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Investigation of plankton ecology in Chinnamuttom and Colachel  fishing Harbor in Southeast coast of India


ABSTRACT
Water quality parameters and plankton were analysed in two fishing harbors  (Chinnamuttom and Colachel), waters along the complex aquatic ecosystem at Kanyakumari district during July 2021 - June 2022. Seasonal variations of physico-chemical parameters such as AT (27-34oC), SST (24.3-31oC), pH (7.46 -8.12), salinity (28.0-33.5 psu) ,DO (3.4-5.6 mg/l) and the inorganic nutrients such as NO3 (0.042-0.14 mg/l), NO2 (0.074-0.088 mg/l), PO4 (0.078-0.193 mg/l), SiO4 (0.480-0.797 mg/l) and NH3 (0.054-0.127 mg/l) were estimated in selected study site i.e. harbor waters. A total of 74 species of phytoplankton was recorded in Chinnamuttom harbor water and 59 species were recorded in Colachel harbor water during the study period. Bacilariophycea were dominantly recorded in both ststions.Totally 56 species of  zooplankton were observed  in Chinnamuttom harbor whereas 46 species were found in colachel harbour.  Calanoid groups were dominantly recorded in both stations during the study period. Also the physicochemical parameters influence was correlated.Statistical tools PRIMER (Ver. 6.1.11) and Origin Pro 8.0. were employed to find the species diversity, richness and evenness were calculated.
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1. Introduction
India has many small, medium and large ports along its coast, some of which are natural harbor. Various kinds of anthropocentric and harbour activities are currently polluting port waters by assimilating substantial amounts of  waste depending upon its capacity, while the hydrodynamics of the region play a greater role in further dispersion of waste contaminants. Past and current study analysis on marine pollution proves that increasing port activities which could contribute to increased concentration of toxic heavy metals, petroleum hydrocarbons, phenols and many other toxic compounds into harbor environments are greatly affecting  the  physico chemical properties of port environments [1] where many micro and macro aquatic organisms live.Marine environment as a complex ecosystem is influenced by physical, chemical and biological processes which harbour a rich diversity of flora and fauna [2]. Compared to open ocean, coastal area is more dynamic because of its interaction with the terrestrial zone, which brings about variation in its physico‐chemical parameters.
The biological productivity of the marine system is dependent on the complex physical, chemical and biological processes, the source of pollution load, nutrient content, and availability of biomass[3]. Various valuable biotic and abiotic resources are the source of income for significant portions of the global population [4]. Physico-chemical parameters, such as temperature, salinity, pH, nitrate, nitrite, ammonia, and silicate have a significant impacts on phytoplankton growth and diversity [5].The  interaction with physico-chemical parameters of water act as a major factor in controlling the phytoplankton dynamics of the water [6].
Phytoplankton and zooplankton which are the major microflora and fauna dwelling in  water [7].phytoplankton are the  primary producers  and secondary consumer in any aquatic ecosystem. According to [8] phytoplankton followed by zooplankton not only serve as food for  aquatic animal but also play an significant role in keeping the biological balance and quality of water[9]  in her work specified that  zooplankton play an vital role in the food chain, as they are next in trophic  level to primary consumers. Differentiated accumulation of taxonomically distinct microscopic organisms inspirations the trophodynamics, ecological energetics, cycling of material and aqua cultural  efficiency of all water form. Such important organisms which can restore the  climate changes are now getting detoriating due to significant variations in physico-chemical parameters due to environmental damage instigated by human activities, industrialization and  pace of urban development. So there is an severe societal and universal necessity to monitor the water quality, the biodiversity and aesthetic beauty of  such significant marine environment. With this attention the present study was carried out with an intension to recognize the level of pollution caused by harbor activities on the ecology of the biotic floral (phytoplankton) and faunal (zooplankton) organism and to approximation diversity index of them in the nominated study sites, Chinnamuttom and Colachel harbor, Bay of Bengal.










