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This study  examined  396 base  pairs of the mitochondrial  cytochrome  b gene from  110 individuals

belonging to the genus Hampala, a group of  freshwater cyprinids  that inhabit Southeast Asia. The
samples  were  taken from various  locations throughout  Sarawak, Sabah,  and  peninsular Malaysia.
The  nucleotide  sequences  were  subjected  to phylogenetic analyses  by  using  the neighbor-joining,

maximum  parsimony, and  maximum  likelihood methods.  All three methods  revealed  the recipro-
cally monophyletic  relationship  of Hampala  macroiepiclota  to the other  tlampala  forms, thus
strongly  supporting  its status  as  a distinct species.  Phylogenetic  analysis  also  di$covered the
existence  of two  HL bimaculata  lineages endemic  to Borneo:  (1) a newly  identjfied species  from the
southern  and  central  part of  Saravvak assigned  as  H. bimaculata  Type A  and  (2} the previously
described E  bimaculata from northern  Sarawak and  the west  coast  ot Sabah assigned  as  H. bimac-
ulata Type B. However, the status of H  sabana  and  an  intermediate form were  not  elucidated.The

results  suggest  that the intermediate form  from  the fawau  population is actually  a subpopulation

of H. sabana,  while  the highly divergent jntermediate form from Kalabakan could  represent  a cryp-

tjc species.  The sharing  of  H. macrolqpidota  haplotypes in the southern  peninsuiar Malaysia and
southern  and  central  Sarawak samples  (Hml and  Hm2)  reflected  the recent  disconnection of the
two  regions,  during the late Pleistocene. Overall, the partial sequence  ot the mitochondrial  cyto-

chrome  b gene was  usetul  fer resoiving  the phylogenetic relation$hips  among  llampala  fishes in

Malaysia.
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               INTRODUCTION

   Harr]pala is one  of the primary freshwater cyprinid fish

genera in Malaysia. It is wide)y  distributed in Southeast Asia

{peninsular Malaysia, Sumatra, Java, Borneo, and  lndo-

China), Hampaia  species  are  usually  abundant,  and  individ-

uals  are large enough  (maxlmum total length -700 mm)  to

be of interest as  food fishes. One characteristic  that attracts

our  interest to this genus is that it shows  much  geographica[
variatjon in coloration and  morphological  traits. There are

currently seven  described species  ot Hatnpala from South-
east  Asia: H. ampalong  (Bleeker) from Brunei and  lndonesia
(Sumatera) (Kottelat et  aL,  1993); H. bimacutata (Popta)
from Borneo (Kottelat et aL, 1993}; H. dispar {Smith) from
Cambodia (Rainboth, 1996); H. Iopezi (Herre) from the Phil-

ippines (Herre, 1924); H. macrolepidota  (Valenciennes), the
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most  widespread  Hampala form, from throughout the region

{Roberts, 1989); H. sabana  (inger and  Chin, 1962) from
North Borneo (Lim and  Wong,  1994); and  H. saiMteenensis

(Doi and  Taki) from Thailand (Doi and  Taki, 1994), However,
oniy  three hampala species  are  currently  described from

Malaysia. A single species,  H, macrotepidota,  has been
recorded  from peninsular Malaysia (Mohsin and  Ambak,
1983; Roberts, 1989), and  at least another  two species  have

been  recognized  in Borneo: H. bimacutata (Kotteiat et aL,

1993) in central and  northern  Sarawak  and  the west  coast

of north Borneo (Sabah), and  H  sabana  (Lim and  Wong,
1994) from the Kinabatangan basin and  the streams  drain-

ing into Sandakan Harbor (inger and  Chin, 1962). Surpris-
ingly, H. ampalong  described from neighboring  Brunei (Kot-
telat et al., 1993) has never  been collected  from the other

parts of Borneo, reflecting its rarity and  Iimited distribution.

   Fish systematics  has historically depended on  morpho-

Iogical techniques for identifylng groups of evolutionarily

related species  {Stepien and Kocher, 1997). However,
recently the development of molecu[ar  techniques has

helped to invigorate the study  of fish systematics  (Stepjen
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and  Kocher, 1997}. Systematics inc[udes the discipline of

taxonomy, as  well  as  phylogenetic analysis, DNA  sequenc-

ing is one  of the techniques that has been applied  widely  in
phylogenetic studies.  A  few studies  have incorporated

molecuiar  phylogenetic analysis  in determining the relation-

ships  among  treshwater fishes (e.g,, Dodson et ai., 1995;

Chen et aL, 1998; Wang  et al,, 2000), The mitochondrial

cytochrome  b {cyt b) gene is perhap$ the best studied  DNA
segment  in fishes, and  severa]  studies  have shown  its use-
fulness in elucidating evolutionary  patterns in fishes (e.g.,
Kocher et  aL, 1989; Meyer et al., 1990; Carr and  Marshall,
1991 ; Block et al., 1 993; Zhu  et aL,  1994; Carr et aL, 1995>,
lt has been well demonstrated that this gene retains a  his-

tory of past isolation (Avise, 1989; Bilington and  Hebert,
1991).

