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zone of the reservoir and observed using 
passive and active acoustic tracking devices 
from April to December 2018. Kruskal-
Walis test showed no significant difference 
between the average size of core area for 
N. soroides and C. lucius, x2(1) = 1.320, 
p = 0.251. The home range also showed a 
similar result for N. soroides and C. lucius 
where there was an insignificant difference, 
x2(1) = 0.273, p = 0.602. However, duration 
wise, N. soroides spend more time in the 
transition zone, R1 (M = 2.71 hrs, SE = 
0.38), and C. lucius in the riverine zone, R5 

ABSTRACT

The drastic changes in hydroelectric reservoir development created a completely new 
ecosystem that affects the river, particularly in the inundated area. In this study, five 
Neolissochilus soroides and Channa lucius were surgically implanted with a unique coded 
acoustic transmitter to observe the habitat utilisation and movement activity in Tembat 
Reservoir after the inundation process. All of the individuals were released into the transition 
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(M = 7.14 hrs, SE = 6.13) and R6 (M = 3.85 
hours, SE = 6.36). From the active tracking 
survey, PCA identified three (62.32%) and 
four (71.19%) components with eigenvalues 
greater than 1 for N. soroides and C. lucius, 
respectively. Three most important habitat 
parameters for N. soroides were the size of 
river (r = 0.97), existence of canopy cover (r 
= 0.77), and substrate type (r = 0.79).While, 
for C. lucius were mesohabitat type (r = 
0.79), distance to riffle (r = 0.97), existence 
of canopy cover (r = 0.90), and elevation 
(r = 0.90). A 24-hour movement frequency 
analysis for both species revealed two active 
hours of movement at dusk and dawn for 
both species. From the study, it is known that 
N. soroides and C. lucius respond differently 
towards the inundation of the reservoir. The 
findings in this study can be implemented 
for effective aquatic management and 
conservation plan to ensure sustainable dam 
development.

Keywords: Fish movement, fish telemetry, habitat use, 

hydroelectric impacts, post-inundation

INTRODUCTION

Inundation of water catchment areas in the 
tropical rainforest for hydroelectric stations 
is known to have a devastating effect on the 
environment. Many studies have described 
the ecological implications, and the effect is 
more pronounced in tropical water catchment 
areas (Fearnside, 2014; Huang & Li, 2016). 
These areas are often subject to hydroelectric 
power development due to geographical 
landscape and topographic suitability 
(Zafirah et al., 2017). The construction and 

pre-impoundment processes, including 
forest clearing, significantly alter the initial 
aquatic environment. The most prominent 
modification is the multidimensional 
change of the natural water body in the 
catchment (Zeiringer et al., 2018). The 
aquatic landscape is usually transformed 
into an open system with less or no canopy, 
depending on the volume of the water. 
It can be divided into three longitudinal 
systems: riverine (lotic), transition, and 
lacustrine (lentic) zones (Schmutz & Moog, 
2018). The modification can also involve 
stratification of the water column in deeper 
areas where anoxic conditions can occur 
towards the bottom substrate, making the 
environment less habitable for aquatic fauna 
(Kimmel & Groeger, 1984).

The effects of impoundment on the 
native river species have gained substantial 
attention (Kano et al., 2016). In this 
newly developed lentic habitat, the fish 
assemblage can be modified qualitatively 
and quantitively through extermination of 
native fish species, reduction of habitat 
diversity, increasing densities of indigenous 
species, and introducing non-native species 
(Zhong & Power, 1996). In addition, the 
impoundment of downstream areas can 
influence the fish assemblage through 
changes in temperature, flow regime, 
sediment loads, and turbidity of the area 
(Li et al., 2016). Although in-depth studies 
of impacts on the ecology of aquatic fauna 
have been widely discussed, there is still a 
need to understand more about the utilisation 
of habitat and movement of fish fauna in a 
newly inundated riverine system, as this 
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subject is poorly documented. Identifying 
habitat use characteristics and movement 
patterns is essential for restoring fish fauna 
and management planning (Clarke et al., 
2007).