2. Materials and Methods
2.1. Site description
Kanyakumari district having an area of 1672 sq. km occupies 1.29% of the total extent of Tamil Nadu is home to nearly 1.7 million people with 44 villages and 36,000 families who were totally dependent on fishing occuption. Nearly 4, 000 hectares of land is under inland fishing. 
In order to meet international standards, it is imperative to have world class fishing harbor. Kanyakumari stands to gain with a number of fishing harbor works in progress. Chinnamuttom lies between the coordinates (Lat. 8°5'45"N; Long. 77°33'47"E). Colachel, which has always been a fishing harbor is located on the Eastern coastal side of Kanyakumari District that falls in between the coordinates (Lat. 8°09′N; Long. 77°08′E) where the Eastern and Western backwaters approaches as the livelihood of most people around this harbor is fisheries dependent. 
2.2. Selection of sampling stations and sample collection
The sample collection was carried out at the following two stations: Station - I Chinnamuttom fishing harbour situated nearly 2 km away from Kanyakumari. Station - II Colachel harbor, a natural harbour situated 20 km left from Nagarcoil in Kanyakumari district in Tamil Nadu. According to the standard procedures the water samples were collected in clean polythene bottles without any air bubbles. The bottles were washed before sampling and forcefully sealed after collection and labeled in the field. The collected samples were kept in ice box to maintain the thermostatic condition till it reaches the laboratory. 
2.3. Analaytical methods to determine the water quality parameters
Several water quality variables were monitored and water samples were observed over a period of one year (July 2021 - June 2022). Surface water temperature and atmospheric temperature was measured using a digital multi-stem thermometer of 0.1°C accuracy. Salinity was valued using a hand-held refract meter (Atago hand refract meter, Japan) and the pH (hydrogen ion concentration) was analysed using a pH pen (pH tester, Malaysia) with the accuracy of ±0.1. Dissolved oxygen (DO) was assessed by the modified Winkler's method [10] . Surface water samples were filtered using a Millipore filtering system through a 0.45 μm GF/C filter paper and dissolved inorganic nutrients such as NO2 was measured by a colorimetric method using sulphanilamide [10],  NO3 by the cadmium reduction method [10], PO4 by the ascorbic acid method [10]  reactive SiO2 by the molydate method (Strickland and Parsons, 1968) using a PC based double beam spectrophotometer Systronics-2202) and NH3was estimated by [10] . 
2.4. Plankton analysis
The plankton samples  from Chinnamuttom and Colachel fishing harbor were collected during July 2021 – June 2022 using standard Indian Ocean hand plankton net (47 μm for phytoplankton and 158 μm mesh for zooplankton) by towing horizontally at surface for 30 minutes. The collected plankton samples were preserved with 5% of neutralized formalin for qualitative analysis. Phytoplankton was identified using the standard keys of [11,12,13,14,15,16,17&18]. Zooplankton samples were identified by using standard keys of  [19].The taxonomic identification was done under the compound microscope at a magnification of 10 x 40 x 100, and they were photographically using Inverted Biological Microscope. 
2.5. Statistical analysis
Different statistical tools were used to know the diversity indices, richness and evenness using the biodiversity software, PRIMER (Ver. 6.1.11) and Origin Pro 8.0. Biodiversity indices were calculated following the standard formulas; species diversity (H’) was calculated using the following formula [20] (H’ = ∑ pi log2pi, where pi is the proportion of individuals of each species belonging to the species of the total number of individuals. Species richness (D’) was calculated using the following formula given by [21] D’ = 1 - C; C = ∑pi2; pi = ni/N; evenness or equitability (J’) was calculated using[22] formula: J’ = H’/Jns or J’ = log2S. 





















