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Abstract: This study was made for one year and dealt with the phytoplankton and 

zooplankton of the rivers Halda and Karnaphuli with respect to their monthly 

variations, abundance, and diversity as determined by Shannon-Wiener diversity 

index and Evenness index for major taxa. A total of 23 and 18 genera belonging to 

five groups of phytoplankton (Blue green Algae, Green Algae, Non-motile green 

Algae, Desmids, and Diatoms) and a total of 16 and 13 genera belonging to four 

groups of zooplankton (Cladocera, Copepoda, Rotifera and Protozoa) were recorded 

in Halda and Karnaphuli rivers respectively. Monthly mean total numbers of 

phytoplankton varied from 13927/m3 to 197304/m3 and zooplankton from 

21278/m3 to 86616/m3 in the Halda River, and from 11993/m3 to 99297/m3 

phytoplankton and 15797/m3 to 92204/m3 zooplankton in the Karnaphuli River. 

Halda River was found to be richer in phytoplankton than the Karnaphuli River. 

The Shannon-Wiener diversity index (H′) for phytoplankton ranged from 0.00 to 

1.85, that of zooplankton from 0.00 to 2.00, and the evenness (J′) of 

phytoplankton from 0.00 to 0.99 and of zooplankton from 0.00 to 1.00 in the 

Halda and Karnaphuli rivers, respectively. Diversity indices (H′) of these two rivers 

indicated poor to very poor water quality. Evenness values for both rivers 

indicated that community members were not distributed equally and that the 

water bodies were polluted. 
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INTRODUCTION 

The study of the abundance and diversity of riverine phytoplankton and 

zooplankton is essential for understanding the ecological health and productivity 

of river ecosystems. The abundance and diversity of these plankton communities 

reflect the water quality, nutrient status, and environmental conditions of rivers. 

Changes in their composition can indicate pollution, eutrophication, habitat 

degradation, and the impacts of climate change. Moreover, the assessment of 

plankton diversity helps in evaluating the biological productivity of rivers, 

supporting fisheries management, and conserving aquatic biodiversity. Among  
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the rivers in Chittagong, the Halda and Karnaphuli rivers are particularly 

important to Bangladesh's economy and fisheries sector. The Halda River is 

recognized as a unique natural spawning ground of major carps. It serves as the 

primary source of naturally collected carp eggs and fry for the country's 

aquaculture industry. In contrast, the Karnaphuli River supports the Kaptai 

Reservoir, the largest man-made freshwater reservoir in South Asia, which is 

utilized for hydroelectric power generation and fish production. Both rivers are 

tidal, and the Halda River is a major tributary of the Karnaphuli River (Azadi 

and Arshad-ul-Alam, 2013). 

Despite their immense ecological and economic significance, limnological 

studies encompassing physico-chemical and biological aspects of the Halda and 

Karnaphuli rivers remain limited. Among the pioneering studies are the first 

academic investigations on the limnology of the Halda River and the spawning of 

major carps conducted by Azadi (1979), followed by studies on the limnology of 

the Halda River (Patra and Azadi, 1985a), factors influencing the spawning of 

major carps (Patra and Azadi, 1985b), and the ecology of planktonic organisms 

in the Halda River (Patra and Azadi, 1987). Subsequent notable studies include 

fisheries and environmental surveys of the Karnaphuli River estuary (Hossain et 

al., 2007), investigations on the ichthyofauna of the Halda River (Azadi and 

Arshad-Ul-Alam, 2013), assessment of heavy metal pollution in the Karnaphuli 

River (Ahmed et al., 2016), evaluation of water quality in the Halda River (Islam 

et al., 2020), studies on the ichthyodiversity of five interconnected rivers of 

Chattogram (Azadi and Arshad-Ul-Alam, 2020), assessment of the role of the 

Karnaphuli River in the national economy of Bangladesh (Hossain et al., 2021), 

and a checklist of zooplankton of the Halda River (Islam et al., 2022). 

Although different studies have addressed various ecological and fisheries-

related aspects of these rivers, research on plankton abundance, diversity, and 

associated diversity indices remains scarce. Therefore, the present study was 

undertaken to generate additional information on the abundance, diversity, and 

indices of phytoplankton and zooplankton communities in the Halda and 

Karnaphuli rivers. The findings will be useful to the scientific understanding and 

sustainable fisheries management of these ecologically and economically 

important river systems. 

