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Abstract Assessment of headwater biodiversity is es-
sential for maintaining upstream downstream ecosystem
services of rivers. Fish biodiversity assessment was
conducted in the headwater tributaries of the glacial-
fed Tamor River and rain-fed Kamala River in eastern
Nepal. A total of eight sites were sampled. pH, dissolved
oxygen, conductivity and temperature were estimated
using multi-meter field probe. Standard electrofishing
was conducted for fish sampling with two rounds of
fishing for 20 min each at site. Catch per Unit Effort
(CPUE) was calculated for each sample and the samples

were identified in the field itself following standard
literature. Unidentified samples were brought to the
laboratory for further identification. Descriptive statis-
tics was performed; Species richness, Shannon Weiner
Diversity and Simpson’s Diversity Index were estimat-
ed. One way ANOVA and an independent t test were
performed respectively to look at the variation in fish
abundance between seasons and between the tributaries
of the Tamor River and the Kamala River. Threat status
categories of the fish species was compared with those
of IUCN. pH was neutral to alkaline in both the types of
streams. Significant variation (p = 0.01) in seasons as
well as between two types of headwater tributaries were
observed in pH, temperature and conductivity. Temper-
ature and conductivity were significantly higher in the
rain-fed tributaries. These parameters were significantly
higher during the pre-monsoon and lowest during the
winter in both types of streams. A total of 8940 fishes
belonging to four orders, 10 families, 26 genera and 34
species were enumerated. Significant variation in
Shannon-Weiner Diversity Index (p = 0.015) and Spe-
cies Richness (p = 0.005) between the glacial fed and
rain fed streams with higher values of these indices in
the rain fed tributaries. Fish abundance also varied sig-
nificantly (p = 0.02) between seasons in the Tamor’s
tributaries with higher abundance in the pre-monsoon
and lowest during the winter. Cypriniformes was the
most dominant taxa with Schistura beavani (26.14),
Barilius vagra (8.46) and Garra gotyla gotyla (7.63).
Schizothorax richardsonii (10.31) and Schistura
beavani (47.19) were the most dominant species in the
Kamala’s and the Tamor’s tributaries. These findings
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indicate that fish assemblages reflect the different eco-
logical regimes of the glacial-fed and rain-fed headwa-
ters. The findings of this study contribute to the knowl-
edge of fish diversity and also compliment the threat
status of the IUCN fish data. Replication of similar
studies encompassing temporal and spatial scales is
necessary for the development pf effective conservation
strategies.

Keywords Headwater streams . Glacial-fed rivers .

Rain-fed rivers . Fish diversity . CPUE

Introduction

Headwater streams are defined as “the first and
second-order stream segments of a river basin which
are closely associated with hillslope and other adja-
cent terrestrial processes” (Barmuta et al. 2009).
These freshwater bodies are characterized by cool,
fast-flowing and highly oxygenated water (Day 2006;
Snyder et al. 2013). They contribute around three
quarters of the stream channel of a drainage basin
(Leopold et al. 1964; Hansen 2001; Benda et al.
2005; Clarke et al. 2008) and form a strong
terrestrial-aquatic linkage due to their small catch-
ment size (Lowe and Likens 2005) providing inputs
of nutrients (Peterson et al. 2001; Bernhardt et al.
2005) and energy from the watershed to the streams
(Naiman et al. 2005; Craig et al. 2008). These eco-
systems often act as spawning sites for a variety of
organisms, migration corridors and refuge during
flood events and food scarcity (Meyer et al. 2007;
Wipfli et al. 2007; Clarke et al. 2008; White and
Crisman 2014); unique biodiversity repositories
harbouring rare, threatened and specialist species
(Morse et al. 1993; Meyer and Wallace 2001;
Meyer et al. 2007; Callanan et al. 2014). Due to their
small size, they are sensitive to disturbances and
climate change may exacerbate the impacts on these
mountain streams thereby threatening their biodiver-
sity and overall integrity of these ecosystems
(Jacobsen et al. 2012). However, despite their signif-
icant ecological functions and susceptibility to dis-
turbances these streams have received very little at-
tention from researchers for protection and manage-
ment (Barmuta et al. 2009; Jacobsen et al. 2012).