3. Results and Discussion
The surface and atmospheric temperature showed an increasing trend from July 2021 to June 2022 and is influenced by the intensity of solar radiation, evaporation, freshwater influx , cooling and mixing by the ebb and flow from adjoining neritic waters. The low temperature observed in monsoon 2021 might due to strong land sea breeze and precipitation and the recorded high summer value could be attributed to high solar radiation .The average atmospheric temperature recorded at two different harbor waters ranged between 27 to 34oC. The minimum atmospheric temperature (AT) was observed during monsoon season(November) during the year 2021 at station -  II and the maximum (AT) was registered in summer season(May) during the year 2022 at station - I (Fig. 1a). Surface water temperature (ST) varied from 24.3 to 31oC. The minimum surface water temperature observed during monsoon(November, 2021) at station II and the maximum was registered during summer season (May) at station - I (Fig. 1b). 
The pH of sea water is important for a number of reasons. For example, it helps to protect marine life from harmful acids. It also helps to maintain the solubility of minerals and gases in sea water [23]. Hydrogen ion concentration (pH) remained an alkaline nature through out the study period at both the stations with maximum value during August 2022 and  minimum during November 2021. Generally, this seasonal variation is attributed to factors like removal of CO2 by photosynthesis through bicarbonate degradation, dilution of seawater by freshwater influx, low primary productivity, reduction of salinity, temperature and decomposition of organic matter [24]. The recorded high pH in summer might be due to the influence of seawater penetration and high biological activity [25] as well as to the occurrence of high photosynthetic activity .Hydrogen ion concentration (pH) ranged from 7.46 to 8.12. The minimum pH was recorded during monsoon (November) in the year 2021 at station - II and the maximum during summer in the year 2022 at station - I (Fig. 1c). 
Salinity is one of the most important hydro graphical parameters, which considerably influences almost all other physical and chemical properties of seawater and thus, significantly determines the distribution of biological communities[26].The salinity was found to be high during summer (May) 2022 and low in monsoon (October) 2021 at both the stations. The recorded higher salinities could be attributed to the low amount of rainfall beside high temperature, higher rate of evaporation and also due to neritic water dominance. During the monsoon season, the rainfall and the freshwater inflow from the land moderately must have reduced the salinity.Salinity values varied from 28 psu to 33.5 psu. The minimum salinity noticed in monsoon 2021 at station - II and maximum during summer 2022 at station - I (Fig. 1d).
Sea water contains dissolved oxygen, which is essential for marine life. The amount of dissolved oxygen in sea water can vary depending on a number of factors, such as temperature, salinity, and currents [23]. The range of dissolved oxygen was found between 3.4 and 5.6 mg/l. The low dissolved oxygen concentration during summer(May) 2022 at station - I and higher concentration was observed during monsoon (November) 2021 at station - II (Fig. 1e).  The concentration of inorganic nutrients viz. Nitrate (NO3) (0.042 - 0.14 mg/l), nitrite (NO2) (0.074 - 0.088 mg/l), total phosphate (TP) (0.078 – 0.193 mg/l), reactive silicate (SiO3) (0.480 – 0.797 mg/l) and ammonia (NH3) (0.054 – 0.127 mg/l) varied in dependently (Figs. 1f-j). 
Nitrate is an essential nutrient but at high concentrations, it becomes toxic to the aquatic environment. Nitrate level less than 0.5 mg/L will not pollute the water. Nitrate is one of the most important pollution indicators of water which represents the highest oxidized form of nitrogen. It plays a significant role in sustaining the aquatic life in the marine environment [27].The minimum concentration of nitrate (0.042 mg/l) was obtained during summer (May) 2022 at station - I and the maximum (0.14 mg/l) in monsoon(November) 2021 at station – II.Currently obtained highest monsoonal nitrate value in both harbour waters could be mainly due to the organic materials received from the catchment area during ebb tide ( while the nitrite content recorded the minimum (0.074 mg/l) in summer (March) 2022 at station - I and maximum (0.088 mg/l) noticed during monsoon (November) 2021 at station - II. 
