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Abstract: Freshwater fish are crucial components of aquatic ecosystems that are affected by a range of anthropogenic activities. Freshwater 
bodies in Nepal are under different threats affecting biodiversity. Inter-basin water transfer (IBWT) involving damming and diversion of 
water from one river basin to another is considered a major threat to aquatic biodiversity. Impact assessment of such projects include 
generation of baseline information on different biotic and abiotic variables. The aim of this study was to generate baseline information on 
fish diversity from the glacial-fed (Bheri) and the spring-fed (Babai) rivers and their selected tributaries from western Nepal in the wake of 
the first proposed inter-basin water transfer from the former to the latter. A total of 10 sampling sites, five each from Bheri and Babai River 
systems, were chosen strategically. Electrofishing was conducted encompassing different seasons in 2018 following the standard method. 
A total of 32 species with catch per unit effort (CPUE) of 47±24 from Bheri and 42 species with CPUE of 63±52 from Babai River were 
recorded. Cyprinidae, followed by Nemacheilidae, were the most dominant families in both river systems, and Barilius vagra and Schistura 
beavani were the most dominant species in both. Species richness and abundance showed a significant difference between rivers, and 
differences in fish assemblages reflects differences in ecological regimes. Failure to observe migratory species such as Anguilla bengalensis 
suggests that migratory routes may already have been affected.  Of the total 52 species recorded, eight are in the threatened categories 
of the IUCN Red List and need active conservation measures. The findings provide a reference to assess the impacts of water transfers on 
fish assemblages in these river systems.  

Keywords: Abundance, aquatic ecosystems, Babai River, Bheri River, damming, electrofishing, fish assemblages, threats.
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INTRODUCTION

Fish are one of the diverse groups of vertebrates, 
with an estimated 36,484 species globally including 
18,495 freshwater fish (Fricke et al. 2023) and also one 
of the most frequently investigated aquatic organisms 
(Tornwall et al. 2015), directly related to human well-
being (Öztürk et al. 2021) because of their nutritional, 
socio-economic, and cultural values (Lynch et al. 2016). 
An estimated 13,000 (belonging to 2,513 genera) 
freshwater fish species live in lakes and rivers that cover 
only around 1% of the earth’s surface (Levêque et al. 
2007) and are thus one of the major components of 
global biodiversity (Dudgeon et al. 2006; Sedeño-Díaz & 
López-López 2013). 

Freshwater fisheries provide the main source of 
protein for 200 million people across Asia, Africa, and 
South America, as well as jobs and livelihoods for 60 
million people (WWF 2021). However, over the past 
few years, decrease in freshwater fish diversity and 
their population have been reported from their natural 
habitats, with one in three species being threatened with 
extinction (WWF 2021) mainly attributed to a range of 
anthropogenic activities such as overfishing, pollution, 
use of destructive fishing methods, climate change, and 
developmental activities (Saund & Shrestha 2007; ADB 
2018; Su et al. 2021). 

Asia is the home to about 3,553 freshwater fish 
species with Cypriniformes and Siluriformes as the 
most dominant orders (Berra 2007; Levêque et al. 2007; 
Nelson et al. 2016) with high endemicity (De Silva et al. 
2007). The exceptional diversity of fish in this region 
also supports high diversity of fishes in inland waters, 
which forms the basis of the livelihood; and extremely 
important for food security particularly for the rural poor 
people (Thilsted & Wahab 2014; Gurung 2016). However, 
the knowledge of fish faunal diversity in many parts of 
Asia, including Nepal, is still in its progressive phase, 
where survey works are fragmentary and sporadic, with 
many species yet to be discovered or to be described 
(Levêque et al. 2007; Eldho & Sajeevan 2022).

Nepal represents both Indo-Malayan and Palearctic 
realms (Chaturvedi 2012) and coupled with its rich 
network of rivers and streams (WECS 2011), the country 
harbours a rich terrestrial as well aquatic biodiversity 
(GoN 2014). A recent review reported more than 220 
freshwater species in the country (Khatri et al. 2020). 
However, because of its rich network of rivers and 
streams, the growing demand for electricity, drinking, 
and irrigation for increasing population, the damming 

and diversion of these ecosystems have become common 
(ADB 2018; WWAP 2009). Recently, Nepal was involved 
in the implementation of inter basin water transfer 
(IBWT) schemes (GoN 2019) which involve water transfer 
from donor basins to receiving basins which provide 
year-round irrigation, generating reliable electricity and 
also for other multipurpose benefits (Zhu et al. 2018). 
Such transfers have also been known to cause a range 
of upstream-downstream ecological, hydrological, and 
geomorphological changes (Quan et al. 2016; Zhuang 
2016). Therefore, such infrastructural developments 
and their subsequent environmental consequences are 
often subject to criticism and discussions (Pittock et 
al. 2009). However, with a growing population and the 
country’s increasing requirement to produce more food 
and electricity, damming, and diversion of river waters 
are on the rise, with many more in the pipeline (Khadka 
& Khanal 2008; WECS 2011; Gurung & Bharati 2012; 
Suwal et al. 2020).

Damming, diversion, and inter-basin water transfer 
affect fish fauna in several ways, including loss of species, 
decreased abundance, and change in behavior; blockade 
of migratory routes, and interruption in life cycles 
(Daga et al. 2020; Tien Bui et al. 2020; Bohada-Murillo 
et al. 2021). These impacts are attributed to changes 
in migratory fish habitats, discharge regimes, water 
temperature and water quality, increased exposure 
to predation, and loss of riverbank forests (Davies et 
al. 1992; McAllister et al. 2001). In Nepal, migratory 
species such as Tor putitora, T. tor, Bagarius bagarius, 
Clupisoma gaura, and Anguilla bengalensis have already 
been reported to be affected through the construction 
of dams in the country (ADB 2018).

