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Abstract

The introduction of invasive Cichla spp. was followed by the several reports regarding the decline
of local freshwater native species in Malaysia. The purpose of this research was to generate information
concerning the introduction history of Cichla spp. in Malaysia. Studies on genetic diversity and structure
provides the essential baseline data for monitoring and conservation of invasive species. This will help to
clearly understand the propagule pressure and genetic distribution of Cichla spp. in the invaded
freshwaters of Malaysia. A total of 61 samples of Cichla spp. were collected from 9 sampling location in
Malaysia for mitochondrial DNA (control region) analysis. Overall samples showed high genetic
diversity (Hd, 0.6700; z, 0.0254) and yielded 9 haplotypes resulted from different Cichla spp. present.
The maximum likelihood tree with strong bootstrap support revealed that Cichla spp. forms 3 clusters,
and confirmed to be C. monocoulus, C. occelaris and C. temensis. Except for Malacca populations, other
populations were largely dominated by either C. monocoulus or C. occelaris. The current study
suggesting that more than one introduction event of invasive Cichla spp. occurred in Malaysia.
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Introduction

The invasive Cichla spp. (peacock bass) is a highly predatory fish originated from the Amazon [1].
The peacock bass was first recorded in Perak, West Coast of Peninsular Malaysia in the early 1990s [2].
Since then, it has been reported and expands to different freshwater bodies across Peninsular Malaysia [3-
6]. Although the introduction was well intended by anglers, Cichla spp. are not considered as food fish in
Malaysia [7]. Hence, the species are now widely regarded as a threat to the native species in Malaysia’s
freshwater ecosystems. This was resulted from their high predation ability that may cause the drastic
decline of the native species’ populations [8,9]. The wild populations of Cichla spp. have been
established in various freshwater bodies of Malaysia such as Lake Telabak and Timah Tasoh Dam [6].
Yet, no record has been found concerning their invasion history, release events and genetic structure in
Malaysia. This is vital for a clear understanding of their establishment success and for taking the
appropriate management decisions. Genetic factors play a critical role in alien species to occupy a new
habitat and expanding their range [10].

Humans are the major vectors responsible for the introduction of non-native fish species into a
newly ecological habitat [11]. The need to anticipate which non-native species would turn invasive and
which native populations would be invaded is highly important [12]. Because invasive species have
continuously exerted ecological impacts and high economic losses toward the ecosystem [13,14].
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Consequently, a popular concept for the excellent prediction of the establishment success of invasive
species is required. Recently, the concept of introduction effort (propagule pressure) is proved to be a
useful tool for the estimation of invasive species establishment [15]. According to the Britton and Gozlan
[16], a propagule pressure can be explained as the number of individuals species release into a specific
area (propagule size) and their introduction frequency (propagule number). High propagule pressure
describes high immigration rates, large sizes of founder population and high genetic variability [17,18].
As such, the invasive species can overcome all dynamical processes and established.

Biological invasions with a documented history are relatively rare [19]. These includes lack of the
initial size of propagule, appropriate taxonomic classification and population dynamics which restrict
proper management plans and risk assessment of ecological impact [20]. For instance, it was discovered
that more than one introduction of a particular species (genetically different population) into the
introduced habitat may results to a high genetic diversity compared to single population [21]. The use of
molecular tools could be an efficient approach in reconstructing the history of the invasion, such as
evaluation of propagule pressure and hybridization with native species [20,22]. Utilisation of DNA
markers (mitochondrial and microsatellite) in the Neotropics has made it possible to genetically
characterise the invasion of the Cichla spp. into multiple watersheds in the South-Eastern Brazil [23-25].
These markers are continuously in use for the determination of propagule pressure and genetic diversity
for the invasion history of different non-native species [10,19,20,26-28].

The introduction of invasive Cichla spp. in Malaysia happened in the past 30 years. The
establishment of wild Cichla spp. populations is still progressing within the freshwater bodies of
Malaysia [6]. Tendencies for Cichla spp. to concur new habitats keeps increasing despite the ecological
vices related to them. This remarkable invasion has captivated keen interest from researchers. However,
information regarding the genetic diversity, structure and propagule pressure of these species has been
scarce. Genetic factors play a critical role for alien species to occupy a new habitat and expand their
range. Therefore, this study was aimed to clarify the genetic diversity of invasive Cichla spp. in Malaysia
through the molecular phylogenetic analysis of partial mitochondrial DNA (control region). The general
purpose of the current study was to provide a basic data regarding the introduction history of Cichla spp.
in Malaysia to aid the monitoring and conservation programs.

