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Abstract: The Payra River is one of the large coastal rivers in Bangladesh which supports incredible 
fish species and has been affected by extensive human disturbance due to huge fishing pressure. 
The present study provides information about the temporal diversity of finfish and shellfish con-
cerning climatological variables and ecological pollution along with threat assessment in the Payra 
River, Patuakhali. During the entire study, a total of 61 fish species including 56 finfish and 5 
shellfish species were recorded under 22 families belonging to 11 orders. The order-wise fish spe-
cies availability showed that the Perciformes (29.49%) was the dominant order based on species 
richness. Among them, 4 endangered, 6 vulnerable, 4 near threatened, 42 least concern, and 5 data 
deficient species were found. During the study period, the average Shannon-Weaver diversity in-
dex value was (3.33±0.12) indicates a good spread of fish population in the Payra river. Average 
Margalef richness index value was found (7.60±0.32), Pielou's evenness index (0.48±0.05), and 
Simpson dominance index (0.93±0.02) in Payra river. Dominance and Richness index value indi-
cates clear water environment to slight pollution in the Payra river. Ten different kinds of fishing 
gears were identified under 3 major groups including 5 nets, 3 hooks and lines, and 2 traps. The 
phytoplanktonic genus and species revealed moderate pollution. Canonical correspondence anal-
ysis ordination plot showed that rainfall was the most influencing driving force among the mete-
orological parameters. The cluster analysis based on the Bray-Curtis similarity matrix showed that 
the winter season formed a separate cluster.  In the recapitulation, the Payra River is a highly 
productive system that provides a favorable environment for a large variety of finfish and shellfish 
species assemblages. Findings of the conducted study are expected to be helpful for the respective 
researchers, policymakers, managers, and conservationists for the sustainable management of this 
water body and the interconnected surrounding neighboring countries. 
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1. Introduction 
Bangladesh is endowed with huge and diverse fishing resources as a result of its 

extensive riverine network like the Ganges (Padma), Brahmaputra (Jamuna), and Me-
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ghna Rivers. Estuaries are dynamic habitats marked by considerable swings in envi-
ronmental conditions because they are the meeting location of freshwater from rivers and 
saltwater from the sea [1]. Estuaries are utilized as nursery grounds by many marine 
creatures, and they spend part of their life cycle in both fresh and saltwater. Coastal riv-
ers are an important natural ecosystem in Bangladesh [2], as they provide natural 
spawning grounds and nursery grounds for many commercially important species of 
aquatic biota, particularly Hilsa (Tenualosa ilisha), and they account for a significant por-
tion of the country's fisheries production. As a means of livelihood, more than 11% of 
Bangladesh's entire population is employed in this sector, both full-time and part-time 
[3]. Overexploitation, siltation, industrial pollution, use of synthetic monofilament nets, 
overdosing of fertilizers and insecticides in agricultural lands, and ecological disturb-
ances are all contributing to a decline in fish output [4-6]. Changing land use, modifying 
river flow regimes, riparian and physical habitat loss, water pollution, alien species in-
vasions, and heavy exploitation of fish stocks are only a few of the anthropogenic dis-
turbances that have a significant impact on riverine ecosystems and fisheries. As a result, 
substantially more freshwater species than terrestrial or marine species in the same tax-
onomic groups are threatened or endangered [7]. Fish is important from an ecological 
standpoint not only because of its economic importance but also because it is sensitive to 
environmental changes and reflects a wide range of tolerance at the community level [8]. 
As a result, fish assemblages have been widely employed as biological indicators to 
quantify and evaluate the amount of river and stream degradation and health [9]. The 
Payra River is a body of flowing water that flows to a lower level in a channel on land in 
Bangladesh, eventually falling into the Bay of Bengal as the Burishwar River. This river 
has a unique aquatic habitat with a wide range of plants, fish, and other biological types 
[10]. Throughout the year, the river has a somewhat turbulent water flow. It is one of the 
most important coastal rivers in Bangladesh's Hilsha migration route and the small hil-
sha (Jhatka) is most plentiful in this river from January to March [11]. The river, which 
was previously a shelter for brood fishes, has now become rather unsafe due to anthro-
pological factors. According to locals, the diversity of fish species in the Payra River is 
gradually dwindling due to overfishing, the use of harmful fishing gear (Set bag net), and 
other issues. Biodiversity is frequently used to assess the state of a biological system's 
health [12]. Previously, Islam et al. [10] studied the Payra River's fish composition. They 
did not, however, work on the fish-environment interaction. The current study aimed to 
determine the river's finfish and shellfish diversity and temporal distribution, as well as 
the relationship between fish and physicochemical and environmental changes, as well 
as the level of ecological contamination in Payra. The basic information gathered during 
this study will be useful in developing and managing the Payra River's development and 
management program. 

2. Materials and Methods 

2.1. Study Area 

The Pandav point is the confluence of the Pangasia, Tetulia, and Payra rivers. The 
Payra river has a large water circulation area. The current study was conducted monthly 
in the Payra river at Pandav point in the Patuakhali district of the Barisal division from 
July 2018 to June 2019 (Figure 1). 
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Figure 1. The map shows a reference of the record and geographical location of the study 
area in Payra River, Patuakhali. The red arrows in the map indicate the direction of water 
flow in the Payra river system. 1) Karkhana river (Pandab point)- Latitude (22° 
29´40.31''N) and Longitude (90° 21´23.10''E); 2) Karkhana river- Latitude (22° 29´18.23''N) 
and Longitude (90° 22´54.39''E); 3) Khairabad Nadi- Latitude (22° 30´34.52''N) and Lon-
gitude (90° 21´24.88''E); and 4) Bighai river- Latitude (22° 48´45.25''N) and Longitude (90° 
21´14.17''E). 