The Bheri Babai Diversion Multipurpose Project 
(BBDMP) is the first inter-basin water transfer designed 
to transfer 40 m³/s water from the glacial-fed Bheri to 
the spring and rain-fed Babai through a 12-km tunnel 
for hydropower generation and irrigation. The proposed 
water transfer aims to generate 46 megawatts (MW) 
of hydroelectricity and irrigate around 51,000 ha of 
agricultural land in the southwest districts of Banke 
and Bardiya (GoN/BBDMP 2018). The mandatory 
environmental impact assessment (EIA) on BBDMP 
conducted in 2011 has reported only an inventory on 
fish fauna from the two rivers with 23 and 20 species 
from the Bheri and the Babai Rivers respectively (EIA 
2011). Moreover, the EIA finding is based on only one 
time sampling. However, a detailed baseline data 
on fish diversity, including the seasonal variation in 
fish assemblages and the International Union for 



Freshwater fish diversity of glacial-fed and spring-fed rivers in Nepal	 Khatri et al.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 January 2024 | 16(1): 24535–24549 24537

J TT
Conservation of Nature (IUCN) categorization of fish 
species are still lacking which is crucial for developing 
effective conservation measures. Therefore, the main 
objective of this study was to prepare baseline data on 
fish diversity and to identify IUCN category from the 
selected stretches of the Bheri and the Babai River in 
the wake of proposed first inter-basin water transfer in 
western Nepal. Such baseline information are essential 
components of impact monitoring and thus forms the 
basis for development of future management strategies. 
Furthermore, it could also contribute to update the 
current IUCN Red List on fishes on local scale. 

MATERIALS AND METHODS

Study Area
The study was conducted in the selected stretches 

of the Bheri and the Babai Rivers and their tributaries 
in western Nepal. Bheri is a glacial-fed perennial river 
originating from the Mount Dhaulagiri range (Mishra 
et al. 2018), whereas the Babai River is a perennial 
spring as well as rain-fed river with a low flow during 
dry seasons originating from the Siwalik hills (Sharma 
1977). The Bheri River is about 264 km long covering a 
drainage area of about 13,900 km2 with an elevational 
range of 200 to 7,746 m. Based on data from 1975 to 
2005 observed from seven climatological stations across 
the drainage, the average annual precipitation in the 
drainage was 1,202 mm (Mishra et al. 2018). The average 
annual discharge of the Bheri River at Samaijighat 
Hydrological station (Station No. 269.5 located at 500 
m), upstream of the proposed water diversion is 331.6 
m3/s with minimum and maximum discharge of 74.5 
m3/s and 2150 m3/s, respectively (GoN/DoHD 2019). The 
Babai River is about 400 km long and lies in a subtropical 
region. It has a drainage area of about 3,250 km2 with 
an elevational range of 147 to 2,880 m. The average 
annual rainfall in the basin is reported to be 1,468 mm, 
based on data from 1975 to 2005 observed at seven 
climatological stations (Mishra et al. 2021). The average 
discharge of the Babai River at Chepang Hydrological 
station (Station No. 289.95 located at 325 m), near the 
proposed water release is 34.67 m3/s with minimum 
and maximum discharge of 5.1 m3/s and 477 m3/s, 
respectively (GoN/DoHD 2019). Upstream, downstream 
and three tributaries of both the rivers were strategically 
chosen for sampling. Thus, 10 sites (five each in the Bheri 
and Babai River systems; Table 1) were sampled based 
on strategic occurrence and accessibility (Figure 1). The 

downstream of water release at Babai River was located 
at Mulghat at Bardiya National Park- a protected area 
and the mandatory permit for sampling was procured 
from the Department of National Parks and Wildlife 
Conservation, Nepal.

Field Methods
Fish sampling

The sampling was conducted in all major seasons 
in January (winter), April (spring), June (summer), 
and November (autumn) in 2018. For fish sampling, 
electrofishing (Model Honda GXV50) by the wading 
method was adopted following Jha (2006). Electrofishing 
is considered a scientific standard method that involves 
generating an electric field, and the fishes within the field 
are stunned temporarily. Electrofishing was conducted 
in two runs of approximately 20 minutes (1200 seconds) 
each, encompassing approximately 100–500 m (0.1–
0.5 km) stretch on each site. The captured fishes were 
identified up to species level in the field itself following 
taxonomic literature (Shrestha 1981, 2008), and fishes 
were photographed. The identified fishes were released 
back to their natural habitat once the necessary 
information such as length and weight was collected. 
Unidentified fish specimens were preserved in 70% 
ethanol and brought to the Department of Environmental 
Science and Engineering (DESE), Kathmandu University, 
for identification following other standard literature 
(Shrestha 1981; Talwar & Jhingran 1991; Jayaram 
2010; Rajbanshi 2012; Fricke et al. 2023) and was 
further confirmed by fish taxonomists at the Research 
Laboratory of Fish and Fisheries, Central Department 
of Zoology, Tribhuvan University. These specimens have 
been kept for records as voucher specimens at the 
Central Department of Zoology, Tribhuvan University. 
Along with fish sampling, selected physico-chemical 
parameters, viz., temperature, dissolved oxygen (DO), 
pH, total dissolved solids (TDS), and conductivity were 
also estimated using portable probes (LUTRON WA-
2015). All the samplings were conducted in the morning 
(0800–1100 h) and afternoon (1300–1600 h).