MATERIAL AND METHODS 

Study Area: Five sampling stations (St. 1–St. 5) were selected along the 

Halda and Karnaphuli rivers, covering approximately 38 km (Fig. 1). Monthly 

sampling was conducted from May 2010 to April 2011 to assess phytoplankton 

and zooplankton abundance and diversity. 
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The Halda River (22°30′-23°15′ N, 88°15′-89°10′ E), the largest tributary of the 

Karnaphuli River, was represented by three stations. Station 1 (Sattar Ghat), 

located in Hathazari Upazila, was characterized by a narrow channel (68 m 

wide), semidiurnal tidal influence, and high turbidity from sediment input. 

Approximately 12 km downstream, Station 2 (Ramdas Hat) had a wider channel 

(110 m), rooted aquatic vegetation along the western bank, seasonal floodplain 

inundation, and localized bank erosion. Further 8 km downstream, Station 3 

(Moduna Ghat) was the widest Halda station (148 m) and was characterized by 

strong currents and persistently high turbidity. 

The Karnaphuli River (21°45′-22°30′ N, 88°45′-90°0′ E) was represented 

by two stations in its lower reach. Station 4 (Kalurghat), located about 1 km 

downstream of the Halda–Karnaphuli confluence, was characterized by strong 

currents, intensive boat traffic, muddy intertidal banks, and active fisheries. 

Approximately 10 km downstream, Station 5 (Firingi Bazar Ferry Ghat) was 

situated near major municipal and industrial discharge points and represented 

the most polluted site, with heavy vessel traffic, high turbidity, and strong water 

currents throughout the year. 

Sample Collection, Preservation, and Analysis: Plankton samples were 

collected monthly from each station throughout the study period using a 

plankton net (Hydro-Bios, Germany) with a mesh size of 55 µm. Sampling was 

conducted from a traditional wooden country boat (sampan). At each station, the 

net was towed at approximately 30 cm below the water surface over a distance of 

7 m, then rapidly retrieved. This procedure was repeated three times at different 

locations within each station, yielding a total tow length of 21 m per station. 

The volume of water filtered was calculated using the formula:  

V = πr²L, where V is the volume of filtered water (m³), r is the radius of the net 

mouth, and L is the total tow length. Plankton abundance was subsequently 

expressed as the number of individuals per cubic meter (m³) of water filtered. 

Immediately after collection, samples were preserved in 5 mL of commercial 

formalin and adjusted to a final volume of 100 mL, following APHA (2012). In the 

laboratory, each sample was thoroughly homogenized, and a 1 mL subsample 

was transferred using a wide-mouthed pipette into a Sedgewick–Rafter counting 

chamber (Model S50, England) for quantitative analysis. 

Phytoplankton and zooplankton were enumerated under a binocular 

compound microscope. Each sample was examined in triplicate, and nine fields 

were counted during each examination from the 1,000-grid Sedgewick–Rafter 

cell. The mean counts obtained from the 1 mL subsample were used to estimate 

total plankton abundance, which was subsequently converted to individuals per 

cubic meter of river water. 
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Identification of plankton taxa was carried out following the keys and 

descriptions provided by Needham and Needham (1962), Edmondson (1992), 

Bhuiyan and Asmat (1992), Shiel (1995), APHA (2012), and Phan et al. (2015). 

The collected data were compiled, processed, and analyzed using Microsoft Excel 

2013. 

 

 
Fig. 1. Map showing the sampling stations at Halda (St. 1; St. 2, and St. 3) and Karnaphuli Rivers 
(St. 4 and St. 5). 

 

Diversity Indices: 

Genus Richness (S): The total number of unique genera identified in each 

sample was defined as the genus richness (S). 