Neolissochilus soroides is a cyprinid 
found in Southeast Asia, particularly the 
Malay Archipelago and Borneo. It is a 
mahseer species indicative of high altitude, 
fast-flowing, and excellent water quality 
(Khaironizam et al., 2015). Channa lucius, 
or the forest snakehead, is a common species 
in the Tembat River and found throughout 
southeast Asia. Unlike other channid species 
common in peat swamps and stagnant water, 
C. lucius can be found in fast-flowing clear 
water at higher altitudes (Ambak et al., 
2012). These species are native to Tembat 
River and a good candidate to represent 
the black and white water species that may 
respond to the effect of the inundation 
differently.

Despite habitat degradation and 
exploitation being threats to both species, 
the species are listed as the least concern 
(LC). Nevertheless, there are currently 
no published data on the behaviour and 
movement patterns of these species. Most of 
the studies conducted on N. soroides and C. 
lucius are of their biological and aquaculture 
potential (Azrita et al., 2015; Khai et al., 
2015). The distinctive differences in life-
history requirements of both species are 
very important to recognise, especially 
in identifying areas for biodiversity 
conservation (Asaad et al., 2017). A mahseer 
species, such as N. soroides, are an umbrella 
species, which means, protecting its habitat 

will benefit many other species under its 
trophic level (Pinder et al., 2019). 

While C. Lucius, is widely tolerant to 
water quality and can be found in a very low 
pH environment, this species prefers pristine 
forested rivers. Moreover, its sedentary 
characteristics are a great indicator of 
microenvironmental change (Ambak et al., 
2012). This study provides a preliminary 
assessment of movement pattern and 
habitat utilisation for both species within 
Tembat Reservoir. The knowledge acquired 
from the study of habitat utilisation and 
movement activity can inform us how the 
dam developments impact the ichthyofauna 
of a local river. Nevertheless, this research 
is intended to be applied in the management 
of conservation and habitat rehabilitation 
efforts. Specifically, these preliminary data 
can aid in establishing protection zones, 
such as fish sanctuaries or no-take zones. 

This study aims to evaluate habitat 
utilisation and movement activity of N. 
soroides and C. lucius in the transition 
zone of a small hydroelectric reservoir 
in the Tembat River system. The specific 
objectives are: (i) to identify spatial habitat 
use through the determination of home 
range and core range area, (ii) to determine 
environmental variables associated with 
species detection, (iii) to observe the time 
spent at different locations within the river, 
and (iv) to observe the 24-hour movement 
activity pattern.

MATERIALS AND METHODS

Study Area

The study was conducted in the Tembat 
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River, Hulu Terengganu, Malaysia, with a 
pre-experimental study beginning in January 
2018 and acoustic tracking conducted from 
April to December 2018. The Tembat River 
is part of the Hulu Terengganu Hydroelectric 
Project (HTHEP), involving approximately 
90.834 km2 with two catchment areas: Puah 
and Tembat (Figure 1). The climate in this 
area is equatorial monsoon-type, with a 

high temperature and year-round rainfall. 
Almost half of the annual rainfall is recorded 
during November, December, and January, 
coinciding with the northeast monsoon 
(Tenaga Nasional Berhad Research [TNBR], 
2007). The study was conducted in the 
transition zone of the Tembat Reservoir, part 
of the riverine system.

Figure 1. The Tembat Reservoir is located in Tembat catchment Hulu Terengganu, Malaysia which the reservoir 
is adjacent to the Puah catchment. Both of the catchment is part of Hulu Terengganu Hydroelectric Project 
(HTHEP)

Fish Capture and Acoustic Transmitter 
Insertion

Five individuals of N. soroides and C. 
lucius were obtained from the Tembat River. 

Neolissochilus soroides were captured using 
traps baited with fermented palm oil kernels in 
the Tembat River. At the same time, C. lucius 
were caught by handlines baited with live 
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juvenile frogs or were fished using artificial 
lures and casting techniques. All individuals 
selected weighed more than 550 g, allowing 
the 3.7 g acoustic tag to be safely implanted. 
The transmitters were 26 mm long and 9 
mm in diameter. Each of the VEMCO V9 
transmitters is uniquely codded so that the 
passive and active receivers can identify the 
individuals. Based on Weber et al. (2009), 
the surgical insertion of the transmitters into 
the peritoneal cavity was carried out using a 
modified method. Before surgery, individuals 
were sedated in a clove oil bath. The surgeries 
lasted for 10-15 minutes and were performed 
in a container with continuous irrigation 
of anaesthetics on the gill. Non-absorbable 
sutures were used to close the incision, and 
antibiotics were applied to prevent infections. 
After the surgery, individuals were kept in a 
3 m x 1 m fibreglass tank with aggressive 
aeration for immediate recovery progress. Fish 
were released within the transition zone of 
the Tembat River on four occasions: 18 April 
2018, 19 April 2018, 31 May 2018, and 4 June 
2018. The individuals were released back into 
the river within 14-30 days after the surgery. 