   Very iittie taxonomic work  had been done  to systemati-

cally sort out Malaysian freshwater fishes for proper refer-
ence.  The systematics  of Hampala, for example,  has not

been completely  resolved,  Although lnger and  Chin (1962)
elaborated  much  concerning  the diet, habitat, morphological

description, and  distribution of species  of Hampala, these
authors  focused only on  the Sabah region. Thus, confusion
remains  in the classification of this genu$, especia[ly in deal-
ing with  specimens  from other  regions.

   In Malaysia, there is a lack of  molecular  studies  to verify

classical work  on  fish taxonomy, Our study  represents  a

fresh attempt  to assess  the phylogenetic relationships

among  different forms of Harripala by sequence  analysis  of

partial cyt b sequences.  Our objectives  were  to (1) investi-
gate the phylogenetic relationships among  different forms of
Hampata in Malaysia, and  (2) clarify of the taxonomic status

of Malaysian Hampala  species.

MYANMAR
 w

  AndarnanA
 seas

TwaILANDLAOS

CAMBOD]AVIETNAM

lj"
 ss

aSeuthChtf)
  See

    oee

k 
ss ,,  

Ex

 
e"

pHeLFPPINES
 e

gf

   caJaue

`rsv?

"Rg

awesF

e

O 200  400u K[lometers

k

asTHAILAND

$

O 200 400 Kilometers
-

a

re

TN   100 Miles
-"

  200Kilometers

b

BRUNEI

South China Sea

g

Kalimantan

Fig. 1.Sampling  localities of Hampala  species  throughout Malaysia (see Table 1 fordetailed information on each  locality).
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MATERIALS  AND

Samplecollection
    A  total of 11O  tish
H. macrotepidota, and

METHODS

ot various  torms ot
H  sabana)  wereHarr7pala

 (H.
caught  from

 bimaculata          '

23  location$

throughout Sarawak, Sabah, and  peninsular Malaysia (Fig, 1 ; Table

1) and  were  analyzed. Whole fish were  collected  and  either pre-
served  in 95%  ethanol  or trozen at -800C. In some  ca$es,  only  a

small  portion of  tissue was  availabie during sampling,  and  most

identification was  done prior to preservation. Out of  "O  indMduals

Table(Nhap)1, List of Species ID, No. of lndividual {n}, Map

, Haplotype Diversity (h), Nucieotide Diversity {P[,point,
 Lecation (river, district

%) and  GenBank  Accession,

 state), Habitat, Abbreviation (Abbr.}, No. of

No, for each  population in the present study,Hapbtypes

Speeies IDn  Map

  point

Location Habitat Abbr. NHap  h

Geographieal
  Regien

Pi

River,District,
   State

GenBankAccession

  No.

H. macroJepidota  6

H. macroiepidota  5

H. macrotepiclota 3

H. macrolepidota  1

H. macroJepidota  5

H.macrolepidota 2

H. macroiepidota  2

H, macroiepidota  t2

H. macroiepidota  2

H.macroiepidota 5

H.macrolepideta 2

H. macroiepidota  2

H. macroiepidota  2

Hmacrolepiclota 2

H. macrolepidota  5

HmacroJepidota 3

H, bimaculata
TypeAH.bimaculata

fypeA

45

H. bimaculata 7
Type A

1 TemenggorLake,
       Perak

2 Se rting River,

   Negeri Sembilan

3

45

6

7

810

11

1213

141516

1989

13

H. blmacuiata 3 18
Type BH.

 blmacuiata 7
TypeBH.