2.2. Finfish and Shellfish Data Collection 

We worked with both primary and secondary data in this investigation. Primary 
data was gathered from local fishermen in the area next to our study area who rely on 
fishing for a living. Sampling was done on monthly basis based on questionnaire inter-
views with fishers and a market survey of the adjacent landing center of Pandav point, 
Payra River area for fish diversity assessment. The key informant interviews were also 
performed for comprehending the undergoing threat assessments in the study area 
(Figure 2). The species to species data was recorded as species/kg fish. The species were 
identified based on FishBase [13]. The sampling was done encompassing four seasons: 
monsoon (July-September), post-monsoon (October-November), winter (Decem-
ber-February), and summer (March-April). 

 

Figure 2. Data collection methods from fishermen to trace probabilistic risk factors and 
decision-making after validation. 
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2.3. Collection of Meteorological Parameters 

The meteorological data of rainfall (mm), air temperature (°C), photoperiod 
(hrs./Day), and relative humidity (%) were collected from Bangladesh Meteorological 
Department (BMD), Patuakhali station. 

2.4. Pollution Level Based on Phytoplanktonic Species 

Phytoplankton found in water bodies represents the average ecological condition 
and can thus be used as a water quality indicator [14,15]. The Palmar's algal genus and 
species pollution index were used to determine the pollution level in the Payra river 
throughout the investigation (Table 1). 

Table 1. Algal genus and species-based Pollution Index. 

Genus Pollution Index Algal species Pollution Index 

Anacystis 1 Ankistrodesmus falcatus 3 
Ankistrodesmus                                     2 Arthrospira jenneri 2 
Chlamydomonas 4 Chlorella vulguris 2 
Chlorella  3 Cyclotella meneghiniana 2 
Closterium                 1 Euglena gracilis 1 
Cyclotella 1 Euglena viridis 6 
Euglena 5 Gomphonema parvulum 1 
Gomphonema  1 Melosira varians 2 
Lepocinclis  1 Navicula cryptocaphala 1 
Melosira 1 Nitzschia acicularis 1 
Micractinium 1 Nitzschia palea 5 
Navicula 3 Oscillatoria chlorine 2 
Nitzschia 3 Oscillatoria limosa 4 
Oscillatoria 5 Oscillatoria princeps 1 
Pandorina 1 Oscillatoria putrid 1 
Phacus 2 Oscillatoria tenuis 4 
Phormidium 1 Pandorina mormorum 3 
Scenedesmus 4 Scenedesmus quadricauda 4 
Stigeoclonium 2 Stigeoclonium tenue 3 
Synedra 2 Synedra ulna 3 

N.B. Palmer [14] used numerical values to classify pollution, with 0-10 indicating no or-
ganic pollution, 10-15 indicating moderate pollution, 15-20 indicating possible high or-
ganic pollution, and 20 or more indicating confirmed high organic pollution. 

2.5. Statistical Analysis 

In the present investigation, the Shannon-Weaver diversity index (H´), Margalef 
species richness index (d), Pielou's evenness index (J´), and Simpson dominance index (c) 
were employed to evaluate finfish and shellfish diversity and pollution levels [8,16-18]. 
The Shannon-Weaver diversity index (H´) and Margalef species richness index (d) value 
was used to determine the ecological state of the Payra river [19,20]. To see if there was a 
significant variation in environmental variables and diversity indices between seasons, a 
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one-way analysis of variance (ANOVA) was employed. SPSS software version V25.0 
(Statistical Package for Social Sciences) was used for the ANOVA test. A Games-Howell 
nonparametric post hoc analytic approach was used to compare all conceivable group 
differences. The software PAST (Paleontological Statistics) version 3.0 was used to per-
form all of the multivariate analyses. The association between species assemblage com-
position and environmental variables was investigated using Canonical correspondence 
analysis (CCA). ArcGIS 10.0 software was used to map the study region and depict 
study/sampling locations using a global positioning system (GPS). 

3. Results and Discussion 

3.1. Environmental Parameters of the Investigated Area 

Fish species in open water bodies that are completely reliant on natural feeds (e.g., 
phytoplankton and zooplankton) are highly sensitive and respond quickly to environ-
mental changes. Environmental characteristics were employed in this study to assess the 
impact on finfish and shellfish diversity. Table 2 shows the major four environmental 
characteristics that have been observed to influence the fish assemblage in the Payra riv-
er. The maximum atmospheric temperature was recorded 29.61±0.45 in monsoon and a 
minimum of 21.01±1.46 in winter with an average value of 26.93±3.95. Besides uppermost 
photoperiod (hrs./day) 7.82±0.56 was measured in winter and the lowermost 5.31±0.95 in 
monsoon with an average value of 6.78±1.48. On the other hand, the highest rainfall (mm) 
40.06±53.59 was recorded in monsoon and a minimum of 3.41±4.35 in post-monsoon with 
a mean value of 13.18±28.39. In addition, higher relative humidity (%) 86.25±2.63 was 
recorded in the monsoon and a minimum of 71.00±2.81 in winter with an average value 
of 78.25±6.46. All climatological variables showed significant differences (p<0.05) between 
seasons and relationships between climatological parameters are shown in Figure 3. En-
vironmental factors affecting fish communities at local and regional sizes are well un-
derstood [7,21,22]. Regional factors such as rainfall, humidity, and air temperature, 
however, do account for some of the difference [23-26]. As a result, our findings back up 
earlier research that has found that local and regional factors play a role in determining 
diversification patterns [27,28]. 

