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ABSTRACT 
 

The correlations between fisheries diversity and environmental variables of Nepal’s Pond are poorly understood. This 

study aims to investigate temporal variation of fish assemblage at Taruwa Pond in Nawalparasi district, Province no. 

4, Nepal from October 2018 to April 2019. For the fish agglomeration, cast net of 4 kg in weight and 3.80 m in length 

and 22.5 m breadth with 12 mm mesh size was used. In total, 579 individuals representing 16 fish species, 10 families, 

and 12 genera were recorded. According to similarity percentage analysis, the most contributory species were Puntius 

ticto (27.92%) followed by Danio devario (12.06%), Puntius terio (9.76%), Badis badis (7.31%), Lepidocephalichthys 

guntea (5.57%) and Puntius sophore (5.57%). Analysis of similarity suggested that fish community structure was 

significantly different in temporal variation (R = 0.321, p<0.01). Based on the cluster analysis, fish assemblages were 

isolated into two distinct groups at Bray-curtis similarity. The Canonical Correspondence Analysis distinctly indicated 

that the water parameters of dissolved oxygen, carbon-dioxide, depth, and water temperature play an important role in 

influencing the fish assemblage structure of Taruwa Pond. 
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INTRODUCTION 

 

Fish community structure surrounded by oxbow 

lakes, species richness, diversity, and evenness was 

eminent to fasten together oxbow lake (Winemiller 

et al., 2005). Similarly, oxbow lakes that are 

connected to the river have more species than lakes 

that have seceded from the river (Galat et al., 1998; 

Petry et al., 2003; Miranda, 2005; Miranda et al., 

2014). The state of the lakes seems to be the serious 

factor affecting variety. It is broadly accepted that 

the fluctuation of environmental variables plays an 

imperative role in the organization of fish 

community structure (Tejirina et al., 1998; 

Amarasinghe & Welcomme, 2002). Nevertheless, 

the important factors to decide species composition 

vary between water bodies, extending from natural 

environment, like lake structure and water 

chemistry (Zhao et al., 2006; Cheng et al., 2010). 

Even though there could be limnological 

distinctive effect on fish species richness in mild 

lakes, part of the surface area and altitude  of   the 

system   have   eminent   predictive ability (Zhao et    

 

al., 2006). The  temperature  and dissolved oxygen 

(DO) concentration persuade the distribution, 

abundance and migration of aquatic organisms 

(Alhassan, 2013). The two key environmental 

variables such as the macrophyte complex and 

water depth play a crucial role in the spatial and 

seasonal variations of the fish assemblage structure 

in shallow   lakes   (Ye, 2007). 

 

The present study analysed relationships 

among temporally varying fisheries diversity and 

environmental variables of one of the unexplored 

ponds, Taruwa pond of Nawalparsi district, to fill 

the gap of the information and hence dilate the fish 

diversity profile of Nepal. We assumed that fish 

abundance in the Taruwa pond would be greater 

during the annual dry season when aquatic habitats 

are reduced. We also assumed that fish assemblage 

structure would vary between seasonal variation 

defined by environmental variables such as water 

depth, water temperature, DO and free carbon-

dioxide (CO2).  
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MATERIALS AND METHODS 

 

Study Area  

 

Taruwa Pond is a natural pond which is located in 

Kawasoti Municipality-7, Nawalparasi district 

(Figure 1). It is about 1.5 km south of Kawasoti, 

Mahendra highway at geographical coordinates a 

27º37’58”N and 84º07’51” E and occupies an area 

of 1.8975 ha and its average depth is about 0.97 

meter. The pond area is located at the altitude of 

161.5 m (530 feet). Aquatic vegetation occurs in 

middle part and the littoral region and a tropical 

forest occupies northern part and human settlement 

surrounded southern part of its borders. The pond 

is divided into two portions (upper and lower) for 

the irrigation of agriculture land of approximately 

five villages.  

