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Abstract— Biodiversity study on Puntius has been conducted in West Sumatera using a molecular technique. From the genetic
analysis using the sequence of CO1 gene, the study discovered: (1) A new record species of Puntius in Diatas Lake, Batang Lembang,
Batang Gumanti, Muara Pingai rivers (located in the eastern part of the Bukit Barisan mountain range) which is Barbodes binotatus
banksi or B. banksi. (2). A new recordof subspecies in Maninjau Lake and its tributary (located in the western part of the Bukit
Barisan mountain range) which is Barbodes banksi maninjau. (3) A new record of subspecies in Batang Kuranji, Batang Katik,
Batang Tarok and Lubuk Paraku rivers (located in the western part of the Bukit Barisan mountain range) which is Barbodes banksi
kuranji. The results of this study add the evidence that the presence of Bukit Barisan mountain range in Sumatra Island contributed

to genetic diversity, evolutionary process and speciation mechanism of freshwater fish in Sumatra. It is important to pay attention to
the development of district or area in Sumatra.
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among them (Roesma, 2017 unpublished). To explore the
[. INTRODUCTION taxonomy ofP.cf. binotatus in West Sumatera and others
locations, an analysis was performed using the Cytochrome
eoxidase subunit 1 (CO1) gene.
Here, we used COIl DNA sequences to associate field
collected fish ofP. cf. binotatus with other that have been

and Hypsibarbus, have used by researchers as the genericObKJlined by othefs_authors. The barpode region of the COI
names although these have not been accepted [2], [3], [ 4]gene chosen, as it is a conserved region of the gene and there

The genus Puntius contained some 120 valid species an(izs already information for its use [11]. This particular part .of
suspected to be polyphyletic [5]. It is commonly known as DNA_ has been ShOV_V” tlo ble Very gc;]od fﬁr separating
Silver Barb or Spotted Barb and one of the most importantSpec';]n?nS atlza sggme; e"vfm_er:’?” w len there is cryptic
commercial fish for food and freshwater-aquarium [6], [7]. morpnology [12], [ Iy ] ICh 1S NO 1€SS |mportant IS
P. binotatus, the most widely distributed and perhaps that it already exists an international Consortium for the

most variable species Blntiusin Southeast Asia [8]. It is a Barcode of Life (CBOL).' and data collected_ by various
native fish of Sumatra, Java and Kalimantan wates. collaborators deposited in the Barcode of Life Database

binotatus is a benthopelagic species that occur live in (.BOLD) system [15.]' Thg data SEIVes as a useful_ reference
medium to large rivers at an altitude of 0-2000 meters aboveIIbrary to further identify to a particular species. . It
sea level [4]. In the IUCN Red List, this species with emphasized that the DNA barcode sequences are allowing us
X ! fo diagnose taxa through phylogenetic analysis [16]. There
were two primary goals of this study. The first to analyse the
Sgenetic relationships ifPuntius in West Sumatra and the
second to collect the barcoding data of Cyprinids from

eSumatra.

The genus oPuntius in the Indonesia waters consists of
19 species [1].The generic name of Puntius was mad
familiar by Hamilton in 1822. Later several synonym names
like Barbonymus, Barbus, Barbodes, Systomus, Capoeta,

Concern due to its wide distribution, ability to occupy some
habitats and the lack of any known major widespread threat
[9], [10]. Morphological studyof P.cf. binotatus from
several locations in West Sumatra showed that there wer
differences in morphological characters between samples
from the highlands, middle and lowlands [10]. The results of
the analysis orP.cf. binotatus in West Sumatra using the
cytochrome b gene estimated that there are cryptic species
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[I. MATERIAL AND METHODS and the most powerful products selected for sequencing in