Table 2. The climatological parameter's value was collected from Bangladesh Meteoro-
logical Department (BMD), Patuakhali station for the study area in different seasons. 

Climatological parameters Monsoon Post-monsoon Winter Summer p-value 
Air temperature (0C) 29.61ab±0.45 27.06ac±2.81 21.01d±1.46 29.28bc±1.83 0.001 
Photoperiod (hrs./day) 5.31cd±0.95 6.04ac±0.35 7.82ab±0.56 7.49bc±1.70 0.093 
Rainfall (mm) 40.06a±53.59 3.41b±4.35 5.29b±9.16 3.84b±3.71 0.342 
Relative humidity (%) 86.25a±2.63 77.89bc±3.03 71.00d±2.81 77.88c±4.83 0.007 

The p-value indicates significance at p<0.05 (One-way ANOVA). 
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Figure 3. Relationships between climatological parameters during the study period a) 
Relationship between air temperature (°C) and photoperiod (hrs./day); b) air temperature 
(°C) and rainfall (mm); c) air temperature (°C) and relative humidity (%), and d) photo-
period (hrs./day) and rainfall (mm). The p-value indicates significance at p<0.05 
(Two-way ANOVA). 

3.2. Finfish and Shellfish Biodiversity 

3.2.1. Order Based Fish Species Availability 

As a coastal river, the Payra supports a diverse range of fish species belonging to 
many orders and families. In the fishing region, about 61 species were reported, includ-
ing 56 finfish and five shellfish species, divided into 22 families and 11 orders. The order 
basis fishes species availability showed that Perciformes (29.49%) was dominant order 
followed by Cypriniformes (26.23%), Siluriformes (11.48%), Decapoda (8.20%), Clupei-
formes (6.56%), Mugiliformes (6.56%), Anguilliformes (3.28%), Osteoglossiformes 
(3.28%), Tetraodontiformes (1.64%), Beloniformes (1.64%) and Cyprinodontiformes 
(1.64%). Tetraodontiformes, Belonifirmes, and Cyprinodontiformes are the least ordered 
and found in the least amount in contrast to other families, according to this study (Fig-
ure 4a). Cyprinidae was the most abundant family throughout the research period, with 
15 species, followed by Gobiidae, Channidae, Mugilidae, Bagridae, Clupeidae, Schil-
beidae, and Notopteridae. According to IUCN [29] among the 61 finfish and shellfish 
species 4 endangered, 6 vulnerable, 4 near threatened, 42 least concern, and 5 data defi-
cient species were found (Figure 4b). We also recorded 19 species that have yet to be as-
sessed for conservation status by the International Union for Conservation of Nature 
(IUCN) (Figure 4c). During the study, a total of 61 fish species were found in the Payra 
river (Table 3) while Hossain et al. [4] reported 53 species in the Meghna river estuary, 
Mohsin and Haque [30] reported 56 fish species in the Mahananda river, Chakraborti, 
and Mirza [31] reported 66 fish species in the Someswari river, Tongnunui et al. [32] 
found 79 species in Mae Klong River, and Islam et al. [10] enlisted 52 species in Payra 
river. Our investigation showed more or less identical results for species distribution 
based on all of these data. Long-term changes in hydrological and climatic conditions are 
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to blame for the loss of species diversity. Another factor for poor species diversity is 
fishermen's long-term usage of ESBN nets, which catch everything from tiny aquatic in-
vertebrates to giant fish. Payra River, as a coastal river, has a considerable fishery variety 
and is one of Bangladesh's most species-rich coastal rivers, and it requires good man-
agement to re-establish its prior species richness. 

 

Figure 4. (a) Order-based fish species available in the study area, (b) threatened fish 
availability according to IUCN status (Bangladesh, 2015), and (c) IUCN status (Global, 
2015). 

According to Islam et al. [10], there were 23 families in the Payra River, which is 
extremely comparable to our current study. Perciformes was the most prominent family, 
while Cypriniformes contributed a significant share of the species abundance, according 
to the order-based composition. 

Table 3. List of fish species found in Payra river (Pandov point) and their contribution 
with IUCN status IUCN Bangladesh [29]. 