 

Fish Sampling and Preservation Techniques  

 

Fishes were collected from Taruwa Pond in the 

morning (9:00 am to 11:00 am) once every three 

months for seven months covering three seasons 

(autumn, winter and spring) starting from    

October (autumn) 2018   to   April   (spring)   2019.  

Local fishermen were hired for fish sampling. 

From sampling site, fish samples were collected by 

using cast net. The cast net used for fish captured 

was 4 kg in weight and 3.80 m in length and 22.5 

m breadth with 12 mm mesh size. The cast net was 

operated for 2 hours at sites (catch effort 15 times 

installation of cast net in pond for fishing in every 

three sampling months) in the morning. The 

number of fish species in the samples and the 

number of individuals in each species were 

counted and the collected specimens were 

preserved in 10% formaldehyde solution in 

labelled plastic jars and brought to Central 

Department of Zoology (Tribhuvan University, 

Institute of Science and Technology, Kirtipur, 

Kathmandu, Nepal) laboratory for further 

identification. 

 

Identification of Specimens and Deposition  

 

The collected fish specimens were identified using 

standard taxonomic references (Talwar & 

Jhingran, 1991; Jayaram, 2010) and collected 

specimens at the field survey were deposited in the 

laboratory of the Central Department of Zoology, 

Trubbuwan University. 

 

 

 

 
 

Figure 1. Map of study area showing Taruwa Pond 
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Analysis of Environmental Variables  

 

The environmental parameters were determined 

following standard methods of APHA (1976), 

Adoni (1985), and Trivedy and Goel (1989). Water 

samples of Taruwa Pond were collected during 

morning time (9:00 am to 10:00 am) and analysed 

once every three months during each field visit. 

The environmental variables measured during the 

field visit include water temperature, DO, water 

depth, turbidity and free carbon dioxide. Water 

temperature (ºC) was measured using a digital 

thermometer by putting it down in the water at a 

depth of one feet within one minute and the 

obtained value was recorded. Dissolved oxygen 

was measured in-situ using a Winkler titra-metric 

method in each season. The depth was measured by 

using nylon rope with weight and a measuring tape 

was used to record the depth in centimeter (cm). To 

measure the turbidity, water samples were 

collected in a bottle and measured directly with 

turbidity meter (Turb Delagua). 

 

Data Analysis 

 

The Shannon-Weiner diversity index (Shannon & 

Weaver, 1963) was calculated using following 

formula:  

 

H = ∑ 𝑃𝑖 ∗ 𝑙𝑜𝑔𝑃𝑖𝑆
𝑖=1                                                 (1) 

 

Where S is the total number of species and Pi is the 

relative cover of ith of species. 

 

Margalef richness index (d) (Margalef, 1968) was 

used to measure species richness by using 

following formula:  

 

d = (S/1) = log(N)                                                  (2)     

 

Where S is the total species and N is total 

individual. 

 

Evenness index (Pieleu, 1966) was determined by 

the following equation: 

 

E= H'/ log S                                                          (3) 

 

Where, H' = Shannon- Weiner’s diversity index. S 

= Total number of species in the sample. 

 

To know the correlation between fish assemblage 

and environmental variables, first, we performed 

Detrended   Correspondence   Analysis   (DCA)   to 

determine    whether    the    Redundancy   Analysis  

(RDA) or Canonical Correspondence Analysis 

(CCA) could be the most suitable paradigm to 

narrate the consortium between fish species and 

environmental parameters. The axis length and 

Eigen value acquired from DCA proposed that the 

linear replica of CCA was more relevant. 

Therefore, a direct multivariate ordination method 

(Ter Braak & Prentice, 1988), based on a linear 

response of species to environmental gradients 

Gauch (1982) was applied using library “vegan” in 

R (Oksanen et al., 2019). One-way analysis of 

similarity (ANOSIM) (Clarke, 1993) was used to 

conclude the importance of temporal variation of 

fish community structure. Moreover, fish species 

were scrutinized into dissimilar assemblage 

clusters based upon opulence of each fish species 

by utilizing pvclust package in R (Suzuki & 

Shimodaira, 2015). Similarity percentage analysis 

(SIMPER) (Clarke, 1993) was executed to observe 

the percentage of similarity in temporal scale. 

