Bhutan Journal of Animal Science (BJAS)
Volume 6, Issue 1, Page 114-130, March 2022

POST-MONSOON COMMUNITY STRUCTURE OF FISHERIES IN THE NIKACHHU
RIVER AT THE NIKACHHU HYDROPOWER PROJECT AREA: AN ATTEMPT TO

STANDARDIZE AND IMPORVE HYDROPOWER IMPACT ASSESSMENT
APPROACHES IN BHUTAN

GOPAL PRASAD KHANAL!, PEMA GYELPO? CHIMI WANGCHUK?, SINGYE
TSHERING! AND LUNGTEN JAMTSHO?®

! National Research and Development Centre for Riverine and Lake Fisheries, Haa 15001.

2 Mahseer Conservation and Fish Monitoring Centre (National Research and Development Centre
for Riverine and Lake Fisheries), Wangdue Phodrang 14001.

3 Tangsibji Hydro Energy Limited, Trongsa 33001.

Author for correspondence: gpkhanal@moaf.gov.bt

Copyright @ 2022 Gopal Prasad Khanal. The original work must be properly cited to permit
unrestricted use, distribution, and reproduction of this article in any medium.

Abstract: Realizing the expanding nature of hydropower developments and their consequences on
aquatic biodiversity, hydropower regulators and promoters in Bhutan are mandated to address
impacts through the implementation of conservation and management plans devised through regular
monitoring. This study presents findings from post-monsoon monitoring (October — November
2021) conducted at Nikachhu within the vicinity of the Nikachhu Hydropower Project. A paired t-
test (at p = 0.05) conducted during the advanced stage of construction-phase indicated no significant
differences among the assessed biotic and abiotic variables with exception of temperature (p =
0.023) between the upstream (control) and downstream (impacted) stretches of Nikachhu. The
upstream stretch was dominated by Salmo trutta, whereas Schizothorax richardsonii dominated the
downstream stretches. The exclusive occurrences of glyptosternids were reported from the upstream
(Creteuchiloglanis sp.) and downstream stretches (Parachiloglanis sp.). The species richness (S),
abundance (n) and catch per unit effort (CPUE) decreased from the upstream to the dam construction
site and gradually increased thereafter. The highest catch per unit effort and abundance recorded
from sites away from anthropogenic influence and natural extremities suggest the combined
influence of these factors on fishes. However, the lack of standardized sampling data from earlier
monitoring makes spatio-temporal impact assessment unreliable. Hence, the implementation of
adaptive approach-based standardized long-term monitoring (qualitative and quantitative) should be
considered for the holistic realization of conservation actions related to future hydropower
developments in Bhutan.

Keywords: Catch per unit effort; monitoring; population structure

1. INTRODUCTION

Rivers and streams are vital for sustaining
ecosystem processes and fostering socio-economic
development. They have contributed food to
humans and provided water for household and
agricultural consumption, inland transportation and
hydropower generation (Grill et al. 2019). Of
recent, Bhutanese rivers are increasingly regulated
to harness 26,760 MW of estimated techno-
economically feasible hydropower potential
(NORAD 2017). The total installed energy

production capacity from hydropower projects
(HPPs), as of 2021 is 2344 megawatt (MW): 2,326
MW from 6 major HPPs (> 25 MW) and 16 MW
from 24 small and mini/micro HPPs (< 25 MW)
(NORAD 2017). To harness the enormous
hydropower potential, all major rivers and their
tributaries are earmarked for hydropower
development, several projects are planned, and
some are prioritized. Presently, the major HHPs
which are under various stages of development are
the 1200 MW Punatsangchhu — 1 Hydropower
Project (PHPP — 1), 1020 MW Punatsangchhu — 11
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Hydropower Project (PHPP — II), 600 MW
Kholongchhu Hydropower Project (KHPP) and
118 MW Nikachhu Hydropower Project (NHPP).

The human-induced pressure from  water
infrastructure development such as dams is
associated with subsequent pressures from river
fragmentation, sediment  trapping,  water
consumption and flow regulation, affecting the
normal functions of healthy rivers (Grill et al.
2019). Depending on the size of the infrastructure,
the construction phase is associated with changes
in morphological characteristics (e.g., from the
extraction of boulder, gravel, sand and substrate
homogenization by washed off excavated debris),
early changes in limnological conditions (e.g.,
from the discharge of effluents and sediments) and
initial fragmentation of longitudinal connectivity
of river (Jozi and Maryam 2014; Jozi et al. 2015;
Rezaian et al. 2016). Upon commissioning, the
transformation of the river into a reservoir is
characterized by changes in hydro-morphological
conditions such as flow reduction, stagnation,
sedimentation and substrate homogenization
(Schmutz and Moog 2018), and limnological
changes such as thermal stratification,
acidification, eutrophication, and anoxia (Santos et
al. 2017; Schmutz and Moog 2018) cascading the
impact on aquatic biodiversity (Li et al. 2013;
Santos et al. 2017; Schmutz and Moog 2018).