Movement and Habitat Utilisation

Two methods of tracking were used in this 
study: passive and active tracking. The 
passive tracking was conducted using six 
VR2W receivers units deployed within the 
reservoir. Each receiver station is known 
as R. VR2W units were placed at 300 m 
to 800 m intervals between each unit in 

the river. As determined in a preliminary 
study, the 100% detection range of VR2W 
receivers was 66.8 m from the receiver. The 
deployment areas include a riverine (R5 and 
R6), transition (R2, R3, R4), and lacustrine 
zones (R1, R2). The receivers at each 
location recorded the arrival and departure 
times of all the uniquely coded IDs of the 
tagged fish within range, assuming that 
the signal was unobstructed. The VR2W 
receivers received pings every 30 seconds 
from the transmitters in the individuals. 
The VR2W receivers were deployed 
underwater for three months (April, May, 
and June). Data were downloaded using 
VUE® software (Halifax, Canada). 

Active tracking was conducted at least 
twice each month using VEMCO V100 
active tracker and an omnihydrophone. 
In addition, a single active tracking event 
was conducted for at least three days from 
April to December. Active tracking was 
conducted only during daylight hours as 
night tracking presents a research limitation 
as it was unsafe due to active wildlife 
movement in the Tembat catchment. 
Tagged individuals were assumed to 
be within a 5 m radius of the location 
detected when the signal strength was at 
its maximum (i.e. 70-90 dB) (Fetterplace et 
al., 2016). Ten environmental parameters, 
as listed in Table 1, were observed during 
individual detection, and the location 
coordinate was recorded using a Garmin 
64s GPS device (Kansas, United States of 
America).
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Data Analysis

Home range size estimations were analysed 
using the Fishtracker 10.1 toolbox extension 
in ArcGIS 10.5 software. Fishtracker uses 
a least-cost path to determine the travel 
speed between sequential observations 
and convert it to per-segment travel times 
(Laffan & Taylor, 2013). The movement rate 
was then used in a standard kernel density 
analysis. In this study, the sequential arrival 
and departure detection data from each 
receiver, complemented with active tracking 
data, provided the substance of the home 
range estimate. The product of this analysis 
is a surface area estimate for a home range 
and a core range.

Individual time spent at each receiver 
station (R) was observed by analysing 
the arrival and departure time logged. In 
addition, the average 24-hour movement 
activity of N. soroides and C. lucius was 
determined using bi-hourly movement 
count data from VR2W receivers. Active 
tracking was conducted from April to 
December simultaneously with passive 
tracking. During active tracking, ten 
environmental parameters were observed 
at every individual location detection. 
Principal component analysis (PCA) was 
used to reduce the dimensionality of the 
environmental variables recorded in this 
study. Matrices of ten parameters at every 
location where the individuals were detected 
using active tracking were constructed 
for both species to run the PCA. PCA 
was conducted in Statistical Package for 
the Social Sciences (SPSS) version 26.0, 
using varimax rotation with 25 maximum 

iterations. The Kaiser-Guttman criterion 
(Guttman, 1954) and the broken-stick 
criterion (Frontier, 1976) were applied as 
stopping rules for determining the number 
of principal components extracted. These 
rules are based on average test statistic 
values where eigenvalues that are larger than 
the average value expected under the null 
hypothesis are used to assess the relative 
interpretability of the ordination results. 
In this study, principal components (PCs), 
which have eigenvalues greater than one, 
were considered to represent significant 
correlations of variance and were extracted 
(Jackson, 1993). In the rotated component 
matrix, the highest environmental variables 
correlation of greater of the component were 
highly influential.

RESULTS

Home and Core Range of Neolissochilus 
soroides and Channa lucius

All of the individuals in this study were 
successfully tracked within the river 
between April and December 2018. The 
detection span for each individual ranged 
from 10 days to 244 days. Individual ID 
16285 had the shortest detection span, 
which only lasted for ten days. Therefore, 
this individual was assumed to be out of the 
detection range for the rest of the tracking 
period. The detection span for the rest of 
the individuals ranged from 193 to 219 
days (C. lucius) and 132 days to 244 days 
(N. soroides).

