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Tor tambroides is one of the precious native freshwater species in Malaysia and is known for its luscious taste. 
However, its wild population has dwindled due to anthropogenic disturbances. These environmental changes may 
lead to variable morphological features over time. Thus, morphological features with conventional and truss 
network measurements are essential to apply and support fish species documentation. A total of 39 fish 
specimens were randomly collected from Sarawak and the east coast of Peninsular Malaysia (ECPM). The 
appearance of the fish was macroscopically observed and then photographed for further morphometric 
assessment by conventional and truss network measurements using Digimizer Software Version 5.3. Data were 
subjected to discriminant function (DF) analyses and Kruskal-Wallis H Test. Significant differences were observed 
in 18 of 19 morphological measurements, and all 12 truss network measurements among the specimens. Both 
morphometric measurements showed two DF analyses where the DF1 is 93.1% and 6.9% in DF2 among group 
variability. The DF plotting proves that measurements were significantly different among regions. The specimens 
from Sarawak have a broader head depth, whereas those from ECPM have an aerodynamic body size. According 
to statistical analysis, the morphometric features of Sarawak and the ECPM are significantly different due to 
geographical separation and different environments. These morphometric data could provide a supporting 
strategy for further conservation and fisheries management. 
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INTRODUCTION 
The Ikan Empurau or Malaysian Mahseer (Tor 

tambroides) (Bleeker, 1854) is one of the precious 
native freshwater species and is famous for its 

luscious taste in Malaysia (Pinder et al. 2019, 
Redhwan and Komilus, 2021). T. tambroides has a 
good freshwater aquaculture potential and is in 
high demand as an ornamental fish owing to its 
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attractive color (Pinder et al. 2019). They are 
known as excellent game fish and are popular 
among the local fish farmers and traders (Jackson, 
2018, Pinder et al. 2019). During any festival, 
demand for this fish is high among fish lovers, 
especially Chinese customers. Consumers are 
willing to pay very high prices for this fish, not only 
local but also international consumers such as 
Singapore and Hong Kong (Jackson, 2018, 
Redhwan and Komilus, 2021). However, its wild 
population has dwindled due to anthropogenic 
disturbances. This condition could change their 
morphological features over time (Kamarudin et al. 
2017, Kelley et al. 2017, Nishio et al. 2019).  

Morphological features refer to continuous 
variables such as head length (HL) as a 
percentage of total body length, as well as metrics 
extracted from the shape (Nishio et al. 2019, 
Nguang et al. 2020). Selected points or areas on 
the fish body facilitate the analytical description and 
identification of the fish. Morphological variation 
between populations plays an important role in fish 
identification while constant differences in fish 
shape reveal different growth, mortality, and 
reproduction rates relevant for fish stock definition 
(Nishio et al. 2019). Adequate levels of isolation 
may result in significant morphologic, meristic, and 
structure variations among group samples that can 
be recognized as a basis for identifying fish species 
(Ha et al. 2017, Kelley et al. 2017, Shuai et al. 
2017). Other than conservational measurement, 
truss network measurement is carried out using 
landmark points and is one of the efficient tools for 
identifying fish.  

Most studies on T. tambroides have been on 
sexual dimorphism, dietary requirements, and 
genetics (Abduh et al. 2020, Bami et al. 2017, Lim 
et al. 2021, Sam et al. 2021, Lau et al. 2022). 
Morphometric studies on T. tambroides are very 
limited (Abduh et al. 2020). In addition to this, there 
is a question about T. tambroides when some 
people deny the ingenuity of the fish from 
Peninsular Malaysia compared to East Malaysia. 
Therefore, the study of morphological features of T. 
tambroides in different states (Sarawak and the 
east coast of Peninsular Malaysia (ECPM)) was 
studied to obtain information on the morphological 
features with geographical isolation.  