Materials and methods

Sampling

A total of 61 feral samples of the Cichla spp. were captured from 9 freshwater bodies across
Peninsular Malaysia from September 2018 to September 2020 (Table 1). All samples were captured by
anglers using a fishing rod and artificial bait. Approximately 1 cm of tail tissue was removed using
scissors and preserved in a sterile 1.5 mL tube containing 95 % ethanol. Figure 1 showed photos of some
Cichla spp. specimens collected from various location in Malaysia.

Table 1 Sampling area, habitat, code, coordinates, and number of individuals (N) on Cichla spp. collected
across Peninsular Malaysia.

Sampling area Freshwater body Habitat Code Coordinates N
Terengganuf Tasik Telabak Lake TTT 5°37'56.9"N 102°28'24.5"E 10
Pahangf Lombong Chendering Lake PLC 3°46'44.9"N 103°14'48.8"E 02
Perlis” Empangan Timah Tasoh Dam PET 6°33'57.5"N 100°13'02.7"E 11
Perak Tasik Raban Lake PTR 4°59'53.2"N 100°56'56.4"E 10
Selangoroo Tasik Prima Lake STP 2°59'42.6"N 101°36'08.5"E 10
Malaccaco Tasik Chinchin Lake  MTC  2°16'32.2"N 102°28'50.5"E 03
Malaccaco Tasik UiTM Jasin Lake MUJ  2°13'35.4"N 102°27'13.2"E 04
Johoreo Tasik Tanjung Laboh Lake JTL 1°44'47.2"N 102°59'24.9"E 04
Johoro Tasik Merdeka Lake JT™M 1°52'47.7"N 102°56'41.8"E 07

tEast Coast Peninsular Malaysia (ECPM); {West Coast Peninsular Malaysia (WCPM); ooSouthern
Peninsular Malaysia (SPM); *Northern Peninsular Malaysia; Tasik (Lake); Empangan (Dam)
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Figure 1 Photos of Cichla spp. specimens collected from sampling location of Peninsular Malaysia. A
Tasik Raban; B Tasik Prima; C Tasik Telabak; D Empangan Timah Tasoh; E Tasik Chinchin, and F
Tasik UiTM Jasin.

DNA isolation, amplification, and sequencing

The total genomic DNA of Cichla spp. was isolated using Favorgen DNA extraction Kit (Favorgen
Biotech Corp., Ping-Tung 908, Taiwan) by following the manufacturer’s instructions. The partial control
region of mitochondrial DNA (mtDNA) was amplified using the forward primer tPro2 (5’ACC CTA
ACT CCC AAA GC3’) [29], and reverse primer HN-20 (3’GTG TTA TGC TTT AGT TAA GC5’) [30].
The PCR was performed using Veriti 96 Well Thermal Cycler (Applied Biosystem, California, USA) in
25 pL reaction volume containing 18.2 pL sterile distilled water, 2.5 pL Taq buffer, 2.0 uL dNTP Mix
(2.5 mM), 0.5 pL of each primer (10 uM), 0.3 puL of 5 unit/uL Taq polymerase (TaKaRa) and 1 pL
template DNA (1 - 50 ng/uL). The PCR started with an initial denaturation step at 94 °C for 3 min,
followed by 35 cycles of denaturation at 94 °C for 30 s, annealing at 52 °C for 45 s, elongation at 72 °C
for 90 s and then a final extension at 72 °C for 5 min.

The agarose gel electrophoresis separated the samples through 2 % of agarose gel in 1.0 X TBE
using gel red. Electrophoresis was run at 100 volts for 40 min. The gel was photographed and visualized
using Luminescent Image Analyzer LAS-1000plus v.2.0 (Fuji Photo Film Co. Ltd., Tokyo, Japan).
Immediate sequencing of the amplified fragments was done by Apical Scientific Sdn Bhd. It was carried
out using BigDye™ Terminator Cycle Sequencing ready reaction Kit 3.1 (Applied Biosystems) following
manufacturer's instructions, using primers tPro2 and HN-20 to sequence both strands. The sequencing
products were analysed using an ABI Prism 3730x1 Genetic Analyzer (Applied Biosystems).