Order Family 
Local 
Name 

Common 
Name 

Scientific Name 

IU
CN 
(B
D) 

IUC
N 

(Glo
bal) 

% 
Contribut

ion 

Cypriniformes 

Cyprinidae Catla Catla 
Gibelion catla 
(Hamilton,1822) 

LC NE 0.1 

Cyprinidae Mrigal Mrigal carp 
Cirrhinus cirrhosus 
(Bloch, 1795) 

NT VU 0.14 

Cyprinidae Rui Roho labeo 
Labeo rohita 
(Hamilton,1822) 

LC LC 0.09 
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Cyprinidae Kalibaus Black rohu 
Labeo calbasu 
(Hamilton,1822) 

LC LC 0.08 

Cyprinidae Bata Bata labeo 
Labeo bata 
(Hamilton,1822) 

LC LC 0.12 

Cyprinidae Chebli Giant danio 
D. aequipinnatus 
(MacClelland,1839) 

DD LC 1.09 

Cyprinidae Darkina 
Gangetic 
scissortail 
rasbora 

Rasbora rasbora 
(Hamilton,1822) 

NT LC 2.8 

Cyprinidae Dhela Cotio 
Osteobrama cotio 
(Hamilton,1822) 

NT LC 1.38 

Cyprinidae Mola Indian carplet 
A. microlepis 
(De Filippi,1863) 

LC NE 1.76 

Cyprinidae 
Chep 
chela 

Silver hatchet 
barb 

Chela cachius 
(Hamilton,1822) 

VU LC 1.36 

Cyprinidae Mola Mola carplet 
A. mola 
(Hamilton,1822) 

LC LC 1.81 

Cyprinidae Punti Puntio barb 
Puntius puntio 
(Hamilton,1822) 

DD NE 1.04 

Cyprinidae 
Bhadi 
punti 

Pool barb 
Puntius sophore 
(Hamilton,1822) 

LC LC 5.26 

Cyprinidae Tit punti Ticto barb 
Pethia ticto 
(Hamilton,1822) 

VU LC 1.3 

Cyprinidae Chela 
Large 
razorbelly 
minnow 

Salmophasia bacaila 
(Hamilton,1822) 

LC LC 2.32 

Cobitidae Gutum Guntea loach 
L. guntea 
(Hamilton,1822) 

LC LC 0.8 

Perciformes 

Channidae Cheng 
Dwarf 
snakehead 

Channa gachua 
(Hamilton,1822) 

LC LC 0.54 

Channidae Gozar 
Great 
snakehead 

Channa marulius 
(Hamilton,1822) 

EN LC 0.06 

Channidae Ranga 
Walking 
snakehead 

Channa orientalis 
(Block & Schneider, 
1801) 

LC LC 0.47 

Channidae Taki 
Spotted 
snakehead 

Channa punctata 
(Bloch,1793) 

LC LC 0.45 

Channidae Shol 
Striped 
snakehead 

Channa striata 
(Bloch,1793) 

LC LC 0.3 

Anabantida
e 

Koi Climbing perch 
Anabas testudineus 
(Bloch,1792) 

LC DD 0.54 

Ambassida Nalua Scalloped Ambassis nalua DD LC 1.8 
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e chanda perchlet (Hamilton,1822) 
Ambassida
e 

Ranga 
chanda 

Indian glassy 
fish 

Parambassis ranga 
(Hamilton,1822) 

LC NE 1.4 

Gobiidae Bele Tank goby 
Glossogobius giuris 
(Hamilton,1822) 

LC LC 1.21 

Gobiidae Bailla 
Pacific river 
goby 

Awaous guamensis 
(Valenciennes, 1837) 

LC LC 0.65 

Gobiidae Chewa 
Pointed-tailed 
goby 

Psedapocryptes elongates 
(Cuvier, 1837) 

LC LC 1.56 

Gobiidae Dogri 
Burrowing 
goby 

Trypauchen vagina (Bloch 
& J.G. Schneider, 1801) 

LC NE 1.35 

Gobiidae 
Dali 
chewa 

Mudskipper 
Apocryptes bato 
(Hamilton,1822) 

LC LC 1.53 

Gobiidae Dahuk Walking goby 
S. histophorus 
(Valenciennes, 1837) 

LC NE 1.89 

Osphronem
idae 

Lal 
kholisha 

Dwarf gourami 
Trichogaster lalius 
(Hamilton,1822) 

LC LC 2.07 

Sciaenidae Poa Pama croaker 
Otolithoides pama 
(Hamilton,1822) 

LC NE 0.3 

Sillaginidae 
Tular 
dandi 

Flathead sillago 
Sillaginopsis panijus 
(Hamilton,1822) 

LC NE 0.31 

Polynemida
e 

Taposi 
Paradise 
threadfin 

P. paradiseus 
(Linnaeus, 1758) 

LC NE 0.8 

Siluriformes 

Bagridae 
Gulsha 
Tengra 

Bleeker’s 
mystus 

Mystus bleekeri 
(Hamilton,1822) 

LC LC 1.7 

Bagridae Tengra 
Striped drawf 
catfish 

Mystus vittatus 
(Bloch,1794) 

LC LC 2.01 

Bagridae 
Nuna 
tengra 

Long whiskers 
catfish 

Mystus gulio 
(Hamilton,1822) 

NT LC 0.84 

Pangasiidae Pangas 
Yellowtail 
Catfish 

Pangasius pangasius 
(Hamilton,1822) 

EN LC 0.08 

Schilbeidae Batasi Indian potasi 
P. atherinoides 
(Bloch,1794) 

LC LC 2.04 

Schilbeidae Shilong Silond catfish 
Silonia silondia 
(Hamilton,1822) 