 
  
MATERIALS AND METHODS 
 
Collection of specimens 
       A total of 39 specimens were collected live 
from three sources from Sarawak, and the ECPM 

(Figure 1 and Table 1). Specimens from Sarawak 
were measured in the hatchery of Borneo Empurau 
Farm and Resort Sdn. Bhd. Specimens from the 
ECPM were collected and measured in the Aquatic 
laboratory at the Faculty of Bioresource and Food 
Industry, Universiti Sultan Zainal Abidin (UniSZA), 
Besut Campus. The photographs of the specimen 
were taken for further observation and 
morphometric measurements. The observations 
were made by taking individual photographs with 
labels of total length (TL), body weight (BW), 
specimen number, and scale for reference. The 
specimens were 20-68 cm in TL and 62-3600 g in 
BW (Table 1). 
 
 

 
Figure 1. Sampling points of T. tambroides: A, 
Kuching, Sarawak; B, Karak, Pahang; and C, 
Tembat, Terengganu. 
 
Table1. Specimen collection from three 
different regions. 

Source of 
stock 

Sample 
size (N) 

Average TL (cm) 
±S.D. 

Average BW (g) 
±S.D. 

Sarawak 10 62.1±4.5 2810.0±420.2 

Pahang 18 17.3±5.3 74.3±31.4 

Terengganu 11 35.1±15.7 753.8±799.4 

 
Conventional and Truss Network 
Measurements 

All fish specimens were anesthetized prior to 
morphometric measurements. For conventional 
measurement, each fish sample lay on the right 
side with the snout turned to the left, the mouth 
closed, and the body, caudal fin, dorsal fin, anal fin, 
and pelvic fin were straightened along with a ruler 
(Figure 2 and Table 2). Digital photos of each fish 
specimen were taken by using a digital camera 
(Olympus stylus µ 1040). Both conventional and 
truss network methods (Nguang et al. 2020, Abduh 
et al. 2022) were performed using Digimizer 
Software Version 5.3. A total of 12 landmarks were 
constructed across the line of the fish. All 
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landmarks were marked before constructing a 
straight line between them. Landmarks should be 
homologous and represent the same 
developmental features among samples. A 
network of trusses is constructed by connecting 
landmarks as shown in Figure 3 (Table 3).  
 
 
Table 2. Variable phenotype based on 
morphological features applied for 
differentiation analysis among T. tambroides. 

Label Morphological features Acronyms 

AI Total Length TL 
AH Standard Length SL 
AD Head Length HL 
PQ Head Depth HD 
BC Eye Diameter ED 
CD Post-Orbital Length PostOL 
AB Pre-Orbital Length ProL 
VW Height of Dorsal Fin  HDF 
XY Height of Anal Fin HAF 
TU Height of Pelvic Fin HPvF 
RS Height of Pectoral Fin HPcF 
V1 Base Length of  

Dorsal Fin  
BDF 

X2 Base Length of Anal Fin BAF 
T3 Base Length of  

Pelvic Fin 
BPcF 

R4 Base Length of  
Pectoral Fin 

BPvF 

JK Highest Body Depth HBD 
LM Lowest Body Depth LBD 
56 Upper Jaw Length UJL 
56 Lower Jaw Length LJL 

 
 

 
Figure 2. A total of 19 morphological features 
for conventional measurement (Scale, 2cm). 
 
 

 
Figure 3. The locations of the 12 landmarks 
were measured by truss network measurement 
of the fish, which are shown as open circles 
with morphometric distances between the 
circles as lines (Scale, 2cm). 
 
 
Table 3. Variable phenotype based on truss 
network measurement for differentiation 
analysis among T. tambroides. 

Truss Landmark 

1 the anterior tip of the snout at the upper 
jaw 

2 most posterior aspect of the neurocranium 
(beginning of scaled nape) 

3 the origin of dorsal fin  
4 insertion of dorsal fin 
5 anterior attachment of dorsal membrane 

from caudal fin  
6 posterior end of the vertebrae column 
7 anterior attachment of ventral membrane 

from caudal fin  
8 insertion of anal fin  
9 the origin of anal fin 

10 insertion of pelvic fin  
11 insertion of pectoral fin 
12 posterior-most point of maxillary 

 
Statistical Analysis 

Before analysis, the size effect of the dataset 
was eliminated. The changes were attributed to 
differences in body shape rather than the relative 
size of fish. All morphometrics and landmarks 
based on morphological features were transformed 
by dividing the measurement by the SL or HL of 
each fish to minimize the size-related changes from 
all features. The sex of the specimens was 
determined visually, and the test variables did not 
differ significantly between sexes within the same 
stock.  

