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Comparative Assessment of Zooplankton in Active and Non-Active Fishing Zones of Kollam, Kerala, India



ABSTRACT
This study assessed zooplankton abundance, phytoplankton density, and selected water quality parameters in active fishing and non-fishing zones off Kollam, Kerala, India. Monthly sampling was conducted from November 2019 to February 2020 in near-shore, coastal, and open-water areas. Active fishing zones were identified using the Indigenous Traditional Knowledge of local fishermen and acoustic observations from a GPS-coupled fish finder, whereas non-fishing zones were selected from adjacent waters without active fishing operations or visible fish shoals during sampling. Surface seawater samples were analysed for temperature, salinity, pH, dissolved oxygen, ammonia, nitrate, nitrite, phosphate, and silicate, and these variables were examined in relation to phytoplankton and zooplankton abundance. The observed values included temperature ranging from 25.70 to 30.50 °C, salinity from 29.67 to 34.51 ppt, dissolved oxygen from 4.28 to 6.96 mg/l, and silicate from 3.25 to 5.98 mg/l. Zooplankton abundance ranged from 422 to 503 ind. m⁻³, with the maximum value recorded in FZ-1 during November. A total of 53 zooplankton taxa were identified, with copepods forming the dominant group (35 species), followed by decapod larvae, amphipods, isopods, ostracods, chaetognaths, molluscan larvae, tintinnids, appendicularians, fish eggs, and fish larvae. Phytoplankton abundance ranged from 6815 to 10340 cells L⁻¹, with the highest value recorded in FZ-1 during December and the lowest in NFZ-2 during February. Correlation analysis indicated that phytoplankton and zooplankton abundance varied with hydrographic and nutrient conditions, although the strength and direction of associations differed between fishing and non-fishing zones. The findings provide baseline information on plankton dynamics in contrasting fishing habitats off Kollam and may support future monitoring of coastal productivity and ecosystem-based fisheries assessment.
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1. INTRODUCTION
Zooplankton constitute a crucial component of marine ecosystems, functioning as an essential trophic link between primary producers and higher consumers, including commercially important fish species. Their abundance, diversity, and distribution are strongly influenced by environmental factors such as temperature, salinity, dissolved oxygen, pH, and nutrient availability (Horne & Schneider, 1994; Greenwood et al., 2001). Owing to their rapid response to environmental fluctuations, zooplankton communities are widely recognised as reliable indicators of ecosystem health and water quality in marine and coastal environments.
Numerous studies have demonstrated a close ecological relationship between phytoplankton productivity and zooplankton abundance. Phytoplankton serve as the primary food source for many zooplankton species, and changes in phytoplankton biomass directly affect zooplankton population dynamics (Comita & Anderson, 1959; Mitra et al., 2014). Sheldon et al. (1977) further reported that areas characterised by high plankton productivity often support greater fish biomass and fishery yields, emphasising the importance of planktonic communities in sustaining marine fisheries.
The Arabian Sea is characterised by pronounced seasonal variability driven by monsoonal circulation, which significantly influences hydrographic conditions, nutrient enrichment, and biological productivity. Krishnankutty et al. (2019) reported that fluctuations in temperature, salinity, and nutrient concentrations regulate phytoplankton diversity and abundance in the southeastern Arabian Sea. Likewise, Venkataramana et al. (2020) identified copepods as the dominant zooplankton group in Indian marine waters and highlighted their critical role in secondary production and energy transfer within pelagic food webs.
Studies conducted along the southwest coast of India have also demonstrated strong relationships between environmental variables and plankton communities. Sharma and Cyril (2007) observed significant spatial variations in zooplankton abundance in the coastal waters of Kollam and attributed these variations to changing hydrographic conditions. Similarly, Rai and Rajashekhar (2015) and Temkar et al. (2015) reported that phytoplankton abundance is closely associated with physicochemical parameters, including dissolved oxygen, salinity, pH, and nutrient concentrations.
Recent advances in fisheries science have emphasised ecosystem-based approaches to understanding fish aggregation and distribution patterns (Marshall et al., 2017). Active fishing zones are often associated with favourable environmental conditions and enhanced biological productivity, which attract fish schools through increased food availability. Despite the ecological importance of these interactions, comparative studies investigating zooplankton communities, phytoplankton abundance, and water quality characteristics between active fishing zones and non-fishing zones remain scarce, particularly along the southwest coast of India.
Therefore, the present study was undertaken to examine the relationships among zooplankton abundance, phytoplankton productivity, and water quality parameters in active fishing and non-fishing zones off Kollam, Kerala. By comparing these ecological components across contrasting fishing habitats, the study aims to provide baseline information on plankton dynamics and environmental variability, thereby contributing to ecosystem-based fisheries management, marine biodiversity conservation, and long-term environmental monitoring in the southeastern Arabian Sea.