Nepal is rich in freshwater water resources with
around 6000 rivers and rivulets draining an estimated

area of 145,724 km2 (WECS 2005). The rivers range
from glacial fed rivers originating from the Himala-
yan glaciers to rain-fed and spring originating from
the Mahabharata and the Siwalik ranges (WECS
2011). These rivers serve a multitude of ecosystem
services and support a rich aquatic biodiversity. The
country is known to have a rich fish biodiversity with
232 fish species (Shrestha 2008). Although, fish
studies in Nepal dates back to as far as early 1800s
(Hamilton 1822), knowledge on fish diversity of the
country is still lacking (Rajbanshi 2002) particularly
those of headwater streams due to rough topography
and huge water resource of the country (Jha et al.
2015). Most of the country’s fish diversity studies
have focussed on fish inventories and are sporadic
(Shrestha 2008; Shrestha et al. 2009; Shrestha and
Edds 2012). Recent studies have focussed in lowland
streams and rivers (Shah 2016; Yadav 2017). Con-
sidering the ecological importance of fish and head-
waters and their role as environmental indicators
including those of climate change, there is a need to
study the biotic assemblages of headwater streams.
Therefore, this study is an attempt to understand the
fish assemblages in headwater streams of glacial-fed
and rain-fed rivers in eastern Nepal.

Materials and methods

Study area

The study was conducted in the eastern region of Nepal
on the tributaries of two major rivers i.e. Tamor River
and the Kamala River. Tamor River is a perennial and
glacial-fed river which originates from the Kanchenjun-
ga range (Shrestha et al. 2009) whereas then Kamala
River originates from the Siwalik region and is classi-
fied as a rain/spring fed river with low flow during dry
season (Khanal 2001). Three headwater streams of
Tamor River viz. theMewaKhola and theMaiwaKhola
in Taplejung district and the Hewa Khola in Panchthar
district; and two headwater streams of the Kamala River
viz. the Tawa Khola and the Lalleri Khola in Udayapur
district of Nepal were selected. Eight different sites were
chosen for the sampling of the study (Table 1 and
Fig. 1). Site selection was based on the accessibility of
the location. The sampling was conducted during
March 2015 (Spring), November 2015 (Autumn/post-
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monsoon), January 2016 (Winter) and May 2016 (Sum-
mer/pre-monsoon).

Field work

Selected physico-chemical parameters such as tempera-
ture, pH, Dissolved Oxygen (DO) and Conductivity
were also measured on site using multi-parametric
probes (Orion multimeter). Three replicates were taken
at each site. Standard electrofishing by wading method
(Jha 2009; Sharma and Jha 2012) where the fishes were
stunned, was used for the fish sampling. Although au-
thorized animal care or ethical committees do not exist
in Nepal; however, mandatory permission from the De-
partment of the National Park and Wildlife Sanctuary,
Nepal was taken prior to sampling. Self-restraint was
practised and care was taken by the researchers to main-
tain minimum mortality of the fishes. The captured
fishes were then released back to their natural habitat.
In each site, fish sampling was done in two runs each
consisting of 20 min encompassing approximately
100m stretch of the river. Fish abundance was measured
in temporal unit called catch per unit effort (CPUE),
which is expressed as the number of fishes collected
per 20 min of electrofishing (Jha 2009). The sum of the
CPUE for the individuals of a site gives the relative
abundance of each fish species. The fish samples were
identified up to the species level in the field following
standard literatures (Shrestha 2008; Shrestha et al. 2009;
Shrestha and Edds 2012). The samples which could not
be identified in the field were preserved in 70% Ethanol
and brought to the laboratory at the Department of
Environmental Science and Engineering, Kathmandu
University (Accession Number: KU/DESE/Tamor