Data analysis

The sequences were aligned and edited using GENETYX v9.1.3 in multiple sequence alignment
programs. The nucleotide composition and number of variable sites were determined using DnaSP v6
[31]. Population structure and genetic variation were analysed using ARLEQUIN v3.5 (CMPG,
University of Berne [32]. Genetic diversity in each population was measured as haplotypic diversity [33],
and nucleotide diversity [34]. The level of genetic population differentiation was tested using analysis of
molecular variance (AMOVA) as implemented in ARLEQUIN v3.5 [32], using the genetic distance
matrix to estimate the components of variance that are attributable to differences among groups, among
populations within group and within populations. we considered sampling location as population, while
the populations were grouped into 4 geopolitical zones of Peninsular Malaysia (west, east, north, and
south). Two neutrality tests were examined: Tajima’s D [35], and Fu’s Fs [36], as implemented in
ARLEQUIN v3.5 [32]. These tests were used to evaluate the neutrality of the investigated sequences to
find out if populations are deviated from genetic equilibrium, population expansion or bottleneck.

Genetic differentiation between populations were tested by pairwise comparison Fsrwith Slatekin’s
and Reynold’s distances with 1,000 permutations as implemented in ARLEQUIN v3.5 [32]. The Fsr
provide view of both variance structure of populations, and overall comparison of the degree at which
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populations are structure. Zero value of Fsr shows lack of structure and differentiation in population
while, when Fsy= 1 meaning that population is completely differentiated. Phylogenetic and molecular
evolutionary analyses were conducted using MEGA v.7 [37]. A neighbour-joining tree of the haplotypes
was constructed on the model of the Kimura 2-parameter and evaluated with 1,000 bootstrap replicates to
obtain the evolutionary history of peacock bass haplotypes [37]. All positions with gaps and missing data
were deleted from the dataset. The sequence of Oreochromis niloticus (MF385002) was included in the
construction of phylogenetic tree as an outgroup. Additional sequences of Cichla spp. (from native
populations) were retrieved from NCBI for phylogenetic comparisons.

Results and discussion

Sequence polymorphism

Electrophoresis gel showed a good quality and successful amplicons extracted using control region
of mitochondrial DNA region (Figure 2). A total of 61 sequences (875 base pair) of control region
fragments of Cichla spp. mitochondrial DNA were obtained after deleting both primer ends. Among 875
sites, 755 were invariable (monomorphic) sites and 105 were variable or polymorphic sites (4 singleton
variable sites and 101 parsimony informative sites) and 15 gaps (Table 2). The sequences from all
samples yielded 9 haplotypes (Table 3). Haplotype 1 was the most common haplotype (54.10 %) found
in all sampling location except for Tasik Chinchin and Tasik UiTM Jasin in Malacca. In addition, 5
distinct haplotypes (*#) were obtained from Tasik Prima (3*h), Tasik UiTM Jasin (1*h) and Tasik
Merdeka (1*h). No mutations observed in the sequences of Tasik Telabak, Lombong Chendering, Tasik
Chinchin and Tanjung Laboh sampling sites.

The overall haplotype diversity (Hd) and nucleotide diversity (z) of 61 sequences tested were
0.6700 and 0.0254 respectively for genetic diversity of peacock bass. The highest haplotype and
nucleotide diversities were detected in Tasik Prima (Hd, 0.6667; =, 0.0037), followed by Empangan
Timah Tasoh and Tasik Raban (Table 4). The zero values for Hd and = in Tasik Telabak, Lombong
Chendering, Tasik Chinchin and Tanjung Laboh occurred from lack of variable sites observed in their
sequences. Both neutrality tests of Tajima’ D and Fu’s Fs shows no significance deviation from neutrality
in all sampling locations (p < 0.05).

Sampling site differentiation

AMOVA results based on the sampling locations indicated that genetic variation clearly appeared
among populations (96.2 % of variance attributed to Fsr = 0.966, p < 0.05), which can support the strong
genetic differentiation in our samples (Table 5). The pairwise comparison Fsr value of population
differentiation further showed significant difference on Malacca population (Tasik Chinchin and Tasik
UiTM Jasin, (p < 0.05, Table 6). A phylogenetic tree provided further confirmation of existence of the 3
clusters among the haplotypes (Figure 3). The separation of the 3 genetic clusters is also apparent on the
Neighbor-Joining Tree.

