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ABSTRACT   Zooplankton composition and abundance at two stations located in exposed (station I) 

and protected (station II) areas of Bakkhali sub-tropical estuary, Cox’s Bazar, Bangladesh were investigated 

monthly from January 2006 to December 2006. Thirty-three zooplankton taxa were identified. The major groups of 

zooplankton encountered were Copepoda, Chaetognatha, Mysidaceae, Luciferidae, Amphipoda, Acetes, 

Hydromedusae, Cladoceran, Decapod and fish larvae. The percent composition of Copepoda was the highest (79.5-

84.8%) among zooplankton groups followed by Chaetognatha (5.5-6.0%) and Mysidaceae (3.3-6.8%). The 

abundance of zooplankton was relatively higher (87674individuals/m
3
) in protected (mangrove) as compared to 

exposed (salt marsh; 68719 individuals/m
3
) site during the study period. Canonical Correspondence Analysis 

indicated that the abundance of copepods was influenced by rainfall, water temperature and transparency in this 

estuarine environment, and considered coastal and estuarine dominant. 
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INTRODUCTION 

 Coastal area of sub-tropical country 

is characterized by sprawling estuaries 

predominated by saltmarshes and 

mangroves [1]. These areas are 

generally known to trap essential 

nutrients for primary productivity, 

which supports high abundance of 

secondary production, i.e. zooplankton 

[2]. As zooplankton forms an 

intermediate link between primary and 

tertiary productions in the food chain, 

high zooplankton production in 

saltmarsh and mangrove dominated 

estuaries is therefore serves as an 

important feeding ground for many 

commercially important finfish and 

shellfish [3-6].  

 

 Although zooplankton plays a key 

role transferring energy from primary 

producer (s) to predatory fish in the food 

chain, the study on zooplankton 

biodiversity in mangroves and 

saltmarshes of Bangladesh is meager. 

Any investigation on zooplankton in 

mangrove and saltmarsh ecosystems is 

considered an important study to the 

country especially for fishery 

sustainability. Therefore, the objective 

of the present study is to investigate the 

zooplankton abundance and composition 

as affected by environmental parameters 

(i.e. rainfall, water temperature, pH, 

salinity, dissolved oxygen, total 

chlorophyll, total suspended solid and 

evaporation rate) throughout a one-year 

period in the sub-tropical Bakkhali 

estuary, Cox’s Bazar, Bangladesh.  

 



Malaysian Journal of Science 35 (2): 275- 289 (2016) 
 

276 

 

MATERIALS AND METHODS 

 

Study area 

The study was conducted in Bakkhali 

estuary at Cox’s Bazar district, 

Bangladesh located between 20
 
85΄40" 

and 21
 
46΄ 92" N latitude and 91

 
96΄ 

60" to 9234΄ 37" E longitude (Fig. 1). 

The Bakkhali river originated from the 

North Arakan Mountain and flows over 

the Cox’s Bazar city and into the Bay of 

Bengal. Tidal regime of Bakkhali 

estuary is semi-diurnal and climatology 

is monsoonal dictated. The river is 

characterized by muddy and sandy 

bottom [22-24]. Mangroves and 

saltmarshes vegetated at the both sides 

along the river. 

 

 

Figure 1: Study area map showing the sampling location (A= station I and B=station II) in 

Bakkhali estuary, Cox’s Bazar, Bangladesh. 
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Collection and analysis of zooplankton 

 

Monthly sampling was conducted 

to collect the zooplankton and 

hydrological parameters during spring 

high tide in two different mangrove and 

salt marsh habitats from January 2006 to 

December 2006. Both the mangrove and 

salt marsh are submerged only during 

high tide, hence, sample time was 

selected during high water. Two 

sampling stations i.e., Station I (exposed 

to the sea; mainly salt marsh) and 

Station II (protected from sea; mainly 

mangroves) areas were selected for the 

collection of zooplankton and 

hydrological samples. The geographical 

locations of the investigated area were 

approximately 21
 
28.667΄ N and 91

 

58.426΄E for station I and 21
 
28.356΄ N 

and 91
 
58.350΄ E for station II, which is 

flooded and exposed twice daily during 

high and low tides. Mixed stand and 

mono-specific forms of mangrove and salt 

marsh on sandy and muddy bottom substrate 

are found in in Station II, while station I was 

only covered salt marsh. The estuary is 

approximately 0.5 km wide and >10 m deep 

at its mid point with maximum amplitude of 

3 m at high spring tide [23]. 