The 50% kernel estimation density 
(KED) core area size of N. soroides ranged 
from 15283 m2 to 86563 m2. (Figure 2), 
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while C. lucius ranged from 36545 m2 to 
89578m2 (Figure 3). Kruskal-Wallis test 
conducted to compare the core area size 
between the species was insignificant, x2(1) 
= 1.320, p = 0.251. While the 90% KED 
home range area ranged from 28078 m2 to 
155848 m2 for N. soroides, and C. lucius 

ranged from 68399 m2 to 161425 m2, which 
also tested insignificant, x2(1) = 0.273, p 
= 0.602 (Table 2). These results suggest 
that the home range and core range size 
of C. lucius and N. soroides in the Tembat 
Reservoir are similar. 

Figure 2. The kernel estimation density (KED) home range 90% (yellow) and core range 50% (red) for 
individuals of Neolissochilus soroides in Tembat Reservoir from April to December 2018
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Figure 3. The kernel estimation density (KED) home range 90% (yellow) and core range 50% (red) for Channa 
lucius in Tembat River from April to December 2018
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Time Spent in Various Zones of Tembat 
Reservoir

The average time spent by N. soroides 
and C. lucius at three different zones 
of the reservoir is shown in Figure 4. A 
one-way analysis of variance (ANOVA) 
conducted on the average time spent of N. 
soroides individuals resulted in a significant 
difference, F(5,576) = 9.867, p < 0.001. 
In which further Tukey test showed time 
spent in R2 (M = 2.71 hours, SE = 0.38) 

was significantly higher compared to R1 
(M = 1.30 hours, SE = 0.13), R3 (M = 0.22 
hours, SE = 0.09), R4 (M = 0.98 hours, SE 
= 0.27), R5 (M = 1.04 hours, SE = 0.23), 
and R6 (M = 0.46 hours, SE = 0.09). These 
results suggest that N. soroides spent more 
time at R2, which is at the transition zone 
of Tembat Reservoir. As for C. lucius, 
the average time spent between receivers 
locations also resulted in a significant 
difference, F(5,360) = 12.489, p = 0.001. 

Table 2 
The 50% KED (core area) and 90% KED (home range) by each of the individuals of both species in Tembat 
river from April to December 2018

Species ID
TL 50% KED mean

core area
90% KED 

home range 
area  (m2)

No. of 
core area

(cm) (m2)
Neolissochilus 
soroides 16089 40 7657.5 ± 3147.50 28078 2

Neolissochilus 
soroides 16090 35 4128.2 ± 1801.90 155848 10

Neolissochilus 
soroides 16170 37.5 4266.73 ± 3154.18 103964 11

Neolissochilus 
soroides 16174 43 4940.10 ± 2946.81 103725 10

Neolissochilus 
soroides 16342 41.5 6880 ± 3006.92 85822 6

Channa lucius 16285 43 71883 68399 1

Channa lucius 16289 43 10470.70 ± 9076.34 131992 7

Channa lucius 16297 41 12128 ± 4609.09 71883 3

Channa lucius 16312 43 25556.63 ± 21892.55 161425 3

Channa lucius 16330 53 12178.29 ± 8689.55 152974 7

Note. KED = Kernel estimation density 
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Tukey HSD test indicated that the average 
time spent at R5 (M = 7.28 hours, SE = 
1.09) was significantly higher compared to 
the time spent at R1 (M = 1.78 hours, SE = 
0.20), R2 (M = 1.95 hours, SE = 0.31), R3 
(M = 2.16 hours, SE = 0.97), R4 (M = 1.55, 
SE = 0.76), and R6 (M = 3.46, SE = 0.61). 
Tukey test also reveals that the average time 
spent at R6 was significantly higher than R1 

and R2. Specifically, this result suggests that 
C. lucius spent more time at R5 and R6, the 
riverine zone, compared to the lacustrine 
and transition zone of Tembat Reservoir. 
This result indicates a difference in response 
of both species towards the newly inundated 
area in Tembat reservoir where C. lucius was 
avoiding, and N. soroides was approaching 
the area. 