 sabana

H  sabana

Hampaiaintermediate

Hampataintermediate

 JempoiRiver,
Negeri Sembilan

SiniawanRiver,

 Bau, Kuching

 KrangRiver,

 Balai Ringin,
   Serian

 LayarRiver,

   BetongSpakRiver,

  Betong

Batang Ai River.
  $ri Aman
  Lan River,

    KapitMenuan

 River,
   KapitPelagus

 River,

    KapitUlu
 Baleh  River,

    Kapit

 Bakong River,
    Baram

 TinjarRiver,
    Baram

 LoaganBunut
 OxbowLake,
    BaramUlu

 Padas  River,
   Beaufort
Batang  Ai River,

   SrFAman

  Bloh River,

LanjakEntimau

Ulu Baleh River,
    Kaplt

17 Ba'

ri 20

5 21

16 22

3 23

lti River,SipitangKelalan,Lawas

LivvaguRjver,

   RanauSusuban

 River,
   RanauUyun

 River,
Kalabakan

Bajung River,
  Tawau

Northern P. Malaysia

SouthemP.MaLaysia

Southern P. Malaysja

Southern Sarawak

Southern Sarawak

Southern Sarawak

Southern Sarawak

Southern Sarawak

CentralSarawak

CentralSarawak

CentralSarawak

CentralSarawak

NorthernSarawak

NorthemSaravvak

Northern Sarawak

West coast  Sabah

Southern Sarawak

CentralSarawak

CentralSarawak

WestcoastSabah

NorthernSarawak

Cefitraiea$ternSabah

Central eastern  $abah

SoutheastemSabah

SoutheasternSabah

Man-madelake;clearwater;slowmoving
current/mixeddipterecarpforestvegetation

C[earupperstreamswaterwithsandy,grave1
and  recky  bottom: relativeLy  tast current/ mixed
dipterocarpforestvegetation

Clearupperstreamswaterwjthsandy,gravel
and  rocky bettom; relatively fast current:  mixed

dipterocarpforestvegetatiDn

Middlestream;slowmovingcurrent/agricultural
vegetatien  such  as  palm and  rubber plantation
Bracki$hwater.siewmovingcurrent:swamp
vegetatienClearupperstreamswaterwtthsandy,gravel

and  roeky  bottom: relatively  fast current; mixed
dipterocarpforestvegetation

Clearupperstreamswaterwithsandy,gravel
and  rocky bottom; re[atlvely fast current: mixed
dipterocarpforestvegetation

Man-madeiake;clearwater/mixeddipterocarp
forestvegetation

Clearupperstreamswaterwithsandy,gravel
and  focky  bottom; rerativejy tast current; mixed
dipterocarptorestvegetatian

C[ear upper  streams  vvater  with  sandy,  grave]
and  rocky bottem/ relatively fast current/ mixed
dipterocarpforestvegetatLon

Upperstreamswaterwithsandy,graveland
rocky  bottom/ rapids

Clearupperstreamswaterwithsandy,gravel
and  rocky  bottom; relatively  fast current/  mixed

dipterocarpforestvegetation

MiddLe stream: slow  moving  current/  flood plain

HmPBHmS

HmJ

HmBHmBR

22

1

12

HmBL  1

HmSP  1

HmBAHmL

HmM

HmPHmUB

HmBK

Middle stream;  slow  meving  current/  fLood plain HmT

Naturaj Iake; brackish water; slow  moving

currentMiddlestreamswaterwithsandy,graveland

rocky  bottem; moderately  fast current.

Man-made  lake; clear water: slow  moving

current;mixeddipterocarpforestvegetation

Clearupperstreamswaterwithsandy,gravel
and  rocky  boitom; re]atively  fast current/ mixed
dipteroearpterestvegetation

Clear upper  $treams  water  with  sandy,  gravel
and  racky  bettom; relatively fast current/  mixed

dipterocarpforestvegetation

Clearupperstreamswaterwtthsandy,gravel
and  rQcky  bettom; relativery tast current;  mixed

dipterocarpforestvegetation

ModerateLy cLear  upper  streams  vvater  vvith

sandy,  gravel and  rocky  bottom; relatively  fast
current;sub-montanevegetatien

Moderatelyclearupperstream$waterwith
sandy,  gravel and  rocky  bettom; relatively fast
current/sub-montanevegetation

Clearupperstreamswaterwithsandy,gravel

and  recky bettom/ relativery fast current/
sub-montanevegetatlon

Moderateiyciearupperstreamswaterwjtn
sandy,  gravel and  recky  bottem; relatively fast
current;  mixed  dipterocarp forest