Data analysis
For fish abundance estimation, the sampled fish 

species were expressed in catch per unit effort (CPUE) 
as the number of fishes collected per 10 minutes of 
electrofishing (Jha 2006). Various species diversity 
indices such as Shannon index (Hˈ) (Spellerberg & 
Fedor 2003), Simpson’s index of diversity (1-D) (Caso 
& Gil 1988) and Pielou’s  Evenness (J) (Pielou 1966) 
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were calculated using Past 4 software. Dendrograms 
were constructed to understand the similarity of fish 
assemblage structure between the sampling sites. This 
was done by Hierarchical clustering using group average 

method with correlation coefficient distance (Jain et al. 
1999) using Originpro 2023.  Log transformation was 
done prior to hierarchical clustering to minimize errors. 
Mann Whitney test was conducted to assess significant 

Figure 1. The different sampling sites. Noted legends are sampling sites, major rivers, tributaries and districts boundary.

Table 1. Details of sampling sites with geographical coordinates and elevation.

Site 
codes Rivers Places Elevation 

(in m) Latitude Longitude Remarks

BH1 Bheri Cheepla, Surkhet 436 28.45742°N 081.78235°E Upstream of water diversion at Bheri

BH2 Bheri Bhanghari, Surkhet 403 28.51468°N 081.67520°E Downstream of water diversion at Bheri

BHT1 Goche Mehelkuna, Surkhet 475 28.43677°N 081.83489°'E Tributary of Bheri

BHT2 Chingad Gangate, Surkhet 466 28.55361°N 081.70715°E Tributary of Bheri

BHT3 Jhupra Surkhet 497 28.57791°N 081.67207°E Tributary of Bheri

BB1 Babai Chepangghat, Surkhet 293 28.35160°N 081.72109°E Upstream of water release at Babai

B2 Babai Mulghat, Bardiya 287 28.36127°N 081.68044°E Downstream of water release at Babai

BB3 Babai Bel Takura, Dang 561 28.03095°N 082.26972°E Upstream of Babai

BBT1 Patre Majhgaun, Dang 594 28.07607°N 082.37733°E Tributary of Babai

BBT2 Katuwa Ghorahi, Dang 625 28.01966°N 082.48380°E Tributary of Babai
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variation between the two river systems in species 
abundance, whereas Kruskall-Wallis test was performed 
to assess significant variations in species abundance 
in different seasons. The threat status categorization 
of the fish species was conducted following IUCN Red 
List (2023). Moreover, information from a number of 
members from fish specialist group working closely 
with the Department of National Parks and Wildlife 
Conservation, Nepal and IUCN from the region was 
also taken in preparing the current IUCN Red List threat 
status (Shrestha 1995; Jha 2006; Allen et al. 2010).

RESULTS

Fish community structure 
A total of 8,735 individuals representing 52 fish species 

belonging to five orders, 12 families, and 35 genera were 
recorded from Bheri and Babai River systems. Mann-
Whitney test revealed significant variation (p <0.05) in 
the fish assemblages between the two river systems. 
A total of 32 species belonging to four orders, eight 
families, and 20 genera were observed in the Bheri river 
system, whereas 42 fish species belonging to five orders, 
12 families, and 31 genera were observed in the Babai 
River system. In both the river systems, Cypriniformes 
and Cyprinidae were the dominant order and family, 
respectively (Table 2; Figure 2). Order Beloniformes 
with four families, namely Psilorhynchidae, Cobitidae, 
Bagridae, and Belonidae, were recorded only in the 
Babai River system. 

In the Bheri river system, order Cypriniformes was 
represented by four families and 25 species followed by 
Siluriformes (two families with five species); Perciformes 
and Synbranchiformes (only one family with one species 
each). The dominant family, Cyprinidae, contributed 
37.5% of the total catch and was represented by 12 
species followed by Danionidae and Nemacheilidae 
(18.8% with six species each), Sisoridae (12.5 % with 
four species), Amblycipitidae, Botiidae, Channidae, and 
Mastacembelidae (3.1% with only one species each). 

In Babai River system, Cypriniformes was represented 
by six families and 31 species, followed by, Siluriformes 
(three families with six species); Synbranchiformes and 
Perciformes (one family with two species each); and 
Beloniformes was represented by only one family with 
one species. The dominant family Cyprinidae contributed 
31.0 % of the total catch with 13 species followed by 
Danionidae (26.2% with 11 species); Nemacheilidae 
and Sisoridae (7.1% with three species each); Botiidae, 
Channidae, Mastacembelidae, Sisoridae, and Bagridae 
(4.8% with two species each); Amblycipitidae, Belonidae, 
Cobitidae, Erethistidae, and Psilorhynchidae were 
represented by only one species each (2.4%). 
 
Fish richness, abundance, and diversity

Of the 52 species recorded, 10 species were recorded 
only from the Bheri system and 20 species were 
recorded only from the Babai River system; while 22 
species were common to both the river systems. Eight 
species—Barilius barila, Barilius vagra, Garra gotyla, 
Puntius sophore, Tor putitora, Paracanthocobitis botia, 
Schistura beavani, and Mastacembelus armatus—were 
recorded in all seasons in both river systems. Cabdio 
morar, in the Bheri River and Systomus sarana, Rasbora 
daniconius, Tor tor, and Xenentodon cancila in the Babai 
River were occasional in occurrence with only a single 
individual being captured during the present study. The 
highest number of species was recorded from site BB3 
(19 species during autumn) and the lowest number (six 
species) was recorded from sites BH2 and BBT2 during 
winter and summer (Figure 4b,d). Ornamental fish 
species such as Danio rerio, Lepidocephalichthys guntea, 
and Macrognathus pancalus were observed only from 
the Babai River system.