 

Zooplankton were collected 

(three replicates in each sample time and 

station) from <0.6 m below the surface 

water using a conical shaped 90 cm long 

plankton net (made of bolting silk) 

similar to that described by Mahmood 

and Khan [25] of 335 m mesh size, 

attached with a circular metal frame 

with 35 cm mouth opening and fitted 

with metal bucket at the end cod. A 

digital flow meter (FMC, 0.3) was fixed 

at the mouth of the net to record the 

amount of water filtered through the net 

during collection [25]. The sampling 

was conducted by a boat plied with the 

help of oars. The zooplankton samples 

were preserved in 5% formalin on board 

and brought back to the Institute of 

Marine Science and Fisheries 

laboratory.  

 

 

Laboratory analysis 

 

 

In the laboratory, the specimens 

of each sample were sorted into 

different taxonomic groups using a 

dissecting microscope (Optika-ST30-

2LF). Major zooplankton groups were 

separated following those described by 

Gosner [26], Omori [27], Newell and 

Newell [28], Elias [29], Omori and 

Ikeda [30] and Ahmed [31]. Diversity of 

zooplankton was calculated either by 

complete count or by sub-sample 

method when the catches were too large 

and converting their numerical 

abundance to individuals per cubic 

meter.  

 

Collection and analysis of 

environmental parameters 

 

Water temperature, transparency, 

pH and salinity were measured in situ 

using mercury thermometer, secchi disk 

(30 cm in diameter), pH meter (Hanna, 

Italy) and refractometer (OSK, Japan), 

respectively. Rainfall and evaporation 

data were obtained from the 

meteorological department of Cox’s 

Bazar. Water samples were collected in 

three replicates, and poured into a pre-

labeled 500-ml plastic bottle for total 

suspended solid (TSS) and total 

chlorophyll determination. All water 

samples were immediately kept in an 



Malaysian Journal of Science 35 (2): 275- 289 (2016) 
 

278 

 

icebox and brought back to the 

laboratory for further analysis. To 

determine dissolved oxygen (DO) of 

surface water from two different 

stations, water samples were collected in 

six BOD bottles of different volumes.  

Collected samples from BOD 

bottles were fixed in the field by adding 

1 ml of manganese sulphate (MnSO4) 

solution and 1 ml of alkaline ml 

potassium iodide (KI) and the fixed 

water samples were transported for 

further analysis following the Azid 

modification of Winkler’s method. 

Dissolved oxygen was measured following 

the procedure described by Lind [32]. Total 

Suspended Solid was detected following the 

procedure described by Andrews et al. [33] 

and total chlorophyll was detected by the 

procedure described by Arnon [34].   

 

The Shannon-Wiever index (H´) was 

used to summarize the information on the 

relative abundances of zooplankton species 

found within the study area. The Shannon 

diversity index is commonly used to 

describe the diversity of the particular 

community and as an indicator for the 

assessment of an ecosystem with regards to 

abundance and diversity [35]. Shannon 

diversity index (H´) and evenness (E) were 

calculated for each of the sample bases on 

the following formula Magurran [36]: 

 

 

 iiH pln  p  

Where pi is the proportional abundance of the ith species = 








N

ni
 

ni =  number of individual species counted  

N = total number of species 

Sln

H
E


  

Where ln S is the natural log of the total number species 

 

 

 

CANOCO 4.5 version software was 

used for Canonical Correspondence 

Analysis (CCA), performing step-wise 

regression [37]. Using CCA routine 

executed in CANOCO linking log 

transformed zooplankton density with 

environmental parameters (pH, water 

temperature, dissolved oxygen, total 

suspended solid, total Chlorophyll, salinity, 

rainfall, evaporation) for different months. A 

Monte Carlo permutation test (unrestricted) 

was conducted to assess the significance of 

zooplankton species-environment 

relationships for all the collected made at 

stations I and II.     