Middle stream:  slow  moving  current, agricultural

vegetation  such  as  palm and  rubber lantation

O.533O.t35

O.4 O.tOl

O.4 O.101

3 O,591 O,302

21

1

211

211

0253

O.505

O.253

HmLB  2 O.4 O.707

HmBE  1

HbABAHbALE3  O,833  0253

2 O.4 O.404

HbAUB  2 0286 O.144

HbBS  d

HbBB  1

HsL

HsS

HjU

HiB

1

1

2 Oj25  0.e63

2 e.667 0,16B

AY697351-
AY697356AY697346-

AY697350AY697343-

AY697345AY697301AY697302-

AY697306AY697319-

AY697320AY697321-

AY697322AY697307-

AY697318AY697325-

AY697326AY697327-

AY697331AY697332-

AY697333AY697323-

AY697324AY697334-

AY697335AY697336-

AY697337AY697338-

AY697342AY697357-

AY697359AY697360-

AY697363AY697364-

AY697368AY697369-

AY697375AY6973B3-

AY697385AY697376-

AY697382AY697405

AY697406  -
AY697410AY697389-

AY697404AY697386-

AY69738B
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caught,  only  80 individuals were  analyzed  by measurement  and

examination  of selected  characters,  as  was  done by lnger and  Chin

(1962). Whole  tish were  identified with the keys of lnger anct Chin

{1962), Mohsin and  Ambak  (1983), Roberts (1989), and  Kottelat et

aJ. (1993). Voucher specimens  of each  species  identifjed were

deposited at the Faculty of Resource  Science and  Technology, Uni-
versjti Malaysia Sarawak Zoo[ogica[ Museum.

DNA  extraction,  amptification,  and  sequencing

   Total genomic DNA  was  extracted from about  1 -2 mm3  of fresh
and  ethanol-preserved  tissue samples  following a  modjfied  CTAB
(cetyltrimethylammonium bromide) procedure a$  described by
Grewe  et  al. (1993). Amplifications were  carried out in a thermal
cycler  (Biometra). Optimization ot PCR  was  done using  25 -1 reac-

tion velumes  containing 2 pi DNA  (--15-20ng}, lxPCR  buffer, O,2mM

dNTPs  (Promega), 1.5mM  MgC12, 1.25 pmol of each  primer, and  e.05
U Ttaqpolymerase {Promega), Two cyt  bprimers were  u$ed:  GluDG-
L, 5'-TGACITGAARAACCAYCGn  G- 3' (Palumbi et  al., 1991)

and  CB2-H, 5'-CCCTCAGAATGATATITGTCCTCA-  3', Amplifica-
tjon was  done using  the following PCR  protile: a preliminary dena-
turation at  960C for 5 min  fo"owed by 25 cycles  ef  950C for 45  sec,

470C  for 45  sec, and  72"C for 45 sec, This was  tollowed by a  tinal
extension  period at 720C  tor 7 min  before the samples  were  cooled

to 4eC. Each PCR  product was  run  on  1%  agarose  gel for confir-
mation  of equal  length against  an appropriate  size  marker,  The
PCR  products obtained  were  later purified using  DNA  purification
kits (Fermentas and  Promega) according  to the manufacturers'

instructions. Cycle sequencing  was  performed  for 35 cycles  of 96CC
for 10 sec,  550C  for 5 sec,  60℃  for 4 min,  followed by cooling to
40C, Sequencing reactien  products were  purified by precipitation
with  ethanol and  sodium  acetate. Sequencing for each  sample  was

carried  out  only  on  the iorvvard stramd  with  an  ABI PRISM@377  DNA
Sequencer.

Sequence  aLignment  and  phyLegenetic analyses

   Multipie alignments  of the nucleotjde  sequences  were  done
with  the program ClustalX 1,81 (Thompson et al,, 1997) and  sub-

sequently  adjusted  by eye.  To  estimate  levels of inter- and  intra-
population genetic diversity, standard  genetjc diversity jndices
including the number  of haplotypes, haplotype diversity (h} (Nei,
1987), and  nucleotide  diversity (Pi) {Nei, 1987)  were  calculated

using  the DNA  polymorphism  option  implemented in DNA  SP  ver-

sion  3.50 (Rozas and  Rozas, 1999). Two analyses  of  patterns of

geographical subdivision,  FsT (Hudson et aJ,, 1992} and  pair-wise
distance using  the Kimura two-parameter  model  (Kimura, 1980),

were  done to estimate genetic distances among  the different forms
of Hampala. Calculations of  FsT were  performed using  DNA  SP  ver-

sion 3.50 (Rozas and  Rozas, 1999), while pair-wise distance anal-

yses were  performed using MEGA2{Kumar etal,, 2001),

   Phylogenetic trees were  constructed  (analysis done using  hap-
lotypes) by using the unweighted  maximum  parsimony (MP} and
neighbor-joining {NJ} methods  implemented in MEGA2 (Kumar et
ai., 2001)  and  the maximum  likelihood (ML) method  implemented  in

PAUP' version  4,Ob 10 {Swofford, 1999>, The NJ clustering  was

performed uslng  the Kjmura 2-parameter substitution model

(Kimura, 1980> with  the complete  deletion option,  and  the MP  anal-

ysis was  done using  the close-neighbor-interchange  (CNI) option.