 

RESULTS AND DISCUSSION 

 

A total of 16 fish species were collected during the 

study period which included 10 families and 12 

genera (Table 1). The five fish species belonged to 

the family Cyprinidae were found as dominant 

family and the lowest number of fish species 

belonged to families Belonidae, Bagridae and 

Channidae with single fish species, while each of 

the other four families (Cobitidae, 

Mastacembelidae, Nandidae and Osphronemidae) 

were represented by two species. The findings of 

the present study were congruous with the findings 

of Limbu et al. (2016), Subba et al. (2017), Prasad 

and Limbu (2017), Limbu et al. (2018), Limbu and 

Gupta (2019), Limbu and GC (2019), Limbu et al. 

(2019), Limbu et al. (2019), Limbu and Prasad 

(2020), Limbu et al. (2020) and Limbu et al. 

(2021). Out of total fish catch, 386 fishes belonged 

to family Cyprinidae with the highest frequency 

(66.67%). The fish species belonging to families 

Belonidae, Bagridae and Channidae were 

represented with different fish catch frequency of 

2.94%, 2.59% and 4.32%, respectively. During 

study period, family Mastacembelidae comprised 

the least number of fish catch (five individuals). 

The dominant fish species of Taruwa Pond were 

Puntius terio, P. ticto, P. sophore, Danio devario, 

Esomus danricus, Lepidocephalichthys guntea, 

Acanthocobitis botia, Channa punctata and Badis 

badis. The  most  abundant  fish  species  of Taruwa 

pond was P. ticto with highest fish catch and 

lowest  fish  catch  was  of  Mastacembelus 

armatus with single individual was recorded. 
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Table 1. Fishes of Taruwa Pond 

 

Family Name of fish Code Seasons Total Percentages of 

total 

individuals 

caught (%) 

Autumn Winter Spring 

Cyprinidae Puntius terio 

(Hamilton, 1822) 

C1 34 12 14 60 10.36 

Cyprinidae Puntius ticto 

(Hamilton, 1822) 

C2 128 70 55 253 43.70 

Cyprinidae Puntius sophore 

(Hamilton, 1822) 

C3 15 2 5 22 3.80 

Cyprinidae Danio devario 

(Hamilton, 1822) 

C4 30 9 - 39 6.74 

Cyprinidae Esomus danricus 

(Hamilton, 1822) 

C5 7 - 5 12 2.07 

Cobitidae Lepidocephalichthys 

guntea (Hamilton, 

1822) 

C6 23 11 10 44 7.60 

Nemacheilidae Acanthocobitis botia 

(Hamilton, 1822) 

C7 11 12 3 26 4.49 

Belonidae Xenentodon cancila 

(Hamilton, 1822) 

C8 11 5 1 17 2.94 

Bagridae Mystus tengara 

(Hamilton-Buchanan, 

1822) 

C9 9 3 3 15 2.59 

Mastacembelidae Macrognathus 

pancalus (Bloch, 

1801) 

C10 3 1 - 4 0.69 

Mastacembelidae Mastacembelus 

armatus (Lacepede, 

1800) 

C11 1 - - 1 0.17 

Channidae Channa punctata 

(Bloch, 1793) 

C12 9 8 8 25 4.32 

Nandidae Nandus nandus 

(Hamilton-Buchanan, 

1822) 

C13 4 2 - 6 1.04 

Badidae Badis badis 

(Hamilton-Buchanan, 

1822) 

C14 12 20 8 40 6.90 

Osphronemidae Colisa lalia 

(Schneider, 1801) 

C15 - - 7 7 1.21 

Osphronemidae Colisa fasciata 

(Schneider, 1801) 

C16 - - 8 8 1.38 

 Total  297 155 127 579 100 
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Diversity Status 

 

The value of Shannon-Weiner diversity index 

was found to be lowest during winter season 

(Figure 2). This would be due to the weather-

beaten and feed consequence. The fish can 

conceal themselves under natural shield in 

pools in the month of January because of utmost 

drop of temperature in winter season and hence 

possibility of fish catch by cast/drag net are 

impoverished. Species richness diversified in 

seasons but there was no particular seasonal 

tendency. The differences in species richness 

and diversity in relation to different sampling 

periods and seasons have been noticed in 

several studies (Ornellas & Coutinho, 1998; 

Pires et al., 1999; Reichard et al., 2002). 