 

RESULTS 

 

 

Environmental parameters 

 

Except transparency, seasonal 

monsoonal variations of other environmental 

parameter like water salinity, dissolved 

oxygen, total chlorophyll and TSS were 

observed in this estuarine area (Table 1). 
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Table 1. Summary results of two-way ANOVA and post-hoc Tukey HSD tests on various 

abiotic factors and zooplankton groups (mean±SD) (* P≤0.05,**P ≤0.01, ns =not significant). 
 

 

 

 

 

  Source of variation 

 

  Station  Season Station 

× 

Season 

P-

value 

Variable n ST 1 

36 

ST 2 

36 

P  Spring 

18 

Summer 

18 

Winter 

18 

Monsoon 

18 

P  

Salinity (psu)  24.65±7.1a 24.77a ns  32.13±1.82a 22.05±5.82b 29.27±6.7a 15.38±2.28c ** ns 

TSS (mg/l)  382.78±344.7a 375.28a ns  468.89±60.3a 643.33±496.9a 201.67±94.3b 201.22±163.6b ** ns 

Transparency 

(cm) 

 42.16±9.8a 44.19a ns  47.66±8.7a 39.44±7.3a 40.77±10.3a 44.88±14.1a ns ns 

DO (mg/l)  3.97±0.8a 4.27a ns  3.77±0.6b 4.21±0.7a 4.66±1.2a 3.83±0.85b ** ns 

Water temp  27.69±2.7a 27.91a ns  24.58±2.0c 28.72±0.4ab 27.97±5.4b 29.94±6.9a ** ns 

Water pH (C)  6.79±0.45a 6.78a ns  7.28±0.46a 6.52±0.2b 6.16±1.2b 6.73±`1.5b ** ns 

Air temp (C)  30.45±2.54a 30.49a ns  29.05±1.31b 32.56±2.0a 29.41±5.9b 30.86±6.95ab ** ns 

Chlorophyll 

(mg/l) 

 4.43a 4.1a ns  8.27±2.03a 3.4±0.7b 2.85±0.78b 2.6±0.4b ** ns 

Zooplankton n ST 1 

12 

ST 2 

12 

  Spring 

6 

Summer 

6 

Winter 

6 

Monsoon 

6 

  

Copepod  4860±6057.2a 5810±8254.0a ns  5979±4789.5a 3434±5363a 3804±3732.6a 8125±11434.1a ns ns 

Chaetognath  343.8±362.3a 400.8 ±513.0a ns  527.4±350.7a 84.7±51.9a 523.2±617.7a 354.0±393.7a ns ns 

Lucifer  92.7 ±200.3a 253.0±747.8a ns  33.5±16.4a 17.9±18.7a 35.5±15.6a 604.5±987.4a ns ns 

Amphipod  18.03±20.7a 19.61±32.8a ns  16.41±16.5b 0.00b 4.21±6.1b 54.67±29.2a ** ns 

Mysid  192.4 ±224.1a 427.6 ±806.5a ns  595.3±1040.1a 509.7±354.5a 25.5±23.6a 109.5±68.5a ns ns 

Acetes  22.36±46.5a 28.65 ±63.7a ns  9.21±4.7a 2.71±2.4a 19.42±18.07a 70.69±96.3a ns ns 

Hydromedusae  78.36±99.29a 85.90±85.9a ns  91.49±99.4a 46.28±59.0a 106.94±145.7a 83.83±012.6a ns ns 

Shrimp larvae  11.05±7.7a 21.23±37.7a ns  12.29±6.9a 3.10±4.41a 18.93±13.6a 30.25±493a ns ns 

Fish larvae  13.88±15.4a 19.42±40.2a ns  6.24±2.4a 2.10±2.99a 15.04±6.3a 42.71±51.9a ns ns 

Crab larvae  7.91±10.2a 21.22±44.0a ns  0.34±0.7a 0 21.82 ±16.2a 36.18±52.7a ns ns 

Small Fish  4.44±6.4a 20.15±39.2a ns  0.00a 29.91±52.28a 11.24±10.9a 8.05±8.7a ns ns 

Cladoceran  6.54±12.5a 25.99±86.2a ns  0.35±0.7a 0.00a 7.54±16.8a 57.19±1140a ns ns 

Others  74.3±147.4a 169.1±344.7a ns  5.2 ±6.0a 0.75±1.15a 239.6±187.2a 241.3±445.6a ns ns 

Diversity index 

(H’) 

 0.81±0.5a 0.87±0.5a ns  0.60±0.2a 0.62±0.3a 0.76±0.3a 1.38±0.6a ns ns 

Evenness (E)  0.3±0.2a 0.33±0.2a ns  0.26±0.1ab 0.25±0.1ab 0.20±0.1b 0.57±0.2a * ns 
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The lowest air (26.17° C) and 

surface water (25.17° C) temperatures were 

recorded during December and the highest 

(34.5° C for air and 3° C for water) in July.  