Cichla spp. PCR products

Figure 2 Agarose gel electrophoresis (2 % agarose) showing PCR products of 20 Cichla spp.
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Table 2 Sequence variations of 9 haplotype in mitochondrial DNA control region of 61 samples of Cichla

spp., the numbers represent the nucleotide position.
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Haplotype Haplotype

19 * « T « T T C C - 629 G . . e A A -
193 G e« « o« o o T T o 631 A . . - G G -
195 T « « o o « C C - 632 C . . e T T -
200 C ¢ ¢ o o o T T . 633 A - G G G G -
203 T e « « o « C C - 641 G . . c A A
206 T  « « « « G G - 642 G . . c A A
207 7 e e e e o A A e 643 A . . - G G -
212 G o o e e« e« A A e 651 G A e . . . .
215 C = o o o« G G - 687 G . . e A A -
232 A e o e o« G G - 700 A . . - G G -
235 7 e+ e e e« C C 706 C . . e T T -
237 C o o o o o T T o 766 T . . - C C -
242 C o o e e o T T 771 T . . - C C -
243 T o o o o« A A 777 C . . e T T
247 T +« = C C C C C - 813 C . . e T 7 .
2600 A o o o o o G G - 820 C . . e T T -
260 C o o e e o T T 823 G . . - A A
264 T o o o o o C C 825 7 . . - A A
24 A + G G G G G - 827 G . . e A A
280 C o o e e o A A 835 G . . e A A
283 G ¢ o e e« e« A A e 841 T . . . e« A e
286 T o o ¢ o o« A A

VR, variable site; Dot (*) Represents the identical nucleotide with the reference haplotype (Hap-1), *Gap

Table 3 Detected haplotypes of Cichla spp. and their percentage distribution from 9 sampling locations in

Malaysia.
Sampling location

Haplotype TTT PLC PET PTR STP MTC MUJ JTL JTM N %N
Hap-1 10 2 5 5 1 5 5 33 54.10
Hap-2 4 6 10 16.39
Hap-3 1 1 2 3.28
Hap-4" 1 1 1.64
Hap-5" 1 1 1.64
Hap-6" 6 6 9.84
Hap-7 3 3 6 9.84
Hap-8* 1 1 1.64
Hap-9" 1 1 1.64
Total 10 2 10 11 10 3 4 5 6 61 100

*Distinct haplotype; %N, percentage number of samples in a haplotype; TTT, Tasik Telabak; PLC,
Lombong Chendering; PET, Empangan Timah Tasoh; PTR, Tasik Raban; STR, Tasik Prima; MTC, Tasik
Chinchin; MUJ, Tasik UiTM Jasin; JTL, Tasik Tanjung Laboh; JTM, Tasik Merdeka
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Table 4 Nucleotide sequence data of 9 sampling sites based on partial fragments of the mitochondrial
DNA (control region) haplotype diversity, nucleotide diversity (mean = SD) and neutrality test.

SL Noh m Hd Tajima’D T;jgzl;z,el) Fu’s Fs II:I\:;le
TTT 1 0.0000 0.0000 0.000 1.000 0.000 NA
PLC 1 0.0000 0.0000 0.000 1.000 0.000 NA
PET 3 0.0009 0.6444 0.272 0.755 —0.046 0.408
PTR 2 0.0006 0.5455 1.442 0.933 1.137 0.653
STP 5 0.0037 0.6667 —0.420 0.3560 0.950 0.693
MTC 1 0.0000 0.0000 0.000 1.000 0.000 NA
MUJ 2 0.0006 0.5000 —0.612 0.380 0.172 0.373
JTL 1 0.0000 0.0000 0.000 1.000 0.000 NA
JTM 2 0.0004 0.3333 —0.933 0.355 —0.003 0.259

No significant Tajima’s D p-value and Fu’s Fs p-value observed in the neutrality test, showing that all
sampling sites were in genetic equilibrium, SL, sampling location. See Table 1 for the abbreviation of
sampling location

Table 5 Analysis of molecular variance (AMOVA) of mitochondrial DNA (control region) nucleotide
data of 9 sampling location in Peninsular Malaysia.