Maximum Shannon Diversity (H′max): The maximum possible Shannon 

diversity for a given number of genera was calculated using the following 

formula, which is subsequently used to determine evenness: 

H′max = ln S  

Genus Diversity (  ): The Shannon-Wiener index was used to determine 

the genus diversity of plankton using the following formula:     ∑          
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Genus Evenness (J′): Pielou’s evenness index (Pielou, 1966) was calculated 

using the following formula to express the distribution of individuals among the 

identified genera: 

'

max

'
'

H

H
J 

  [Where, J′ is the Evenness of individual allotment, H′ is genus 

diversity and H′max is the maximum Shannon diversity (lnS)]. For specific 

sampling instances where only a single genus was present (𝑆=1), the 

mathematical calculation of the formula yields an undefined ratio (0/0). These 

cases were operationally handled by assigning an evenness value of 0.00, as a 

single-genus community inherently lacks distribution equity among multiple 

taxa.  

RESULTS AND DISCUSSION 

Phytoplankton Abundance, Diversity and Evenness: Plankton communities 

are largely influenced by hydrodynamic conditions, with their distribution and 

abundance closely associated with water currents (Khan et al., 2025). 

Phytoplankton constitute the primary producers of aquatic ecosystems and are 

widely recognized as reliable indicators of water quality (Nahid et al., 2020; 

Islam, 2021). They form the foundation of aquatic food webs, linking nutrient 

dynamics to higher trophic levels, including zooplankton, fish, and other aquatic 

organisms (Lomartire et al., 2021). In the Halda River, a unique spawning, 

nursery, and feeding ground for Indian major carps, plankton play a critical 

ecological role (Patra and Azadi, 1987). 

During the study period (May 2010–April 2011), phytoplankton 

abundance exhibited marked temporal variation in both rivers. In the Halda 

River, the highest monthly mean abundance (197,304 ± 279,370 individuals 

m⁻³) was recorded in November 2010, whereas the lowest abundance (13,927 ± 

10,059 individuals m⁻³) occurred in April 2011 (Fig. 2). In the Karnaphuli River, 

the highest mean abundance (99,297 ± 20,061 individuals m⁻³) was observed in 

July 2010 and the lowest (11,993 ± 2,736 individuals m⁻³) in April 2011 (Fig. 2). 

Similar seasonal patterns have been reported from Kaptai Lake and the Halda 

River (Islam, 2021; Khan et al., 2025). The elevated phytoplankton abundance 

during the monsoon and post-monsoon periods likely resulted from increased 

nutrient inputs associated with surface runoff (Courboulès et al., 2023). 

Spatially, Station 3 (Moduna Ghat) recorded both the highest (519,180 

individuals m⁻³ in November 2010) and lowest (3,869 individuals m⁻³ in April 

2011) phytoplankton abundances among the Halda River stations (Fig. 3). In the 

Karnaphuli River, the highest abundance (136,952 individuals m⁻³) was 

recorded at Station 4 (Kalurghat) in February 2011, while the lowest abundance 
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(10,059 individuals m⁻³) occurred at Station 5 (Firingi Bazar) in April 2011 (Fig. 

4). 

A total of 23 phytoplankton genera belonging to five major groups were 

identified in the Halda River, whereas 18 genera were recorded in the 

Karnaphuli River (Tables 1 and 2). In the Halda River, diatoms constituted the 

dominant group (34.78%), followed by blue-green algae, green algae, and non-

motile green algae (17.39% each), and desmids (13.04%). Similarly, diatoms 

dominated the Karnaphuli River assemblage (33.33%), followed by blue-green 

algae and green algae (22.22% each), non-motile green algae (16.67%), and 

desmids (5.56%). The Halda River exhibited a comparatively higher 

phytoplankton abundance and supported a greater number of genera than the 

Karnaphuli River. This pattern may reflect the influence of pollution, as 

disturbed aquatic environments are often characterized by reduced species 

richness and the proliferation of a limited number of tolerant taxa (Anyinkeng et 

al., 2016). 

The Shannon–Wiener diversity index (H′) indicated substantial temporal 

variability in phytoplankton diversity. In the Halda River, monthly mean H′ 

values ranged from 0.70 ± 0.65 in August 2010 to 1.25 ± 0.37 in June 2010 (Fig. 