In Bheri river system, the fish abundance expressed 
as CPUE ranged from 7.6 to 96.2 with the average value 
46.9 whereas, in the Babai River system it ranged from 
11.0 to 242.0 with the average value 63.0 (Table 3) 
indicating moderate average haul. The most abundant 
fish species was Barilius vagra, followed by Schistura Figure 2. Distribution of fish families recorded in the Bheri and Babai 

river systems.
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beavani in both river systems. The least abundant 
fish species was Cabido morar in Bheri River system 
(with CPUE of 0.01) whereas, fish species as Opsarius 
bendelisis, Rasbora daniconius, Systomus sarana, Tor 
tor, and Xenentodon cancila (with CPUE of 0.01) were 
the least abundant in Babai River system.

Seasonal and site-wise ichthyofaunal diversity indices 
such as Shannon index (Hˈ), Simpson’s index of diversity 
(1-D) and Pielou’s Evenness (J) are shown in Figure 3. In 
Bheri River system, Shannon index (Hˈ) ranged from 1.3 
to 2.2 with the mean value 1.7± 0.2 while, Simpson’s 
index of diversity (1-D) ranges from 0.6 to 0.8 with mean 
value 0.7 ±0.1 and Pielou’s evenness (J) ranges from 
0.5 to 0.9 with mean value 0.7±0.1. Kruskall Wallis test 
showed significant variation (H = 7.9, P = 0.04) in Pielou’s 
evenness between seasons in the Bheri system. In the 
Babai River system, Shannon index (Hˈ) ranged from 0.9 

to 2.0 with the mean value 1.7± 0.3 while, Simpson’s 
index of diversity (1-D) ranged from 0.4 to 0.8 with mean 
value 0.7±0.1 and Pielou’s evenness (J) ranged from 0.4 
to 0.8 with mean value 0.7±0.1.

Cluster analysis of species composition revealed that 
fish assemblages of Bheri and Babai River systems had 
two distinct clusters based on group average method 
with correlation coefficient distance (Figure 4). The sites 
BBT1 and BBT2 had more similar faunal assemblages 
whereas site BH1 does not show any significant similarity 
with any other site (Figure 4).

IUCN Red List threat status
The threat status category of the observed fish 

species based on IUCN Red List have been presented 
in Table 2. Of the 52 species recorded from this 
study, 43 fish species has been categorized as ‘Least 

Figure 3. Values of Species Richness, Shannon index (Hˈ), Pielou’s evenness (J), and Simpson’s index of diversity (1-D) in different sampling sites 
(3a,c) and seasons (3b,d) in the Bheri and Babai river systems.



Freshwater fish diversity of glacial-fed and spring-fed rivers in Nepal	 Khatri et al.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 January 2024 | 16(1): 24535–24549 24541

J TT
Table 2. Fish taxa recorded from the Bheri and Babai River systems with threat status.