LC LC 0.15 

Schilbeidae Ghaura Garua bacha 
Clupisoma garua 
(Hamilton,1822) 

EN NE 1.31 

Clupeiformes 

Engraulida
e 

Phasa 
Gangetic 
hairfin anchovy 

Setipinna phasa 
(Hamilton, 1822) 

LC LC 1.17 

Clupeidae Chapila 
Indian river 
shad 

Gudusia chapra 
(Hamilon, 1822) 

VU LC 1 

Clupeidae Kachki Ganges river Corica soborna LC LC 19.44 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 October 2021                   doi:10.20944/preprints202110.0328.v1

https://doi.org/10.20944/preprints202110.0328.v1


 10 
 

 

sprat (Hamilon, 1822) 

Clupeidae Ilish Hilsa shad 
Tenualosa ilisha 
(Hamilton,1822) 

LC LC 0.12 

Mugiliformes 

Mugilidae Khorsula Corsula mullet 
Rhinomugil corsula 
(Hamilton,1822) 

LC LC 0.62 

Mugilidae Bata 
Greenback 
mullet 

Chelon subviridis 
(Valenciennes, 1836) 

LC NE 0.9 

Mugilidae Bata 
Broad mouthed 
mullet 

Paramugil parmatus 
(Cantor, 1849) 

LC NE 0.6 

Mugilidae Parse 
Goldspot 
mullet 

Chelon parsia 
(Hamilton,1822) 

LC NE 0.66 

Osteoglossiforme
s 

Notopterid
ae 

Chital 
Humped 
featherback 

Chitala chitala 
(Hamilton,1822) 

EN NT 0.09 

Notopterid
ae 

Foli 
Bronze 
featherback 

Notopterus notopterus 
(Pallas,1969) 

VU LC 0.16 

Anguilliformes 
Anguillidae Banehara 

Indian mottled 
eel 

Anguilla bengalensis 
(Gray, 1831) 

VU NT 0.28 

Moringuida
e 

Rata 
boura 

Purple 
spaghetti eel 

Moringua raitaborua 
(Hamilton,1822) 

DD NE 2.98 

Beloniformes Belonidae Kakila 
Freshwater 
garfish 

Xenentodon cancila 
(Hamilton, 1822) 

DD NE 0.7 

Cyprinodontifor
mes 

Aplocheilid
ae 

Kanpona Blue panchax 
Aplocheilus panchax 
(Hamilton,1822) 

LC LC 10.42 

Tetraodontiforme
s 

Actinoptery
gii 

Potka 
Ocellated 
Puffer Fish 

Tetraodon cutcutia 
(Hamilton,1822) 

LC LC 3.63 

Decapoda 

Portunidae 
Sataru 
kakra 

Swimmer crab 
P. sanguinolentus 
(Herbst,1783) 

VU NE 1.18 

Portunidae 
Zaji 
kakra 

Blue swimmer 
crab 

Portunus pelagicus 
(Linnaeus, 1758) 

LC NE 1.24 

Palaemonid
ae 

G. 
chingri 

Giant 
freshwater 
prawn 

M. rosenbergii 
(De Man,1879) 

LC LC 0.56 

Palaemonid
ae 

Gura 
chingri 

Spinder prawn 
M. tenuipes 
(Thomas,1900) 

LC NE 6.46 

Palaemonid
ae 

Goda 
chingri 

Goda river 
prawn 

M. scabriculum 
(Heller,1862) 

LC NE 1 

N.B. EN: endangered, VU: vulnerable, NT: near threatened, LC: least concern and DD: 
data deficient, NE: not evaluated, R. (Ranga) Chanda; N. (Nalua) Chanda; G. (Golda) 
chingri; G. (Gulsha) Tengra. 

3.3. Biodiversity Indices 

3.3.1. Shannon-Weaver Diversity Index (H´) 
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The Shannon-Weaver's diversity value was highest in monsoon (3.46±0.03) and 
lowest in winter (3.22±0.04) with a mean value of 3.33±0.12 (Figure 5a). This indicates that 
the study area was most diversified in monsoon and less diversified in the winter. There 
was significant seasonal variation (p<0.05) for the Shannon-Weaver diversity index (H') 
in the study area. The Payra river's diversity index value oscillated from 3.22 to 3.46, in-
dicating slight pollution (Table 4). 

Table 4. Shannon-Weaver diversity index and pollution level. 

Value Range (H') 0-1 1-2 2-3 3-4 

Interpretation Heavy Moderate Light Slight 

Present findings (average) 3.33±0.12 

3.3.2. Margalef Richness Index (d) 

The Margalef richness index (d) value was maximum in monsoon (7.76±0.27) and 
minimum in winter (7.19±0.38) with an average value of 7.60±0.32 (Figure 5b). 
Throughout the year-round study period, we can see that from the values the rainy sea-
son was the most species-rich season and winter was the least species-rich season. In 
addition, there was a significant variation in the richness index (d) between seasons 
(p<0.05). The richness index was used to calculate the pollution level at the sampling 
places and estimated as a clear water environment in the data collecting stations and their 
immediate surroundings (Table 5). 

Table 5. Margalef’s Richness Index (d) and pollution level [19]. 