MacroGen USA DNA Sequencing Laboratory.
A. Sample Sources and DNA Extraction

The samples used in the study obtained from severa
populations. Maninjau Lake (4 individuals) and its tributary ~ Partial CO-1 gene sequences of 52 samples examined.
(Asam River) (2 individuals), Diatas Lake (2 individuals) Twenty-four of them were new sequences from Lakes and
and its outlet (Batang Gumanti river) (2 individuals), Batang rivers populations in West Sumatra, and the rest were
Lembang river which is an outlet of the Dibawah Lake (4 extracted from Gen Bank, included for out-group species
individual). Populations from other waters which has no (Table 1).
connection to the lakes also included. They were populations DNA sequences (R and F) were assembled and edited by
from Batang Kuranji river (3 individuals), Batang Tarok visual examination of electro phenograms with (DNA STAR
River (1 individual), Batang Katiak river (3 individuals) and program) [21]. DNA sequences of P.cf. binotatus from West
Lubuk Paraku rivers (1 individual) (Fig. 1) Sumatra compared with observing the similarity DNA
sequences in GenBank NCBI http://blast-
nchi.nim.nih.gov/Blast. All of them aligned with CLUSTAL
X program [22]. Nucleotide sequences of individuals and
sites at which they differed were compared and identified
with DNA Sequence Polymorphism 5.10 program [23].
Genetic distances between pairs of populations computed by

IC. Data Analysis

Legenda
\| Field Coliection

e applyi_ng the Kimura 2-parameter (K2P) model of sequence
G Bnbind Lok e evolution from MEGA 6.0 program [24].
Y S Coenscii The phylogenetic tree recovered according to the
M gP‘ i Ri . B FRI
| "o o ok Mk i distance-based neighbour-joining methods (NJ) [25],
| ¥ s g ok maximum parsimony (MP) and maximum likelihood (ML).
A R The statistical significance of branching orders or
120720909 C A LA O N T weisuma phylogenetic confidence assessed by the bootstrapping
Fig. 1 Sampling areas resampling technique (1000 replicates data sets). All

phylogenetic analyses were performed using MEGA

The samples collected with cast-nets and backpackgyfyare [26]. Phylogenetic trees were visualized using Tree
electrofishing gear (12 Volt) apparatus following standard ysia,y program.

procedures [17]. Sampling at each location done for
approximately one hour. A piece of the tissue sample used
for molecular analysis stored in an Eppendorf tube that
already contains 96 % ethanol PA. Individual samples were Partial CO-1 gene sequences of 52 samples examined.
preserved with formalin 10%. All specimen were preserved Twenty four of them were new sequences. Out of 650-655
in 70% ethanol after which they took to the laboratory at bp necessary taxonomic sequence length, it was able to get
Andalas University in Padang. Identifications based on the564 bp from a total of them. The sequence analysis revealed
principal keys for freshwater fishes [18], [19], and [1] average nucleotide frequencies as A 27.3%, C 27.3%, T
DNA extraction performed on tissue following the 29.4% and G 16%. These value of base composition were
standard protocol Kit INVITROGEN PureLinkTM Genomic similar to observations reported in other studies of CO1 in
DNA Mini Kit. The quality and the approximate yield of different taxa of Cyprinids [27]. The A+T content (56.7%) in
DNA determined by electrophoresis in 1% agarose gelthis study higher than G+C (43.3%). The characteristics of
containing ethidium bromide ran a 90V for 30 minutes and gene base compositions in all vertebrate classes have A and
visualized under UV light. T greater than G and C [28]. Base composition calculated
across all sample for 1st, 2nd, 3rd + Noncoding and the
B. Polymerase Chain Reaction (PCR) and DNA Sequencing evolutionary analyses conducted in MEGA 6. In general,

The analysis was targeted to the 5' region of the co-1 the formation of nucleotides T, C, G and A of each genus is

gene. The sequence was amplified with forward (FishFl:aImOSt the same (data not shown). It shows the stability of
5 TCAACCAACCACAAAGACATTGGCAC3),  reverse the base composition of the group of taxa as one of the

(FishR1:5 TAGACTTCTGGGTGGCCAAAGAATCAS)) characteristics of CO1 gene. Considering a total of 564 bp
primers [20]. Double-stranded templates were amplified in a(characters) for analysis, 350 bp (62.05%) were conserved

; - ites, 214 bp (37.95%) were variable sites including 187 bp
total 25 pl PCR reaction using Research PCR EppendorfTMSI ] i
thermoc;t:ler. The cycle garameters were: the initial (87'38%) were parsimony sites, and 27 bp (12.62%) were
temperature at 95 °C (2.0 min): 35 cycles of denaturing 940Csmgleton sites. Klmu_ra two-parameter method was used to
for 0.5 min; annealing 54°C fo} 0.5 min: extension 72°C for the calculated genetic distance from CO1 sequences. The
1 min: final extension 72°C for 10 min. PCR products 2verage pair-wise sequence divergence between all samples
visualized on a 2% agarose gel with ethidium bromide of P.cf. binotatus in West Sumatra was 0.0%-8.3%.