The surface water temperature showed an 

increasing trend from May to July and it was 

low during the winter from November to 

January. Temperature was influenced by the 

solar radiation, monsoon and evaporation. 

The water pH values during the study period 

were found slightly acidic to alkaline and 

ranged from 6.50 to 7.90, while salinity 

values was found between 14.50 psu and 

34.50 psu. Salinity changes are related to 

monsoonal climate, rainfall and freshwater 

runoff in this estuarine ecosystem. Seasonal 

changes in salinity were noticed and found 

higher (34.50 psu) in February and lower 

(14.40 psu) in August. The average DO 

ranged from 3.07 to 6.48 mg/l for both the 

stations during the study period. Similarities 

existed between DO and total chlorophyll. 

Total chlorophyll was higher (10.02-10.08 

mg/l) during January and February, and 

decreased from March to October in both 

the stations.   

 

An inverse relationship was found 

between the transparency and TSS. The 

highest transparency (59 cm) of water was 

found in February and lowest (32.67 cm) 

was recorded in October in this estuarine 

environment. The evaporation rate was 

higher in April, while lower in December.  

 

The first canonical axis accounted 

for 47.35% and, second axis accounted for 

the 36.35% of the variance in the 

zooplankton abundance. Thus first two axes 

cumulatively explain 83.7% of the variance. 

CCA model confirmed that key abiotic 

factors notably TSS, total chlorophyll and 

DO highly correlated with individual group 

of zooplankton abundance. For example, 

water characteristics such as TSS (eigen 

value; 0.69) and Chlorophyll  (eigen value; 

0.58) were found to be highly correlated 

with first ordination axis. Besides, water 

characteristics like DO (eigen value; -0.61) 

were found to be negatively correlated with 

the second ordination axis (Fig 2). 

Zooplankton group, Mysid was found to be 

closely associated with chlorophyll content 

of water, and crab larvae seem to have close 

association with water temperature. 
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Figure 2. CCA showing scatter plot for zooplankton density vs 12 months environmental parameters at 

the mangrove and salt marsh estuarine habitats of Bakkhali, Cox’s Bazar. 

 

Zooplankton abundance and composition 

 

A total of 33 zooplankton belonging 

to diverse group i.e., Copepod, 

Chaetognatha, Lucifer, Amphipod, Mysid, 

Aectes, Hydromedusae, Shrimp larvae, 

Ichthyoplankton, Crab larvae and Cladocera 

were recorded  (Table 2). The ranges of 

population densities of zooplankton were; 

684-22284 and 305-34391 individual/m
3
 at 

stations I and II, respectively. The total 

number of zooplankton was found higher 

(87674.11 individuals/m
3
) in station II 

compared to station I (68718.62 

individuals/m
3
). The minimum zooplankton 

density was recorded in June and July 

(monsoon) and maximum was in September 

(post monsoon) at both stations I and II (Fig 

3).  Species diversity index variations were; 

0.17-1.68 (station I) and 0.22-1.97 (station 

II). The ranges of evenness were; 0.06-0.69 

and 0.09-0.82 at stations I and II, 

respectively, and significantly different 

between winter and monsoon. Zooplankton 

diversity was high during July-August 

compared to the other months in both the 

stations I and II. Copepods were dominant 

groups in both sampling stations followed 



Malaysian Journal of Science 35 (2): 275- 289 (2016) 
 

282 

 

by Mysidaceae and Chaetognatha. The 

percent composition of copepods in the total 

zooplankton was 79.53-84.8%, 

Chaetognatha 5.5-6.0% and mysidaceae 

consists of 3.3-6.8% in both the sampling 

stations of Bakkhali estuary (Table 3).  

  

Table 2. Major groups of zooplankton in the Bakkhali estuary Cox’s Bazar. 

Major Groups Zooplankton 

Copepoda Acartia sp. 