The dam acts as a barrier obstructing the
downstream transport regime of sediments and
nutrients, reducing the biological productivity of
floodplains and in areas of high fisheries
productivity such as the Lower Mekong Basin,
dam construction resulted in a higher loss of
biodiversity than the climate change (Yoshida et al.
2020). The fragmentation of rivers by dams results
in  upstream-downstream  connectivity  loss,
denying bidirectional access of fishes to spawning,
growing and feeding habitats (Zhang et al. 2018;
Moreno-Arias et al. 2021). Consequently, 76.2 %
of migratory and 41.9 % of non-migratory large
freshwater fishes are threatened by dam
constructions (He et al. 2021) and the same is
expected for numerous small-sized fishes. The
downstream flow regulation alters thermal and
oxygen regimes along a longitudinal continuum
across spatio-temporal scale (Meier et al. 2003;
Dickson et al. 2012; Jumani et al. 2018; Chandesris

et al. 2019). It also modifies hydromorphological
conditions, reducing suitable spawning habitats
along dewatered stretches and the change in
thermal regimes alters spawning periods of
endemic fishes (Zhang et al. 2018). These changes
will have adverse impacts on migration (Santos et
al. 2017; He et al. 2021), spawning, survival and
growth (Humphries et al. 2002; He et al. 2021),
recruitment (Humphries et al. 2002; Joshi et al.
2014; Lima et al. 2017) and diversity, distribution
and composition of fishes (Li et al. 2013; Joshi et
al. 2014; Song et al. 2016; Santos et al. 2017;
Jumani et al. 2018).

The severity of changes in ecological processes
and subsequent consequences on aquatic
biodiversity increases with multiple dams within a
river system favouring invasion by exotic fishes
(often upwards of reservoirs), resulting in rapid
declines of native fishes (Li et al. 2013; Santos et
al. 2017), altering their functional structure (Li et
al. 2013; Smith et al. 2017; Arantes et al. 2019).
Therefore, with a worldwide increase in the
development of small and large HPPs (Zarfl et al.
2015; Couto and Olen 2018), hydropower dams are
among the major threat to the global aquatic
biodiversity and need immediate attention
(Dudgeon et al. 2006; Reid et al. 2019).

In Bhutan, considering the vulnerability of aquatic
ecosystems to dam constructions, the Water
Regulation of Bhutan (2014) requires hydropower
developers to address adverse environmental
impacts through conservation and mitigation
measures such as (i) release of scientifically
determined environmental flows (e-flows), and (ii)
operation of fish migration structures to facilitate
bi-directional migration of fish, or if not feasible,
on-site hatcheries should be operated for stock
replenishment programs. Therefore, an adequate
information on the spatio-temporal structure of
fisheries communities, both before and after
commencement of hydropower operations obtained
through regular monitoring of the rivers/stream
within the project area is necessary to develop
effective conservation and mitigation measures.
The long-term information on catch per unit effort
(CPUE), abundance (n), species richness (S) and
assemblage structures of fisheries in the
monitoring sites provide a good indication of the
impact of hydropower operation on fisheries
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composition (Li et al. 2013; Santos et al. 2017;
Santos et al. 2022). However, earlier bi-annual
monitoring (2016 — 2020) conducted at Nikachhu,
where 118 MW Nikachhu HPP is currently at an
advanced stage of construction was focused on
presence-absence and length data with inconsistent
sampling effort across seasons. The present post-
monsoon monitoring is therefore aimed to access
and compare: (i) basic water quality parameters
and their patterns, and (ii) the composition
structures of fisheries and biotic indices such as the
CPUE, n and S between the upstream (i.e., control,
unimpacted) and downstream (i.e., impacted)
stretches of Nikachhu HPP area. The overall goal
of the study was to make a preliminary attempt to
standardize and improve fish-based approaches
used in monitoring the impacts of hydropower
developments on aquatic biodiversity in Bhutan.