staining. The PCR products visualized on 2% agarose gels

Ill. RESULTS ANDDISCUSSION
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TABLE |

LIST OFFRESHWATERFISH SPECIESBARCODED ALONG WITH GENBANK ACCESSIONNUMBERS

No.| Family Genus Species Location | Accession No.
1 P. binotatus Lampung JQ665834
2 P. binotatus Malaysia JN646096
3 P. banksi Malaysia JF781235
4 P. sophore India JX983465
5 Puntius P. denisonii India HQ176003
6 P. orphoides JF915642
7 P. sarana India EU417805
8 P. sarana India JQ667570
9 P. sarana subnasutus HE664122
10 B. binotatus West Java KT960749
11 B. binotatus Middle Java | KU692321
12 Barbodes | B, hinotatus East Java KT960756
3. . B. binotatus Malaysia KT001028

Cyprinidag - -

14 B. binotatus Thailand KP263421
15 S sarana India JX983454
16 Systomus | S sarana India KJ476776
17 S. orphoides Thailand KP263417
18 B. matthesi Afrika KR153301
19 Barbus B. camptacanthus Afrika HM418123
20 B. callipterus Afrika HM418124
21 B. brazzai Afrika KT193523
22 B. schwanenfel dii Malaysia KT001008
23 B. schwanenfel dii Laos JQ346171

Barbonymus -

24 B. altus Afrika KU568767
25 B. gonionotus Philipina HQ682667
26 Rashora R. daniconius India JX983478
27 Danio D. choprai Myanmar KX852477
28 |Botiidae |Botia B. rostrata China KM610433

The phylogenetic tree constructed by combining cluster | should be the species of different genera at the same
Maximum Likelihood (ML), Neighbour-joining (NJ), Family with the members of cluster Il. All thB.cf.
Minimum Evolution (ME) and Maximum Parsimony (MP) binotatus in subcluster 1, 2 and 3 of the first group have
methods to see the relationship betw@entius species in 11.6% -13.5% sequence divergences Ro binotatus
West Sumatra an@untius from other regions (Fig. 2.). A Malaysia. Therefore, with the references of [20], [8], [29],
total of 21 species (in-group and out-group) with a total of [30], assigned alP.cf. binotatus in the subcluster 1, 2 and 3
52 sequences were analysed. Each in construction with af the first cluster a$. binotatus becomes incongruence;
confidence level bootstrapping 1000 times using the MEGA they should be from different genera.

Program 6 [26]. Based on the tree constructed with the four In the first cluster of the tre®. binotatus Malaysia with
methods from 52 sequences analysed, two main clustershe accession number JN646096 is the common ancestor of
were obtained, supported by highly bootstrap values, P.cf. binotatus group from West Sumatra and two others
96/97/96/96 for ME / NJ / ML / MP respectively. Each of Puntius (P. banks Malaysia with accession number
them consists of four subclusters. All clusters are rooted inJF781235 ané. binotatus Lampung with accession number
the out-group Rasbora daniconius, Danio choprai, and JQ665834). In NCBI list Classification of the organism, both
Botia rostrata). of P. binotatus from Malaysia and Lampung (South of

From the whole tree, it can observe that cluster | separatedsumatra) record aBarbodes binotatus. Furthermore, P.
from cluster Il (which consists oBarbus, Barbonymus, banks assigns a8. banksi with a synonym oP. binotatus
Puntius and Systomus) with the sequence divergences 12.5% banksi (B. binotatus banksi) [31]. Because of the sequence
-23.6%. The results show that there are four genera in clustedivergence between two main clusters were 12.5% -23.6%,
II although there is still an unclear separation between assigned oP. binotatus from Malaysia and Lampung and P.
P.serana andS. serana as well as betweel. orphoides and banksi from Malaysia asB. binotatus and B. banksi
S orphoides. Based on [20], [8], [29], and [30] that value respectively were strongly supported.
of sequence divergences has already shown that members in
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Punfivs cf. binofafus Diatas Lake

Funtius ct. binotalus Batang Lembang Riwver
Punfius of binotatus Diatas Lake

SWSIET | puntivs of binctatus Batang Gumanti River

Funtius cf. binofaius Batang Lembang Hwver
E0/62/80 | Punfius of. bincfatus Batang Gumanti River