Figure 4. The time spent by Neolissochilus soroides and Channa lucius in the Tembat Reservoir system at 
different zones detected by the passive receivers (R1 – R6)

Habitat Parameters Associated with 
Neolissochilus soroides and Channa 
lucius in Tembat Reservoir

Based on the Kaiser-Guttman and broken 
stick model criteria, population components 
having eigenvalues greater than 1 represent 
shared variation and should be retained. For 

N. soroides, the first three components were 
identified to have eigenvalues greater than 
1: PC1, PC2, and PC3, explaining 62.32% 
of the cumulative variance. PC1, PC2, 
and PC3 accounted for 29.70%, 18.03%, 
and 14.58% of the variance, respectively. 
Meanwhile, for C. lucius, PCA identified 
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the first four principal components to have 
an eigenvalue greater than 1. PC1, PC2, 
PC3, and PC4 jointly explained 71.19% of 
the cumulative variation. PC1, PC2, PC3, 

and PC4 accounted for 29.07%, 16.03%, 
15.29%, and 10.80% of the variation, 
respectively (Table 3). 

Table 3 
The eigenvalue for each component and percentage of variance explained for Neolissochilus soroides and 
Channa lucius, and bolded is the component retained 

Component Eigenvalue Variance (%) Cumulative variance 
(%)

Neolissochilus soroides 
1 2.97 29.7 29.7
2 1.8 18.03 47.73
3 1.46 14.58 62.32
4 0.86 8.62 70.94
5 0.81 8.15 79.08
6 0.71 7.1 86.19
7 0.6 5.98 92.16
8 0.42 4.17 96.33
9 0.37 3.67 100

10 0 0 100
Channa lucius

1 2.91 29.07 29.07
2 1.6 16.03 45.1
3 1.53 15.29 60.39
4 1.08 10.8 71.19
5 0.93 9.26 80.45
6 0.58 5.77 86.22
7 0.56 5.57 91.79
8 0.44 4.42 96.21
9 0.34 3.37 99.58

10 0.04 0.42 100

In this study, the strongest association 
in each component were considered by 
the highest covariance. The N. soroides 
factor loadings matrix showed that the 
first principal component had the strongest 
association with distance to bank and 

river width (r = 0.97). Meanwhile, the 
second principal component had a strong 
association with canopy cover (r = 0.77), 
and the third principal component was 
highly associated with substrate type (r = 
0.79). The C. lucius factor loadings matrix 
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PCA indicated that the first principal 
component had the strongest association 
with mesohabitat type (r = 0.79). The second 
principal component indicated the strongest 
association with distance to riffle (r = 0.97). 

While the third principal component had 
the strongest association with the existence 
of canopy cover (r = 0.82), and the fourth 
principal component was strongly associated 
with elevation (r = 0.90) (Table 4). 

Table 4 
Loading matrix of the principal components with eigenvalue more than 1, Neolissochilus soroides with 4 
habitat parameters and Channa lucius with also 4 habitat parameters

Habitat parameters
Neolissochilus soroides

PC 1 PC 2 PC 3
Distance to bank 0.97* -0.03 0.11
River width 0.97* -0.03 0.11
Distance to riffle 0.64 0.36 0.02
Canopy cover 0.01 0.77* -0.08
Depth 0 0.66 -0.33
Submerge Large Wood 
(SLW) 0.02 0.64 0.46

Dist to lake 0.18 0.54 0.34
Mesohabitat 0.24 0.47 0.38
Substrate type 0.06 -0.07 0.79*
Bank type 0.07 0.06 0.73

Habitat parameters
Channa lucius

PC1 PC2 PC3 PC 4
Distance to bank 0.79* 0.08 0.02 -0.08
River width 0.74 0.18 -0.02 -0.43
Distance to riffle 0.70 0.17 -0.19 0.37
Canopy cover 0.55 0.2 0.24 -0.39
Depth 0.5 -0.17 -0.28 0
Submerge Large Wood 
(SLW) 0.05 0.97* -0.03 -0.07

Dist to lake -0.14 -0.96 0.11 0.05
Mesohabitat -0.13 -0.05 0.82* 0.14
Substrate type 0 -0.09 0.80 -0.11
Bank type -0.08 -0.06 0.06 0.90

Note. * Variable with the highest correlation with the principal component
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Activity Pattern of Neolissochilus 
soroides and Channa lucius

The 24-hour average movement frequency 
of N. soroides and C. lucius is shown in 
Figure 5. Both species show high-frequency 
movement during dawn and dusk. Whereby, 
N. soroides showed two high peaks of 
movement frequency at 6 a.m. (M = 3.50, 
SE = 16.52), and 7 p.m. (M = 21.6, SE = 
4.93). As for C. lucius, two high peaks of 
movement frequency were observed at 5 
a.m. (mean = 15.8, SE = 2.48), and 7 p.m. 
(mean = 12.8, SE = 1.82). 