2015–2016) and identified following other standard lit-
eratures (Talwar and Jhingran 1991; Fishbase 2017).
Moreover, the assemblages were compared with the
assemblages of the previous study (Shrestha et al.
2009) conducted in the same area and fish experts
associated with the same study were also consulted for
verification of the identified fish species. Descriptive
statistical analyses were performed for the selected
physico-chemical parameters. The fish samples were
enumerated and the Shannon-Weiner Diversity (H′)
and Simpson’s Index of Diversity (1-D) were calculated.
An independent t-test was performed to look at signifi-
cant variation in the diversity indices. The statistical
software IBM SPSS Statistic 23 was used for statistical
analyses. The threat status of the fishes was listed fol-
lowing Jha et al. (2006), Jha (2009) and was compared
with those of IUCN. In this approach, the species with
an average yearly abundance of 10.1 or above were
categorizes as “common”; abundance of 5.1–10 as “fair-
ly common”; abundance between 1 and 5 and with less
than one but more than three in any one of the sampled
sites were labelled as vulnerable. The species with an
average yearly abundance of less than one but not
exceeding three in any one of the streams were catego-
rized as endangered (Fig. 2).

Results

The results of the estimated selected on-site physico-
chemical parameters are presented in Table 2. Mean pH
in both the types of streams was neutral and slightly
alkaline. Significant variation (p < 0.01) in pH, temper-
ature and conductivity were observed between the

Table 1 Study site showing geographical coordinates and eleva-
tion: 1.a Tributaries of Tamor River: Maiwa Khola (M1) and
Maiwa Khola (M2), 2.a Tributaries of Kamala River: Hewa Khola

1 (H1) and Hewa Khola 2 (H2), 1.c Tributaries of Kamala River:
Tawa Khola 1 (T1) and Lalleri Khola (L1), 1.d Tributaries of
Kamala River: Tawa Khola 2 (T2) and Tawa Khola 3 (T3)

Site name Site code Geographical co-ordinates Elevation (m) Site & district

Maiwa M1 N 27°22.064′ E 087°37.098’ 664 Khamlung, Taplejung

Mewa M2 N 27°22.675′ E 087°37.617’ 666 Handrung, Taplejung

Hewa H1 N 27°10.061′ E 087°47.321’ 629 Phidim, Panchthar

Hewa H2 N 27°09.802′ E 087°45.560’ 550 Phidim, Panchthar

Tawa T1 N 26°59.211′ E 086° 27.743’ 330 Bahunetar, Udaypur

Lalleri L1 N 26°59.347′ E 086°27.430’ 327 Bahunetar, Udaypur

Tawa T2 N 26°57.512′ E 086°23.361’ 258 Rukse, Udaypur

Tawa T3 N 26°56.925′ E 086°17.291’ 167 Khoksa, Udaypaur
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glacial fed and rain fed streams. Temperature and con-
ductivity were significantly higher in the rain-fed
streams. Significant seasonal variation (p < 0.01) in tem-
perature, conductivity and DO was observed between
the tributaries of Tamor and the Kamala River. As
expected, the water temperature was significantly higher
in summer and lowest during the winter in both the
rivers. On the other hand, conductivity and DO were
significantly higher during the spring and lowest during
the winter.

Fish assemblage and diversity

A total of 8940 fishes belonging to 4 orders, 10
families, 26 genera and 34 species were identified.
The order Cypriniformes was represented by four
Families (Cyprinidae, Balitoridae, Cobitidae,
Psilorhynchidae) followed by order Perciformes with

three families (Badidae, Channidae, Gobiidae); order
Si lur i formes wi th two famil ies (Sisor idae ,
Amblycipitidae) and order Synbranchiformes with
only one family (Mastacembelidae). Cyprinidae was
the most dominant family and was represented by 16
species followed by Chaniidae (four species);
Nemacheilidae and Sisoridae (three species each);
Cobitidae and Mastacembelidae (two species each);
Gobiidae, Badidae, Psilorhynchidae, Amblycipitidae
(only one species each).