2. MATERIALS AND METHODS
2.1 Study Area and Sampling Strategy
The present study was conducted in the near-shore, coastal, and open waters off Kollam, located along the southwest coast of India in the southeastern 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 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 05:00 and 08:00 h) in active fishing and non-fishing zones without disturbing fishing activities.
2.2 Identification of Fishing Zones
Active fishing zones were identified based on the Indigenous Traditional Knowledge (ITK) of experienced local fishermen, in combination with acoustic observations obtained using a GPS-coupled fish finder (TF350 Plus). The extent and location of active fishing zones change 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 Phytoplankton Collection and Analysis
Phytoplankton samples were collected by filtering 1 L of surface seawater through 20 µm bolting silk. Samples were preserved in 1% Lugol’s iodine and 3% neutralised formaldehyde solution. Qualitative and quantitative analyses were carried out using a Sedgwick-Rafter counting chamber under a trinocular microscope (LM 52-1803), at 10×, 20×, and 40× magnifications, following the National Institute of Oceanography (NIO, 2004). Cell counts were performed in triplicate, and phytoplankton density was estimated using the following formula:

where N is the total phytoplankton abundance (cells L⁻¹), n is the average cell count, v is the concentrate volume (mL), and V is the volume of water filtered (L).
2.4 Zooplankton Collection and Analysis
Zooplankton samples were collected by filtering 5 L of surface seawater through a 200 µm plankton net and preserved in 4% buffered formalin. Quantitative analysis was performed using a Sedgwick-Rafter counting chamber, following NIO (2004). Zooplankton biomass was estimated using the displacement volume method (Tranter, 1960) and expressed as mL m⁻³ using:

2.5 Physicochemical Parameters
Water temperature, salinity, and pH were measured in situ using a digital thermometer (HI98501), a handheld refractometer (DIGI AUTO), and a pre-calibrated digital pH meter (Mettler Toledo).
Water samples were collected using a Niskin sampler and transported to the laboratory under refrigeration. Dissolved oxygen (DO) samples were fixed on board using Winkler’s reagents. DO was estimated following the Winkler iodometric titration method (Wilkin et al., 2001).
3. RESULTS AND DISCUSSION
Figure 1. Physicochemical parameters: a. Temperature; b. Salinity; c. pH; d. Dissolved oxygen; e. Ammonia; f. Nitrate; g. Nitrite; h. Phosphate; i. Silicate.
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Figure 2. Abundance of phytoplankton.

Figure 3. Abundance of zooplankton.


Table 1. Zooplankton abundance versus various water quality parameters among the fishing zones.
	
	Temperature
	Salinity
	pH
	DO
	NH3
	NO3-
	NO2-
	PO43
	Silicate
	PP
	ZP

	Temperature
	1
	
	
	
	
	
	
	
	
	
	

	Salinity
	0.062
	1
	
	
	
	
	
	
	
	
	

	pH
	-0.140
	-0.692
	1
	
	
	
	
	
	
	
	

	DO
	0.161
	-0.956
	0.780
	1
	
	
	
	
	
	
	

	NH3
	0.037
	0.275
	-0.880
	-0.447
	1
	
	
	
	
	
	

	NO3-
	-0.502
	-0.807
	0.332
	0.597
	0.133
	1
	
	
	
	
	

	NO2-
	-0.382
	-0.928
	0.545
	0.780
	-0.088
	0.965
	1
	
	
	
	

	PO43
	0.907
	0.103
	-0.459
	0.018
	0.450
	-0.333
	-0.313
	1
	
	
	

	Silicate
	-0.027
	-0.517
	0.970
	0.663
	-0.965
	0.091
	0.324
	-0.407
	1
	
	