5). In the Karnaphuli River, the lowest diversity was recorded in June and 

December 2010 (H′ = 0.49), while the highest value (1.36 ± 0.24) occurred in 

January 2011 (Fig. 5). Overall, phytoplankton diversity varied between 0.00 and 

1.85 in both rivers (Fig. 7). According to established Shannon–Wiener-based 

water quality classifications, H′ values below 2 indicate poor to very poor 

ecological conditions (Ajayan and Ajitkumar, 2015; Anyanwu et al., 2023). The 

consistently low diversity values observed in this study therefore suggest 

degraded water quality, likely associated with industrial discharges, municipal 

wastewater, and urban runoff entering both river systems (Islam, 2021). 

The evenness (J′) also exhibited considerable temporal variation. In the 

Halda River, monthly mean evenness ranged from 0.46 ± 0.23 in August 2010 to 

0.90 ± 0.06 in May 2010 (Fig. 6). In the Karnaphuli River, values ranged from 

0.49 in June and December 2010 to 0.96 ± 0.03 in March 2011 (Fig. 6). Overall, 

J′ values varied between 0.30 and 0.99 in the Halda River and between 0.00 and 

0.99 in the Karnaphuli River (Fig. 8). The observed fluctuations indicate uneven 

distribution of individuals among taxa and suggest varying degrees of 

environmental stress. According to Ren et al. (2011), low evenness values are 

commonly associated with increased pollution pressure and community 

dominance by a few tolerant species. The patterns recorded in both rivers 

therefore support the influence of organic pollution in the Halda River and 

industrial, municipal, and urban runoff in the Karnaphuli River (Islam, 2021). 
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Fig. 2. Monthly variation in mean 
phytoplankton numbers (±SD) in the Halda and 

Karnaphuli rivers from May 2010 to April 2011. 

Fig. 3. Monthly variation in total phytoplankton 
abundance (m-3) at stations 1, 2, and 3 of the 

Halda River during May 2010 to April 2011. 

 
 

     Fig. 4. Monthly variation in total phytoplankton 
abundance (m-3) at stations 4 and 5 of the 
Karnaphuli River during May 2010 to April 

2011. 
 

Fig. 5. Monthly variation in the mean Shannon-
Wiener diversity index of phytoplankton (±SD) at 
the Halda and Karnaphuli rivers from May 2010 

to April 2011. 

 
Fig. 6. Monthly variation in the mean Evenness index of phytoplankton (±SD) in the Halda and 
Karnaphuli rivers from May 2010 to April 2011 
 

Zooplankton Abundance, Diversity, and Evenness: Zooplankton abundance 

exhibited marked temporal and spatial variation in both rivers during the study 

period. In the Halda River, the highest monthly mean abundance (86,616 ± 

33,876 individuals m⁻³) was recorded in April 2011, whereas the lowest (21,278 

± 13,084 individuals m⁻³) occurred in November 2010 (Fig. 9).  
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Fig. 7. Monthly variation in the Shannon-Wiener diversity index of phytoplankton at Halda (St. 1; St. 
2, and St. 3) and Karnaphuli rivers (St. 4 and St. 5) during May 2010 to April 2011. 

 
 
Fig. 8. Monthly variation of the Evenness index of phytoplankton at Halda (St. 1; St. 2, and St. 3) 
and Karnaphuli rivers (St. 4 and St. 5) during May 2010 to April 2011. 
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Table 1: Total number and percentage of different phytoplankton groups and genera in the 
Halda River from May 2010 to April 2011 

 

Groups Genus Total No. Percentage (%)             

Blue-green Algae 

Anacystis 

4 

 
 

17.39 

 
 

Lyngbya 

Spirulina 
Phormidium 

Green Algae 
 
 

Ulothrix 

4 
 
 

17.39 
 
 

Spirogyra 

Tribonema 

Zygnema 

Nonmotile green 
Algae 

Scenedesmus 

4 17.39 
Ankistrodesmus 

Schizomeris 

Pediastrum 

Desmids 

 

Genicularia 

3 

 

13.04 

 

Micrasterias 

Closterium 

Diatoms 
 

 
 
 

Diatoma 

8 
 

 
 
 

34.78 
 

 
 
 

Surirella 

Cyclotella 

Nitzschia 

Stephanodiscus 

Navicula 

Synedra 
Melosira 

 

Table 2: Total number and percentage of different phytoplankton groups and genera in the 
Karnaphuli River during May 2010 to April 2011 
 

Groups Genus Total No. Percentage (%) 