Out of 8940 fishes, a total of only 1769 individ-
uals belonging to 13 species were observed from the
glacial-fed streams while the bulk of the fishes with a
total of 7171 individuals belonging to 27 species
were observed from the rain-fed streams. Seven fish
species were exclusively observed in the glacial –
streams while twenty-one species were exclusively
observed in the rain-fed streams (Table 3); whereas

a
c

c d

Fig. 1 Map of the study area
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six species viz. Barilius barila, Schistura beavani,
Barilius bendelisis, Garra gotyla, Glyptothorax
trilineatus and Barilius vagra were common to both
the stream types (Table 3).

Previous studies on fish diversity from the tributaries
of Tamor River have also reported the occurrence of
Barilius barila, Barilius bendelisis, Barilius vagra,

Garra gotyla, Neolissochilus hexagonolepis,
Schizothorax richardsonii (Rajbanshi 2002; Gubhaju
2002; Shrestha et al. 2009). The overall Catch per Unit
Effort (CPUE) for both the Tamor and Kamala River
headwater streams was found to be 74.89 fishes per
10 min and the most abundant fish species were
Schistura beavani (26.14), Barilius vagra (8.46) and

Fig. 2 Fish families with corresponding fish species

Table 2 Physico-chemical parameters of the tributaries of the Tamor and the Kamala Rivers

River type Tributaries Parameters

pH Temperature (°C) Dissolved oxygen (ppm) Conductivity (μS)

Glacial fed (Tamor River) Maiwa 7.07 ± 0.46 16.41 ± 3.07 6.62 ± 1.90 57.98 ± 7.40

Mewa 7.47 ± 0.38 14.24 ± 2.66 7.38 ± 2.46 48.1 ± 6.48

Hewa 1 7.23 ± 0.16 17.28 ± 5.5 6.29 ± 1.65 50.26 ± 11.22

Hewa 2 7.51 ± 0.26 16.73 ± 3.49 6.3 ± 2.49 62.63 ± 6.05

Average 7.32 ± 0.37 16.17 ± 3.89 6.65 ± 2.11 54.74 ± 9.78

Rain/Spring fed (Kamala River) Tawa 1 7.99 ± 0.53 23.89 ± 3.72 6.03 ± 1.70 241.15 ± 58.14

Lalleri 8.12 ± 0.63 24.95 ± 4.94 5.45 ± 2.57 283.52 ± 26.24

Tawa 2 8.22 ± 0.54 25.18 ± 6.20 5.41 ± 2.04 286.5 ± 43.03

Tawa 3 7.62 ± 0.92 24.02 ± 6.86 5.46 ± 3.36 354.18 ± 29.73

Average 7.99 ± 0.69 24.51 ± 5.41 5.60 ± 2.4 293.83 ± 60.1
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Garra gotyla (7.63). The least abundant fish species
were found to be of Cirrhinus reba (0.01) followed by
Glyptothorax trilineatus and Channa gachua (0.02);
Glossogobius giuris and Macrognathus pancalus
(0.03); Channa barca and Cabdio morar (0.04); and
Barilius shacra (0.05) (Table 4). The CPUE of the
glacial fed streams was 28.64 fishes per 10 min whereas
for the rain fed streams it was 121.14 fishes per 10 min.
This clearly indicates that the rain fed streams have
higher relative fish abundance than that of glacial fed
streams. The rain fed Tawa streams had the highest
abundance at all sites; T3 (177.42), T2 (123.10) and

T1 (94.21) while the lowest has been recorded from
the glacial-fed tributaries Mewa (15.24) and Maiwa
(19.95) streams of glacial fed. The highest abundant fish
species in glacial-fed streams were in the order:
Schizothorax richardsonii (10.31), Schistura beavani
(5.09) Schistura rupecola (3.72) while the least abun-
dant was Glyptothorax trilineatus (0.02). The highest
abundant fish species of rain fed streams were in the
order Schistura beavani (47.19), Barilius vagra (15.52),
Garra gotyla (14.52) and Lepidocephalichthys guntea
(9.39) whereas the least abundant was of Cirrhinus reba
(0.02) and Glyptothorax trilineatus (0.02) (Table 4).