	PP
	-0.499@
	-0.814**
	0.870**
	0.751*
	-0.587*
	0.721*
	0.835**
	-0.644*
	0.733*
	1
	

	ZP
	-0.653*
	0.630*
	-0.118@
	-0.685*
	-0.178@
	-0.326@
	-0.422@
	-0.708*
	-0.030@
	-0.071@
	1



*P = .05; **P = .01; @NS = not significant; PP = phytoplankton; ZP = zooplankton.
The correlation coefficients calculated for phytoplankton abundance, zooplankton abundance, and various water quality parameters in the fishing zones during the study period are presented in Table 1. Phytoplankton exhibited a positive correlation with pH and nitrite at P < 0.01. Salinity exhibited a negative correlation at a high level of significance (P = 0.01). Phytoplankton showed positive correlations with DO, nitrate, and silicate at P < 0.05, whereas negative correlations were observed with ammonia and phosphate (P < 0.05). Phytoplankton abundance did not correlate significantly with temperature. Zooplankton exhibited negative relationships with temperature, DO, and phosphate at P < 0.05, whereas it showed a positive correlation with salinity (P < 0.05). Zooplankton showed no significant correlation with pH, ammonia, nitrate, nitrite, silicate, or phytoplankton.
Table 2. Zooplankton abundance versus various water quality parameters among the non-fishing zones.
	
	Temperature
	Salinity
	pH
	DO
	NH3
	NO3-
	NO2-
	PO43
	Silicate
	PP
	ZP

	Temperature
	1
	
	
	
	
	
	
	
	
	
	

	Salinity
	0.071
	1
	
	
	
	
	
	
	
	
	

	Ph
	-0.463
	-0.433
	1
	
	
	
	
	
	
	
	

	DO
	0.484
	-0.830
	0.219
	1
	
	
	
	
	
	
	

	NH3
	0.769
	0.665
	-0.456
	-0.136
	1
	
	
	
	
	
	

	NO3-
	-0.673
	-0.577
	0.116
	0.072
	-0.937
	1
	
	
	
	
	

	NO2-
	-0.850
	-0.437
	0.255
	-0.128
	-0.952
	0.962
	1
	
	
	
	

	PO43
	0.950
	-0.093
	-0.165
	0.632
	0.681
	-0.691
	-0.845
	1
	
	
	

	Silicate
	-0.427
	-0.514
	0.996
	0.305
	-0.485
	0.150
	0.266
	-0.125
	1
	
	

	PP
	-0.711*
	0.590*
	0.297@
	-0.867**
	-0.102@
	-0.009@
	0.258@
	-0.704*
	0.210@
	1
	

	ZP
	-0.509*
	0.816**
	-0.026@
	-0.975**
	0.150@
	-0.163@
	0.073@
	-0.595*
	-0.118@
	0.940**
	1



*P = .05; **P < .01; @NS = not significant; PP = phytoplankton; ZP = zooplankton.
The correlation coefficients calculated for phytoplankton abundance, zooplankton abundance, and various water quality parameters in the non-fishing zones during the study period are presented in Table 2. Phytoplankton exhibited a negative relationship with DO at P < 0.01. Temperature and phosphate exhibited negative correlations (P < 0.05), whereas salinity was positively correlated (P < 0.05). Zooplankton abundance showed no significant correlation with pH, ammonia, nitrate, nitrite, or silicate, but exhibited a strong positive correlation with phytoplankton at P < 0.01.

