualitative and Quantitative Analysis of Zooplankton:
Zooplankton analysis was carried out using the standard methods described in the zooplankton field manual (Goswami, 2004).
2.5 Estimation of zooplankton biomass
According to Biju (2018), biomass or bio-volume is the live weight or quantity of living matter present in the zooplankton and is expressed as average mass per volume of water (mg m-3) or relative to sea surface (mg m-2).
Volumetric method – displacement volume for zooplankton analysis was determined using the standard methods described by Biju, A. (2018). In this method, plankton is filtered through a piece of clean, dried netting material, with the same or smaller mesh size as that of the sampling net. The interstitial water between the organisms was removed using blotting paper. After all water had drained, the concentrated zooplankton is transferred with a spatula to a measuring cylinder with a known volume of 4% buffered formalin. The resulting increase in the formalin level with the addition of zooplankton was taken as a measure of its volume. 
After estimating zooplankton biomass, the standing stock values were converted into per cubic metre and calculated as follows:

2.6 Counting zooplankton using Sedgwick Rafter counting cell (SRCC)
The quantitative analysis of zooplankton organisms was carried out using a Sedgwick-Rafter plankton counting cell in accordance with Archana Devi et al. (2023).
The Sedgwick-Rafter (S-R) counting cell had dimensions of 50×20×1 mm, with square markings on the inner side. Before the S-R cell was filled with the sample, a cover glass was placed diagonally across the cell to protect the sample from drying and to minimise disturbance from air currents. The samples were then transferred into the cell using large droppers. The S-R cell was left undisturbed for at least 15 min to allow the zooplankton to settle, and the plankton at the bottom of the S-R cell were enumerated using a trinocular microscope (LM 52-1803).
Faunal composition:



Zooplankton samples were sorted and identified to the species level using a Trinocular Microscope with LM 52-1803 and Binocular Microscope (LM 52-1707) following standard taxonomic keys of Kasturirangan (1963), Wellershaus (1974), Santhanam and Srinivasan (1994), Conway et al. (2003), Sahu et al. (2013) and Biju (2018).
3. RESULTS AND DISCUSSION

Figure 1. Total zooplankton density between fishing zones and non-fishing zones


Total zooplankton density recorded from the active fishing and non-fishing zones during the study period is presented by month in Fig. 1. Across the months and zones, the maximum density was reported in FZ-1 during November (503 no./m3), whereas the minimum was recorded in NFZ-3 during December (422 no./m3). In general, higher zooplankton density was reported in active fishing zones during certain months; however, a clear trend was not evident between fishing and non-fishing zones in other instances, as non-fishing zone 1 recorded a higher zooplankton density than the fishing zones.
3.2 Analysis of Variance (2 way) for total zooplankton density recorded in the fishing and non-fishing zones during the study period.
Table 1. Total zooplankton density recorded in the fishing and non-fishing zones 
	
	SS

	df

	MS

	F

	P-value

	F crit


	Between months

	9352.125

	3

	3117.375

	132.2322

	5.19 *10-11


	3.2874


	Between zones

	2663.208

	5

	532.6417

	22.5935

	1.72 * 10-6

	2.9013


	Error

	353.625

	15

	23.575

	
	
	

	Total

	12368.958

	23

	
	
	
	



The two-way analysis of variance calculated for total zooplankton density recorded in the fishing and non-fishing zones showed that total zooplankton density differed significantly among zones and among months (Table 1).
Table 2: Check list of zooplankton species recorded during the study period
	No.

	Zooplankton Species

	FZ-1

	FZ-2

	FZ-3

	NFZ-1

	NFZ-2

	NFZ-3


	
	Calanoids

	
	
	
	
	
	