The species richness, Shannon Weiner Diversity,
Evenness and Simpson’s Index of diversity of the fishes
from the tributaries of Tamor River and Kamala River
are presented in Table 5. The tributaries of the glacial-
fed Tamor River were characterized by lower species
richness and Shannon Weiner diversity as opposed to
the tributaries of the rain-fed Kamala River which were
characterized by higher species richness and Shannon
Weiner diversity (Table 5). Independent t-test revealed
significant variation in Shannon-Weiner Diversity Index
(H′) (p = 0.015) and Species Richness (S) (p = 0.005)
between the glacial fed and rain fed streams of the study
(Table 5).

Conservation status of fish diversity

The threat status/category of the fish species based on
International Union for Conservation of Nature (IUCN)
and Jha (2009) have been presented in Table 6.

Discussion

Physico-chemical parameters

The observed pH values in the tributaries of the
Tamor River and the Kamala River are indicative of
neutral to slightly alkaline nature for these water
bodies and are within the required range for optimum
biological productivity (Ekubo and Abowei 2011).
Similarly, as a general rule, DO greater than 5 ppm
is considered good for fish survival (Lichtkoppler
1979; Howell and Simpson 1994; USEPA 2000) and
the observed DO concentrations (6.65 ppm and
5.60 ppm in the tributaries of the Tamor River and
the Kamala River respectively) in the study areas
indicate favourable DO values for fish survival.

Table 3 Different fish species observed in the tributaries of the
Tamor and the Kamala

Fishes in Tamor’s tributaries
(Glacial-fed) (M1, M2, H1, H2)

Fishes in Kamala’s tributaries
(rain-fed) (T1, L1, T2, T3)

Barilius barila Mastacembelus armatusb

Schistura beavani Badis badisb

Barilius bendelisis Channa barcab

Myersglanis blythiia Barilius barila

Garra gotyla Schistura beavani

Neolissochilus hexagonolepisa Barilius bendelisis

Schizothorax plagiostomusa Acanthocobitis botiab

Psilorhynchus pseudecheneisa Pethia conchoniusb

Schizothorax richardsoniia Escomus danricusb

Schistura rupecolaa Bangana derob

Pseudecheneis sulcataa Channa gachuab

Glyptothorax trilineatus Glossogobius giurisb

Barilius vagra Garra gotyla

Lepidocephalichthys gunteab

Crossocheilus latiusb

Botia lohachatab

Amblyceps mangoisb

Cabdio morarb

Channa orientalisb

Macrognathus pancalusb

Channa punctatab

Cirrhinus rebab

Danio reriob

Puntius sophoreb

Barilius shacrab

Glyptothorax trilineatus

Barilius vagra

a represents the fishes found only in glacial-fed streams
b represents the fishes found only in rain/spring-fed streams
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Glacial meltwaters are generally characterized by low
conductivity (Milner and Petts 1994) cold tempera-
ture (Milner et al. 2001) and this accounts for the
lower temperature of the tributaries of Tamor River.
In contrast, the tributaries of Kamala River had higher

temperature and higher conductivity values. Kamala
River and its tributaries originate in the Siwalik range
where the rivers are known to have high potential for
sediment transport (Shrestha et al. 2008) which could
be attributed to higher conductivity values.