2. MATERIALS AND METHODS
2.1 Study area

The study was conducted in Central Bhutan,
mainly along the Nikachhu at Trongsa (two sites

2018 000" 024 0007

K30 00D

are at Wangdue Phodrang) with the inclusion of
some stretches of Mangdechhu (= 42.70 km river
length) at Trongsa (Figure 1, Table 1). The
Nikachhu originates from Wangdue Phodrang and
drains into Mangdechhu below Tangsibji, Trongsa.
The 118 MW Nikachhu HPP is currently under
advanced stages of construction at Nikachhu, while
the 720 MW Mangdechhu HPP is operational at
Mangdechhu. Upon completion, the water from the
tailrace tunnel of Nikachhu HPP will drain into the
dam of Mangdechhu HPP to achieve additional
power generation. The Nikachhu stretch (=~ 22.900
km river length from Chazam Archery Ground:
Site 1, Figure 1, Table 1 till the Nikachhu-
Mangdechhu confluence: Site 12, Figure 1, Table)
were divided into upstream (= 12.500 km from Site
1 to Site 6) and downstream stretch (= 10.400 km
from Site 7 to Site 12). The Mangdechhu stretch
(=19.800 km river length) includes dewatered
stretch downstream of Mangdechhu Dam (Site 13,
Figure 1, Table 1) till the powerhouse of diversion-
type run-of-the-river Mangdechhu HPP (Site 15
and 16, Figure 1, Table 1). The dominant activity
across the study area is agricultural farming (paddy
and vegetables).
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Figure 1: Location of the study area and sampling sites: (a) map of Bhutan showing the study area (red
square). and (b) the location of sampling sites along the monitoring area (Nikachhu River and some
stretches of Mangdechhu River; refer to table 1 for details), Nikachhu (U) = upstream of the Nikachhu Dam
(under advanced stage of construction), Nikachhu (D) = downstream of the Nikachhu Dam (under advanced
gtage of construction), Mangdechhu* refers downstream of Mangdechhu from Mangdechhu Dam
(operational stage) mmcluding its sampled tributaries, i.e.,, Wochenchhu, Sites numbers (i.e,, serial #) are

from upstream to the downstream end. Additional legends (Figure 1b): blue arrow = direction of river

flow, purple line = water conveyance system of Nikachhu HPP (approximated), red line = water conveyance
system of Mangdechhu HPP (approximated), red square = powerhouse of Mangdechhu HHP
(approxumated).
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2.2 Sampling design

A total of 16 sampling sites (Figure 1, Table 1)
were established along the entire study area with
an altitudinal gradient of 1,369 m, of which 12
sites lie along the Nikachhu (altitudinal gradient of
1,111m; 6 upstream sites, i.e., control or
unimpacted sites by hydropower construction, in
particular, i.e., Site 1 to 6, Figure 1, Table 1 and 6
downstream sites, i.e., impacted sites, i.e., Site 7 to
12, Figure 1, Table 1) and 4 sites along the
Mangdechhu  dewatered section (altitudinal
gradient ~ 490 m, i.e., Site 13 to 16, Figure 1,
Table 1). The sampling sites along Nikachhu range
from 16 — 492 m changes in elevation as the
inaccessible  geographical terrain  made it
impossible to establish sites with approximately
uniform altitudinal drop. The sampled tributaries
include the Chendebjichhu, a small stream draining
to Nikachhu (upstream of Nikachhu Dam) and
Wochenchhu, a small stream joining the
Mangdechhu at dewatered reach near the
powerhouse of MHPP. The Mangdechhu stretch
was included only to ascertain the diversity of

fishes along the elevational gradient in the study
area (i.e., simple linear regression analysis) and
thus the main focus of comparison of this study is
mainly between the upstream and downstream
stretches of Nikachhu.

2.3 Sample collection

The sampling was conducted during the post-
monsoon season (25" October to 3™ November
2021). Sites with multi-habitat conditions (pools,
riffles, run and wooden debris) were considered for
sampling. Fish samples were collected using an
electrofisher  (Model: ELT62-2D; Grassl,
Germany; DC 3KV) with 20 minutes of sampling
effort across all the sites. The fishes were released
after taking total and standard length (accuracy of
+ mm) and weight (Model: PHSO40, Pesola,
China) for larger samples (as the weighing balance
was not suitable to take measurements below 10
g). Taxa that could not be identified at the field
were collected, fixed with 10% formalin, and
preserved in 70% ethanol for identification and
future reference. These taxa were identified either

Table 1: Details of sampling sites at Nikachhu and Mangdechhu near the 118 MW Nikachhu HPP area,