No significant difference between 
daytime and nighttime movement for N. 
soroides were recorded. However, for 
C. lucius, three out of five individuals 
had significant differences between their 
daytime and nighttime movement: ID 
16330 [t(32.658) = 12, p = 0.021], ID 16297 
[t(-2.539) = 12, p = 0.036] and ID 16289 
[t(-2.829) = 12, p = 0.015], which may 
indicate that this species make long-distance 
movements during night time. 

DISCUSSION

Home and Core Range of Neolissochilus 
soroides and Channa lucius

The home range is commonly defined 
as where animals move from day to day 
(Hayne, 1949). This study defined the home 
range as to where the fish was detected 
and where it travels daily. In addition, the 
core area is defined to emphasise sections 
in a home range where the animal spends 
the greatest amount of time (Vander Wal 
& Rodgers, 2012). This study is the first 
study to document the movement pattern 

and home range of N. soroides and C. lucius 
in the freshwater environment in Malaysia 
using the acoustic telemetry method.

In this study, the home range size of 
N. soroides and C. lucius were similar, 
indicating that both species shared the same 
pathway. It is highly contributed to the 
morphology of the Tembat River that does 
not have many tributaries or small streams 
(TNBR, 2007). The river system runs on a 
nearly straight path and is not a complex 
river system compared to the neighbouring 
Puah catchment river system. Tembat River 
system is river order 3 and can be considered 
a small system that runs 45 km from the 
headwater (TNBR, 2007). Despite the 
similar average home range size between 
N. soroides and C.lucius, individual ID 
16089 (N. soroides) had the smallest home 
range size (27.79 m2) compared to other 
individuals. This individual was never found 
in the lacustrine zone and was recorded by 
R3, R4, R5, R6, and the upper stream of 
the R6 area. Comparing to the congeners, 
Lapointe et al. (2013) recorded the Channa 
argus home range in the Potomac River, 
USA, having approximately 60 times larger 
than C. lucius in this study. According to 
Woolnough et al. (2009), the size of the river 
system and the size of the fish influence the 
home range estimates regardless of linear 
type or areal type of home range. 

As for N. soroides, a comparable 
species would be of the mahseer species. 
Neolissochilus soroides to coexist with Tor 
species in the Tembat River and Tiang River 
(Mohamad et al., 2020; Pinder et al., 2019; 
Sharir et al., 2019). A recent study on the 
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migration of Tor putitora and Neolissochilus 
haxaganolepis were conducted in Bhutan 
[Fisheries Conservation Foundation (FCF), 
2019] recorded a larger home range size 
(more than 40 km distance) for these species 
compared to the findings in this study. 
Compared to its congener, a smaller home 
range of N. soroides and C. lucius reflects 
the smaller river system (Lonzarich et al., 
2000). Larger systems are lesser geomorphic 
confining, thus allowing larger movement to 
be made as opposed to N. soroides in Tembat 
(Lonzarich et al., 2000). 

Although there is no significant 
difference in the core area sizes, the 
variation in sizes observed cumulatively in 
the core area suggests that every individual 
movement is different in the ability or 
motivation to return to an area after moving 
throughout the river (Crook, 2004). A 
larger core area may indicate a territorial or 
predatory behaviour exhibited sporadically 
throughout the reservoir system (Figure 2 
and Figure 3). The area highlighted in red 
is likely to be essential for each species, 
respectively. This area should be closely 
monitored to determine the importance of 
N. soroides and C. lucius. Food availability 
and predation risk may affect the motivation 
for an individual to have a different location 
of core area within the Tembat reservoir 
(Crook, 2004).