Table 4 CPUE values at the sampling sites

S. no. Species Tributaries of Tamor Tributaries of Kamala Total average

M1 M2 H1 H2 Average T1 L1 T2 T3 Average

1 Mastacembelus armatus 0.00 0.00 0.00 0.00 0.00 0.44 0.63 5.08 3.13 2.32 1.16

2 Badis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.94 0.23 0.12

3 Channa barca 0.00 0.00 0.00 0.00 0.00 0.06 0.25 0.00 0.00 0.08 0.04

4 Barilius barila 0.00 0.00 0.00 1.94 0.48 5.37 5.37 4.63 9.13 6.12 3.30

5 Schistura beavani 0.06 0.00 3.75 16.56 5.09 51.23 28.33 55.63 53.56 47.19 26.14

6 Barilius bendelisis 0.00 0.00 1.44 0.00 0.36 1.31 0.19 0.00 0.06 0.39 0.37

7 Myersglanis blythii 0.07 0.43 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.06

8 Acanthocobitis botia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.52 8.00 3.13 1.57

9 Pethia conchonius 0.00 0.00 0.00 0.00 0.00 0.00 0.50 4.56 5.13 2.55 1.27

10 Escomus danricus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.94 0.69 1.16 0.58

11 Bangana dero 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 1.06 0.30 0.15

12 Channa gachua 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.06 0.03 0.02

13 Glossogobius giuris 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.19 0.06 0.03

14 Garra gotyla 0.07 0.00 2.06 0.81 0.74 4.01 17.02 3.19 33.88 14.52 7.63

15 Lepidocephalichthys guntea 0.00 0.00 0.00 0.00 0.00 4.17 3.13 19.50 10.75 9.39 4.69

16 Neolissochilus hexagonolepis 0.00 0.00 0.25 0.63 0.22 0.00 0.00 0.00 0.00 0.00 0.11

17 Crossocheilus latius 0.00 0.00 0.00 0.00 0.00 0.38 0.19 0.13 0.19 0.22 0.11

18 Botia lohachata 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0.00 5.38 1.39 0.70

19 Amblyceps mangois 0.00 0.00 0.00 0.00 0.00 5.16 3.31 3.38 5.56 4.35 2.18

20 Cabdio morar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.19 0.08 0.04

21 Channa orientalis 0.00 0.00 0.00 0.00 0.00 0.31 0.73 0.75 0.31 0.53 0.26

22 Macrognathus pancalus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.06 0.03

23 Schizothorax plagiostomus 0.73 1.16 6.79 3.06 2.94 0.00 0.00 0.00 0.00 0.00 1.47

24 Psilorhynchus pseudecheneis 4.65 4.18 2.38 0.88 3.02 0.00 0.00 0.00 0.00 0.00 1.51

25 Channa punctata 0.00 0.00 0.00 0.00 0.00 1.63 0.38 4.19 1.50 1.92 0.96

26 Cirrhinus reba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.02 0.01

27 Danio rerio 0.00 0.00 0.00 0.00 0.00 5.90 4.88 0.63 0.19 2.90 1.45

28 Schizothorax richardsonii 13.44 9.41 9.25 9.13 10.31 0.00 0.00 0.00 0.00 0.00 5.15

29 Schistura rupecula 0.74 0.00 9.88 4.25 3.72 0.00 0.00 0.00 0.00 0.00 1.86

30 Puntius sophore 0.00 0.00 0.00 0.00 0.00 5.00 4.38 9.56 7.38 6.58 3.29

31 Barilius shacra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.13 0.09 0.05

32 Pseudecheneis sulcata 0.19 0.00 0.63 0.13 0.24 0.00 0.00 0.00 0.00 0.00 0.12

33 Glyptothorax trilineatus 0.00 0.06 0.00 0.00 0.02 0.00 0.00 0.00 0.06 0.02 0.02

34 Barilius vagra 0.00 0.00 0.00 5.56 1.39 8.99 20.56 2.81 29.73 15.52 8.46

Total 19.95 15.24 36.42 42.94 28.64 94.21 89.83 123.10 177.42 121.14 74.89

The CPUE of the fish species other than 0 are in bold number

Environ Biol Fish

Author's personal copy



Fish assemblages

The study revealed consistently higher CPUE values
(121.14) for the tributaries of the rain-fed Kamala River
as opposed to lower CPUE values for the tributaries of
the glacial-fed Tamor River thus clearly indicating
higher abundance of fish species in the Kamala’s tribu-
taries. Significant seasonal variation in CPUE was ob-
served only in the tributaries of Tamor River (p = 0.02)
with highest abundance in the pre-monsoon (CPUE of
59) and the lowest abundance during the winter (CPUE
of 10.54). Shannon Weiner Diversity Index and the
Simpson’s Diversity also showed significant varia-
tion in the two types of streams with higher values of
these indices in the tributaries of the rain-fed Kamala
River. Glacial streams are generally characterised by
low temperature and low nutrient content (Milner and
Petts 1994) which could be attributed to lower spe-
cies diversity and abundance in the tributaries of the
glacial- fed Tamor River. The order Cypriniformes
was the most abundant taxon and this finding is
consistent with previous studies in a large number
of streams and rivers in Nepal (Shrestha et al. 2009;
Shrestha and Edds 2012; Yadav 2017) as well as
elsewhere (Negi and Negi 2010; Bandyopadhyay
and Mondal 2014; Nanda 2016). Cyprinids are often
the most abundant freshwater fishes found in Asia