	1

	Acartia clausi

	+

	+

	+

	+

	+

	+


	2

	Acartia danae

	+

	+

	+

	+

	+

	+


	3

	Acartia erythraea

	+

	+

	+

	+

	+

	+


	4

	Acartia southwelli

	+

	+

	+

	+

	+

	+


	5

	Acartia tonsa

	+

	+

	+

	+

	+

	+


	6

	Acrocalanus gibber

	+

	+

	+

	+

	+

	+


	7

	Acrocalanus longicornis

	+

	+

	+

	+

	+

	+


	8

	Bestiolina arabica

	+

	+

	+

	+

	+

	+


	9

	Calanopia elliptica

	+

	+

	+

	+

	+

	+


	10

	Canthocalanus pauper

	+

	+

	+

	+

	+

	+


	11

	Centropages typicus

	+

	+

	+

	+

	+

	+


	12

	Labidocera acuta

	+

	+

	+

	+

	+

	+


	13

	Labidocera pavo

	+

	+

	+

	+

	+

	+


	14

	Paracalanus indicus

	+

	+

	+

	+

	+

	+


	15

	Paracalanus parvus

	+

	+

	+

	+

	+

	+


	16

	Parvocalanus crassirostris

	+

	+

	+

	+

	+

	+


	17

	Parvocalanus elegans

	+

	+

	+

	+

	+

	+


	18

	Pontella danae

	+

	+

	+

	+

	+

	+


	19

	Pseudodiaptomus Serricaudatus

	+

	+

	+

	+

	+

	+


	20

	Rhincalanus nastus

	+

	+

	+

	+

	+

	+


	21

	Subeucalanus crassus

	+

	+

	+

	+

	+

	+


	22

	Temora discaudata

	+

	+

	+

	+

	+

	+


	
	Cyclopoid

	
	
	
	
	
	

	23

	Corycaeus dahil

	+

	+

	+

	+

	+

	+


	24

	Farranula gibbula

	+

	+

	+

	+

	+

	+


	25

	Oithona linearis

	+

	+

	+

	+

	+

	+


	26

	Oithona rigida

	+

	+

	+

	+

	+

	+


	27

	Oithona similis

	+

	+

	+

	+

	+

	+


	28

	Oithona spinirostris

	+

	+

	+

	+

	+

	+


	29

	Oncaea mediterranea

	+

	+

	+

	+

	+

	+


	30

	Oncaea venusta

	+

	+

	+

	+

	+

	+


	
	Harpacticoid

	
	
	
	
	
	

	31

	Clytemnestra scutellata

	+

	+

	+

	+

	+

	+


	32

	Euterpina acutifrons

	+

	+

	+

	+

	+

	+


	33

	Longipedia coronata

	+

	+

	+

	+

	+

	+


	34

	Longipedia weberi

	+

	+

	+

	+

	+

	+


	35

	Macrosetella gracilis

	+

	+

	+

	+

	+

	+


	
	Decapods

	
	
	
	
	
	

	36

	Nauplius

	+

	+

	-

	+

	-

	-


	37

	Lucifer hanseni
	+

	+

	-

	+

	+

	-


	38

	Brachyuran larva

	+

	-

	+

	+

	+

	+


	39

	Zoea

	-

	+

	-

	+

	+

	+


	40

	Protozoea

	+

	+

	-

	-

	+

	+


	
	Amphipods

	
	
	
	
	
	

	41

	Hyperia macrocephala

	+

	+

	+

	+

	+

	+


	
	Isopods

	
	
	
	
	
	

	42

	Eurydice sp.

	+

	+

	+

	+

	+

	+


	
	Ostracods

	
	
	
	
	
	

	43

	Parasterope sp.

	+

	+

	+

	+

	+

	+


	
	Chordates

	
	
	
	
	
	

	44

	Oikopleura dioica

	+

	+

	+

	+

	+

	+


	45

	Fish eggs

	+

	+

	+

	+

	+

	+


	46

	Fish larvae

	+

	+

	+

	+

	+

	+


	47

	Post-larvae Polynemus sextarius

	-

	+

	-

	+

	-

	-


	
	Chaetognaths

	
	
	
	
	
	

	48

	Sagitta sp.

	+

	+

	+

	+

	+

	+


	
	Molluscans

	
	
	
	
	
	

	49

	Heteropod (Atlantid) sp.

	+

	+

	+

	+

	+

	+


	50

	Janthina sp.

	+

	+

	+

	+

	+

	-


	
	Ciliophora

	
	
	
	
	
	

	51

	Globigerina sp.