A non-parametric Kruskal Wallis H test was 
presented to test whether morphological features 
were significantly different between three different 
regions. The test statistic is as follows: 
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𝐻 = (𝑁 − 1)
∑𝑔

𝑖=1 ƞᵢ(ṝᵢ −  ṝ)2

∑𝑔
ᵢ=1 ∑ƞᵢ

𝑗=1 (𝑟ᵢ̊𝑗 − ṝ)²
 

 
where ƞᵢ = number of observations in group ᵢ; rᵢ𝓳 = 

rank (among all observations) of observation 𝓳 
from group i; N = total number of observations 

across all groups; ṝᵢ = 
∑

ƞᵢ
𝑗=1 𝑟ᵢ𝑗

ƞᵢ
  = average rank of 

all observations in group i.;  ṝ = (𝑁 + 1) = average 

of all the rᵢ𝓳. Additionally, the resized data were 
normalized and submitted to discriminant function 
(DF) analysis. All the data were statistically 
analyzed using SPSS ver 17.0. 
 
 
RESULTS  

Figure 4 demonstrated the color differences 
between specimens from Sarawak and the ECPM. 
Figure 4A showed that fish from Sarawak have a 
grayish-white body color. The upper area of the 
body along the dorsal fin has a darker color than 
the lower area. It has a wide body area with a 
rounder shape around the head than the fish from 
the ECPM. The specimen from Terengganu 
(Figure 4B), and Pahang has a reddish color, 
especially around the fin areas (pectoral fin, pelvic 
fin, anal fin, caudal fin, and dorsal fin). It has an 
aerodynamic body shape and a dark spot around 
the body. 

 

 
 

 
Figure 4. Specimen collected from A) Kuching, 
Sarawak, and B) Tembat, Terengganu (Scale, 
2cm). 
 
The Kruskal-Wallis H test showed that there were 

statistically significant differences among all the 
conventional and truss network measurements 
(χ2(2), p < 0.05), except the ProL (χ2(2) = 1.011, p 
= 0.603) and LBD (χ2(2) = 4.545, p = 0.103) (Table 
4 and Table 5). The DF analyses generated two 
DFs (Table 6) for conventional morphometric and 
truss network measurements, where the DF1 
accounted for 93.1% of the between-group 
variability and the second 6.9% of the between-
group variability, which together explained 100% of 
the total between-group variability. Pooled within-
group correlations between discriminant variables 
and DFs showed that among the 19 morphometric 
measurements, eight measurements of BPcF, 
BDF, BAF, BPvF, and HPvF dominantly 
contributed to the DF1, while all the rest of the 
morphometric features contributed to the DF2. 
Among the 12 truss measurements, Truss 5, and 
Truss 12 dominantly contributed to the DF1, and 
the remaining 10 contributed to the DF2 (Table 6). 
 
Table 4. The Kruskal Wallis H Test was tested 
for the conventional morphometric 
measurement of T. tambroides. 

TS Chi-Square, χ2 df Asymp. Sig. 

HL/SL 9.015 2 0.011* 
HD/HL 20.416 2 0.000* 
ED/HL 28.407 2 0.000* 

PostOL/HL 8.680 2 0.013* 
ProL/HL 1.011 2 0.603 
HBD/SL 16.784 2 0.000* 
LBD/SL 4.545 2 0.103 
HDF/SL 17.972 2 0.000* 
HAF/SL 19.889 2 0.000* 
HPcF/SL 19.701 2 0.000* 
HPvF/SL 17.787 2 0.000* 
BDF/SL 21.838 2 0.000* 
BAF/SL 12.821 2 0.002* 
BPc/SL 10.041 2 0.007* 

BPvF/SL 16.400 2 0.000* 
UJL/HL 6.399 2 0.041* 
LJL/HL 13.473 2 0.001* 

*p-value<0.05 
 
 
Table 5. The Kruskal Wallis H Test was tested 
for the truss network measurement of T. 
tambroides. 