ig:il:teio(;lf df ssquulgrzz Variance component :fe::;i?;gﬁfl FsrValue
Among groups 2 216.7 0.05759 0.40 0.96619"
Amv‘v’xﬁiﬁogﬁﬁf;on 6 518.3 13.85375 96.2
Within population 52 253 0.48674 34
Total 60 760.4 14.39808 100%
*Significant level (p < 0.05)
Table 6 Pairwise comparison Fsr value of population differentiation.
TTT PLC PET PTR STP MTC MUJ JTL JTM
TTT -
PLC 0.00000 -
PET 0.37037" 0.07609 -
PTR  0.48478" 0.23345  —0.08313 -
STP 0.71242" 0.53092  0.67502"  0.69670" -
MTC  1.00000" 1.00000  0.99457°  0.99600° 0.97121" -
MUJ  0.99890" 0.99669  0.99393"  0.99530"  0.97250"  -0.09091 -
JTL 0.00000 0.00000 0.25764  0.38202  0.63118"  1.00000" 0.99811" -
JT™M 0.09091 —-0.30435  0.25513  0.35750" 0.64172* 0.99790" 0.99651" —0.03448 -

*Significant level (p < 0.05) With the Sequential Bonferroni Correction; See Table 1 for the Abbreviation
of Sampling Location
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Figure 3 (A) Neighbor-Joining tree showing phylogenetic relationships among 9 haplotypes of Cichla
spp. inferred from partial mitochondrial DNA sequences (control region). A distance matrix was
calculated using the Kimura’s 2-Parameter model in MEGA v7. The data set was bootstrapped 1,000
times, and the appropriate bootstrap values were placed on each branch. (B) Distribution of the 9
haplotypes of Cichla spp. in accordance with sampling sites, and percentage distribution of each
haplotype

Genetic diversity of Cichla spp.

The genetic constitution of an invasive species mutates from its native to non-native ranges which in
turn can lead to the differences in genetic diversity distribution within and between populations [38].
Nucleotide variations in the mitochondrial DNA sequences in the current study describe the possibility of
multiple introductions of invasive species. The number of polymorphisms (120) and haplotypes (9) were
high among the invasive Cichla spp. studied, which suggests high propagule pressure. Our results
disagree with other studies where low genetic diversity was observed among the introduced Cichla spp.
populations [1,25]. In these studies, the Cichla spp. were mainly introduced and expand through river
canals routes. In contrast, anglers are the main agents that promote the introduction and increase releases
of Cichla spp. for quenching their catching desire in Malaysia [7]. Therefore, more variations are
expected to occur among the species introduced artificially compared to those arrived accidently.

Although a single introductory event involving many individuals can lead to the emergence of
multiple haplotypes in the population [39]. Hence, too much angling pressure could be a reason for the
number of haplotypes found in Tasik Prima (Selangor), Empangan Timah Tasoh (Perlis) and Tasik Raban
(Perak). In Malaysia, Perak and Selangor are hotspot areas for tourist and anglers [7], which may
probably increase the chances of Cichla spp. recurrent event of new introduction. A widely distributed
Haplotype 1 might be initially begun with population from Perak (first introduction location), where they
certainly expand (transmitted via anglers) and established into the various freshwater bodies across the
country. For instance, capturing many juveniles and matured Cichla spp. in Tasik Telabak revealed the
high reproductive success of Cichla spp. [9]. The high haplotypic diversity in the Tasik Prima, which
included 2 clusters suggest that the lake may have served as an aquatic refuge for Cichla species in
Peninsular Malaysia.