Total phosphate concentration was found low the (0.078 mg/l) in summer (May) at station - I and higher (0.197 mg/l), in monsoon(November) 2021 at station - II. Reactive silicate concentration registered its maximum (0.797 mg/l) during monsoon(October) 2021 at station - II and minimum (0.480 mg/l), during summer(May) 2022 at station - I. Ammonia content was resulted minimum (0.054 mg/l) during the monsoon(November) 2021 at station - I and maximum (0.127 mg/l), during the summer(March) 2022 at station - II.Currently obtained highest monsoonal nitrate value in both harbor waters could be mainly due to the organic materials received from the catchment area during ebb tide. Another possible way of nitrate input could be through oxidation of ammonia to nitrite [28,].The recorded low values during non-monsoon period may be due to its utilization by phytoplankton as evidenced by high photosynthetic activity and the dominance of neritic seawater having a negligible amount of nitrate[23] Low value of nitrite was recorded during summer  season could be ascribed to less freshwater inflow and high salinity [29]. Whereas the nitrite level was found higher during monsoon season could be mainly due to the organic materials received from the catchment area during ebb tide [30].
The silicate in harbor waters  content was  always higher than that of other nutrients and the recorded high monsoon values may be due to heavy inflow of freshwater derived from land drainage carrying silicate leach out from rocks and also from the bottom sediment . The observed low summer values could be attributed to uptake of silicate by phytoplankton for their biological activity. The variation of silicate in coastal water is influenced by several factors like physical  mixing of seawater with freshwater[31]adsorption of  reactive silicate into suspended sedimentary  particles [32] chemical  interaction  with  clay minerals [33&34] co-precipitation with humid compounds and iron  and biological removal by phytoplankton,  especially  by  diatoms  and silico-flagellates [35] Domestic and industrial discharges besides harbor waters into the coastal water increase nutrients (nitrates and ammonia) making it slightly polluted. The strong seasonal currents and seasonal winds however help in well oxygenation and dispersion of excessive nutrient into the offshore waters, rendering it non-polluted, thereby maintaining good productivity in harbor waters. Ammonium is the nitrogenous end product of the bacterial decomposition of natural organic matter containing nitrogen. The recorded higher concentration could be partially due to the death and subsequent decomposition of phytoplankton and also due to the excretion of ammonia by planktonic organisms[25] 
In the present study A total of 74 species of phytoplankton was recorded in station - I and 59 species was recorded in station - II during the study period. The percentage composition of (85%) phytoplankton in station - I sample was contributed by diatoms (Bacillariophyceae), 8% by dinoflagellates(Dinophyceae) 7% of green algae (Chlorophycea) whereas blue green algae not noticed. The percentage composition of phytoplankton in station - II was 84% contributed by diatoms (Bacillariophyceae), 8% by dinoflagellates (Dinophyceae) 7% by green algae (Chlorophycea) 9 and 1% by blue green algae (Cynobacteria).In the study area among the various species of phytoplankton  identified diatoms population were dominated in all season, as they thrive well in widely changing hydrographical conditions [36 & 37].This  finding  is  also  similar  to  earlier  report  by many  workers [38].The species like Skeletonema costatum, Pleurosigma elongatum, Thalassionema nitzschioides, Navicula longa, Thalassionema longissima, Chaetoceros affinis, Triceratium robertsianum, Coscinodiscus centralis, and Nitzschia closterium were recorded almost all the season. In the present study, phytoplankton species diversity index () varied from 3.674 to 4.014 (Fig. 3). The minimum species diversity (3.674) was recorded in station - I during monsoon might be due to the heavy monsoonal flood, which washed the