FPunfivs of. binolalus Balang Lembang River

B9/E8 0/

gayaasaq | Funtivs ot binolatus Muara Pingal River
T2 RETQIFIiI

Puntivs cf. bimofatus Muara Pingai River Subcluster 1

Shrear M buntivs of. binotatus Datamg Lembrang River

Puntius banksi Malawsia

Barbodes binotafus West Java
DI S2/93
Carbodes Dinolafus Central Java

Barbodes Dinotaius EastJava

A4R/A3AIST

Barbodes birofatus Malaysia
57/5TISTIA1 —
1 98/98/98/93 Barbodes binotatus Thailand
Funtius of. binctatus Dusun Fantas Maniniau Lake Cluster 1

Puntius cf. binofafus Koto Kaciak Maninjau Lake
100/100/1 004100 | Punbivs of. binofafus Dusun Pantas Maninjau Lake
i} . i - imnj
TATIOT 13r10/1301g| FUnbivs cf. binotaius Muko-FMuko Maninjau Lake
15015715715 Puntivs of. binofafus Asam River, Maninjau
52/49/52 - Puntius of. Binofatus Msam River, Maninjau

Subcluster 2

FUnNOuS DINOTaIuSs Lampung
Puntivs of Binofatus Batang Kuranji River

G6/G6/66 | o nsiue of. binotatue Batang Kuranji River
6R/TO/E8/41
QE/ATIAEIDE Punifivs cf. Birnolalus Balang Kuranji River

Punifiss of hinofaties Batang Tarok River

100 10091005100 Subcluster 3

Purntius of. binofatus Batang Katik Riwer
. HPuntius cf. binotatus Batang Katik River
B5/65/65
Funtiws cf. binotatws Batang Katik River

Punitius f. binotatws Lubul Paralku River
Funtius binotatws Malaysia Subcluster 4

54/5 ?.rz.d.r(,‘sl Barbus matfhesi Afrika
BA/ES/84/9T Barbus campiacanthus Afrika

4I— Barbus callipferus Aliika
B83/864/853/99 Barbus brazzai Afrika

FEITATEIAS /100108 Puntiva orphoides:
Syslumus vphroides Thailzand

4474 2/a4/41

Subcluster 1

26/25/26/41]

78 /747693~ Punfius sarans India
93/98/98/97 —[

Puntics sarans India Subcluster 2 Cluster 2

100997100099 Swystomus sarana India
ALfAESAR 51 R T =T Punfius sarmna subnasoties
aF/a7/aT/a9 | Sysfomus sarana India

Furitius sophore lndia Subclustar 3
1;i.r-l;i-'-‘l-:l Puntivs germsomi india

AZFr39ia2

Barbonymuwa gorionofus Philipina

94/94/84/90 | l e L e D b Subcluster 4
BO9/90/ BG5S Barbonymus schwanenfeldii Malaysia
10041 0S1001 D0 Barbonymus schwanenfeldsi Laos

Rasbora danicomus India

Pamo chopras Miyanmar Oudgrous
EBofia rostrata China

Fig. 2 The phylogenetic tree based on COI gene with bootstrapping 1000 (ME/NJ/ML/MP)

In the first subcluster?.cf. binotatus from Diatas Lake, separated from each other by 1.08 miles distance. According
Batang Lembang, Batang Gumanti, Muara Pingai rivers to Katili [32], as an active area, the Bukit Barisan mountains
have the sequence divergences 0.00%-0.04% between themange stretching from North to South of Sumatra Island
and 0.9%-1.3% toP. banks from Malaysia. The always experience by volcanic tectonics. Such geologic
bootstrapping value between these two groups is high,dynamics may form specific gaps at certain times. It was
99/99/99/99 for ME / NJ / ML / MP respectively. The table possible that Diatas and Dibawah lakes concatenate in the
of percentage of sequence divergence with Pairwise Genetigpast. Thus, the genetic mixing of species located two
Distance does not show in this article. Based on the scores o$eparate regions within a distance may be occurring at any
averagep-distances for compared fish groups [20], [8], [29], given time so that the genetic similarities between the two
[30] the value of our analysis sequence divergencespopulations can maintain. Batang Lembang river (through
concludes that all of th.cf. binotatus in the first subcluster ~ Batang Sumani river) is one of an inlet of Singarak lake
should be 8. banksi, and this is the first record for Sumatra. beside Muara Pingai river. Therefore we can conclude that