Time Spent in Various Zones of Tembat 
Reservoir
Channa lucius spent more time in the riverine 
zone, where the lotic system still influenced 
the area, and habitat heterogeneity is well 
preserved. This area provides sources of 

water inflow for the Tembat Reservoir and 
is not influenced by the outflow or dam 
operation. Mesohabitat characteristics 
such as pools and riffles are still present 
within the riverine zone. Furthermore, the 
existence of a fish sanctuary developed by 
Tenaga Nasional Berhad Research (TNBR) 
at the R5 (within the riverine zone) may be 
the reason for the significantly longer time 
spent by C. lucius in this area (Mohamad 
et al., 2020). Channa lucius is known as an 
ambush predator, which preys upon juvenile 
fishes abundance at R5. R5 provides a food 
source for C. lucius and shelter as the area 
was abundant with submerging large wood. 

Neolissochilus soroides spent more 
time in the transition zone, converted into a 
nearly lentic system. The inundation of the 
Tembat River has created a trophic surge 
from the decomposed terrestrial vegetation, 
which usually increases the abundance and 
biomass of organisms utilising available 
resources (Arantes et al., 2019). These 
conditions may have become favourable to 
forage, and the availability of refuge may 
explain the significant amount of time spent 
in the area by N. soroides. The average depth 
in the transition zone, where N. soroides was 
found, was within the depth range where 
dissolved oxygen was still available (littoral 
zone). The littoral environment is known to 
have the highest biodiversity due to greater 
availability and heterogeneity of feeding 
resources, shelter, and habitat (Agostinho 
et al., 2008). 

The age of the reservoir may become 
a significant factor for the utilisation by 
N. soroides and others ichthyofauna at the 
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transition zone of the Tembat reservoir, 
as it is spatially and temporally dynamic 
(Tian et al., 2020). The freshwater fish 
community is more influenced by the type 
of mesohabitat structure available in the 
river than catchment-scale processes, such 
as the logging history of the adjacent area 
(Wilkinson et al., 2018). However, the 
period since the logging activity correlates 
positively to the abundance of common 
cyprinids (Martin-Smith, 1998). Therefore, 
nutrient and food resources will likely 
deplete, and trophic structure collapse is 
predicted. A future survey in the transition 
and lacustrine zone should be conducted 
to observe the reservoir’s impact and put 
mitigation measures into action. 

Habitat Parameters Associated with 
Neolissochilus soroides and Channa 
lucius in Tembat Reservoir

Four habitat parameters were highly 
associated with N. soroides and C. lucius 
detection in Tembat Reservoir. However, 
only one parameter was similar between 
the species: the existence of canopy cover. 
Certainly, canopy cover protects fish from 
the glaring sun, maintain water temperature, 
and refuge from areal predators, such 
as birds of prey (Ceschin et al., 2015; 
Rutherford et al., 1997). However, it is 
noteworthy that most of the vegetation 
fringing the river in the Tembat catchment 
was wiped out during logging activity before 
the construction phase. As a result, the 
remains of riparian vegetation were scarce, 
but it remained the habitat that both of the 
species were detected. Thus, indicating the 

crucial role of riparian vegetation for the 
ichthyofauna in Tembat Reservoir.  

Mesohabitat type was an important 
habitat characteristic in the detection of C. 
lucius in Tembat Reservoir. This species 
was commonly detected in the river run 
during the active daytime tracking. The river 
in the area studied was characterised by 
submerging large woods from the logging 
activity during the construction phase. It is 
assumed that C. lucius benefited from these 
structures for camouflage and shelter during 
the day. Several reports from this region 
also recorded a similar finding of C. lucius 
in submerged woody plants and aquatic 
vegetation area (Azrita, 2010; Rainboth, 
1996).

Distance to riffle was one of the 
important habitat characteristics identified 
by PCA for C. lucius. This species was 
detected at an average of 846.14 m ± 
95.43 m from the nearest riffle. Comparing 
this finding with N. soroides, which were 
detected at an average of 630.70 m ± 
64.30m, C. lucius showed preferences 
further from faster-moving water. This is 
supported by the predatory behaviour of 
Channa species that have been recorded to 
habituate slow-moving rivers (Rainboth, 
1996). Elevation was also identified by 
PCA to be highly associated with C. lucius 
detection in component 4. However, this 
parameter was the least concern in this study 
area because the range of elevation was not 
much of a difference, which was supported 
by the indifference velocity at all locations 
detected (data unpublished). 
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As for N. soroides, distance to bank 
and river width was the most important 
characteristics identified by PCA. These two 
parameters can be perceived as the size of 
the river because the distance to a bank can 
not exceed the river width. The size of the 
river plays a vital role in the detection of 
N. soroides and generally mahseer species. 
Neolissochilus soroides and other mahseer 
species are commonly found in the upper 
part of a river where the size of the river is 
relatively small (15-35 m wide) (Ambak et 
al., 2012; Khaironizam, 2010; Walton et al., 
2017). In addition, the upper river supports 
the morphology and the physiological 
needs of mahseer, such as cooler water 
temperature, a more heterogeneous habitat 
(existence of pools, riffles, and runs), and 
food sources, such as algae and mayflies on 
the coarse river bed. Finally, substrate type 
was identified as one of the vital habitat 
parameters for N. soroides. During this 
study, N. soroides were commonly found 
on substrate type sand. It was not surprising 
as most of the river beds of Tembat River 
were smothered by sand and siltation due 
to the previous land clearing at the riparian 
area. The changes of river bed substrate are 
predicted to alter the foraging behaviour for 
not only N. soroides but other freshwater 
species, including invertebrates. Mahseer 
species are also known to spawn at the upper 
river with a coarse substrate such as cobbles 
and pebbles. 