Value Range (d) 0-1 1-2 2-4 4-6 >6 

Interpretation 
More Serious 

Pollution 
Serious 

pollution 
Moderate 
Pollution 

Light 
Pollution 

Clear 
Water 

Present findings 
(average) 

7.60±0.32 

3.3.3. Pielou's Evenness Index (J') 

The Pielou's evenness index (J') value shows that all the species were more or less 
evenly distributed all year round but most evenly distributed in monsoon (0.54±0.01) and 
relatively less in summer (0.44±0.05) with an average value of 0.48±0.05 (Figure 5c). In the 
case of the evenness index, there was observed fluctuation across seasons (p<0.05). 
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Figure 5. Different diversity indices value measured in the Payra river, a) Shan-
non-Weaver diversity index (H´); b) Margalef richness index (d); Pielou's evenness index 
(J'); and (d) Simpson dominance index (c). Values are differed significantly at (p<0.05) 
among seasons. ‘ns’ indicates no significant difference. 

3.3.4. Simpson dominance index (c) 

The Simpson's dominance index (c) value ranged from 0.95±0.00 in monsoon and 
0.91±0.00in winter with an average value of 0.93±0.02 (Figure 5d). This implies that some 
species were dominant over others during the winter, but that most species were less 
dominant during the monsoon. 

The goal of a biodiversity index is to use a single number to describe the diversity of 
a sample or population [33]. The concept of "species diversity" has two parts: the number 
of species or richness, and the distribution of individuals within species. The Shannon–
Weaver diversity index takes into account species diversity, whereas the Evenness and 
Dominance indices measure the sample's relative number of individuals and the fraction 
of common species, respectively. The richness and proportion of each species are repre-
sented by the Margalef richness index. During the study period, the Shannon-Weaver's 
diversity value was highest in monsoon (3.46±0.03) and lowest in winter (3.22±0.04) with 
a mean value of 3.33±0.12. This indicates that the study area was most diversified in 
monsoon and less diversified in the winter. In the Meghna river estuary, Hossain et al. [4] 
found 3.19, while Nair et al. [34] found the same results. For ecological data, the Shan-
non-Weaver diversity index (H') value normally varies from 1.5 to 3.5, with a maximum 
of 5.0 when the samples contain 1,000 species [35]. Nabi et al. [36] reported the Shan-
non-Weaver value as 0.95-2.62 in the Bakkhali river, In the Kushiyara river, Shan-
non-Weaver diversity values range from 2.35-2.65, according to Rahman et al. [37]. In 
each scenario, a low Shannon diversity index is associated with a small number of indi-
viduals, while a high Shannon diversity index is associated with a large number of indi-
viduals. Seasonal fluctuations in nutrients in seagrass beds, which affect the cohabitation 
of many fish species [38], atmospheric air currents and ambient conditions [39], and 
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seasonal fish migrations, are the main drivers of differences in biodiversity indexes [40]. 
There was a discernible difference in Shannon (H') diversity. As a result, it is possible to 
conclude that seasonal differences in species diversity are a typical occurrence in the 
examined area, indicating a well-distributed fish population in the Payra river. The 
Margalef richness index (d) value was maximum in monsoon (7.76±0.27) and minimum 
in winter (7.19±0.38) with an average value of 7.60±0.32. The Margalef richness value, 
which is employed as a comparison indicator, generally exhibits variation depending on 
the number of species [12]. The highest species number, (2234) shows the maximum 
Margalef richness value (7.91) where the minimum value was observed at (6.60) with the 
lowest number of species (67) [41]. Vyas et al. [12] reported the Margalef index in the 
Betwa River in Madhya Pradesh of India ranging from 3.71 to 6.70. Throughout the 
year-round study period, we can see that from the values the rainy season was the most 
species-rich season and winter was the least species-rich season and indicating that the 
Payra river is usually species-rich. 

The Pielou's evenness index (J') value shows that all the species were more or less 
evenly distributed all year round but most evenly distributed in monsoon (0.54±0.01) and 
relatively less in summer (0.44±0.05) with an average value of 0.48±0.05 in the Payra river. 
In the case of the evenness index, there was observed fluctuation across seasons (p<0.05). 
The highest and lowest evenness value was recorded in Halda river was 0.61 and 0.50 
respectively [41]. This means all the species was more or less evenly distributed all year 
round in the Payra river. The Simpson's dominance index (c) value ranged from 0.95±0.00 
in monsoon and 0.91±0.00 in winter with an average value of 0.93±0.02. This implies that 
some species were dominant over others during the winter, but that most species were 
less dominant during the monsoon in our present study in the Payra river. For the Halda 
river, the greatest Simpson dominance index value was 0.95, while the lowest value was 
0.94, indicating that the dominance was shared by more species for the highest value [41] 
which is fairly in agreement with the present findings. All the findings indicated that the 
Payra river is a moderately species-rich water body where most of the species were 
evenly distributed. In the present study, the health condition of the Payra river was 
found satisfactory according to the pollution level of Staub [20] based on the Shan-
non-weaver diversity indices value. The pollution level was also assessed by Lad [19] 
based on Margalef’s Richness index and found clear water. We also found four 
near-threatened species, six vulnerable species, and four endangered species [29] which 
may need proper management of this water body to conserve the threatened fishes. 