Blue-green Algae 

Anacystis 

4 22.22 
Phormidium 
Spirulina 
Lyngbya 

Green Algae 
 
 

Ulothrix 
4 
 
 

22.22 
 
 

Tribonema 

Microspora 

Zygnema 

Nonmotile green 
Algae 

Pediastrum 
3 16.67 Tetrastrum 

Schizomeris 

Desmids Genicularia 1 5.56 

Diatoms 

 
 
 

Diatoma 

6 

 
 
 

33.33 

 
 
 

Surirella 

Cyclotella 

Stephanodiscus 

Synedra 

Melosira 

The spring peak in zooplankton abundance observed in April (Halda River) and 

March (Karnaphuli River) likely reflects a classic predator-prey time lag following 

earlier nutrient influxes and phytoplankton productivity. Although the lowest 

phytoplankton abundance (minima) was recorded in April due to intense grazing 
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pressure by the high density of zooplankton, the primary production from the 

preceding months provided a sufficient food base to support the subsequent 

zooplankton population explosion. In the Karnaphuli River, the highest mean 

abundance (92,204 ± 30,091 individuals m⁻³) was observed in March 2011, 

while the lowest (15,797 ± 14,134 individuals m⁻³) was recorded in May 2010 

(Fig. 9). These findings generally agree with previous observations from the 

Halda River (Patra and Azadi, 1987), although differences may reflect variation 

in sampling locations, hydrological conditions, rainfall patterns, and long-term 

environmental changes. 

Among the Halda River stations, the maximum zooplankton abundance 

(125,733 individuals m⁻³) was recorded at Station 1 (Sattar Ghat) in April 2011, 

whereas the minimum (8,705 individuals m⁻³) occurred at Station 3 (Moduna 

Ghat) in November 2010 (Fig. 10). In the Karnaphuli River, Station 4 (Kalurghat) 

recorded the highest abundance (113,482 individuals m⁻³) in March 2011, while 

the lowest abundance (5,803 individuals m⁻³) was observed at Station 5 (Firingi 

Bazar) in May 2010 (Fig. 11). 

A total of 16 zooplankton genera belonging to four major groups 

(Cladocera, Copepoda, Rotifera, and Protozoa) were identified in the Halda River, 

compared with 13 genera in the Karnaphuli River (Tables 3 and 4). In the Halda 

River, Rotifera constituted the dominant group (37.50%), followed by Cladocera 

(25.00%), Copepoda (18.75%), and Protozoa (18.75%). In the Karnaphuli River, 

Cladocera and Rotifera each contributed 30.77%, followed by Copepoda 

(23.08%) and Protozoa (15.38%). Similar community compositions have been 

reported from the Halda River (Patra and Azadi, 1987; Nahid et al., 2020), the 

Meghna River (Masud et al., 2022), and the Mouri River (Rahi and Sabbir, 2010). 

Although the Karnaphuli River supported higher zooplankton abundance, it 

contained fewer genera than the Halda River, suggesting dominance by a limited 

number of pollution-tolerant taxa, a pattern commonly associated with 

environmentally stressed ecosystems (Anyinkeng et al., 2016). 

The Shannon–Wiener diversity index (H′) revealed low zooplankton 

diversity in both rivers. In the Halda River, monthly mean H′ values ranged from 

0.47 ± 0.49 in December 2010 to 1.09 ± 0.06 in March 2011 (Fig. 12). In the 

Karnaphuli River, H′ ranged from 0.79 ± 0.10 in November 2010 to 1.57 ± 0.47 

in October 2010 (Fig. 12). Overall, zooplankton diversity varied between 0 and 

2.0 (Fig. 14), indicating poor to very poor ecological conditions according to 

established diversity-based water quality classifications (Ajayan and Ajitkumar, 

2015; Anyanwu et al., 2023). The low diversity observed may reflect the 

influence of industrial discharges, municipal wastewater, and urban runoff 

entering both river systems (Islam, 2021). 
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The evenness (J′) also varied considerably throughout the study period. In 

the Halda River, monthly mean J′ values ranged from 0.37 ± 0.39 in June 2010 

to 0.79 ± 0.20 in November 2010 (Fig. 13). In the Karnaphuli River, the lowest 

mean evenness (0.50 ± 0.71) was recorded in May 2010, while the highest (0.97 

± 0.04) occurred in April 2011 (Fig. 13). Overall, J′ values ranged from 0.00 to 

1.00 in both rivers (Fig. 15). The generally low to moderate evenness values 

indicate uneven distribution of individuals among taxa and suggest varying 

degrees of environmental stress and pollution. These patterns likely reflect the 

influence of organic, industrial, and municipal pollutants entering the Halda 

and Karnaphuli rivers from multiple sources (Islam, 2021). 