Trongsa.
Site. No. River Stretch Date Latitude (DD) Longitude (DD) Altitude (m)
1 Nikachhu Nikachhu (U)  30-10-21 27516558 90.296902 2446
2 Nikachhu Nikachhu (U)  30-10-21 27507386 90.302841 2423
3 Chendebjichhu  Nikachhu (U)  30-10-21 27475416 90.349637 2286
4 Nikachhu Nikachhu (U)  30-10-21 27473180 90.349547 2268
5 Nikachhu Nikachhu (U)  30-10-21 27456449 90.363799 2177
6 Nikachhu Nikachhu (U)  29-10-21 27449587 90.372889 2149
7 Nikachhu Nikachhu (D) 29-10-21 27447415 90.377301 2133
8 Nikachhu Nikachhu (D)  29-10-21 27447104 90.393658 2044
9 Nikachhu Nikachhu (D)  29-10-21 27447228 90.394615 2030
10 Nikachhu Nikachhu (D)  27-10-21 27435784 90.445260 1538
11 Nikachhu Nikachhu (D)  26-10-21 27431448 90.451427 1449
12 Nikachhu Nikachhu (D)  25-10-21 27433380 90.463205 1335
13 Mangdechhu Mangdechhu*  01-11-21 27483891 90491421 1567
14 Mangdechhu Mangdechhu*  04-11-21 27396317 90.507693 1154
15 Mangdechhu Mangdechhu*  04-11-21 27367676 90.534063 1068
16 Wochenchhu Mangdechhu*  04-11-21 27369084 90.532484 1077

Nojte: Nikachhu (U) = upstream of Nikachhu Dam, Nikachhu (D) = Downstream of Nikachhu Dam, Mangdechhu*
refers downstream of Mangdechhu Dam incluing its sampled tributaries, 1.e. Wochenchhu.
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at the species or genus level at the National
Research and Development Centre for Riverine
and Lake Fisheries, Haa using the available
taxonomic keys (Viswanath et al. 2007; Zhou et al.
2011; Thoni and Gurung 2018). Triplicates of
basic water quality parameters such as dissolved
oxygen (DO), pH, temperature and total dissolved
solids (TDS) were recorded from all the sites with
a digital multi-parameter probe (MODEL: 98194,
Hanna Instruments, Romania).

2.4 Data analysis

A length-weight relationship was wused to
determine the weight of Salmo trutta (Tanir and
Fakioglu 2017) and Schizothorax richardsonii
(Tyagi et al. 2014) as (i) the weighing machine
used was not suitable for taking smaller
measurements, (ii) earlier collected data lacked
information on weight for most of the sampling
periods and (iii) the relationship derived from
available information (April and November 2016)
was deemed unclear. The catch per unit effort
(CPUE expressed as grams per 20 minutes of
electrofishing), abundance (number of fishes, n
expressed per 20 minutes of electrofishing), and
species richness (S expressed per 20 minutes of
electrofishing) were the main biotic variables
compared between the upstream and downstream
of Nikachhu. Outliers were retained during
analysis carefully considering sites/locations where
outliers were encountered and also by taking into
account limited samples (n = 12; 6 = upstream; 6 =
downstream) and the idiosyncratic nature of
biological and environmental data. After subjecting
the biotic and abiotic variables to the requirements
of a statistical test (normality test and homogeneity
of variance test), a parametric t-test (T-test, p =
0.05) for performed for species richness (S) and a
non-parametric paired-sample t-test (Wilcoxson, p
= 0.05) was performed for other biotic variables
(CPUE and n) and all the abiotic variables to
ascertain the differences between the upstream and
downstream of Nikachhu. The relationship
between species richness and altitude was
evaluated through simple linear regression (p =
0.05). The difference in upstream and downstream:
(i) diversity of fishes was visualized through a
Venn diagram, (ii) species composition by
abundance and weight were determined by a
heatmap, (iii) population structure of dominant

species was obtained through a histogram and (iii)
abundance composition by ecological status
(native vs exotic), feeding preferences and flow
preferences were depicted through a stacked bar
graph. The overall Shannon diversity index (H)
and evenness (J) for upstream and downstream
stretches were determined. All the analyses were
performed in R statistical software.

3. RESULTS AND DISCUSSION
3.1 Basic water quality parameters

Optimum water quality conditions are necessary to
support diverse communities of aquatic organisms.
In terms of basic water quality parameters, pH and
TDS were higher across the upstream, while DO
and temperature were higher across the
downstream of Nikachhu. However, with
exception of temperature (Figure 2c, Table 2), the
differences observed for other physiochemical
parameters between the upstream and downstream
stretches were insignificant (Figure 2a, 2b and 2d,
Table 2). The general pattern of all the water
quality parameters lacked clear trends along the
longitudinal continuum (Supplementary graphs:
S1a, S1b, Slc and S1d).