4.1 Physicochemical Parameters
Temperature increased steadily from November to February after the onset of the northeast monsoon period. The highest (30.50 °C) and lowest (25.70 °C) water temperatures were recorded in February and November, respectively, coinciding with the results of Sharma and Cyril (2007).
Surface salinity was lower in November and December and ranged between 29.67 ppt and 34.51 ppt. This may have been due to freshwater influx during the onset of the northeast monsoon. Relatively high salinity was observed in surface waters during the pre-monsoon season, as reported by Krishnankutty et al. (2019).
Hydrogen ion concentration was maximum in December (8.37) in FZ-2 and minimum in February (6.56) in NFZ-1. The steep decline in February at NFZ-1 may have been due to the influence of organic matter decomposition or pollution in that area.
Dissolved oxygen varied between 4.28 mg/l and 6.96 mg/l. The highest DO was observed in December, and the lowest was observed in November. Although the surface layers receive a large amount of freshwater during the northeast monsoon season in November, the lowest concentration of DO was observed in the same season. This may be because of the absence of vertical mixing due to density stratification and the oxidation of organic matter, as reported by Naqvi et al. (2009).
In the present study, the maximum concentration of total ammonia was recorded in FZ-2 during February and NFZ-1 during November (0.99 mg/l), whereas the minimum was recorded in Fishing Zone-1 (FZ-1) during January (0.09 mg/l). The higher concentration recorded could be partly due to the death and subsequent decomposition of phytoplankton and the excretion of ammonia by planktonic organisms (Calliari et al., 2005).
The ranges of nitrate and nitrite were 0.06-3.15 mg/l and 0.08-2.48 mg/l, respectively. They were highest in November and December, which may be due to the increased oxidation of ammonia and the recycling of nitrogen by bacterial decomposition.
Phosphate is the most important inorganic nutrient that can limit phytoplankton production in coastal water ecosystems. Maximum phosphate was reported in January at FZ-1 (1.75 mg/l), whereas the minimum was recorded in NFZ-2 during November (0.79 mg/l). The addition of superphosphates applied in agricultural fields as fertilisers and alkyl phosphates in detergents may be other contributing sources of these inorganic phosphates during the study period, and earlier studies also support this statement (Das et al., 1997; Senthilkumar et al., 2002).
The concentration of silicate during the present study ranged from 3.25 to 5.98 mg/l. The highest and lowest values were observed in December (FZ-3) and February (NFZ-3), respectively. Higher silicate values were recorded in all fishing zones than in the non-fishing zones. This may be due to the addition of silica materials through land runoff caused by flooding (Rajasegar et al., 2000), and the increase in silicate concentration may be due to the presence of siliceous frustules of diatoms (Kristiansen & Hoell, 2002).
4.2 Plankton
Previous work suggests that high concentrations of fish occur in areas of high plankton production, which are also areas of enrichment (Sheldon et al., 1977). Pelagic fisheries exhibit a direct relationship with zooplankton production (Sheldon et al., 1977). In the present study, the two-way analysis of variance calculated for total zooplankton density recorded in the fishing and non-fishing zones showed significant differences among months, whereas no significant differences were observed between the fishing and non-fishing zones.
4.3 Phytoplankton
Among the zones, the maximum abundance of phytoplankton was reported in FZ-1 during December (10340 cells L⁻¹), whereas the minimum was recorded in NFZ-2 during February (6815 cells L⁻¹). In December, phytoplankton abundance was comparatively higher in the fishing zone because the fishing zones had higher silicate concentrations than the non-fishing zones, and all other parameters were also normal in the fishing zone. In the present study, phytoplankton abundance was positively correlated with pH, temperature, salinity, and nutrients, which is in line with the results of Rai and Rajashekhar (2015). The present study showed a relationship between the densities of phytoplankton and environmental variables such as dissolved oxygen and pH, which coincides with the work of Temkar et al. (2015) in the coastal waters of Veraval.
4.4 Zooplankton 
The maximum zooplankton biomass and abundance values were recorded in November from FZ-1 (0.85 mL m⁻³ and 503 no. m⁻³, respectively), which may be due to dense swarms of calanoid copepods and decapods. The minimum biomass and abundance were recorded in December from NFZ-3 (0.63 mL m⁻³ and 422 no. m⁻³, respectively). An almost inverse trend was observed in relation to phytoplankton abundance, which was higher in FZ-1 during December (10340 cells L⁻¹).
Most zooplankton species survive under a wide range of environmental conditions, and their growth and density depend on several physical, chemical, and biological factors (Swar & Fernando, 1980). McLaren (1963) stated that temperature regulates the birth rate, longevity, and other population characteristics of zooplankton. The availability of food (Comita & Anderson, 1959; Patalas, 1972) and predation by planktivorous fishes and invertebrates (Swar & Fernando, 1980) may have noticeable effects on zooplankton communities.
Copepods were the most dominant group in the zooplankton community in all fishing and non-fishing zones, constituting 49.6-72.1% of the total zooplankton, followed by decapods. The dominance of copepods on the south-central west coast of India has been reported by Venkataramana et al. (2020).
4.5 Limitations of the Study
This study was limited by its sampling duration and spatial coverage. Sampling was conducted only from November 2019 to February 2020 because the planned extension to April 2020 could not be completed owing to COVID-19 restrictions. Therefore, the results represent a restricted temporal window and may not fully describe seasonal variability in plankton communities or water quality conditions off Kollam. The sampling was also confined to selected active fishing and non-fishing zones, which may limit broader comparison with other parts of the Arabian Sea. In addition, the assessment focused on physicochemical parameters, phytoplankton abundance, and zooplankton abundance. Other potentially relevant variables, including chlorophyll-a, current patterns, upwelling intensity, fish biomass, and remote sensing-based productivity indicators, were not included. The limited sampling volume for plankton assessment may also influence estimates of less abundant taxa. These limitations should be considered when interpreting relationships between plankton distribution and fishing-zone characteristics in this coastal area.