 

  
Fig. 9. Monthly variation in mean 
zooplankton numbers (±SD) in the 

Halda and Karnaphuli rivers from May 

2010 to April 2011. 

Fig. 10. Monthly variation in the 
total number of zooplankton (m-3) at 

Stations 1, 2, and 3 of the Halda 

River during May 2010 to April 

2011. 

  
Fig. 11. Monthly variation in total 
zooplankton abundance (m-3) at Stations 4 
and 5 of the Karnaphuli River during May 
2010 to April 2011. 

 

Fig. 12. Monthly variation in the mean 
Shannon-Wiener diversity index of 
zooplankton (±SD) in the Halda and 
Karnaphuli rivers from May 2010 to 
April 2011. 

 
Fig. 13. Monthly variation in the mean Evenness index of zooplankton (±SD) in 
the Halda and Karnaphuli rivers from May 2010 to April 2011. 
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Fig. 15. Monthly variation in Evenness index of zooplankton at Halda (St. 1; St. 2, and St. 3) and 
Karnaphuli Rivers (St. 4 and St. 5) during May 2010 to April 2011 
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Table 3: Total numbers and percentages of zooplankton groups and genera in the Halda River 
from May 2010 to April 2011 

 

Groups  Genus Total No. Percentage (%) 

Cladocera 
 

 
 

Daphnia 4 
 

 
 

25.00 
 

 
 

Diaphanosoma 
Alona 
Moina 

Copepoda 
 

 

Cyclops 3 
 

 

18.75 
 

 

Microcyclops 
Mesocyclops 

Rotifera 
 
 
 

 

Brachionus 

6 
 
 
 

 

37.50 
 
 
 

 

Monostyla 
Keratella 

Conochilus 

Filinia 
Trichocerca 

Protozoan 
 
 

Paramecium 3 
 
 

18.75 
 
 

Centropyxis 
Arcella 

 

Table 4: Total numbers and percentages of groups and genera of zooplankton in the 
Karnaphuli River from May 2010 to April 2011 
 

Groups Genus Total No. Percentage (%) 

Cladocera 

 
 

 

Daphnia 4 

 
 

 

30.77 

 
 

 

Moina 
Diaphanosoma 
Alona 

Copepoda 

 

 

Cyclops 3 

 

 

23.08 

 

 

Microcyclops 

Mesocyclops 

Rotifera 

 

 

 

Brachionus 

4 30.77 
Trichocerca 
Keratella 
Filinia 

Protozoa 

 

Arcella 2 

 

15.38 

 Paramecium 

 

CONCLUSION 

Among the major rivers of Bangladesh, Halda and Karnaphuli are the two 

most highly valued rivers. An ecological investigation was conducted to assess 

the abundance and diversity of phytoplankton and zooplankton in these two 

rivers over a year, from May 2010 to April 2011. Plankton are of great 

importance because they are linked to fish production and distribution. The 

present study indicated that Halda River water was less polluted. In contrast, 

poor plankton diversity indices had been found at the lower reaches of the 

Karnaphuli River, especially at Firingi Bazar Ferry Ghat (Station 5) indicative of 

high anthropogenic stress. This is also supported by existing evidence of heavy 
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metal pollution (Ahmed et al., 2016; Hossain et al., 2007) and industrial 

pollution in this river stretch, which is a serious threat for the long-term 

sustainability of local fisheries and aquatic organisms. From a planktonic point 

of view, higher abundance and more genus were observed in the clear water 

body of the Halda River than in the polluted water body at Station 5 in the 

Karnaphuli River. Further investigation is suggested up to the mouth of the 

Karnaphuli River (estuary) to obtain a clearer picture of the river's overall 

ecology. 