Order Family Fish species Bheri River Babai River IUCN Red 
List status

1 Beloniformes Belonidae Xenentodon cancila (Hamilton, 1822) × √ LC

2 Cypriniformes  Botiidae Botia almorhae (Gray, 1831) √ √ LC

3 Cypriniformes  Botiidae Botia dario (Hamilton, 1822) × √ LC

4 Cypriniformes  Cobitidae Lepidocephalichthys guntea (Hamilton, 1822) × √ LC

5 Cypriniformes  Cyprinidae Bangana dero (Hamilton, 1822) √ √ LC

6 Cypriniformes  Cyprinidae Chagunius chaunio (Hamilton, 1822) × √ LC

7 Cypriniformes  Cyprinidae Tariqilabeo latius (Hamilton, 1822) √ √ LC

8 Cypriniformes  Cyprinidae Garra annandalei (Hora, 1921) √ × LC

9 Cypriniformes  Cyprinidae Garra gotyla (Gray, 1830) √ √ LC

10 Cypriniformes  Cyprinidae Labeo fimbriatus (Bloch, 1795) √ × LC

11 Cypriniformes  Cyprinidae Tariqilabeo macmahoni (Zugmayer, 1912) √ × VU

12 Cypriniformes  Cyprinidae Neolissochilus hexagonolepis (McClelland, 1839) √ √ NT

13 Cypriniformes  Cyprinidae Pethia conchonius (Hamilton, 1822) × √ LC

14 Cypriniformes  Cyprinidae Pethia ticto (Hamilton, 1822) × √ LC

15 Cypriniformes  Cyprinidae Puntius sophore (Hamilton, 1822) √ √ LC

16 Cypriniformes  Cyprinidae Puntius terio (Hamilton, 1822) √ √ LC

17 Cypriniformes  Cyprinidae Schismatorhynchos nukta (Sykes, 1839) × √ EN

18 Cypriniformes  Cyprinidae Schizothorax progastus (McClelland, 1839) √ × LC

19 Cypriniformes  Cyprinidae Schizothorax richardsonii (Gray, 1832) √ × VU

20 Cypriniformes  Cyprinidae Systomus sarana (Hamilton, 1822) × √ LC

21 Cypriniformes  Cyprinidae Tor putitora (Hamilton, 1822) √ √ EN

22 Cypriniformes  Cyprinidae Tor tor (Hamilton, 1822) × √ DD

23 Cypriniformes  Danionidae  Barilius barila (Hamilton, 1822) √ √ LC

24 Cypriniformes  Danionidae  Opsarius bendelisis (Hamilton, 1807) √ √ LC

25 Cypriniformes  Danionidae  Barilius vagra (Hamilton, 1822) √ √ LC

26 Cypriniformes  Danionidae  Cabdio jaya (Hamilton, 1822) √ √ LC

27 Cypriniformes  Danionidae  Cabdio morar (Hamilton, 1822) √ √ LC

28 Cypriniformes  Danionidae  Danio rerio (Hamilton, 1822) × √ LC

29 Cypriniformes  Danionidae  Devario devario (Hamilton, 1822) × √ LC

30 Cypriniformes  Danionidae  Esomus danrica (Hamilton, 1822) × √ LC

31 Cypriniformes  Danionidae  Laubuka laubuca (Hamilton, 1822) × √ LC

32 Cypriniformes  Danionidae  Opsarius barna (Hamilton, 1822) √ √ LC

33 Cypriniformes  Danionidae  Rasbora daniconius (Hamilton, 1822) × √ LC

34 Cypriniformes  Nemacheilidae Paracanthocobitis botia (Hamilton, 1822) √ √ LC

35 Cypriniformes  Nemacheilidae Physoschistura elongata (Sen & Nalbant, 1982) √ × VU

36 Cypriniformes  Nemacheilidae Schistura beavani (Günther, 1868) √ √ LC

37 Cypriniformes  Nemacheilidae Schistura prashadi (Hora, 1921) √ × VU

38 Cypriniformes  Nemacheilidae Schistura rupecula (McClelland, 1838) √ √ LC

39 Cypriniformes  Nemacheilidae Schistura savona (Hamilton, 1822) √ × LC

40 Cypriniformes  Psilorhynchidae Psilorhynchus pseudecheneis (Menon & Datta, 1964) × √ LC

41 Perciformes Channidae Channa gachua (Hamilton, 1822) × √ LC

42 Perciformes Channidae Channa punctata (Bloch, 1793) √ √ LC

43 Siluriformes Amblycipitidae Amblyceps mangois (Hamilton, 1822) √ √ LC
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Concerned’ and one fish species as ‘Data Deficient’.  
However, two species (Schismatorhynchos  nukta and 
Tor  putitora) have been assigned as ‘Endangered’, 
one species (Neolissochilus  hexagonolepis) as ‘Near 
Threatened’, four species (Tarigilabeo macmahoni, 
Schizothorax  richardsonii, Physoschistura elongata, 
and Schistura prashadi) as ‘Vulnerable’ and one species 
(Glyptothorax kashmirensis) as ‘Critically Endangered’.

Physico-chemical parameters
The mean pH, DO, TDS, temperature and conductivity 

values in the Bheri River system were 8.2 ± 0.5, 9.6 ± 0.9 
mgL-1, 159.1 ± 37.0 mgL-1, 21.1 ± 5.2°C, and 295.0 ± 59.7 
µScm-1, respectively. In the Babai River system, the mean 
values of pH, DO, TDS, temperature and conductivity 
were 8.1 ± 0.4, 8.9 ± 1.6 mgL-1, 198.5 ± 55.3 mgL-1,24.5 
± 5.9°C, and 360.7 ± 71.3 µScm-1, respectively. Kruskall 
Wallis test showed seasonal significant variation in pH, 
DO and temperature in the Bheri River system (p <0.05); 

whereas in the Babai River system, significant variation 
(p <0.05) between seasons was observed only in pH and 
temperature.

DISCUSSION
 

Considering more than 220 species reported from 
Nepalese freshwater ecosystems (Khatri et al. 2020) 
and presence of 52 (about 23.6%) species in only ten 
sites indicate a rich fish faunal diversity from the Babai 
and the Bheri River systems. This is also evident from 
Pielou’s evenness (Figure 3) which ranged from 0.3 
(at site BBT1 during winter) to 0.9 (at site BH2 during 
winter) indicating rich diversity. A previous study by 
Pandey (2002) reported only 19 species from the Bheri 
River, whereas the EIA study before the commencement 
of the dam construction reported 23 species (EIA 
2011). Species like Anguilla bengalensis, Labeo angra, 
Bangana dero, Psilorhynchus pseudecheneis, Bagarius 
bagairus, Clupisoma garua, Heteropneustes fossilis, and 
Myersglanis blythii, reported from Bheri River during EIA 
(2011) were not observed during our study in Bheri River 
system. Singh (2002) and G.C & Limbu  (2019) reported 39 
species and 29 species from the Babai River, respectively, 
whereas the EIA study conducted in 2011 had reported 
only 20 fish species from Babai River. Fish species such 
as Anguilla bengalensis, Amblypharyngodon mola, Garra 
annandalei, Bangana dero, Labeo dyocheilus, Channa 
striatus, Ailia colia, Bagarius bagairus, Chaca chaca, and 
Wallago attu reported from Babai River during EIA (2011) 
were not observed during our study. This difference 
in the enumeration of the fish species richness could 
be probably attributed to a range of factors including 
differences in sampling frequencies, the sampling gears 

Order Family Fish species Bheri River Babai River IUCN Red 
List status

44 Siluriformes Bagridae Mystus tengara (Hamilton, 1822) × √ LC

45 Siluriformes Bagridae Mystus vittatus (Bloch, 1794) × √ LC

46 Siluriformes Sisoridae Erethistes jerdoni (Day, 1870) × √ LC

47 Siluriformes Sisoridae Glyptothorax kashmirensis (Hora, 1923) √ × CR

48 Siluriformes Sisoridae Glyptothorax telchitta (Hamilton, 1822) √ √ LC

49 Siluriformes Sisoridae Glyptothorax trilineatus (Blyth, 1860) √ √ LC

50 Siluriformes Sisoridae Pseudecheneis sulcata (McClelland, 1842) √ × LC

51 Synbranchiformes Mastacembelidae Macrognathus pancalus (Hamilton, 1822) × √ LC

52 Synbranchiformes Mastacembelidae Mastacembelus armatus (Lacepède, 1800) √ √ LC

Note:  IUCN Red list categories of fish taxa observed from the Bheri and Babai River systems following (https://www.iucnredlist.org/).