(Lévêque et al. 2008). Fish assemblages are known to
be affected by a large number of environmental var-
iables (Negi and Negi 2010) and these include sub-
stratum and habitats, availability of food, tempera-
ture, flow and velocity of water, dissolved oxygen,
etc. (Daga et al. 2012; Gebrekiros 2016). The differ-
ent sources of the rivers are known to generate

Table 5 Diversity indices of the study sites

S.
no.

Study site Species
richness
(S)

Shannon
Weiner
diversity
(H′)

Evenness
(J’)

Simpson’s
index of
diversity
(1-D)

1 M1
(Tamor)

8 0.92 0.44 0.71

2 M2
(Tamor)

5 0.98 0.61 0.54

3 H1
(Tamor)

9 1.51 0.69 0.88

4 H2
(Tamor)

10 1.62 0.70 0.73

5 T1
(Kamala)

16 1.68 0.61 0.67

6 L1
(Kamala)

15 1.92 0.71 0.81

7 T2
(Kamala)

20 2.21 0.74 0.84

8 T3
(Kamala)

25 2.14 0.66 0.83

The CPUE of the fish species other than 0 are in bold number

Table 6 Threat status of fish species

Fish species IUCN Jha (2009)

Acanthicobitis botia Least Concerned Vulnerable

Amblyceps mangois Least Concerned Rare

Badis badis Least Concerned Data deficienta

Bangana dero Least Concerned Data deficienta

Barilius barila Least Concerned Fairly Common

Barilius bendelisis Least Concerned Vulnerable

Barilius shacra Least Concerned Endangered

Barilius vagra Least Concerned Vulnerable

Botia lohachata Data deficienta Vulnerable

Cabdio morar Least Concerned Data deficienta

Channa barca Data deficienta Data deficienta

Channa gachua Least Concerned Data deficienta

Channa orientalis Data deficienta Endangered

Channa punctata Least Concerned Vulnerable

Cirrhinus reba Least Concerned Endangered

Crossocheilus latius Least Concerned Endangered

Danio rerio Least Concerned Data deficienta

Esomus danricus Least Concerned Endangered

Garra gotyla Least Concerned Common

Glossogobius giuris Least Concerned Endangered

Glyptothorax trilineatus Least Concerned Endangered

Lepidocephalichthys guntea Least Concerned Vulnerable

Macrognathus pancalus Least Concerned Endangered

Mastacembelus armatus Least Concerned Endangered

Myersglanis blythii Data deficienta Rare

Neolissochilus
hexagonolepis

Near Threatened Vulnerable

Pethia conchonius Least Concerned Vulnerable

Pseudecheneis sulcata Least Concerned Endangered

Psilorhynchus pseudecheneis Least Concerned Endangered

Puntius sophore Least Concerned Vulnerable

Schistura beavani Least Concerned Common

Schistura rupecula Least Concerned Fairly Common

Schizothorax plagiostomus Data deficienta Data deficienta

Schizothorax richardsonii Vulnerable Vulnerable

a no status due to lack of data
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specific ecological regimes thereby providing differ-
ent habitats with different biological communities
(Maiolini and Lencioni 2001; Milner et al. 2001).
At larger spatial scales, the assemblages reflect evo-
lutionary history and biogeographic processes
(Lévêque et al. 2008). The findings of this study also
comply with these studies. For instance, Garra
gotyla has been recognised as a fairly common fish
species particularly in the lower basins of South
Asian rivers (Pokharel 2011; Rayamajhi and Jha
2010). The CPUE revealed that its abundance in the
rain fed streams was higher (14.52) as opposed to
very low abundance (0.74) in the tributaries of Tamor
River. However, Barilius bendelisis and Myersglanis
blythii regarded as common species in glacial rivers
(Pokharel 2011; Negi and Negi 2010), were found in
low abundance in this study. Similarly, Glyptothorax
trilineatus a rare fish species with sparse distribution
but with wide range (Shrestha 2003) was also ob-
served in low abundance. The genus Schizothorax is
a cold water fish common in Himalayan and sub-
Himalayan regions (Pathak et al. 2014) and was
represented by Schizothorax richardsonii and
Schizothorax plagiostomus. Some of the fish species