The type of habitat parameters associated 
with these two species can be a key habitat 
factor in establishing or identifying an area 
to be protected. For example, an area with 

submerged large wood should be protected 
by not removing or extracting the structure 
from the river. This area provides protection 
but also create the dynamic of hydrology 
that is essential for fish (Baillie et al., 2013). 
Based on this finding, removing riparian 
vegetation is not encouraged, and replanting 
of this area is needed. 

Activity Pattern of Neolissochilus 
soroides and Channa lucius

Channa lucius  exhibited nocturnal 
characteristics based on the movement 
behaviour detected by VR2W receivers 
deployed. During nighttime observation 
in Tembat Reservoir, C. lucius was often 
seen at the fringe of the river during dusk, 
in which it was hunting for juvenile fishes. 
Similarly, Horký et al. (2008) reported that 
Sander lucioperca, a European predatory 
freshwater species, were also found actively 
hunting for food at night. Channa lucius 
activity in the Tembat Reservoir appeared 
to be in line with its congener and other 
facultative air-breathing species that appear 
to be active at night (Boujard, 1995; Guo et 
al., 2017). Although N. soroides exhibit two-
movement activity peaks during nighttime, 
they were not considered a nocturnal species. 
There were no significant differences in the 
individual average nighttime and daytime 
movement. These findings are supported by 
studies in Khaironizam (2010) that show N. 
soroides diurnally active and foraged during 
daylight based on the findings of the gut 
content. The movement recorded during the 
survey was the movement of the individual 
from one receiver to another receiver. 
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Therefore, it was considered a long-
distance movement, as the passive trackers 
were deployed at least 200 meters from each 
other. Long-distance movement during the 
daytime may increase the risk of predation 
for fish by other species, such as birds, 
otters, and large fish (Shoji et al., 2017). This 
situation could explain the tendency in both 
species to make long-distance movements 
during nighttime to avoid predation. Time of 
day is one of the many factors that influence 
the movement of a fish for it to meet its 
metabolic or sheltering needs (Albanese 
et al., 2004). Many classical studies on the 
diel activity pattern of fish were associated 
with observations of feeding behaviour, as 
feeding is one of the main motivations of 
the fish to move from one place to another 
(Boujard, 1995; Clough & Ladle, 1997; 
Khaironizam, 2010; Weliange et al., 2006). 

CONCLUSION

Channa lucius and Neolissochilus soroides 
utilise the same areas throughout the zones 
of Tembat Reservoir, which is most likely 
due to the non-complex river system. 
However, the zones in which the species 
prefer to stay longer were different, whereby 
N. soroides in the transition zone and 
C. lucius in the riverine zone may be 
motivated by the availability of specific food 
resources for each species. Neolissochilus 
soroides detection in Tembat Reservoir was 
highly associated with the size of the river, 
and the availability of canopy, cover and 
riverbed substrate, while C. lucius were four 
mesohabitat types, the distance to riffle, the 
availability of canopy cover and elevation. 

These key habitat parameters identified 
should be applied in the conservation 
management of an altered river in Tembat 
Reservoir. The 24-hour movement activity 
pattern recorded two peak hours during 
dusk and dawn for both species, further 
investigating for foraging and predator 
avoidance behaviour. Monitoring of habitat 
utilisation by fish fauna in the system 
should be conducted as the reservoir ages, 
especially in the inundated area where the 
ecosystem changes.
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