The observed DO (Figure 2a, Table 2) and pH
(Figure 2b, Table 2) were within the Indian water
quality standards for the propagation of wildlife
and fisheries (CPCB 2007) (Class D; DO: > 4
ppm; pH: 6.5 — 8.5) and USEPA’s (United States
Environment  Protection  Agency)  Causal
Analysis/Diagnosis Decision Information System
(CADDIS) for freshwater (USEPA 2017a; USEPA
2017b) (DO: 5 ppm; pH: 6.5 — 9). Albaster and
Lloyd (1982) suggested a minimum DO
concentration of 5 ppm to satisfactorily support the
life stages of most aquatic fauna. Successful
captive breeding of hill stream fishes with high
survival rates was demonstrated in Arunachal
Pradesh, India at DO > 6.5 ppm (Abujam et al.
2017). Therefore, the observed DO along the
longitudinal continuum (Supplementary graph:
Sla; 7.8 — 8.69) is supposed satisfactory for the
propagation of fishes in the wild. The pH of water
influences the physiological and metabolic
function of aquatic organisms affecting embryo
development, reproductive performance, survival
and growth (Swain et al. 2020). Although pH was
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slightly above the CPCB standards in some sites

2: 8.73;), the pH range of 6 — 9 is considered
(Supplementary graph: S1b: Site 1: 8.53 and Site

satisfactory on a long-term basis for aquatic

Table 2: Comparison of mean, standard deviation (SD) and paired-sample #-test results (p = 0.05) of
biotic variables and abiotic variables between upstream [Nikachhu (U)] and downstream [Nikachhu (D))

of Nikachhu at 118 MW Nikachhu HPP site, Trongsa.

.. . Mean + SD test
Abiotic variables Nikachhu (U) Nikachhu (D) statistic p-value
DO (ppm) §37+025 841029 103 0218
pH 832x026 828x025 49 0201
Temperature (°C) 9.74£0.83 10.76 £ 1.57 138 0.023
TDS (ppm) 37501597 3417+£215 46 0.265
EC (mS/cm) 0.07+0.30 0.07+£0.00 46 0.266
Biotic variables - Mean + 5D . te_st . p-value

Nikachhu (U) Nikachhu (D) statistic
CPUE 165.30+171.65 583610658 3 0313
No. of fishes () 6.67=10.17 1.83+256 7 0.563
No. of species (S)* 083075 067+082 -0277 0.793
* = parametric -test
(a) Dissolved oxygen (DO) (b) pH
9.007  wilcoxon, p =0.218 8.50-

Wilcoxon, p = 0.201

8.75 8.25-

8.50- T 8.00-
- .
8.25 7.75

DO (ppm)

8.00 , , 7.50- . .
Nikachhu (U) Nikachhu (D) Nikachhu (U) Nikachhu (D)
Stretch Stretch
(c) Temperature (d) Total dissolved solids (TDS)
141 Wilcoxon, p = 0.023 601 Wilcoxon, p = 0.265 -
o
§’12- E 40+
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5 2
()]
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Q
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Nikachhu (U) Nikachhu (D) Nikachhu (U) Nikachhu (D)
Stretch Stretch

Figure 2: Comparison of basic water quality parameters between downstream [Nikachhu (D)] and

upstream [Nikachhu (U)] of Nikakhhu: (a) DO, (b) pH. (c) Temperature and (d) TDS. The red square
indicates the group mean.
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organisms, though freshwaters with a pH range of
6.5 to 8.5 are generally regarded to support a
healthy, diverse and productive aquatic
communities (NAS 1972).

The limited information on the ecological
requirement of Common snowtrout suggests
waters with pH of 7.4 — 8.2 and DO of 8 — 15 ppm
to provide an excellent spawning condition in the
natural environment (Chandra et al. nd; Rai et al.
2002). This indicates the suitability of most
downstream sites (Supplementary graph: Sla, S1b;
(> 65%, except Site 6 and 9;) for natural spawning
of Snowtrout. TDS in water indicates the
concentration of dissolved ions and influences the
osmotic pressure of aquatic organisms and is
supposed to remain < 1000 ppm in freshwater
ecosystems despite the ability of many freshwater

i h hh
(a) Nikachhu (U) Nikachhu (D)
2
3,
(1) (1) (2) 5°
Creteuchiloglanis sp. Salmo trutta Schizothorax richardsonii P
Parachiloglanis sp.

Figure 3:

organisms to tolerate > 5000 ppm TDS (Boyd
2020). The observed TDS along all the sampling
sites (TDS: 8 — 57 ppm; Supplementary graph:
S1d) were within the permissible limit of 1000
ppm. In general, the observed pattern indicates the
ability of rivers to offset changes in basic water
quality parameters during the hydropower
construction phase. The temperature generally
increases along the river continuum and the steep
elevational gradient along the Nikachhu sampling
sites (= 1,111 m) can be attributed to the increase
in temperature along the river continuum (=
4.30°C).