3.4. Cluster Analysis 

Based on the species encountered, a cluster analysis of the acquired species from the 
sampling places was performed. According to the Bray–Curtis similarity matrix, the re-
search revealed that the species were 80% similar and were grouped into three clusters. 
The first cluster, which contains 46 species, was the largest in the Payra river. The second 
and third clusters, respectively, contain 11 and 4 species. The cluster analysis found a 
25% separation for species at the similarity level (Figure 6). First cluster separation starts 
with S. silondia at the similarity level of 25% among all species. Seasonality, which is re-
sponsible for fluctuating hydrological and meteorological conditions that change the fish 
assemblage in estuaries, has a major impact on the similarity and dissimilarity of species 
occurrence [42-44]. Seasonality has an impact on fish spawning activity, which in turn 
has an impact on capture composition [45]. In the Payra river, we identified 80% similar-
ity among the species and divided them into three distinct clusters at a 25% similarity 
level. Hossain et al. [4] discovered more commonalities across months than between 
various sites, and he revealed two distinct clusters in the Meghna estuary. The presence, 
distribution, abundance, and diversity of riverine tropical fishes are influenced by several 
interconnected physical and biological processes. Water salinity, temperature, turbidity, 
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and dissolved oxygen, as well as their regular or irregular variations at various time in-
tervals, have been found as determinants in estuarine fish ecology [42,46]. 

 

Figure 6. The temporal cluster of fish composition is based on Bray–Curtis similarity 
matrix. 

3.5. Canonical Correspondence Analysis (CCA) 

For the first three-axis (CCA1, CCA2, and CCA3), Eigenvalues of CCA (meteoro-
logical parameters) were found to be 0.026616, 0.0059284, and 0.00045777, respectively 
(Table 6). The cumulative percentage variance of species for the first three axes was 
99.997%. The first and second axes, respectively, represented 80.65% and 17.96% of the 
species data, and the findings from the first two axes were plotted in Figure 7. 

Table 6. Eigenvalues, percentage of variance, and percentage of cumulative variance for 
the first three factors of finfish and shellfish samples were collected from the Payra river 
of Bangladesh. 

Axes Eigenvalue % of Variance Cumulative % p-value 

CCA1 0.026616 80.65 80.65 0.749 

CCA2 0.0059284 17.96 98.61 0.08 

CCA3 0.00045777 1.387 99.997 0.873 

The CCA biplot of ten main fish species highlighted their reliance on environmental 
conditions. 
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Figure 7. The CCA illustrates the link between climatic variables and the dominant fish 
species in the study area. 

Only rainfall, out of the four meteorological characteristics or variables, was found 
to have a major impact on fish dispersion in the Payra River during different seasons 
(Figure 7). During the monsoon and post-monsoon seasons, the photoperiod had a sig-
nificant impact on the Corica soborna (p1). Puntius sophore (p4) and Rasbora rasbora (p7) is 
the species most impacted by temperature. Except for p1, p4, and p7, rainfall was the 
most influential climatic condition for the distribution of all species outside of the winter 
season. The CCA plot clearly shows that rainfall and temperature were the key deter-
minants of species distribution in the Payra river during the current study. Effects of en-
vironmental variables on species distributions were tested by CCA analysis. CCA analy-
sis showed that among meteorological parameters rainfall and temperature was the ma-
jor driver that impacts on species distribution in Payra river. Fish communities are highly 
affected by temperature within estuaries [47]. A sudden increase or decrease in water 
temperature may cause fish mortality [46]. pH is the most important hydrological factor 
for species distribution though Nabi et al. [36] found very little impact of this parameter 
on fish distribution at the Bakkhali river estuary. The two most important climatic char-
acteristics determining species assemblage structure in the Kushiyara River, according to 
Rahman et al. [37] are air temperature and rainfall which is in conformation with the 
present study. 

3.6. Phytoplankton Community Structure, Diversity Index, and Pollution Level 

During the study period, the phytoplankton population in the Payra river basin was 
represented by 32 species split into five phytoplanktonic groups (Table 7). 

Table 7. Monthly average abundance (Ind./L) of phytoplanktonic species in the Payra 
river. 

Plankton Family Species Average (1×103 cells L-1) 

 
Ph

yt
o

pl
an

kt
on

 

Bacillariophyceae 
Asterionella glacials 1 
Bacillaria paxillifer 1 
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Cyclotella operculata 2 
Amphora ovalis 1 
Fragellaria construens 5 
Navicula distans 44 
Polycystis naegeli 1 
Surirella gemma 11 