 

LITERATURE CITED 

AHMED, A. S. S., SULTANA, S., HABIB, A., ULLAH, H., MUSA, N., HOSSAIN, M. S., SARKER, M. S. 

I., and SARKER, M. K. (2016). Assessment of heavy metal pollution in the Karnaphuli River, 

Bangladesh. Environmental Nanotechnology, Monitoring and Management, 5, 27–35. 

AJAYAN, A. P., and AJITKUMAR, K. G. (2015). Microalgal diversity of the lake within the government 

zoological garden, Thiruvananthapuram, Kerala, India. International Journal of Environmental 

Science, 6(3), 330–337. 

ANYANWU, J. C., NWAFOR, D. M., EJIOGU, C. C., IWUJI, M. C., UYO, C. N., UCHE, C. C., 

UGOCHUKWU, P. C., AMAKU, G. E., EGBUAWA, O. I., NMECHA, M. I., ESOMONU, I., 

DULUORA, J. O., and NWOBU, E. A. (2023). Assessment of physicochemical conditions and 

phytoplankton diversity of Anambra River in Anambra State, Nigeria. International Journal of 

Multidisciplinary Research and Growth Evaluation, 4(3), 2582–7138. 

ANYINKENG, N., MIH, A. M., SUH, T. A., and AWAH, C. C. (2016). Phytoplankton diversity and 

abundance in water bodies as affected by anthropogenic activities within the Buea 

municipality, Cameroon. Journal of Ecology and The Natural Environment, 8(7), 99–114. 

https://doi.org/10.5897/JENE2016.0566 

APHA (AMERICAN PUBLIC HEALTH ASSOCIATION). (2012). Standard methods for the examination of 

water and wastewater (22nd ed.). American Public Health Association. 

AZADI, M. A. (1979). Limnology of the River Halda with special reference to the spawning of major 

carps [Unpublished master's thesis]. Department of Zoology, University of Chittagong. 

AZADI, M. A. and ARSHAD-UL-ALAM, M. (2013). Ichthyofauna of the River Halda, Chittagong, 

Bangladesh. Bangladesh Journal of Zoology, 41(2), 113–133. 

AZADI, M. A. and ARSHAD-UL-ALAM, M.  (2020). Ichthyodiversity of the five linked rivers of 

Chattogram, Bangladesh. Bangladesh Journal of Zoology, 48(2), 215–

230.  https://doi.org/10.3329/bjz.v48i2.52364. 

BHUIYAN, A.M. and ASMAT, G.S.M. (1992). Freshwater zooplankton from Bangladesh. Published by 

GHAZI publishers 37, Banglabazar, Dhaka 1100. 197pp. 

COURBOULÈS, J., VIDUSSI, F., SOULIÉ, T., NIKIFORAKIS, E., HEYDON, M., MAS, S., and 

MOSTAJIR, B. (2023). Effects of an experimental terrestrial runoff on the components of the 

plankton food web in a Mediterranean coastal lagoon. Frontiers in Marine Science, 10, Article 

1200757. https://doi.org/10.3389/fmars.2023.1200757 

https://doi.org/10.5897/JENE2016.0566
https://doi.org/10.3329/bjz.v48i2.52364
https://doi.org/10.3389/fmars.2023.1200757


Plankton diversity of two hill rivers 181 

 

EDMONDSON, W. T. (1992). Ward and Whipple’s Freshwater Biology (2nd ed.). New York, NY: John 

Wiley & Sons. 

HOSSAIN, M. S., DAS, N. G., and CHOWDHURY, M. S. N. (2007). Fisheries and environmental 

survey of the Karnaphuli River estuary. Chittagong University Journal of Biological 

Sciences, 2(1), 1–15. 

HOSSAIN, M. S., HOSSAIN, M. S., and CHOWDHURY, S. R. (2021). The role of the Karnaphuli River 

in the national economy of Bangladesh: A study on the Chittagong Port. Journal of Marine 

Science and Engineering, 9(8), 856. 

IQBAL, M. (2020). Diversity of zooplankton communities in lotic water ecosystem: A case study in 

the Karnaphuli River estuary, Chattogram, Bangladesh. Journal of Chittagong College, 1, 1–17. 