allochthonus species, and even autochthonus species, which could not survive in very low salinity. The turbidity during monsoon season may also responsible for lower values. Similar observations were also made earlier by Santhanam et al. (2012). The maximum level (4.014) was observed in station - II during summer season may be due to the occurrence of allochthonous species [39].The species richness index () fluctuated between 0.972 and 0.980 (Fig. 4). The minimum species richness (0.972) was observed in station - I during monsoon, and the maximum (0.980) was noted in station - II during summer season. High and lower species richness recorded during summer and monsoon seasons respectively, which could be correlated with the recorded higher and lower salinity values, as reported by[35]. The species evenness index () varied from 0.823 to 0.857 (Fig. 5). In the present study a reverse trend was observed in evenness values. The minimum species evenness (0.823) was observed in station - I during postmonsoon may be due to unequal distribution of the species and  the maximum (0.857) was recorded in station - I and II during monsoon and summer that the species were equally distributed and thus not allowing a single species to dominance over others as reported earlier by from Vellar estuary, [40] from Arasalar and Cauvery estuary, [28] from Pichavaram mangrove waters, from Vellar estuary and adjacent neritic waters and [41] from Gulf of Kachchh waters (Fig. 2e).
In the present study,  zooplankton of both station - I and II comprised of Calanoida, Cyclopoida, Harpacticoida, Ciliata, Polychaeta and Amphipoda.  In station - I, Calanoida (40%), Cyclopoida (14%), Harpacticoida (14%), Ciliata (15%), Polychaeta (12%)  and Amphipoda (5%)  were recorded. These species were present in all four seasons. In station - II  Calanoida (39%), Cyclopoida (12%), Harpacticoida (13%), Ciliata (15%), Polychaeta (15%) and  Amphipoda (5%) were recorded. Therefore, totally 56 and 48 zooplankton species were recorded in station - I and II of the harbor water respectively. Among the zooplankton recorded, Calanoid copepod was found dominant followed by Cyclopoida, Harpacticoida, Ciliata, Polychaeta and Amphipoda (Fig. 6). The copepods constituted the dominant group and were numerically abundant throughout the study period. Among the copepods, Macrosetella gracilis was the most dominant genus followed by Acrocalanus gracilis and Oithona rigida. Numerical abundance of copepods was also recorded by different coastal system of India [40].The zooplankton species diversity index () varied from 3.812 to 3.156 
(Fig. 7). The minimum species diversity (3.812) was recorded in station - I during monsoon may be due to the freshwater flow played a key role in altering the hydrobiology of the marine and estuarine environments and caused a reduction of species number, thereby decreasing the density and diversity. This can be correlated with the observations of  from Columbia estuary. Similar results have been reported by from parangipettai waters, form Kadinamkulam estuary and from Goa water.  The maximum level (3.156) was observed in Station - II during summer could be due to stable hydrographical condition this. The species richness index () fluctuated between 0.941 and 0.976 (Fig. 8). The minimum species richness (0.941) was observed in station - II monsoon  and the maximum (0.976) was noted in station - I during summer during this seasons (Fig. 3d).  species evenness index () varied from 0.997 to 0.999. The minimum species evenness (0.997) was observed in station - I during post monsoon, and the maximum (0.999) was recorded in station - II during summer (Fig . 9). To conclude, marine resources indeed vital water quality has become a matter of serious concern because it affects not only aquatic ecosystem health  but human health too. The diversity of phytoplankton and zooplankton, the members of first and second trophic level who play significant role in energy production through out the aquatic food web are much influenced by environmental factors (i.e. Water physic-chemical parameters) in which they live. Hence there is an increasing need for accurate appraisal of plankton study, a good tool for monitoring and management of aquatic ecosystem which can give a idea of water quality and marine biodiversity.