	+

	+

	+

	+

	+

	+


	52

	Metacylis tropica

	+

	-

	-

	-

	-

	-


	53

	Salpingella attenuata

	+

	+

	+

	+

	+

	+




Figure 2. Percentage composition of major zooplankton groups recorded between fishing and non-fishing zones

Fishing zone (November)		 Non-fishing zone (November)

Fishing zone(December) 		Non-fishing zone(December)

Fishing zone (January) 		Non-fishing zone(January)

Fishing zone (February) 		Non-fishing zone (February)
Figure 3. Photo showing some zooplankton species encountered during study period
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	Acartia erythraea
	Acrocalanus longicornis
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	Appendicularians
	Calanopia elliptica
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	Corycaeus dahil
	Farranula gibbula
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	Fish egg
	Brachyuran Larvae
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	Gastropod larvae
	Gastropod larvae

	[image: C:\Users\chirag\Desktop\FINAL THESIS\final photos\50 (3) a.jpg]
	[image: C:\Users\chirag\Desktop\FINAL THESIS\final photos\IMG02101 a.jpg]

	Lucifer hanseni
	Nauplius
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	Oithona linearis
	Oithona rigida
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	Oncaea mediterranea
	Oncaea venusta
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	Paracalanus indicus
	Paracalanus parvus
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	Parvocalanus crassirostris
	Post larva of Polynemus Sextarius
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	Pseudodiaptomus serricaudatus
	Temora discaudata