ISLAM, M. S. (2021). Phytoplankton variables dynamics in the Halda River (Bangabandhu Fisheries 

Heritage), Chittagong, Bangladesh. Aquatic Bioresources and Environment, 4(3), 24–37. 

ISLAM, M. S., AZADI, M. A., NASIRUDDIN, M., and ISLAM, M. S. (2020). Water quality index of 

Halda River, southeastern Bangladesh. American Journal of Environmental Engineering, 10(3), 

59–68.  

ISLAM, M. S., AZADI, M., NASIRUDDIN, M., and ISLAM, M. T. (2022). Checklist of zooplankton of the 

Halda River, Chattogram, Bangladesh. Journal of Bioresource Management, 9(1), 110–122. 

KHAN, M. S., MONIR, K. M. S., NUPUR, F., MILON, A. I., HIMEL, I. A., SARKAR, A., SHIMUL, S. A., 

NAHID, S. A. A., and RANA, S. (2025). Assessment of plankton dynamics of Kaptai Lake, 

Bangladesh: Insights on the largest manmade lake ecosystems in Southeast Asia. Heliyon, 11, 

Article e43920. 

LLOYD, M., AND GHELLARDI, R. J. (1964). A table for calculating the "equitability" component of 

species diversity. Journal of Animal Ecology, 33, 217–225. 

LOMARTIRE, S., MARQUES, J. C., AND GONÇALVES, A. M. M. (2021). The key role of zooplankton 

in ecosystem services: A perspective of interaction between zooplankton and fish 

recruitment. Ecological Indicators, 129, 107867. 

MASUD, A. I., ROY, D., BEGUM, M. H., and LATIFA, G. A. (2022). Seasonal variation and abundance 

of zooplankton in the Meghna River, Chandpur. Jagannath University Journal of Life and Earth 

Sciences, 7(1), 1–12. 

NAHID, S. A. A., FAKHRUDDIN, M., ZAMAN, H. U., SHIMUL, S. A., and RANA, S. (2020). Plankton 

community of the Halda River, Chattogram. Bangladesh Journal of Veterinary and Animal 

Sciences, 8(1), 112–116. 

NEEDHAM, J.G. and NEEDHAM. P.R. (1962). A guide to the study of freshwater biology. 5th ed. 

Liolden-day, Inc., San Francisco. 106 pp. 

PATRA, R. W. R., and AZADI, M. A. (1985A). Limnology of the Halda River. The Journal of 

NOAMI, 2(2), 31–38. 

PATRA, R.W.R and AZADI, M.A. (1985B). Hydrological conditions influencing the spawning of major 

carps in the Halda River, Chittagong, Bangladesh. Bangladesh Journal of Zoology. 13(1):63-72. 

PATRA, R. W. R., and AZADI, M. A. (1987). Ecological studies on the planktonic organisms of the 

Halda River, Bangladesh. Bangladesh Journal of Zoology, 15(2), 109–123. 



182                                                                                                                                                Islam et al. 
 

 

PHAN, D.D., NGUYEN, V.K., LE, T.N.N., DANG, N.T. and HO, T.H. (2015). Identification Handbok of 

Freshwater Zooplankton of the Mekong River and its Tributaries. Mekong River Commission, 

Vientiane. 207pp. 

Pielou, E. C. (1966). The measurement of diversity in different types of biological collections. Journal 

of Theoretical Biology, 13, 131–144. 

RAHI, L. M., AND SABBIR, W. (2010). Assessment of the abundance and genus composition of 

zooplankton of the Mouri River, Khulna, Bangladesh. Bangladesh Journal of Zoology, 38(2), 

243–252. 

REN, L., ZHANG, Z., ZENG, X., MA, Y., ZENG, Y., and ZHOU, C. (2011). COMMUNITY STRUCTURE 

OF zooplankton and water quality assessment of Jialing River in Nanchong. Procedia 

Environmental Sciences, 10, 1321–1326. 

SHIEL, R.J. (1995). A Guide to Identification of Rotifers, Cladocerans and Copepods from Australian 

Inland Water. Co-operative research centre for freshwater ecology, Murry-Darling Freshwater 

Research Centre, ellis Street, Thurgoona. 144pp.  

 

(Manuscript received on 6 March 2026 revised on 7 July 2026) 