The ML  analysis was  conducted  by using  the puzzle method  avail-

able  in PAUP'. Ail trees inferred from the partial cyt  b sequences

were  rooted  with  Puntius binotatus (Valenciennes) (Cyprinidae:
spotted barb} and  Helostoma temrnincki (Cuvier) (Helostomatidae/
kissing goramy) a$ outgroup  taxa. Phylogenetic confidence  was

estimated  by bootstrapping (Felsenstien, 1985) with  1,OOO replicate

data sets,

   The nucleotide sequences  were  later translated into amino  acid

sequences  by using  the genetic code  for vertebrate  mtDNA.  The
Barbus canis sequence  obtained  from GenBank  (Accession No,
AF288486) was  also  aligned as the reference  sequence.  Fjnally, all

the sequences  were  registered  with  GenBank under  accession

numbers  AY697301-AY697412.RESULTS

Morphoiogical identitication ot samples

   The samples  caught  from the 23 different locatiens
showed  much  morphological  variation in coloration and

external-character  count$  (Table 2). Morphological mea-

surements  identified two forms of H. bimaculata, which  ctif-
fered in coloration and  gill-raker counts  (Table 2>, One form
collected  from northern  Sarawak  and  the west  coast  of

Sabah  corresponded  to the H. bimaculata previously
described by lnger and  Chin (1962), while  another  newly

identified form was  co"ected  from southern  and  central

Sarawak. Thus, prior to phylogenetic analyses,  we  treated

these as  two different forms of H. bimaculata: (1) H. bimac-
ulata Type A (southern and  central Sarawak samples)  and

(2) H, bimaculata Type B (northern Sarawak and  west  coast

Sabah  samples).  In contrast,  H. macrolopidota  was  easily

jdentified, comprising  a  single form distinct from the two H

Table 2.Mogphological description based on  certain  characters  for each  form of "ampala caught  (adapted from  Inger and  Chin,1962).

SpecieslForm Description nLLScsBPR  GR{total)

1 Hmacrolepidota
2 H,sabana
3 H.bimaculataTypeA

   (Southern and  central

   Sarawakpopulations)

4 H.bimaculataTypeB

   (Northern Sarawak
   and  west  coast  Sabah

   populations}
5 lntermediateform

   (Tawaupopulation)

6 lntermediateform

   (Kalabakanpopulation)

Having a  single  dark band  below  the dorsaHin

Having a  single  dark band beiow dorsai fin
Having  two clear dark spotsfblotches;
one  beiow dorsal fin and  one  in front
of caudal fin
Having two moderately  dark bands/spots;
one  below dorsal fin and  one  in tront of  caudal  fin

Having one  dark band  below  dorsal tin.
A very  faint spot  in front of cauda!  fin

is absent  when  fish length js above  45mm
Having one  dark band below dorsal fin.
A very  fajnt spQt  in front of caudai  fin
is absent  when  fish length is above  45mm

33610

8

3

20

26-2930-3226-28

26-28

27-28

27-29

 12 15-16
13-15  13-14
 12 14-15

12

12

12

14-15

14-15

14.15

9-119-1012-13

1O-11

1O-11

12-t3

<n-- samples  analyzed;  LLS =  Lateral Line Scales;OS = Circumpeduncular  Scales; BPR  =  Branched Pectoral Rays; GR  =  Gill Raker)
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bimaculata forms in coloration and  gill-raker counts.  The
Sabah  endemic,  H, sabana,  exhibited  striking morphological

differences from the other  forms of  Hampala  by having
higher counts  of circumpeduncular  scales  (30-32) and  lat-

eral line scales  (13-15), in keeping with Lim and  Wong's

(1994) taxonomic classification, Tawau  and  Kalabakan sam-
ples (southeastern Sabah}, as  described by lnger and  Chin
(1962), represent  a  form intermediate between  H. sabana

and  H, bimaculata Type B. Morphological measurements

showed  dMerences in gill-raker counts  between the interme-
diate-torm sampies  from Kalabakan (gili-raker counts:  12-
1 3) and  Tawau  <gill-raker counts:  1 O-1 1}. Our  morphological

study  did not  identify any  fish as  H. ampalong  thus, this

species  was  not included in the phylogenetic study. Overall,

Harnpaia Fishes 897

morphological  measurements  in this study  generally corre-

spond  with  the previously described Hampala species  in
Borneo (lnger and  Chin, 1962; Kottelat et aL, d993), but with
the additional important findings of the newly  identified form

of H. bimaculata (Type A) in central and  southern  Sarawak
and  possibly a cryptic species  in Ka[abakan, Sabah.