3.2 The overall pattern of fisheries diversity

This study recorded six species of fishes the entire
area (= 42.7 km river length, Nikachhu and

(b)

Species = - 0.0014 * Altitude + 3.6512
Adjusted R-squared = 0.3557
p=0.009

Stretch

) Mangdechhu*
. Nikachhu (D)
@ Nikachhu (U)

150C

Altitude (m)

2000 2500

(a) Venn diagram showing exclusive and common species encountered from upstream

[Nikachhu (U)] and downstream [Nikachhu (D)] of Nikachhu and (b) simple linear regression of species
richness (S) against altitude along the entire sampling area.

Table 3: List of species recorded from Nikachu and Mangdechhu, Trongsa during the present

monitoring
SL No. Species (common name) Nikachhu Mangdechhu*
1 Salmo rrutta (Riverine brown trout) v X
2 Creteuchiloglanis sp. (torrent glyptosternid) J X
3 Schizothorax richardsonii (Common snowtrout) v v
4 Parachiloglanis sp. (torrent glyptosternid) v J
5 Parachiloglanis dangmechhuensis (torrent glyptosternids) X v
6 Schistura sp. (Stone loach) X v

Note: Nikachhu includes both upstream and downstream of Nikachhu, Mangdechhu* refers downstream of
Mangdechhu Dam incluing its sampled tributaries, 1.e. Wochenchhu.
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Mangdechhu) of which four species each were
recorded from Nikachhu and Mangdechhu (Table
3). The Brown trout was common species
encountered both from the upstream and
downstream stretches of Nikachhu, while others
were exclusive, either to upstream or the
downstream stretches (Figure 3a). The present
study could not document earlier reported species
such as Exostoma mangdechhuensis and
Creteuchiloglanis sp. from downstram  of
Nikachhu (NRDCRLF 2020a & b). However, the
presence of Parachiloglanis sp. were confirmed
for the first time from downstream of Nikachhu.
This study also records for the first time the
presence of Parachiloglanis sp. (Mangdechhu and
Wochenchhu) & Parachiloglanis dangmechhuensis
(Wochenchhu) from the Mangdechhu stretch. On
contrast earlier reported species such as Exostoma
mangdechhuensis (Mangdechhu & Wochenchhu),
Creteuchiloglanis sp. (Mangdechhu &
Wochenchhu) & Parachiloglanis benjii
(Wochenchhu) (NRDCRLF 2020 a & b) were not
recorded from the Mangdechhu during the present
assessment.

The total species recorded from Nikachhu
increased over the periods of assessment. Only one
species (S. trutta) was reported during the
Environment Impact Assessment (EIA) of
Nikachhu HPP (DGPC and THyE 2014). The
diversity increased to three species (S. trutta, S.
richardsonii and Creteuchiloglanis sp.) during the
following assessment (NRDCRLF 2017) to four
species (S. trutta, S. richardsonii,
Creteuchiloglanis sp. and E. mangdechhuensis)
during the monitoring conducted in 2020
(NRDCRLF 2020a & b) and then finally to five
species (S. trutta, S. richardsonii,
Creteuchiloglanis sp., E. mangdechhuensis and
Parachiloglanis sp.) with the present monitoring.
This increase in species richness is attributed to
improvisation of sampling gear from combination
of cast net, rod and line and homemade
electrofisher to heavy-duty electrofisher.

The species encountered at Nikachhu post-EIA
phase are either endemic (E. mangdechhuensis),
presumed to be endemic (Creteuchiloglanis sp. and
Parachiloglanis  sp.) or  wvulnerable (S.
richardsonii). This suggests the immediate
requirement of detailed qualitative electrofishing

(in addition to an ongoing regular gquantitative
survey) to verify the actual species found within
the current area of analysis at Nikachhu. From this
experience, exhaustive qualitative electrofishing
with heavy-duty electrofisher should be considered
in addition to conventional cast netting to establish
reliable baseline information on fisheries during
the EIA of all future HPPs in Bhutan, including
subsequent monitoring programs. Collaborative
involvement of competent national institutions
(academic or government) and implementation of
standardized assessment right from the EIA will be
vital in addressing the conservation concerns
associated with hydropower developments.

The decrease in diversity of fishes along an
elevational gradient across the the entire stretch (R
= 0.399, p = 0.008, Figure 3b) corroborates with
findings from the Himalayas (Bhatt et al. 2012)
and observations from eastern Bhutan (Changlu et
al. 2021). This is likely the reason for higher H and
J observed along the downstream stretch of
Nikachhu (Figure 4). Although the altitudinal
variation of species is significant (p = 0.009),
narrow elevation gradient (1,077 to 2,446 m =
1,369 m, Table 1) and limited geographical
distribution (only portion of Nikachhu and
Mangdechhu, = 42.7 km, Figure 1) are attributed
for narrow variation explained by the present
regression model (R? = 0.399).
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Figure 4: Comparison of Shannon diversity index (H)
and evenness (J) in Nikachhu. Nikachhu 1s inclusive of
upstream [Nikachhu (U)] and downstream [Nikachhu (D)].
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3.3 Fisheries
structure