 Labidocera sp. 

 Calanus sp. 

 Centroapges sp. 

 Oithona sp. 

 Calanopia sp. 

 Eucalanus sp. 

Chaetognatha Sagitta enflata 

 Sagitta hispida 

 Sagitta delicata 

Lucifera Lucifer typus 

 Lucifer orientalis 

Amphipoda Amphipod (O) 

Mysidaceae Mysidae (F) 

Acetes Acetes chinensis 

 Acetes indicus 

Hydromedusae Aequorea sp. 

 Aurelia sp. 

 Rhizostomeae sp. 

 Beroe sp. 

Shrimp Larvae  Penaeus sp. 

 Leptocarpus sp. 

 Sergestes sp. 

Ichtyoplankton  Mugil sp. 

 Liza sp. 

 Coilia sp. 

 Johnius sp. 

 Lepturacanthus sp.  

 Escualosa sp. 

Crab Larvae  Scylla sp. 

 Neptunus sp. 

 Portunus sp.  

Cladocerans Evadne sp. 
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Figure 3. Abundance of monthly total zooplankton (individuals/m
3
) of both sampling stations in 

the Bakkhali estuary. 

 

 

Table 3. Mean abundance (individuals/m
3
) and species composition (%) of zooplankton in the 

mangrove and salt marsh habitat of Bakkhali. 

 

Group Station I Station II 

 Mean % Mean % 

Copepoda  4860.80 84.88 5810.34 79.53 

Chaetognatha 343.81 6.00 455.80 6.55 

Lucifera 102.70 1.81 253.00 3.46 

Amphipoda 28.03 0.50 19.61 0.27 

Mysidaceae 192.36 3.36 500.56 6.85 

Aectes 32.36 0.58 28.65 0.39 

Hydromedusae 78.36 1.37 85.90 1.18 

Shrimp larvae 21.05 0.38 21.23 0.29 

Ichthyoplankton 23.88 0.43 19.41 0.27 

Crab larvae 17.91 0.33 19.46 0.27 

Fish 14.44 0.26 20.15 0.28 

Cladoceran 26.18 0.46 25.99 0.36 

 

 

In zooplankton composition, salinity 

and TSS influenced Amphipoda, while the 

composition of small fish and Mysidaceae 

were affected by water pH, air temperature 

and evaporation rate (Table 4; Fig 2). The 

composition of Copepoda, Lucifera, Acetes, 

Cladoceran relied on water temperature, 

rainfall and water transparency. Other 

zooplankton species i.e., Chaetognata, 

Hydromedusae, shrimp larvae, crab larvae 

and Icthyoplankton were associated with 

dissolved and total chlorophyll content of 

water in this estuarine environment (Fig 2). 
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Table 4. Results of the main ordination for the CCA on the relationship between zooplankton 

abundance and water parameters in Bakkhali estuary. 

 

 

Axis 1 Axis 2 Axis 3 

Water pH 0.28 0.48 -0.07 

Water Temp -0.50 -0.11 0.39 

DO 0.04 -0.61 -0.45 

TSS 0.69 0.16 0.36 

Chl 0.58 0.31 -0.23 

Salinity 0.35 -0.24 -0.13 

Eigen values 0.05 0.04 0.009 

Percentage of variance 47.35 36.35 8.83 

Cumulative variance 47.35 83.7 92.53 

 

 

DISCUSSION 

 

 

Zooplankton are important in assessing 

the health of estuarine and coastal ecosystems. 

The estuarine zooplankton found in this study 

area bears strong similarities to that of 

Satkhira mangrove estuary [38]. Twelve 

taxonomic groups of zooplankton were found 

in the mangrove and salt marsh habitats of the 

estuarine area of Bakkhali, Cox’s Bazar. This 

value was higher than the recorded number of 

zooplankton taxa (six) by Ali et al. [39]. This 

may be attributed to the tidal current, food 

availability, wind direction and river discharge 

that govern the diversity of zooplankton in the 

estuarine environment [40]. According to Ali 

et al. [39], the maximum abundance of 

zooplankton was observed during the 

monsoon while minimum in autumn and 

winter. In contrast, the present study was 

recorded the maximum density of zooplankton 

during the post monsoon and the minimum 

was during monsoon in this estuarine 

environment.  Zooplankton composition and 

diversity demonstrated a seasonality that 

differed from that recorded in the mangrove 

and salt marsh dominant estuary and 

Moheskhali Channel, Bay of Bengal. In 

estuarine zooplankton, especially copepods 

are reported to be declined due to low 

salinities caused by freshwater runoff from 

river during rainy season and immediately 

increase thereafter during post monsoon, it is 

accompanied by the peak zooplankton 

abundance [40]. This is the case in the 

mangrove and salt marsh dominant estuary of 

Bakkhali, Cox’s Bazar. 