Sequence anatysis  and  genetic diversity

   Aligned partial sequences  of 396  bp of the mitochondrial
cyt b gene from 110 Hampala individuals represented  only

34,7% of the total length of the cyt b gene  in fishes (e.g., Bri-
olay  et  aL, 1998; Perdices et  al., 2002). The  base  composi-

tion showed  an  anti-G  bias (Table 3), which  is characteris-

tic for this mitochondrial  gene (Cantatore et al., 1994;

Table 3. Comparison of the nucleotide  composition,

among  the five iorms of Hampala studied,

haplotype diversity andnucjeotidediversity  (Pi; %)

Forms Percentage{%) n NHap  Haplotype

       Diversity, h
  Nuc-eotide
Diversity, Pi (%}

A T c G

HmHsHbAHbBHi29.730,630,429.830.529,527.529,528.829.326.12826.126,826.814,813.91414,613,5596161019111614 O.686

O.617

O.38

O.93

1.05

1,9

Overall 30 29,226.414.4110 23 O,875 7.1

n=  number  of samples;  Nhap= number  of haplotypes; Hm=  Hampala macrolepiclota;  Hs= flampaha sabana;
HbA=  Hampala bimaculata fype A; HbB=  Hampala bimacutata fype B; Hi= Hampala intermediate form

Table 4. Pairwise distances (%, below the diagonal) and  FST estimates  (above the diagonal) among  the geographical populations of Ham-

pala analyzed.
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 O,2
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 2.411.711.613,213,214.414.213.1

O,85oO.08

 1,9
 2.411,611.513.113,114.314,113

O,75O.73O.7O.71

 1.910.810.812,912.913.513.312.4

O,97O,99O.96O.97O,75

11.911.813.313.314614.313.3
 2.310,210,2

 8.3

 8.7

 7.2

O,89

898,97.78.16.6

O.99O.99

o8.28.682

O.99O,99o

828.682

O.36.7

O.75
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O.99O.98

Overall   n=59NHap=11

Pi=O,930%
 h=O.686

  n=16

 NHap=6Pi=1,054%

 h=O.617
        N=26

       Nhap=7
      Pi=4.554%
       h=O,686

 n=10NHap=1  n=6NHap=1

  n=19

 Nhap=4Pi.1.923%

 h=O.380

NPM=Northern Peninsular Malay$ia; SPM=  Southern Peninsular Malaysia; SS=Southern Sarawak; CS=Central
Sarawak; WCS=West  coast  Sabah; CES=Central eastern  Sabah; TW=lawau;  KB=Kalabakan
'=H.

 sabana;  
t';Hampala

 intermediate

Sarawak; NS=Northern
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Briolay et aL, 1998>, The Iow G content  Cmean: 14.4%) and
the almost  identjcal A, C, and  T contents  (mean: 30,O, 26.4,
and  29.2%, respectively)  were  similar  to those previously
reported  for fish cyt b sequences  (e.g,, Martin and  Berming-

ham, 1998; Briolay et aL, 1998; Perdices et al., 2004), Hap-
lotype diversity (h) and  nucleotide  diversity (Pi) were  also

calculated  for each  population under  study  (Table 1) and  for

each  of  the Hampala forms (Table 3),

   From the 396-bp sequence,  144 (36.4%) variable  or

polymorphic sites were  observed,  with most  variation (68,1%)
occurring  at third-codon positions, ln addition, among  the

144 variable  sites, 95 (66.0%) were  parsimony-informative
sites. The  total number  of mutations  was  186, with most  of

the mutation  events  being transitions (60.8%}. The pattern
of nucleotide  substitutions  in Hampala  species  is very  simi-

lar to that obsewed  for other  fishes {Martin, 1995). The rate

of transition subsMutions  is at least an  order  of magnitude

higher than the rate of transversion substitutions  (data not

shown),  Protein translation of the 396-bp fragment revealed
132 acid  amino  residues,  among  which  31 (23.5%) were

variable  sites and  12 (38,7%> were  parsimony-informative.
   In total, 23  haplotypes were  distinguished in the nucle-

otjde sequence  data set: 11 haplotypes for H, rriacrolepi-

dota, six for H. bimaculata Type  A, four for the intermediate
form, and  one  each  for H. bimaculata Type B and  H.
sabana.  The average  nucleotide  diversity was  relatively Iow
for H. macrolepidota  (O,9%), H. sabana, and the intermedi-