assemblage and population

The overall composition at the upstream stretches
of Nikachhu was dominated by exotic species
(Figure 5a), particularly brown trout, both by
abundance (Figure 6a) and weight (Figure 6b)
whereas the downstream stretches were dominated
by native species (Figure 5a), mainly Snowtrout
(Figure 6a, 6b). The high abundance representation
of exotic fish (97.5%) reported from upstream of
Nikachhu (Figure 6a) contrasts the low exotic fish
composition reported elsewhere, i.e., 4% found by
Santos et al. (2017) in Portugal and ~ 19%
observed by Li et al. (2013) in China. However,
this is attributed to pre-existing ecological
disturbances, i.e., the existence of a self-sustaining
population of brown trout which is now the
dominant species along the upstream stretches of
Nikachhu. They were introduced to rivers and
lakes of Bhutan during the 1930s for the
development of recreational fisheries and are well
established in cold-water streams of Bhutan.
Upstream dominance of insect-piscivore (Figure
5b) is subsequently attributed to the dominance of
brown trout, which are insectivore and piscivore in
nature.

The downstream abundance of native (Figure 5a),
herbivore and insectivore (Figure 5b), and
rheophilic fishes (Figure 5c) observed during this
study are comparable to findings associated with
the hydropower construction phase (Li et al. 2013;
Santos et al. 2017). However, for the construction
phase, the downstream abundance of native fishes

at Nikachhu (90.91%) is better than the native fish
representation of 82% observed from impacted
sites in Portugal (Santos et al. 2017). The
dominance of rheophilic fishes from both the
upstream and downstream stretches of Nikachhu
(Figure 5c) is attributed to existence of free-
flowing river, particularly at the downstream
stretch as the hydropower is currently under the
construction phase.

In Nikachhu, although the population structure of
Brown trout (dominant upstream fish) was slightly
better than Snowtrout (dominant downstream fish)
(Figure 7a vs 7b), high abundance of Brown trout
was observed from sites upstream of Chhuserbu
(Supplementary graph: S2b, Site 1 and Site 2; i.e.,
36 individuals captured above Chhuserbu vs three
individuals captured between Chhuserbu and
Nikachhu Dam). In recent years, the sites below
Chhuserbu were subjected to yearly disturbances
from landslides triggered by heavy rainfall
resulting in temporary impoundment, flash floods,
and mass mortalities of fishes (BBS 2020; BBS
2021). The localized destabilized areas along the
river due East-West Highway expansion also made
the assessment area more prone to landslides. In
recent years, flash floods due to rainfall were also
encountered in one of the tributaries draining
within 3 km below the dam site from the right
bank. The combination of these factors could have
impacted the population structure of fishes
downstream of Chhuserbu (i.e, Site 3 to Site 12).
The inclusion of sites above Chhuserbu during the
present study captured the influence of factors,
other than the hydropower. This suggests the need
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Figure 5: Structure of fish assemblage (abundance composition) in upstream [Nikachhu (U)] and

downstream [Nikachhu (D)] of Nikachhu|
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for adoption of an adaptive approach for any
upcoming monitoring programs, especially during
the construction phase and if possible, beyond.

3.4 Catch per unit effort, abundance and species
richness

Although the differences were insignificant, higher
values of catch per unit effort (CPUE), total
abundance (number of fishes, n) and species
richness (S) were observed along the upstream
stretches (Figure 8a, 8b, and 8c). However, higher
upstream n and subsequently the higher CPUE
attributed to high catches from upstream of
Chhuserbu, i.e., sites away from natural and
anthropogenic disturbances (Supplementary graph:
S2a, S2b; Site 1 and Site 2), indicates the influence

(a) Abundance (numbers)

Nikachhu (U)- Numbers
"
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& 20
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: v
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of natural extremities and associated impacts on
the downstream composition of fisheries. In
addition, the decreasing pattern of CPUE, n and S
towards the dam construction site in the upstream
stretch and increasing pattern of CPUE, n and S
away from the dam construction site in the
downstream stretch (Supplementary graph: S2a,
S2b, S2c) indicates impacts of hydropower
construction on the fisheries in Nikachhu.
However, the comparison of spatio-temporal
changes in fisheries composition since the
inception of the project (2016) was difficult as the
available data (presence-absence data, length
information) are unreliable for further analysis
considering the inconsistencies in sampling
(mixture of sampling gears and lack of information
on effort). One should also note less sampling
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Figure 6: Heatmap showing species composition by (a) numbers (abundance) and (b) weight (gm) in
upstream [Nikachhu (U)] and downstream [Nikachhu (D)] of Nikachhu. S richard = S. richardsonii,
Sal_trut = S. trutta, Parachi_sp. = Parachiloglanis sp. and Creteu_sp. = Creteuchiloglanis sp.
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effort adopted during the present study. Hence, by
considering the long-term consequence of
hydropower development on fishes (Li et al. 2013;
Santos et al. 2017) and lessons learned, future
monitoring programs with standardized approaches
and increased sampling efforts are crucial to
realize effective conservation and management
goals.