Figure 4. Dendrogram resulting from group average method of fish as-
semblages from two river systems.

https://www.iucnredlist.org/
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Table 3. Catch per unit effort values at the Bheri and Babai rivers and their tributaries.

Species BH1 BH2 BHT1 BHT2 BHT3 Average BB1 BB2 BB3 BBT1 BBT2 Average Average 
total

Xenontodon cancila 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.01 0.01

Botia almorhae 0.46 0.00 0.00 0.00 0.00 0.09 0.19 0.19 0.00 0.00 0.00 0.08 0.08

Botia dario 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.03 0.01

Lepidocephalichthys 
guntea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.16 25.63 15.88 8.73 4.37

Cobdio jaya 0.00 0.00 0.00 0.00 1.25 0.25 0.00 0.00 0.00 0.00 0.69 0.14 0.19

Bangana dero 0.44 0.56 0.57 0.31 0.00 0.38 0.13 1.56 0.13 0.00 0.00 0.36 0.37

Barilius barila 1.71 0.38 10.82 1.38 5.75 4.01 5.03 8.44 0.19 0.00 0.63 2.86 3.43

Opsarius bendelisis 0.00 0.06 0.06 0.00 1.19 0.26 0.00 0.00 0.06 0.00 0.00 0.01 0.14

Barilius vagra 2.01 1.31 12.09 12.19 16.50 8.82 0.69 1.56 4.65 44.13 15.44 13.29 11.06

Cabdio morar 0.00 0.06 0.00 0.00 0.00 0.01 0.25 0.00 0.00 0.00 0.00 0.05 0.03

Chagunius chaunio 0.00 0.00 0.00 0.00 0.00 0.00 0.92 0.88 0.00 0.00 0.00 0.36 0.18

Tariqilabeo latius 5.29 4.81 0.13 2.25 1.31 2.76 0.00 0.19 0.00 0.00 0.00 0.04 1.40

Danio rerio 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.06 8.00 1.81 0.91

Devario devario 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.25 0.00 0.63 0.00 0.20 0.10

Esomus danrica 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.06 0.00 0.21 0.11

Garra annandalei 0.00 0.25 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.03

Garra gotyla 1.49 0.56 14.84 3.19 13.50 6.72 2.87 11.56 1.49 0.00 0.06 3.20 4.96

Labeo fimbriatus 0.00 0.00 0.00 0.00 1.56 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.16

Tariqilabeo 
macmahoni 0.00 0.00 0.00 0.00 0.19 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.02

Laubuka laubuca 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0.00 0.00 0.00 0.04 0.02

Neolissochilus 
hexagonolepis 0.00 0.19 0.06 0.13 2.63 0.60 0.56 0.00 0.00 0.00 0.00 0.11 0.36

Opsarius barna 0.00 0.25 0.00 0.00 0.00 0.05 0.06 0.06 0.25 0.00 0.00 0.08 0.06

Pethia conchonius 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.69 4.69 3.94 2.06 1.03

Pethia ticto 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.08 0.04

Puntius sophore 0.19 0.06 3.66 2.13 0.69 1.34 1.25 0.75 1.25 30.00 5.38 7.73 4.53

Puntius terio 0.00 0.00 0.00 0.41 0.00 0.08 0.00 0.00 0.00 0.56 2.50 0.61 0.35

Rasbora daniconius 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.01 0.01

Schismatorhynchos 
nukta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.03 0.01

Schizothorax 
progastus 0.69 0.19 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.09

Schizothorax 
richardsonii 2.96 0.33 0.00 1.75 0.25 1.06 0.00 0.00 0.00 0.00 0.00 0.00 0.53

Systomus sarana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.01 0.01

Tor putitora 0.06 0.00 3.37 1.00 0.50 0.99 1.03 0.81 0.00 0.00 0.00 0.37 0.68

Tor tor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.01 0.01

Paracanthocobitis 
botia 0.00 1.81 4.99 8.94 3.25 3.80 0.06 0.19 11.27 1.94 1.13 2.92 3.36

Physoschistura 
elongata 0.00 1.00 0.00 0.00 0.69 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.17

Schistura beavani 2.95 5.00 2.65 6.75 16.94 6.86 2.34 8.50 25.38 15.75 0.19 10.43 8.64

Schistura prashadi 0.88 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.09

Schistura rupecula 2.65 3.38 0.00 0.00 1.13 1.43 0.13 2.63 1.38 0.00 0.25 0.88 1.15

Schistura savona 6.74 0.00 0.00 0.00 0.00 1.35 0.00 0.00 0.00 0.00 0.00 0.00 0.67
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used during surveys. Most fish diversity assessments 
in Nepal are one-time studies and often rely on locals’ 
knowledge and anecdotes (Khatri et al. 2020). Fish 
assemblages show seasonal variations too, and thus one-
time studies often fail to capture the overall assemblages 
(Jha et al. 2018; Prasad et al. 2020). Moreover, fish 
species such as Anguilla bengalensis, Clupisoma garua, 
Bagarius yarrelli, Labeo pangusia, Wallago attu, and Ailia 
colia which are listed in the IUCN Red List and reported 
from both river systems (ADB 2018), were not observed 
in this study. However, these species in Babai River were 
reported earlier by Shrestha (1999) and EIA (2011) in 
Bheri River. Species like Anguilla bengalensis is a noted 
catadromous fish (Arai & Chino 2012; Baumgartner & 
Wibowo 2018) requiring movements from freshwater 
regimes to oceanic waters for spawning. Tor putitora is 
another migratory species (Pinder et al. 2019) that often 
takes refuge in upstream river reaches and tributaries. 
In contrast, species like Bangana dero, Barilius vagra, 
Neolissochilus hexagonolepis, Schizothorax progastus, 
S. richardsonii, Labeo fimbriatus, and Tariqilabeo 
macmahoni observed in the Bheri River system are short 
migratory fishes. Many studies in Nepal and elsewhere 
have revealed that migratory fish are especially affected 
when longitudinal connections in rivers are disrupted 
due to dam construction (Bhatt et al. 2017; ADB 2018; 
Reid et al. 2019; Barbarossa et al. 2020; Yadav et al. 
2020). The Babai Dam Weir cum Bridge at Parewa Odar - 