Genetic structure

Studies on population structure provides the essential baseline data for monitoring and conservation.
In fact, understanding population genetic structure and diversity within invasive species is crucial for
determining their capacity to respond to local selection pressures in non-native ranges [40]. The 3 clusters
earlier identified in Figure 2 are representing 3 species of genus Cichla. Phylogenetic tree constructed
with the native haplotypes showed that cluster-3 belong to the C. temensis, whereas both cluster-1 and
cluster-2 have fallen within the range of similar species and therefore considered as C. monocoulus
(Figure 4(A)). However, cluster-2 appeared to be closer to the 3 complete mitochondrial DNA sequences
of C. occelaris added to the phylogenetic tree (Figure 4(B)). Interestingly, the whole Cluster-2
haplotypes (C. occelaris) and 3 added sequences were also interwoven inside a C. monocoulus clade. This
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ambiguity might possibly be resulted from high sequence resemblance or hybridization between the
Cichla spp. present in Malaysia (see Figure 1).
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Figure 4 Molecular phylogenetic analysis by Maximum Likelihood method showing phylogenetic
relationships among 9 haplotypes of Cichla spp. (Malaysia) and those obtained from GenBank. A
distance matrix was calculated using the Kimura’s 2-Parameter Model in MEGA v7. The data set
bootstrapped 1,000 times and the appropriate bootstrap values were placed on each branch. (A)
Displaying Malaysia’s haplotypes matching to only C. monoculus and C. temensis. (B) Tree constructed
in Figure 4(A) with 3 additional complete mitochondrial DNA sequences of C. ocellaris.
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Even though, cluster-1 haplotypes exhibited more closeness to the C. monocoulus however,
previous identification of Cichla spp. in Tasik Telabak through mitochondrial DNA (COI) barcoding
marked the specimens as C. ocellaris with 99.72 % similarity index [6]. At the same lake also,
Sastraprawira et al. [41], claimed that Cichla spp. specimens captured during their experiment were C.
kelberi with 92 % similarity index (using COI). Though the latter authors concluded the argument as less
conclusive due to the small sample size obtained in their study [41]. In fact, the number of Cichla spp.
samples (40 specimens) used in by the former study were strongly enough to conclude peacock bass
identity [6]. Perhaps, species identification using DNA barcoding method is possible and proven to be
successful even with only single specimen [42].

For instance, Willis et al. [43], in Brazil discovered that C. ocellaris from the Cuyuni River
displayed haplotypes are having more characteristic of C. temensis, whilst C. temensis from the Guri
Reservoir on the Caroni River displayed haplotypes are having characteristic of C. orinocensis. The
authors explained that these alleged hybrids were either sympatric with members of the donor species or
lived near the locations where they were discovered. However, the mitochondrial DNA (maternal only)
analysis could not detect the incidences of hybridization in the present study. Hence, our priority focuses
more on the genetic diversity and introduction events of these species. Similarly, earlier report showed
that C. monoculus sensu stricto for being a sister group with C. ocellaris sampled from the Maroni in
French Guiana [44]. Based on the present finding, C. monocoulus and C. occelaris are the main Cichla
spp. that have invaded the entire freshwater bodies examined except for Malacca state where only C.
temensis existed. Deliberate introductions by local anglers seem to be the main explanation for the
expansion of these species in Malaysia [7].

Implication of high genetic diversity of Cichla spp.

Invaders have a superior ability to exploit local resources when compared with native residents [25].
Considering the invaded environments (such as lakes and dam) which can rapidly change received an
invasive species, preliminary features and adaptations of native species may no longer be favourable. In
such cases, native organisms may become “locked” by evolutionary responses, unable to quickly adapt
and compete with invasive species, leading to decreased survival and eventual extinction of native species
[45,46]. Despite the small genetic data set generated in the current study, our findings suggest that
populations of Cichla spp. in Malaysia have a reasonably high diversity and admixture of individuals with
different haplotypes. This is favourable for increasing the individual fitness and may contribute to the
invasion success. In contrast, Cichla’s invasive ability appeared to be unaffected by the low genetic
diversity in non-Amazonian rivers of Brazil [25]. The authors suggested that the prey naiveté and super
competitive ability could be the possible factors making the Cichla spp. to be highly invasive. Since there
is a lack of information regarding the invasive Cichla’s diversity, for future there is need for meta-
analysis method. Meta-analysis is well-known as the quantitative method to critically evaluate the
importance of relatively study [47].

Conclusions

Even though the pathways of Cichla spp. introduction into Malaysia are still not fully clear, the
current study’s findings provide new and more reliable information on genetic diversity and stocking
events of this species. This is particularly true when the haplotype distribution patterns are examined
alongside the first Cichla spp. records in the Perak area. Considering the high dominance of haplotype 1
and the earliest record of Cichla spp. introduction (early 1990s) among the invasive populations studied,
there is clear evidence that the first translocation of Cichla spp. occurred in Perak location. In addition, 3
genetically distinct clusters of Cichla clearly indicates that more than one Cichla introduction event
occurred in Malaysia). The C. monocoulus or C. occelaris and C. temensis are the main Cichla spp.
discovered in this study. However, further study on nuclear DNA such as microsatellite and minisatellite
is required to access the possible hybridization of Cichla spp. in Malaysia.
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