 

The total number of zooplankton was 

relatively higher (87674.11 individuals/m
3
) in 

station II (protected area) compared to station 

I (exposed; 68718.62 individuals/m
3
) during 

12 months study period. As evident from the 

present study, the abundance of zooplankton 

was high in the protected mangrove and salt 

marsh area in Bakkhali estuary. Their 

presence varied within habitats similar to the 
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observation made by Zafar and Mahmood [14] 

and Ali et al. [39].  This variation may be due 

to the effects of different environmental 

factors in the estuarine ecosystems. In fact in 

estuaries, the seasonal patterns of zooplankton 

abundance and distribution are complex and 

extremely variable [41-43].  Studies revealed 

that zooplankton communities are generally 

prefer sheltered, soft muddy areas rich in 

organic debris and nutrients derived from 

estuarine vegetations [44-45]. Such ideal 

ecological condition of protected area in 

Bakkhali estuary probably favors the 

maximum abundance of zooplankton 

diversity. The low abundance of zooplankton 

in station I in this estuary was probably due to 

exposed condition from big wave with no 

protection from saltmarsh and mangroves, 

which agreed to the finding of Mahmood and 

Zafar [38]. However, in eutrophic or nutrient 

rich environments like estuary and coastal 

area, the abundance of dense zooplankton 

population is food source for fisheries 

resources regardless of any stages [2]. The 

pelagic zooplankton may become available as 

food for the estuary dwelling fish and shellfish 

when they co-exist in the same habitat. This 

help to build up a trophic relationship in the 

estuarine food web and influence the dynamic 

of the estuarine ecosystems.  

 

The higher number of zooplankton in 

station II could probably due to the good 

environmental support with less energy forces 

and higher retention quality. This finding 

support those of Macnae [46] that it is a good 

device to support conception of how the 

zooplankton distribution in time and space in 

estuarine ecosystems provided the species and 

environment data matrix are suitable. The total 

number of copepod species was relatively 

lower when compared to the previous data 

obtained from other study areas elsewhere 

[47-49]. The patterns of estuarine zooplankton 

diversity in sub-tropical estuaries have often 

been noted to rise and fall with environmental 

parameters. Zooplankton species richness and 

diversity index tends to increase during 

monsoon period in both the stations, 

indicating that most of the species were of 

estuarine and coastal origins. However, the 

diversity of zooplankton could influence by 

upwelling and nutrient inputs from the 

adjacent coastal environment of Bakkhali.  

 

In sub-tropical coastal environment, 

estuaries are rich with endless of plankton 

resources, which play an important role in the 

fishery sector. These plankton communities 

depend on different types of hydro-

meteorological factors in the adjacent coastal 

and estuarine environment.  Usually, the 

diversity of zooplankton in the estuarine 

mangrove-salt marsh habitats is rich elsewhere 

[50-51]. This present study found that 

copepod is the dominant group in the 

abundance and composition of zooplankton, 

which plays an important role in this estuarine 

food chain. As dominant species, copepod 

could be useful for coastal and estuarine 

fishery resources in this estuary. Generally, 

copepod has an important role in the food 

web, linking primary producers and higher 

trophic levels in aquatic ecosystems [52]. 

 

Canonical Correspondence Analysis 

ordination revealed the different 

environmental necessities and niche 

differentiation among zooplankton fauna. The 

dominant group of zooplankton Copepoda in 

this estuarine environment was associated 

with rainfall, transparency and water 

temperature. In addition, the riverine estuaries 

studied often displayed the largest 

zooplankton peaks in post monsoon to winter, 

depending on magnitude of flushing of 

nutrients and the subsequent winter rainfall 

into the lower estuary. However, the 

importance of runoff to estuarine biotic 

response has also been recognized elsewhere 

previously [53].  
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