Chlorophyceae 

Tabellaria fenestrata 1 
Ceratium belone 1 

Chlorella vulgaris 21 

Closterium microporum 3 
Eudorina elegans 1 

Gonatozyon monotaenium 1 
Nannochloris bacillaris 22 

Oedogonium minus 1 

Pediastrum duplex 2 
Pleurococcus vulgaris 4 

Scenedesmus acutes 1 
Spirogyra singularis 10 

Volvox barberi 1 

 
Cyanophyceae 

Zygnema cylindricum 1 
Anabaena flos-aquae 4 

Gloeocapsa atrata 1 
Gomphosphaeria wichurae 2 

Oscillatoria amphibia 1 

Spirulina major 1 

Dinophyceae 

Stephanodiscus niagarae 1 

Dinobryon sertularia 1 
Dinophysis mitra 1 

Ulothrix aequalies 14 

Euglenaceae Euglena acus 14 
Total species 32 

Thirteen species belonged to the Chlorophyceae family, eight to the Bacillari-
ophyceae family, six to the Cyanophyceae family, four to the Dinophyceae family, and 
one to the Euglenaceae family (Table 7). The Shannon-weaver diversity index, Margalef 
richness index, Pielou's Evenness index, and Simpson dominance index had mean annual 
values of 11.49±0.19, 1.99±0.66, 0.45±0.07, and 0.66±0.20, respectively. Based on the Palmer 
[14] score, the Shannon-weaver diversity index value indicated moderate to severe pol-
lution in the research area. Palmer's pollution index value, based on the algal tolerant 
group and algal tolerant species, suggested a lack of organic pollution to probable high 
organic pollution during the investigation in the Payra river. Our findings differ signifi-
cantly from those of Pramila et al. [48] at Ambazari Lake. 

3.7. Threats to Biodiversity of Payra River 
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On the planet, wetlands are maybe losing quicker than some other sorts of territo-
ries. In truth, the siltation of water bodies contributes especially to aquatic habitat loss 
and degradation [49]. Rivers carry annually 2.4 billion MT silts, which are deposited on 
the river beds, floodplains, and beel bottoms [50]. During the study period, man-made 
activities were found as dominant decline causes of fish species in the Payra river. Even 
though the government has taken significant steps to conserve fish and has mandated a 
sustainable catch, however, indiscriminate overfishing continues during the fishing ban 
period (Figure 8). Overfishing is considered a key reason for the decline of fisheries [51]. 
Indiscriminate fishing by using different non-selective fishing gears was observed as a 
major threat to the decline of fish. In the Payra River, ten different types of fishing gear 
were identified, including five nets (Estuarine Set Bag Net, Beshal Jal, cotton net, Behundi 
Net, Kachki Jal), three hooks and lines (Long Line, Line, Hook), and two traps (Box Trap 
and Chai). Sultana et al. [52] reported 18 types of fishing gear to be used by the fishermen 
of which 5 gills, 1 seine, 2 fixed purses, 1 lift, 1 cast, 2 push/drag nets, 2 traps, 2 hooks, and 
lines and 2 wounding gears in Payra river. Saha et al. [53] reported 7 different types of 
gear of 3 categories (nets, traps, and wounding gears) used by 2 categorized fishers in the 
Gawha beel. The observed destruction level of behundi net was massive during the study 
period. Almost 200 to 250 individuals of 13 fish species were found in 100 grams of fishes 
caught by behundi net. The study suggests that cotton nets and behundi nets pose seri-
ous harm to the Payra river's fish species. In addition to inorganic pollution, pesticide 
and insecticide use such as hexaconazole and propiconazole used in pest management in 
riverside agriculture harm fish. Because hexaconazole causes oxidative stress in fish and 
altered mitochondrial bioenergetics could be a subsequent response to increased oxida-
tive damage. 

 

Figure 8. The current state of fish and shellfish biodiversity in the Payra River, as well as 
the government's ongoing threats mitigation measures. 

On the other hand, propiconazole causes liver damage and the development of 
zebrafish embryos and larvae was dramatically slowed after exposure (Figure 9).  It was 
also observed that several drains have fallen into the river from both banks. As a result, 
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various chemical wastages from different sources fall through the drainage and polluted 
the water quality consequently destroying the spawning and nursing grounds of many 
commercially important fish species of the Payra river. Pesticides are mainly poisonous 
and thus are hazardous to aquatic organisms and affect ecosystem integrity and disrupt 
their functioning [54]. On the other hand, the construction of diversion canals and sluice 
gates causes heavy siltation in the river bed. Due to siltation, two big islands are devel-
oped in the river; one in the joining point of Karkhana river and Payra river and another 
in the middle portion of the river near Pangasia union. This siltation problem greatly in-
fluences the water flow consequently affecting the entire ecosystem of the river. Oil 
spilled mainly diesel from motorized vehicles (launch, steamer, speed boat) causes scum 
to build on the surface of the water, which prevents light from penetrating. The consoli-
dated impacts of these dangers (siltation, habitat loss, conversion of wetland to agricul-
tural fields, overfishing, dewatering during the lean season, poisoning, pesticides and 
fertilizers, climate change, etc.) might be harming the whole fisheries assets of this wa-
terway. 

 

Figure 9. Driving forces of finfish and shellfish temporal distribution at Payra river 
Bangladesh. 

4. Conclusions 

This research was conducted for determining the temporal distribution of finfish 
and shellfish in the Payra River. Because of moderate pollution from chemical applica-
tions in agricultural land and high surface runoff containing pollution substances, as well 
as the presence of a brickfield alongside the river polluting both air and water, species 
diversity is lower than in prior comparable studies. Awareness making into the general 
fishermen through campaigning and training can result in sustainable fishing, avoiding 
catch of fish larvae, and can ensure controlled fishing during the breeding season. Final-
ly, because fisheries are a renewable resource, they may be protected by implementing 
sound management strategies with the support of government agencies, 
non-governmental organizations, and other national and international organizations. The 
current study of finfish and shellfish distribution through time should be valuable for 
further ecological assessment and monitoring of the river's quality and its linked water 
bodies. 
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