5. CONCLUSION
The present study compared zooplankton abundance, phytoplankton density, and water quality parameters in active fishing and non-fishing zones off Kollam, Kerala, during November 2019-February 2020. Zooplankton abundance ranged from 422 to 503 no. m⁻³, and the highest abundance and biomass were recorded in FZ-1 during November. Phytoplankton abundance ranged from 6815 to 10340 cells L⁻¹, with the maximum value observed in FZ-1 during December. Copepods were the dominant zooplankton group in both fishing and non-fishing zones, contributing 49.6-72.1% of the total zooplankton, followed by decapods. The correlation patterns showed that plankton abundance was associated with variations in salinity, dissolved oxygen, phosphate, temperature, and selected nitrogenous nutrients, although these relationships differed between fishing and non-fishing zones. Zooplankton showed a strong positive relationship with phytoplankton in the non-fishing zones, whereas this relationship was not significant in the fishing zones. These observations indicate that hydrographic conditions and planktonic food availability may contribute to ecological differences between the sampled habitats. The study provides baseline information for further investigations on plankton dynamics and fish aggregation in the coastal waters of Kollam. Longer-term studies with wider coverage and additional oceanographic and biological variables would strengthen understanding of these processes and their relevance to coastal fisheries assessment.
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FZ-1	November	December	January	February	1.27	1.9800000000000033	8.0000000000000043E-2	0.82000000000000062	FZ-2	November	December	January	February	0.95000000000000062	1.53	0.78	0.69000000000000061	FZ-3	November	December	January	February	1.1599999999999966	2.5299999999999998	0.95000000000000062	0.95000000000000062	NFZ-1	November	December	January	February	1.9800000000000033	2.12	0.97000000000000064	1.34	NFZ-2	November	December	January	February	2.2400000000000002	2.48	1.04	1.23	NFZ-3	November	December	January	February	1.57	2.3099999999999987	0.86000000000000065	1.1200000000000001	Nitrite (mg/l)

FZ-1	November	December	January	February	1.36	1.56	1.9200000000000021	1.72	FZ-2	November	December	January	February	1.21	1.41	1.72	1.680000000000003	FZ-3	November	December	January	February	0.92	1.680000000000003	1.62	1.75	NFZ-1	November	December	January	February	0.83000000000000063	1.03	1.75	1.42	NFZ-2	November	December	January	February	0.79	1.21	1.48	1.28	NFZ-3	November	December	January	February	0.88	1.04	1.6400000000000001	1.52	Phosphate (mg/l)

FZ-1	November	December	January	February	5.1199999999999966	5.31	5.21	4.2300000000000004	FZ-2	November	December	January	February	5.8	4.6199999999999966	4.9800000000000004	4.5599999999999996	FZ-3	November	December	January	February	5.01	5.98	5.8199999999999985	3.7800000000000002	NFZ-1	November	December	January	February	4.3099999999999996	4.72	5.08	3.66	NFZ-2	November	December	January	February	4.9800000000000004	5.25	4.51	3.72	NFZ-3	November	December	January	February	4.72	4.5599999999999996	5.42	3.25	Silicate (mg/l)

November	FZ-1	FZ-2	FZ-3	NFZ-1	NFZ-2	NFZ-3	9790	9310	8380	9140	7435	9900	December	FZ-1	FZ-2	FZ-3	NFZ-1	NFZ-2	NFZ-3	10340	8600	9665	7810	8385	7585	January	FZ-1	FZ-2	FZ-3	NFZ-1	NFZ-2	NFZ-3	8240	7665	8900	7945	8700	7500	February	FZ-1	FZ-2	FZ-3	NFZ-1	NFZ-2	NFZ-3	7480	7350	8515	8925	6815	8100	Total phytoplankton
(number/liter)

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-1	November	December	January	February	25.86	26.2	26.59	25.779999999999987	FZ-2	November	December	January	February	26.72	27.5	27.21	27.12	FZ-3	November	December	January	February	26.02	26.54	28.23	27.52	NFZ-1	November	December	January	February	25.74	26.32	26.88	25.979999999999986	NFZ-2	November	December	January	February	26.650000000000031	27.32	28.12	27.419999999999987	NFZ-3	November	December	January	February	26.82	26.979999999999986	28.62	30.51	Temperature  (oC)

FZ-1	November	December	January	February	31.25	29.67	31.21	31.459999999999987	FZ-2	November	December	January	February	32.590000000000003	30.610000000000031	32.480000000000004	32.68	FZ-3	November	December	January	February	32.54	32.870000000000005	32.760000000000012	33.120000000000012	NFZ-1	November	December	January	February	33.21	31.79	31.919999999999987	32.260000000000012	NFZ-2	November	December	January	February	33.42	31.02	33.89	33.56	NFZ-3	November	December	January	February	34.190000000000012	32.56	32.53	34.51	Salinity (ppt)