Truss Chi-Square, χ2 df Asymp. Sig. 

Truss 1 29.835 2 0.000* 
Truss 2 27.153 2 0.000* 
Truss 3 22.613 2 0.000* 
Truss 4 29.447 2 0.000* 

A 

B 
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Truss 5 28.685 2 0.000* 
Truss 6 29.505 2 0.000* 
Truss 7 24.619 2 0.000* 
Truss 8 22.288 2 0.000* 
Truss 9 27.207 2 0.000* 

Truss 10 27.412 2 0.000* 
Truss 11 27.927 2 0.000* 
Truss 12 29.308 2 0.000* 

*p-value<0.05 
 
 
Table 6. Pooled within-group correlations 
between discriminant variables and 
standardized canonical DF based on both 
conventional and truss network measurements 
(variables ordered by absolute magnitude of 
the within-function correlation, *indicates the 
maximum correlation between each variable 
and the DF). 

Morphological 
features 

DF1 DF2 

BPcF 0.299* 0.020 
BDF 0.283* 0.074 
BAF 0.206* 0.065 
BPvF 0.178* 0.126 
LJLa 0.178* 0.117 

HPvF 0.038* 0.025 
Truss 12 0.091* 0.252* 
Truss 5 0.087* 0.227* 
Truss 1 0.086 0.222* 
Truss 4 0.080 0.204* 
Truss 6 0.082 0.195* 
Truss 7 0.065 0.178* 

UJLa 0.116 0.165* 
Truss 9 0.070 0.156* 
Truss 8 0.065 0.155* 

Truss 10 0.066 0.145* 
HPcF 0.061 0.139* 

Truss 3 0.055 0.120* 
HAF 0.054 0.104* 
HBD 0.032 0.103* 

PostOL 0.056 0.096* 
LBD 0.037 0.095* 

Truss 11 0.073 0.095* 
Truss 2 0.071 0.093* 

HD 0.039 0.093* 
HL 0.059 0.092* 

ProL 0.040 0.086* 
TL 0.040 0.080* 
SL 0.039 0.079* 

HDF 0.018 0.055* 
ED 0.037 0.042* 

 

 
 
Figure 5. Sample centroids of the DF scores 
based on conventional morphometric and truss 
network measurements. 
 
DISCUSSION 

Phenotype-based morphological features and 
meristic counts are widely used in fish biology to 
analyze dispersion and connectivity among various 
classes (Nishio et al. 2019). Fish body shape has 
been shown to be affected by environmental 
factors, and its plasticity is assumed to be adaptive. 
The phenotypic adaptations might lead to genetic 
variations in the population, phenotypic differences 
detection among populations generally does not 
serve as evidence of genetic differentiation. T. 
tambroides can be morphologically identified as 
having a long lobe character that is shorter than the 
other two Mahseers in Malaysia (T. douronensis 
and T. tambra) (Walton et al. 2016, Jaafar et al. 
2021). T. tambroides collected from Peninsular 
Malaysia tend to have two types of color, which are 
silver bronze, and reddish (Lim et al. 2021, Lau et 
al. 2022). In this study, fish specimens collected 
from Kuching, Sarawak were off-white to white 
while those collected from Tembat, Terengganu, 
and Karak, Pahang were reddish. Changes in color 
could be due to geographical isolation and 
ecological influences such as river pollution, 
deforestation, and watershed erosion in the 
headland and upstream rivers, leading to a rapid 
destruction of natural habitats for fish (Nath 2016, 
Kamarudin et al. 2017). 

Generally, the body shape of an organism is 
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affected by a combination of genetic and ecological 
factors (Husemann et al. 2017, Styga et al. 2019). 
It is well known that fish exhibit a large proportion 
of environment-induced morphological changes, 
and differences in ecological circumstances can be 
reflected in the phonetic attributes of fish 
populations (Shuai et al. 2017, Nishio et al. 2019). 
In this study, the body shape of two different states 
was different. This dominance exhibited by T. 
tambroides may be the result of its genetic 
properties (Chew et al. 2021). The previous study 
has reported that phenotypic and genetic 
differentiation may occur among the fish 
population, which may underlie geographical 
separation and management of different 
populations (Kamarudin et al. 2017, Chew et al. 
2021).  