As stated earlier, Batang Lembang River is an outlet of the populations oPuntius in the first subcluster (excluded
the Dibawah Lake while the Batang Gumanti River is an banks from Malaysia) are sympatric populations although
outlet of the Diatas Lake. Both of lakes and outlet rivers Siatas and Dibawah Lake became separated now. All of that
have no connection at all. The Diatas and Dibawah Lakeswater flowing to the east of Bukit Barisan mountain range.
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The member of second subcluster in the first cluster is theThat population separated into two other subclusters by the
P.cf. binotatus populations of Maninjau lake and its highly bootstrapping value (97/97/97 for ME / NJ / ML
tributary. They have sequence divergences of 0.00% -respectively). Based on the references [20], [8], [29], and
0.004% between them and 7.2% -7.4% Ro banksi [30] that value indicated a subspecies populations from other
Malaysia, 6.7% -7.4% td.cf. binotatus from Diatas and rivers which has no connection to the Sumatra lakes, and it
Dibawah lakes, Batang Lembang, Batang Gumanti, Muarawas reasonable to propose thenBahodes banks kuranji.
Pingai rivers, 6.6% -9.6% td. binotatus group. The In general, the taxonomy dPuntius is still confusing
bootstrapping value between these groups were 93/92/93 fobecause of the morphological closeness that needs to solve
ME / NJ / ML respectively. Based on the references [20], by using genetic markers [2], [34]. From previous report
[8], [29], [30], all of that values indicated thRicf. binotatus [31] and our study we can conclude that with the
populations of lake Maninjau and its tributary was a intensification of research on this genus, the naming and the
subspecies, and it was reasonable to propose them asumber of species has changed.

Barbodes banks maninjau and also become the first report The result of the tree analysis supported by haplotype
for Sumatra. Fishes of Maninjau lake seems to have specifimumber. From the 52 sequences data analysis including 28
variations. In a previous study [33], it has reported that therenucleotides sequences of Genbank, eight haplotypBsbf
wasRasbora nsp in Maninjau Lake. That species has a high binotatus from West Sumatra were obtained (Table 2). Three
morphological similarity with other Rasboras, but under the haplotypes in populations from Diatas and Dibawah lakes,
phylogenetic analysis using Cytochrome b gene, it showedBatang Lembang, Batang Gumanti, Muara Pingai rivers (H
that it has significant genetic differences. 01, H 02 and H 03 with 0.00%-0.04% sequence divergences

The member of the third subcluster in the first cluster is between them).  Three haplotypes in populations of
the P.cf. binotatus populations from other rivers which has Maninjau lake and its tributary (H 04, H 05 and H 06 with
no connection to the Sumatra lakes. That located in the0.00%-0.04% sequence divergences between them) and two
western of Bukit Barisan Mountain range and all of flowing haplotype from other rivers which has no connection to the
to the west coast. They have sequence divergences of 0.00%kes (H 07 and H 08 with 0.00%-0.002% sequence
-0.002% between them and 6.5% -6.7% to the populationdivergences between). The nucleotide diversity (pi) indices
from Diatas and Dibawah lakes, Batang Lembang, Batangcalculated for all samples, the value was 0.09718, and the
Gumanti, Muara Pingai rivers and 7.8%-8.3% PRccf. haplotype diversity (h) was 0.9632.
binotatus populations of Maninjau lake and its tributary.

TABLE Il
NUMBER OF HAPLOTYPE OFPUNTIUS CF. BINOTATUS IN WEST SUMATRA

No. | Code Species Location Haplotype
1 PB8A | Puntiuscf. binotatus | Simpang Tanjung Empat Diatas Lake HO1
2 PB9A | Puntius cf. binotatus Batang Lembang (Lower) River HO1
3 PB11A| Puntiuscf. binotatus | Simpang Tanjung Empat Diatas Lake HO1
4 PB12A | Puntiuscf. binotatus Batang Gumanti River HO1

5 PB15A | Puntius cf. binotatus Batang Lembang (Lower) River HO1
6 PB27A | Puntius cf. binotatus Batang Gumanti River HO1