CONCLUSIONS
Seasonal variations of physio-chemical and nutrients characteristics in Chinnamuttom Fishing Harbour and Colachal Harbour inferred that the higher concentration of the nutrients observed in Colachel Fishing harbour. The concentration of nutrients was high during monsoon season and low during summer season in both harbour waters due to incoming of anthropological contaminants in the harbour region from the catchment area and discharge of  domestic and ship.  The marine phytoplankton and zooplankton density, diversity, richness were recorded in their maximum levels during summer season, and minimum were obtained in the monsoon. The evenness of  phyto and zooplankton  were recorded during their maximum levels during summer season, and minimum were obtained in the post monsoon.
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Fig.1 (a-j).  Seasonal variations in the physico-chemical parameters of the two different harbor, Tamil Nadu, Southeast of India.
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Fig.2. Shannon - Wiener diversity indices of phytoplankton from two stations.
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Fig.3. Simpson richness index of phytoplankton from two stations.
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Fig.4. Pielou's evenness index of phytoplankton from two stations.
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Fig.5. Shannon - Wiener diversity indices of zooplankton from two stations.
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Fig.6. Simpson richness index of zooplankton from two stations.
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Fig.7. Pielou's evenness index of zooplankton from two stations.
image1.jpeg
s

s tsesosss
o e

July Aug Sep Oct Nov Dec Jan Feb Mar Apr May June
July Aug Sep Oct Nov Dec Jan Feb Mar Apr May June

| )
2838839232838 R8O
R 8 8 8

July Aug Sep Oct Nov Dec Jan Feb Mar Apr May June
July Aug Sep Oct Nov Dec Jan Feb Mar Apr May June

0

70

(2,) 2dnypdadwiay ouaydsouty UO14DULU2OU0D U0} U2B0JPAH




image2.jpeg
Station - T

]

0.38 4
0.36 o
0.34 4
032 4
0.30 o
0.28 o
0.26 o
0.24 4
0.22 4
0.20 4
0.18 4
0.16 4
0.14 4
0.12 4
0104
0.08 o
0.06 o
0.04 4
0.02 4
0.00 +4

(1/6W) 240441

R

o ©® N © B ¥ ®m &~ — O

(1/6w) uabAxo panjossiq

July Aug Sep Oct Nov Dec Jan Feb Mar Apr May June

July Aug Sep Oct Nov Dec Jan Feb Mar Apr May June




image3.jpeg
Nitrite (mg/1)

Reactive silicate (mg/1)

B station - T
0.20 [EEE station - IT

0.18 4

0.40

016 0.35

014 030
0.2+ 025
010
008

0.06 4

Tnorganic phosphate (mg/1)
o
3
h

0.04 4

0.02 4

July Aug Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Jan Feb Mar Apr May June

B stati
0.32 - [EEEE station - IT

Ammonia (mg/l)

July Aug Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Jan Feb Mar Apr May June




image4.jpeg
Species diversity index (H')

B2 Station - T

B station - IT
S
5
e B s
e B 35 8
% B
3553
B& 35
B = =
: = 53 i i
Pre-monsoon Monsoon Postmonsoon Summer





image5.jpeg
Species richness index (D)

2.0 o

1.8

16

14 4

12 4

104

0.8 -

0.6 -

0.4 4

0.2

0.0

Pre-monsoon

Monsoon

Postmonsoon

Summer





image6.jpeg
Species evenness index (J')

1.8 5

1.6 4

1.4 4

12 4

1.0 4

0.8 4

0.6 -

0.4 4

0.2 4

m Station - T

0.0

1
Pre-monsoon

T
Monsoon Postmonsoon

Summer





image7.jpeg
Species diversity index (H')

7.5 -

7.0 4
6.5
6.0
55
5.0
45 -
4.0+

B2 station - T

Station - IT

3.5

3.0 4

25

2.0 4

15+

10

05 ]

0.0

Pre-monsoon

T
Monsoon

L] T
Postmonsoon

T
Summer





image8.jpeg
Species richness index (D)

2.0 4

18+

16 4

14

1.2 4

1.0

0.8 4

0.6 4

0.4

0.2

B2 station - T

Station - IT

R

0.0

T
Pre-monsoon

Monsoon

T
Postmonsoon

T
Summer





image9.jpeg
Species evenness index (J')

1.8 -

1.6 -

14 4

1.2 4

104

0.8 -

0.6 4

0.4

0.2

4 Station - I

Station - IT

0.0

Pre-monsoon

Monsoon

Postmonsoon

Summer