located about 40 km downstream of the proposed water 
release Bardiya National Park, was constructed in 1993 
(ADB 2018; GoN/BIP 2001) to supply water for irrigation. 
The construction and operation of this dam may have 
disrupted the subsequent migration of these species in 
upstream reaches of the river.

Our finding regarding Cyprinidae being the most 
dominant fish family is in accordance with many previous 
studies from a large number of freshwaters from Nepal 
(Sharma 2008; Shrestha 2008; Rajbanshi 2012; Khatri 
et al. 2020). Cyprinidae is considered a rich taxon and is 
known to contain as many as 1,270 species; and it is one 
of the most abundant freshwater fish taxa in Asia (Berra 
2007; Levêque et al. 2007).

Although several fish species were common to both 
the river systems, some taxa were exclusively found 
either in the glacial-fed Bheri River or the rain-fed 
Babai River system. Taxa like Schizothorax progastus 
and S. richardsonii were observed only in Bheri River, 
whereas taxa like Xenentodon cancila, Danio rerio, and 
Lepidocephalichthys guntea were observed only in 
Babai River system. Pathak et al. (2014) and Rajbanshi 
(2002) have also reported these taxa in glacial-fed and 
rain-fed rivers of Nepal. Schizothorax spp. live typically 
in cold and fast flowing waters in the Himalayan and 
sub-Himalayan regions of the Indian subcontinent and 
are distributed from Afghanistan to Myanmar, including 
Nepal; central Asia, Kazakhstan and China (Petr & Swar 

Species BH1 BH2 BHT1 BHT2 BHT3 Average BB1 BB2 BB3 BBT1 BBT2 Average Average 
total

Psilorhynchus 
pseudecheneis 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.75 0.19 0.00 0.00 0.23 0.11

Channa gachua 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.69 4.00 3.63 1.66 0.83

Channa punctata 0.00 0.00 0.44 0.00 0.06 0.10 0.25 0.00 0.56 1.56 1.38 0.75 0.43

Amblyceps mangois 0.00 0.00 0.93 0.00 0.19 0.22 0.00 0.00 6.06 0.38 0.38 1.36 0.79

Mystus tengara 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.06 0.25 0.00 0.09 0.04

Mystus vittatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.19 0.00 0.00 0.24 0.12

Erethistes jerdoni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.13 0.00 0.00 0.04 0.02

Glyptothorax 
kashmirensis 0.00 0.00 0.00 0.00 0.81 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.08

Glyptothorax telchitta 0.69 0.88 0.47 6.00 3.31 2.27 0.25 0.44 0.00 0.00 0.00 0.14 1.20

Glyptothorax 
trilineatus 0.65 0.50 0.00 0.00 0.00 0.23 0.56 0.94 0.00 0.06 0.00 0.31 0.27

Pseudecheneis sulcata 0.95 0.56 0.00 0.69 1.00 0.64 0.00 0.00 0.00 0.00 0.00 0.00 0.32

Marcognathus 
pancalus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.06 0.00 0.00 0.21 0.11

Mastacembelus 
armatus 0.00 0.58 3.56 1.00 1.75 1.38 0.80 1.69 3.19 0.25 0.44 1.27 1.33

Total 30.81 22.72 58.62 48.09 74.44 46.94 17.97 41.69 63.27 131.94 60.25 63.02 54.98
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2002; Sarkar et al. 2012; Khan et al. 2020). In contrast, 
species like Barilius spp., Puntius spp., Tor spp., Labeo 
spp., Neolissochilus hexagonolepis, and Clarias spp. are 
common in cool to warm water regimes (Bhagat 2002; 
Sharma 2008; Gurung et al. 2016). Garra gotyla - a 
common cyprinid fish has been frequently reported in 
the lower basin of South Asian rivers (Rayamajhi & Jha 
2010), was also observed in both the river systems. 
Barilius vagra is also a common species, particularly in 
the pools (Singh & Agarwal 2013), and it showed higher 
abundance in the Babai River.

Ornamental fish species such as Danio rerio, 
Lepidocephalichthys guntea, and Macrognathus 
pancalus were observed only in sites BB3, BBT1 and 
BBT2 characterized by slow and shallow water of the 
Babai River system. These species are known to be found 
in a range of habitats such as slow and shallow water of 
rivers, floodplains, ponds, swamps, ditches, typically in 
open locations with relatively clear water and abundant 
vegetation at the margins as well as estuaries (Spence et 
al. 2006; Suresh et al. 2006; Havird & Page 2010; Gupta 
2016). Interestingly, cluster analysis of present study 
indicated presence of similar fish assemblages in sites 
BBT1 and BBT2. However, this was expected because 
these sites were located in the Dang Valley with similar 
ecological regimes. Similar ecological regimes have 
been known to support similar biological assemblages 
too (Granados-Dieseldorff et al. 2012). In contrast, sites 
BB1 and BB2 from the main Babai River were located 
in Surkhet Valley and these sites were characterized 
by higher discharge and rocky substrates.  In contrast, 
sites BH1, BH2, and BHT2 from Bheri River system were 
characterized by higher discharge, higher depth with 
a cooler temperature and the dominant substrates in 
these sites were rock and boulder. These sites form a 
separate cluster from BBT2 and BBT2.