7 PB28A | Puntius cf. binotatus Batang Lembang (Lower) River HO1
8 PB25A | Puntius cf. binotatus Muara Pingai (Upper) River HO2
9 PB24A | Puntius cf. binotatus Muara Pingai (Upper) River HO3
10 | PB14A| Puntiuscf. binotatus Batang Lembang (Lower) River HO3
11 | PB185| Puntiuscf. binotatus Dusun Pantas Maninjau Lake HO4
12 PB3A | Puntiuscf. binotatus Koto Kaciak Maninjau Lake HO4
13 PB4A | Puntius cf. binotatus Dusun Pantas Maninjau Lake HO4
14 PB6A | Puntius cf. binotatus Muko-Muko Maninjau Lake HO4
15 PB1A | Puntius cf. binotatus Asam river, Maninjau HO5
16 PB2A | Puntiuscf. binotatus Asam river, Maninjau HO6
17 | PB21A| Puntiuscf. binotatus Batang Kuranji River HO7
18 | PB22A| Puntiuscf. binotatus Batang Kuranji River HO7
18 | PB23A| Puntiuscf. binotatus Batang Kuranji River HO7
20 | PB17A| Puntiuscf. binotatus Batang Tarok River HO8
21 | PB18A| Puntiuscf. binotatus Batang Katik River HO8
22 | PB19A| Puntiuscf. binotatus Batang Katik River HO8
23 | PB20A| Puntiuscf. binotatus Batang Katik River HO8
24 | PB29A| Puntiuscf. binotatus Lubuk Paraku River HO8
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Samples from Maninjau Lake (H 04) taken from different We also would like to thank our students who helped us in
locations around the lake. Maninjau Lake is a caldera lakesample collection and laboratory works in Genetic and

which is 97.9 km2 wide. Located in the western part of the Biomolecular Laboratory,

Faculty of Mathematics and

Bukit Barisan mountains range. The water source of Sciences, Andalas University

Maninjau lake comes from small rivers from the catchment
area around the lake with one outlet (Antokan river) which
flows to the west coast. Freshwater fauna that is in this lake, 1
absolutely isolated because of there is no connection with
other. This lake often experiences by upwelling which is
frequently causing massive death to the fish that live in it. [2]
The small rivers or tributaries that supply the lake is a shelter
for small fish when upwelling occurs. Presumably, this is the [3]
case withP. cf binotatus fish in the Asam river which then
survives with a suitable haplotype (H 05 and H 06) for its [4l
new habitat in the tributaries. It reported [2] that in Asia, the
genusPuntius has the most significant number of species
among the Cyprinidae and occupies various types of
freshwater. 6

Vice versa, Batang Lembang, and Batang Gumanti rivers
as an outlet of Dibawah and Diatas Lake respectively located
in the eastern part and its outlet flows to the east coast. Thé7]
geographical distinction has triggered the emergence of
genetic up to species diversity in the island of Sumatra. This
also proved by the results of the research which reported thajg)
there are variations in the number of fish species found in 11
tributaries of Batang Toru (North Sumatra) as the main river [°]
[35]. It also reported that there is genetic variation intra and
inter populations offor douronensis (Cyprinidae) from 21
rivers in West Sumatra [36]. Based on our study in Sumatra
fishes, we considered that it is essential to combine the
morphological data and molecular data in taxa grouping.
Therefore the determination of taxa can be properly. It is[11]
very closely related to the purposes of the conservation and
breeding fish, especially for food and ornamental fish
because of the success of the crossing is dependent on tHa?!
genetic similarity.

(10]

[13]
IV. CONCLUSION

Our study concludes that (P.cf. binotatus from Diatas
lake, Batang Lembang, Batang Gumanti and Muaro Pingaill4l
rivers reasonable bB. binotatus banksi or B. banksi (2)
P.cf. binotatus from Maninjau lake and its tributary
appropriate as subspeciesB#rbodes banks maninjau. (3)
P.cf. binotatus from other rivers which has no connection to
the lakes (Batang Kuranji, Batang Katik, Batang Tarok and [16]
Lubuk Paraku rivers) propose as a subspecieBadfodes [17]
banks kuranji. (4) They all anew record. We also
recommend to the Government who decides district
development to preserve waters in Sumatra as long as each®
region contributes to species and genetic diversity and[ig
evolutionary processes in speciation. All the sequences of
this study will be deposit into the International Barcode of [20]
Life Data (BOLD) System.

(18]

(21]

(22]
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