ate  form (both O%), but was  high for H. bimacuiata (4,5%).
Nucleotide translations retained  only  16 haplotypes in the
amino  acid  sequences.  Six haplotypes belonged to H. mac-
rotepidota  and  five to H. bimaculata, while  the H. sabana

haplotype clu$tered  together with  the intermediate form hap-
lotype (Hi2).
   Pairwise genetic distances {number ef nucleotide  substi-

tutions per site} among  the geographica[ populations are

shown  in Table 4, and  the summarized  genetic distances
among  the five Hampala forms in Tables 5. The inter-popu-
lation analysis  revealed  only  $mall  genetic differences
between H, macrolepidota  from southern  peninsular Malay-

sia and  southern  and  centra[ Sarawak (O.1-1.0%; Tab[e 4).
The distance value  of 9,2% (Table 5) indicated a high level
of genetic divergence between H. bin?aculata Type B and

Type  A, congruent  with  their high level of morphological  dif-

ferences, The pairwise genetic distances also  revea[ed

jnteresting findings within the Sabah sample$.  The  interme-

Table 5, A summarized  of mean  pairwise distance {%) ameng  the
tive forms of  Hampala analyzed.

diate form {described as an intermediate between  H, sabana
and  H. birnaculata Type B) from Tawau exhibited  high

genetic divergence from the Kalabakan (7.1%; Table 4) and
H, bimaculata Type  B samples  (8.6%; Table 4), but was

very  closely  genetically simllar  to the H  sabana  samples

<O.3%; Table 4), ln contrast, the intermediate-form samples

from Kalabakan were  genetically divergent from both H.

sabana  (6.7%; Table 4) and  H, birr?aculata Type  B (8.2%;
Table 4).

Phylogenetic relationships  and  population structure

   The phylogenetic relationships  of  Hampala  constructed

from the 23 haplotypes are  summarized  in Figs, 2 and  3,
The NJ analysis produced a  tree topology identical to that
from the ML  analysis  (-ln L, unconstrained=1255.92874).

Thus we  combined  the trees from both methods  into a  single

tree represented  by the NJ  tree (Fig. 2). The  tree from the
unweighted  MP  analysis  <tree length=244; Cl= O,762295;
Rl= O.876858) revealed  a similar topology (Fig. 3> with  that

from the NJ and  ML  methods,  but with  a  few differences.

The phylogenetic trees (nucleotide data set) obtained  from
al) three methods  divided the samples  into two clades  sup-

ported by high bootstrap va[ues  (>95% for all methods),

Group 1 consisted  of all the widespread  H. macroiepidota

haplotypes, while  group 2 contajned  the Borneo  endemic

Hampala-form haplotypes: H, sabana,  the intermediate
form, and  both H. bimaculata forms {Type A and  Type  B).

[n Group 1, there was  a close  relationship  among  the H.
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Fig.2. Hampala  phylogenetic relationships  based on  nuc[eotide

sequences  of part of the mitochondriai  cyt  b gene, The phylogeny
shown  is a  single  tree recovered  using  NJ analysis, The ML  tree (-In
L= 1255.92874)  was  highly congruent  and  identified the same  topol-

ogy.  Values above  branches are NJ bootstrap estimates;  those

below branches are ML  estimates,  based on  1,OOO replicates  in
both cases.  Only bootstrap values>50%  are  shown,
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Fig. 3. Unwejghted based  on  nucleotide  sequences  oi

part of the mitochondrial  cyt  b gene, Only bootstrap values>50%  are

shown,

macrolepidota  haplotypes, with haplotypes from northern

Sarawak and  the west  coast  of Sabah forming the basal
clade, The  Group 2 clade  was  further divided into two sub-

groups supported  by high bootstrap values  (>95% for aH
methods).  Subgroup 2A  consisted  of all the H, birriaculata

Type A haplotypes, while  subgroup  2B contained  haplo-
types of H. bimaculata Type  B, H. sabana,  and  the interme-

diate form, Within subgroup  2B, both the NJ and  ML meth-

ods  placed H. birr}aculata Type B as  basa[, whereas  the MP
analysis  placed the intermediate-form haplotypes from Kal-
abakan  as  basal, interestingly, all methods  supported  the
grouping of H. sabana  with the intermediate-form haplo-

types from Tawau,  with strong  (99%) bootstrap values,  Fur-

thermore, the NJ and  ML  analyses  showed  that the interme-
diate-form haplotypes from Kalabakan comprised  a  clade

separate  from that of the Tawau haplotypes (99% bootstrap
value), suggesting  that these populations comprise distinct