 

Fish Assemblages 
 

One-way ANOSIM with replication testing for 

temporal variation in fish assemblages 

suggested that there was a significant difference 

in temporal variation (R = 0.321, p<0.01). The 

SIMPER manifested that the average 

dissimilarity of species in three (autumn, winter  

and spring) seasons was 39.64%. The most 

contributory species was P. ticto (27.92%) 

followed by D. devario (12.06%), P. terio 

(9.76%), B. badis (7.31%), L. guntea (5.57%) 

and P. sophore (5.57%), respectively.   

 

Hierarchial   clustered   dendrogram   of   fish 

 
 

species from the Taruwa Pond, black and bold 

coloured number represents the cluster number, 

red represents probability of Automatic Unbiased 

(AU) value and blue colour number represents 

Bootstap Probability (BP) value, where AU value 

≥ 95 represents significant cluster (Figure 3). 

According to cluster analysis, fish assemblage 

structure of Taruwa Pond was grouped into two 

major cluster groups with 12 sub-cluster groups. 

On the left side of the plot, cluster number 14 was 

further grouped into two major sub-cluster groups 

and all the sub-cluster showed significant distance 

correlation to each other. On the contrary, one of 

the major cluster number 13 showed significant 

distance correlation with the cluster groups 12, 8, 

6, 3 and 9. 

 

Relationship Between Species and 

Environment 

 

The CCA ordination    described    significant   

relationship (Monte Carlo permutation tests, n = 

9999, p<0.05) between fish species and variables 

based on the data matrix. The first and second 

axis, calculating for 67.44% and 18.91% 

respectively for the variation of data, was used in 

the elucidation of the results. Fish species of P. 

sophore (C3), E. danricus (C5), Macrognathus 

pancalus (C10), C. punctate (C12), Colisa lalia 

(C15) and C. fasciata (C16) were positively 

related to DO and turbidity but negatively related 

to water depth and free CO2. The water 

temperature was positively related to Xenentodon  

  

 

  
 

 

 
 

Figure 2. Season wise diversity index, species richness and evenness index 
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Figure 3. Dendrogram of cluster analysis comparing fish species on the basis of fish assemblage (for species code, see 

Table 1). C1-C16 represent fish species, numbers in red represent probability of au value, numbers in green represent 

bootstrap probability value and numbers in grey represent clusters  

 

 

cancila (C8) species and negatively related to P. 

terio (C1), Mystus tengara (C9), M. armatus (C11) 

and Nandus nandus (C13). Fish species of P. ticto 

(C2), D. devario (C4), L. guntea (C6), A. botia 

(C7) and B. badis (C14) were positively related to 

water depth and free CO2 but negatively related to 

turbidity and DO. The CCA distinctly indicated 

that the environmental variables of DO, CO2, 

depth, and water temperature play a pivotal role to 

shape the fish assemblage structure of Taruwa 

Pond (Figure 4). 

 

 

 

 
 

Figure 4. Canonical Correspondence Analysis (CCA) ordination of fish assemblages and environmental 

variables of Taruwa Pond (for species code, see Table 1). C1-C16 represent fish species 
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CONCLUSION 

 

In this study, 16 fish species were examined, 

among which are P. ticto followed by D. devario, 

P. terio, B. badis, L. guntea and P. sophore were 

the major contributory species, each contributed to 

more than 1% of the total composition. The CCA 

revealed that the water parameters of DO, CO2, 

depth, and water temperature have a significant 

impact on the fish assemblage structure of Taruwa 

Pond. 
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