In addition to this, the smaller body size 
exhibited by the two different populations 
compared to genetics may be due to the low quality 
and quantity of available feed. For example, the 
diet has been noted to alter fish body shape, as 
favorable food conditions lead to a deeper body 
shape in crucian carp (Shao et al., 2007). 
Furthermore, this situation can be exacerbated by 
the presence of predatory behavior, with some 
fishes preying on others. Predation pressure and 
habitat conditions can affect fish growth and 
survival. Most lakes and rivers are not single-
species sites, and changes in the fate of all species 
over time affect available food resources and 
feeding patterns, which can compromise predation 
risk (Domenici et al. 2008, Kodama et al. 2017, 
Lennox et al. 2021). Other than that, overfishing is 
one of the reasons for the seemingly small body 
structure of the fish. This is because the high price 
of T. tambroides meat has led to unrestricted and 
devastating fishing practices by locals and illegal 
fish thieves. Consequently, this practice has led to 
a decline in the population of the wild (Jaafar et al. 
2021). In addition to this, fish of different sizes may 
be due to the strong desire of communities in or 
around the fish's habitat to earn a living, which may 
lead to indiscriminate fishing activities. As a result, 
there is a tendency to catch most of the larger fish. 
A previous study reported that three Mystus 
species from three different regions differed in their 
overall length (Chakravorty, 2015). The 
morphological differences between wild and inbred 
populations were significantly greater than those of 
wild populations (Shao et al. 2007). Wild 
populations were captured directly from their 
habitat, while inbred populations spent their entire 
lives in laboratory conditions, which were markedly 
different from natural conditions. 

In addition, several studies have demonstrated 
the main role of the environment in morphological 
variation in a genetically homogenous fish 
population (Ryman et al., 1984; Kinsey et al., 
1994). Although the contribution of genetic 
variation to morphological variation is small, it may 
have some implications for individual habitat and 
dietary choices in nature, but this requires further 
investigation before any conclusions can be drawn. 
A previous study reported genetic differences in 
perch from the different lake areas, suggesting that 
perch have a certain genetic structure (Gerlach et 
al. 2001). 

In this study, the shape of Sarawak fish was 
slightly different from that of the ECPM. Compared 
to the ECPM, Sarawak fish has a wider head depth. 
This result can be supported by a previous study 
where differences between species were mainly 
derived from head measurements. The 
morphological features that can clearly differentiate 
genotypes, such as fin morphology, are of 
particular importance for assigning genotypes to 
different groups (Muchlisin 2013). The interactions 
among the three stocks differ according to the DF1 
and DF2 shown in Figure 5. Based on the DF1, the 
specimens have intermediate features between the 
ECPM stocks. As fish suppliers use the broodfish 
collected from the ECPM, the wild-caught 
specimen shows proximity to both stocks. The DF1 
has a higher percentage (93.1%) in the between-
group variability suggesting that DF2 could explain 
less variance among the stocks.  

CONCLUSION 
Morphological features could show significant 
differences between specimens. This study serves 
as a preliminary study on the morphological 
features of T. tambroides. The result of a 
morphometric study of T. tambroides in Sarawak 
and the ECPM revealed differences in their 
morphological features in terms of color and body 
shape, as geographic isolation could lead to 
variation in the morphological features of fish 
populations. In the future, more adult fish could be 
collected and used for more accurate data 
comparison. Apart from ECPM, it would be better if 
the targeted fishes are available and can be 
collected in other regions to have more research 
areas consisting of more samples, thus providing 
more data to collect. Therefore, the results that will 
be analyzed later will be more accurate. This 
information would be useful as a guideline in 
communities in fish conservation and fisheries 
management. More research, including genetic 
studies, is needed to identify population genetics 
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and the environmental effects on the morphometric 
parameters of T. tambroides. 
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