Copepods were the dominant group in the zooplankton community recorded throughout the study period across all fishing and non-fishing zones, constituting 49.6–72.1% of the total zooplankton. The dominance of copepods on the south-central west coast of India has been reported by Sumitra-Vijayaraghavan et al. (1982).
Decapod larvae ranked second in abundance after copepods in the zooplankton community recorded throughout the study period in all fishing and non-fishing zones, constituting 9.7–24.4%, which was consistent with the findings of Sharma and Cyril (2007).
Among amphipods, only one species was encountered, Hyperia macrocephala, which appeared in noticeable percentages throughout the study period and was encountered uniformly between the fishing and non-fishing zones. Its abundance was highest in November and lowest in January, which was consistent with the results of Antony et al. (1997).
Isopods were represented by a single genus, Eurydice sp. They were collected throughout the study period in all fishing and non-fishing zones. In general, the abundance was higher in November, followed by December, and lowest in January and February.
Among ostracods, Parasterope sp. was recorded throughout the study period and appeared noticeable at all fishing and non-fishing zones, constituting only 0.1–0.6% of the total zooplankton. It exhibited an almost uniform distribution, with a slight increase in November and December.
Throughout the study period, across all fishing and non-fishing zones, chordates ranked third in abundance after copepods and decapods, constituting 10.9–13.6% of the total zooplankton. In some months, such as January, they outnumbered the decapod population.
Appendicularians constituted the major group in terms of density, followed by fish eggs and fish larvae, which was consistent with the findings of Sharma and Cyril (2007).
Chaetognaths were represented by a single species, Sagitta sp. This group appeared in noticeable numbers, as reported by Sumitra-Vijayaraghavan et al. (1982). The highest density was recorded in February, whereas the group was absent in December. 
Holoplanktonic molluscan larvae comprised a single genus, Heteropod (Atlantids), which was sporadically present in the fishing and non-fishing zones during December, with a maximum average density of 12 no./m3 (January).
Among ciliophores, one genus, Globigerina sp., and two species, Metacylis tropica and Salpingella attenuata, were encountered throughout the research period at all fishing and non-fishing zones, constituting 2.0–5.8% of the total zooplankton, which was consistent with the findings of Sharma and Cyril (2007). Salpingella attenuata was the dominant species in this group, followed by Globigerina sp. and Metacylis tropica.
The total composition revealed that copepods dominated in all months in both the fishing and non-fishing zones, followed by decapods, chordates, ciliophores, amphipods, molluscans, isopods, and ostracods, whereas chaetognaths were the least abundant group, with one species. 
Conclusions
This study provides a comprehensive assessment of zooplankton community structure in active fishing and non-fishing zones off Kollam, located in the southwestern Arabian Sea. A total of 53 zooplankton taxa were recorded, with copepods consistently dominating the assemblage, followed by decapod larvae and chordates. Significant spatial and temporal variations in zooplankton density were observed among sampling zones and months, indicating the dynamic nature of plankton distribution in the coastal marine environment.
Despite the observed differences in zooplankton abundance, no consistent distinction was evident between active fishing and non-fishing zones, suggesting that fishing-zone status alone does not adequately explain patterns of zooplankton distribution in the study area. The predominance of copepods and other meroplanktonic groups highlights their ecological significance in supporting pelagic food webs and sustaining higher trophic levels, including commercially important fish populations.
The findings indicate that temporal environmental variability may exert a stronger influence on zooplankton community dynamics than localised fishing activity. By establishing baseline information on zooplankton diversity, composition, and abundance in the coastal waters off Kollam, this study contributes to a better understanding of plankton–fish interactions and ecosystem functioning in the southwestern Arabian Sea. Future investigations integrating long-term monitoring, fixed georeferenced sampling stations, and environmental variables such as hydrographic conditions, primary productivity, and nutrient dynamics are necessary to elucidate the mechanisms governing zooplankton distribution and their implications for ecosystem-based fisheries management.
Limitations
The present study was limited by its relatively short sampling period (November 2019–February 2020), which may not fully represent annual variability in zooplankton communities. The locations of fishing and non-fishing zones varied among sampling months due to the dynamic nature of fish aggregations, potentially affecting spatial comparability. In addition, sampling was restricted to surface waters and did not account for vertical variations in zooplankton distribution. Concurrent measurements of key environmental variables, including temperature, salinity, nutrients, and chlorophyll-a, were not conducted, limiting the assessment of environmental influences on zooplankton dynamics. Future studies incorporating long-term monitoring, fixed sampling stations, multi-depth sampling, and integrated environmental observations are recommended to improve understanding of zooplankton distribution patterns and their ecological significance.
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FZ	
Calanoid	Cyclopoid	Harpacticoid	Decapods	Amphipods	Isopods	Ostracods	Chordates	Chaetognath	Molluscans	Cilliophores	others	367	198	97	318	38	8	5	177	0	2	76	15	
NFZ	Calanoid	Cyclopoid	Harpacticoid	Decapods	Amphipods	Isopods	Ostracods	Chordates	Chaetognath	Molluscans	Cilliophores	others	383	185	93	317	39	6	7	175	0	2	74	16	
FZ	
Calanoid	Cyclopoid	Harpacticoid	Decapods	Amphipods	Isopods	Ostracods	Chordates	Chaetognath	Molluscans	Cilliophores	others	594	256	125	131	13	1	3	147	14	22	27	15	
NFZ	
Calanoid	Cyclopoid	Harpacticoid	Decapods	Amphipods	Isopods	Ostracods	Chordates	Chaetognath	Molluscans	Cilliophores	others	594	239	127	131	13	1	2	146	13	23	28	14	
FZ	
Calanoid	Cyclopoid	Harpacticoid	Decapods	Amphipods	Isopods	Ostracods	Chordates	Chaetognath	Molluscans	Cilliophores	others	531	232	110	199	47	1	1	165	20	15	38	12	
NFZ	
Calanoid	Cyclopoid	Harpacticoid	Decapods	Amphipods	Isopods	Ostracods	Chordates	Chaetognath	Molluscans	Cilliophores	others	535	215	112	198	45	2	2	168	19	13	37	13	
NOVEMBER	FZ-1	FZ-2	FZ-3	NFZ-1	NFZ-2	NFZ-3	503	473	477	497	493	477	DECEMBER	FZ-1	FZ-2	FZ-3	NFZ-1	NFZ-2	NFZ-3	442	428	431	449	426	422	JANUARY	FZ-1	FZ-2	FZ-3	NFZ-1	NFZ-2	NFZ-3	467	440	441	455	446	430	FEBRUARY	FZ-1	FZ-2	FZ-3	NFZ-1	NFZ-2	NFZ-3	473	450	448	464	459	436	
Total zooplankton
( no/m3)



FZ	
Calanoid	Cyclopoid	Harpacticoid	Decapods	Amphipods	Isopods	Ostracods	Chordates	Chaetognath	Molluscans	Cilliophores	others	432	192	98	354	62	15	9	163	4	35	71	18	
NFZ	
Calanoid	Cyclopoid	Harpacticoid	Decapods	Amphipods	Isopods	Ostracods	Chordates	Chaetognath	Molluscans	Cilliophores	others	446	194	101	352	61	17	7	162	5	33	72	17	
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