such as Schizothorax richardsonii, Schizothorax
plagiostomus (Shrestha 2003) and Neolissochilus
hexagonolepis observed exclusively in glacial fed
streams are potamodromous known to undergo local
migration (Toppo et al. 2011). Previous studies on
fish diversity from the tributaries of Tamor River
have also reported the occurrence of Barilius barila,
Barilius bendelisis, Barilius vagra, Garra gotyla,
Neolissochilus hexagonolepis, Schizothorax
richardsonii (Rajbanshi 2002; Gubhaju 2002;
Shrestha et al. 2009). Glyptothorax trilineatus, Garra
gotyla and Pseudecheneis sulcata possess an adhe-
sive organ adapted to survive in rapid waters in
contrast to Barilius vagra which is quite common in
pool habitats (Singh and Agarwal 2013). In this study
also, the abundance of Barilius vagra was higher in
pool habitats particularly in L1 (with CPUE of 20.56)
and T3 (with CPUE value of 29.73). Badis badis,
Lepidocephalichthys guntea and Mastacembelus
armatus also considered as ornamental fish species
were observed only the tributaries of Kamala River
(rain/spring-fed river). A study in West Bengal, India
has inferred that these ornamental fishes are especial-
ly affected by the different human activities (Dutta
et al. 2013).

Threat status of the fish species

The comparison of the conservation status between
IUCN Red List and Jha et al. (2006), Jha (2009)
shows significant differences of the current conser-
vation status of the observed fish species. Of the 36
species recorded from this study, IUCN Red List has
cited 27 fish species as “Least Concerned” (Table).
However, the same fish species have been either
assigned as “Vulnerable” (7) or “Endangered” (10)
or “Rare” (1) by Jha et al. (2006), Jha (2009). Of the
five fish species viz. Botia lohachata, Channa
orientalis, Channa barca, Myersglanis blythii and
Schizothorax plagiostomus listed as “Data Insuffi-
cient” by IUCN; only two species viz. Channa barca
and Schizothorax plagiostomus have been also listed
as “Data Insufficient” by Jha (2009). However, Botia
lohachata has been categorised as “Vulnerable”;
Channa orientalis as “Endangered” and Myersglanis
blythii as “Rare”. The abundance of these three fish
species based on CPUE in this study were also low
(Table). Similarly, Badis badis, Bangana dero,
Cabdio morar, Channa gachua and Danio rerio des-
ignated as “Least Concerned” by IUCN Red List
have been categorized as “Data Insufficient” by Jha
(2009). These fish species were found only in the
tributaries of Kamala River with relatively low CPUE
values which resonate with the conservation status
given by Jha et al. (2006), Jha (2009). Other fish
species which were observed only in the tributaries
of Kamala River were also either in the “Vulnerable”
or “Endangered” category which probably reflects
the use of plant extracts as fish poison by the local
fishermen thereby affecting the abundance of these
fish species.

The study revealed the difference in the fish
assemblages between the seasons and between the
tributaries of the glacial-fed and rain-fed rivers
clearly reflecting differences in ecological regimes
of these river systems. The findings of the study on
one hand contribute to the knowledge on baseline
information on fish assemblages of headwater
streams and on the other hand it also compliments
the existing threat categories of the vast IUCN fish
datasets. The ruggedness of the terrain and enor-
mous number of lotic systems make aquatic biodi-
versity assessments often difficult. A long-term
aquatic biodiversity assessment encompassing lon-
ger temporal and larger spatial scale becomes
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necessary to evaluate anthropogenic impacts and
develop effective conservation strategies.
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