3.5 Conservation of fisheries

The occurrences of exclusive taxa at the upstream
(Creteuchiloglanis sp.) and downstream (S.
richardsonii and Parachiloglanis sp.) stretches of
Nikachhu (Figure 3a) reflect Nikachhu as an
important habitat for fishes. Furthermore, Snow
trout, the dominant fish species downstream of
Nikachhu (Figure 5a, 5b) demands conservation
consideration as they are categorized as vulnerable
and are threatened (IUCN 2022). Considering the
rich diversity of glyptosternids endemic to Bhutan
(Thoni and Gurung 2014; Thoni and Gurung 2018)
and their occurrences at Nikachhu, conservation
priority should cover Creteuchiloglanis sp. and
Parachiloglanis sp. Furthermore, the need for
critical habitat assessment (CHA) of fisheries
along the Nikachhu HPP area triggered by the
presence of these glyptosternids suggests, an
immediate need of incorporating CHA of fisheries
as a prerequisite component of EIA for any future
hydropower development programs in Bhutan.

The threats to native and endemic species are
expected to increase with the progression of
hydropower development and intensify as other
human-induced changes accelerate within the area.
The Brown trout is among the 100 worst invasive
species (GISD 2022) and is expected to pose
threats to life strategies (Johal et al. 2021; Sharma
et al. 2021) and outcompete both the migratory
(Gupta and Everard 2019) and non-migratory
native species through predation and competition
for food (McDowell 2006). More pronounced
impacts are predicated along the downstream end
after the commissioning of Nikachhu HPP.
However, the availability of less suitable Brown
trout habitats at downstream of Nikachhu (due to
steep altitudinal drop, = 814 m) and reduction in
habitat due to flow alteration after the dam
operation may act as a barrier restricting their
establishment (Almodoévar and Nicola 1999). To
minimize the implications of flow reductions on
native species, adequate environmental flow (e-
flow) should be maintained as required by the
Water Regulation of Bhutan (2014).

To offset the Brown trout population under e-flow
conditions, river ranching of Brown trout should be
avoided in Nikachhu, and if considered, careful
attention should be given (e.g., stocking of the
sterile population). Adequate attention should be
given to avoid the escapement of cultured species
from aquaculture facilities (planned or upcoming)
into the Nikachhu and Mangdechhu, more
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specifically into the dewatered stretches. Although
captive breeding of native fishes can be considered
with the long-term goal of developing and
standardizing the breeding technologies, the
subsequent release of hatchery-produced stocks
into the wild requires careful analysis considering
ecological and genetic consequences on native
fishes (Araki and Schmid 2010; Champagnon et al.
2012; Glover et al. 2017). To sum up, these
conservation measures can be summarized into
three broad actions: (i) protection of existing fish
diversity and habitats, (ii) preventing the
introduction, accidental release, and establishment
of exotics, and (iii) prior consideration of stock
enhancement programs.

4. CONCLUSIONS & RECOMMENDATION

The post-monsoon community structure of fishes
during the construction phase of Nikachhu HPP
lacked indication of disturbances in sites away
from natural and anthropogenic influence. On
contrary, the population structure of dominant
upstream and downstream fish species, and the
pattern of species richness, abundance, and catch
per unit area along the impacted sites showed
indications  of disturbances from  natural
phenomena (heavy rainfall) and associated impacts
coupled with anthropogenic disturbances (road
construction and hydropower development).
However, the lack of long-term standardized data
during the construction phase makes spatio-
temporal comparison unreliable. Therefore, future
programs to assess the impact of hydropower on
fisheries should be an adoptive-based standardized
approach, and if possible, should be integrated
right from the Environment Impact Assessment.
Changes are gradual and hence constant
monitoring programs are crucial to identify,
analyze and mitigate the anticipated impacts on our
aquatic ecosystems.
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Supplementary graphs for site-wiese variation in biotic and abiotic variables.
{S1a) Dissolved oxygen (DO)
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Supplementary graph S1. The site-wise variation in basic water quality parameter in Nikachhu (flow
direction = site 1 to site 12).
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(S2a) Catch per unit effort (CPUE)
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Supplementary graph S2. The site-wise variation in biotic variables in Nikachhu (flow direction = site 1

to site 12).
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