Fish abundance varied between different seasons in 
the Bheri and the Babai River systems. The highest fish 
abundance in the Bheri River system was observed during 
summer, whereas in the Babai River system, the highest 
abundance was observed during autumn. Many studies 
in Nepal (Jha et al. 2007, 2018) and elsewhere (Galib 
et al. 2016; Park et al. 2020) have reported seasonal 
variation in fish assemblages in different rivers. Seasons 
induce change in different environmental regimes of the 
lotic systems such as discharge, temperature, dissolved 
oxygen, and availability of food (Dowling & Wiley 1986; 
Winemiller & Jepsen 1998). The Babai River and its 
tributaries being rain-fed are characterized by relatively 
higher temperature (24.5±5.9°C) low flow particularly 

during winter and spring, whereas during the autumn, 
the flow and discharge are increased. In contrast, Bheri 
River being a glacial-fed river is characterized by a low 
temperature (21.1±5.2°C). Differences in temperature 
regimes along with differences in flow and food 
availability during different seasons probably explain the 
differences in fish abundance in different seasons in the 
Bheri and the Babai River systems. 

Presence of single occurrence of some species like 
Cabdio morar, Systomus sarana, Tor tor, and Xenentodon 
cancila but their abundant occurrence in earlier studies 
(Shrestha 1999) suggest that their natural populations 
are declining mainly attributed to anthropogenically 
induced stressors (Hossain et al. 2009; Islam & Dutta 
2018; Pinder et al. 2019; Barman et al. 2021). Relatively 
lower CPUE values of 46.9 ± 24.1 and 63.0 ± 51.8 in 
the Bheri and the Babai River systems respectively also 
suggests moderate average haul indicating decline in 
natural fish populations compared to higher CPUE values 
reported by Jha et al. (2006) in several rivers in Nepal. 
For instance, CPUE values 71.9, 96.1 and 110.2 were 
observed in Aandhikhola, Arungkhola, and Karrakhola 
(Jha et al. 2006).

Tor tor though considered to have a wide distribution 
(Lal et al. 2013) is being reported to be affected by 
dams (Sharma 2003). In central India, the species is 
now restricted in certain pockets of protected areas in 
Narmada, Tapti, Betwa, and Chambal rivers (Johnson et 
al. 2012). In this study also, this species was observed 
only from BB2 which is located inside a protected area—
Bardiya National Park.

Although majority of the fish species (43 species out 
of 52) observed in the study belong to Least Concern 
category of IUCN Red List, some species belong to 
Vulnerable and Endangered categories (Table 2) which 
need active conservation measures. Tor putitora (Golden 
Mahseer) listed as an Endangered species is a large sized 
migratory fish is an inexpensive but high-quality protein 
source (WHO 2003; Tacon & Metian 2013; Johnson et al. 
2021). This species is also a popular game fish for anglers 
across India, Pakistan, Bangladesh and Nepal. Tor tor 
(Tor mahseer) which was categorized as Data Deficient 
also needs some attention because studies have showed 
their decline over the years (Sharma 2003). Schizothorax 
richardsonii Snow Trout categorized as Vulnerable is 
also one of the highly valued freshwater fish from the 
Himalayan and trans-Himalayan rivers of India, Bhutan, 
Nepal, Pakistan, and Afghanistan and constitutes as a 
principal subsistence food fishery in the different parts 
of Nepal particularly in the mountainous regions (Peter 
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& Swar 2002). This study has highlighted the population 
decline of many species due to various forms of human 
impacts such as high fishing pressure, loss of habitats 
resulting from river damming which affect breeding 
cycle, migration of fish species; natural disasters, 
pollutions, which requires the need of monitoring and 
conservation.

CONCLUSION

This study assessed the fish diversity, distribution 
and selected physico-chemical parameters of Bheri and 
Babai River systems and in different seasons. A total of 
52 species were recorded from the two river systems 
indicating a rich fish diversity. Moreover, the glacial-fed 
Bheri River system was found to harbor cold-water taxa, 
whereas the rain-fed warmer Babai River had warm water 
taxa only. The difference in the fish community structure 
and abundance between the two river systems reflects 
differences in different ecological regimes associated 
with environmental variables. The average CPUE values 
in both the river systems reflects a moderate average 
haul and is indicative of some disturbances in these rivers 
and their tributaries. Some widely distributed species 
such as Barilius vagra, Schistura beavani, Garra gotyla, 
Puntius sophore, Barilius barila, and Paracanthocobitis 
botia are abundant corresponding to the previous 
studies. Observation of some species such as Opsarius 
barna, Tor spp, Schistura prashadi, Hara jerdoni, and 
Glyptothorax kashmirensis in small numbers and the fact 
that out of 52 species observed, eight species belong 
to IUCN Near Threatened, Vulnerable and Endangered 
categories indicate the need of an active measure of 
conservation. Failure to capture long migratory species 
like Anguilla bengalensis, reported in earlier studies, 
suggest that the migratory route of such species may 
already have been affected. There is an urgent need 
for robust surveys on the abundance, distribution and 
ecological requirements over the natural range of this 
species. The findings of this research provide baseline 
information on the fish diversity of the Bheri and Babai 
River systems. The data obtained could contribute to 
Fish Specialist Groups to evaluate IUCN Red List, as well 
as could help in assessing the overall impacts of water 
transfer in the Bheri and Babai Rivers.
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