lineages,

   The analysis  of population structure indicated low

genetic differentiation among  H, macrolepidota  samples

from southern  peninsular Malaysia, and  southern  and  cen-

tral Sarawak <FsT values  ranging  from O.OOO-O,079) (Table
4), while  the other  regions  (northern Penjnsular Malaysia,

northern  Sarawak, and  the west  coast  of Sabah)  showed

apparent  population subdMsions  (FsT ranging  from O,702-
O.986). High geographical structuring was  a)so  found
between the H. bimacuiata Type A and Type B sampies  (FsT
values  ranging  from O.985-O.986), Although no  population
structuring was  found for H. bimaculata Type B between
northern  Sarawak and  the west  coast  of Sabah, high popu-
lation structuring was  observed  tor H. bimaculata Type  A

between  southern  and  central Sarawak (FsT=O.889).
                 DISCUSSION

Taxonomy  within  the genus Hampala

   Phylogenetic analysis  of a partia[ cyt b fragment sup-

ported the reciprocally monophyletic  relationship between
the widely  distributed H, rriacrolepidOta and  the other

Bornean endemic  Hampala forms (H, bimaculata, H.

sabana,  and  the intermediate form}. High genetic diver-

gence  separating  H. macroiepidota  from the other  Hampata
lineages (1O.7-14,1%) conflrmed  its taxonomic status as  a

distinct species,  The phylogenetic analysis  also  supported

the existence  of twQ H. bimaculata lineages in Malaysian
Borneo, The newiy  identified lineage from southern  and  cen-

tral Sarawak (H. bimaculata Type A) comprised  a sister

clade  to the  northern  Sarawak lineage (H, birriaculata Type

B). High genetic divergence between  these two Iineages

(9,2%) and  their morphological  distinction in gill-raker counts

support  their status as  distinct taxa. Therefore, a  revision  of

the taxonomic status  of H. bimaculata in Sarawak js sug-

gested, with recognition  of the newly  identified lineage (H.
bimaculata Type  A) as  a  new  species.  We  believe that the
exciusjon  of H, ampaiong  sequences  did not affect the sig-
nificant findings of this study, particularly the identification of

the new  H. bimaculata mtDNA  lineage, since  the former
species  was  morphologically  distinct from the latter as  well

as  trom the other  Harripala forms currently  found in Borneo,

Briefly, H. ampalong  was  easHy  identified by the presence of
a  series of dark spots  anterior to the caudal  base, whi)e  both
H. bimaculata Iineages were  identified by the presence of a
venical  b[ack bar on  each  side be[ow the dorsal midline and
a second  vertical bar or spot  on  the caudal  peduncle (Kot-
telat et aL, 1993),
   The phyiogenetic relationship between Hampala from

northern  Sarawak and  Sabah (subgroup 2B  consisting  of  H.

bimacufata type B, H. sabana,  and  the intermediate form)
remains  unclear,  particularly regarding  the basal group, All
three methods  supported  a sister-group  relationship

between the undescribed  intermediate form from Kalabakan

and  the Tawau population (genetic distance of 7.1%), sug-

gesting their status as separate  Iineages, The genetic diver-

gence was  congruent  with morphologica[  differences in gill-
raker  counts  (12-13 for Kalabakan and  10-11 for Tawau),

Furthermore, the high genetic divergences between  the Kal-

abakan  lineage and  the H, macroiepittota  (12.8%), H
loimacutata Type  B (8,2%), and  H. sabana  (6.7%) lineage$
clearly indicate its genetic distinctiveness from the other

Hampala forms, Thus, the Kalabakan  population could  rep-

resent  a  distinct evolutionary  unit for conservation  (Moritz,
1994; Nielsen, 1995), possibly a cryptic species.

   The ciose  genetic relationshP  found between H. sabana
and  the intermediate-form population from Tawau  (only
O.3% divergence) suggested  a difterent scenario  from that
of the Kalabakan population mentioned  above.  It may  be

that the Tawau  population is actualiy  a  subpopulation  of H.

sabana.  A[ternatively, the results may  indicate recent  sec-

ondary  contact of the H. sabana  iineage wjth the unde-

scribed  Tawau  lineage due to breakdown in a geographical
barrier to gene flow. This contact  could  have happened  dur-
ing PIeistocene glacia) intervals, as  observed  by Dodson  et

aL (1995) in explaining  the close  relationship between cat-



The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  of  Japan

900 J. R. J.Ryan  and  Y, B. Esa

fjsh species  from Borneo  and  the Asian mainland.  Another

explanation  could  be that the jntermediate-torm population
from Tawau represents  a hybrid between H. sabana  and  H.

bimaculata Type B, as  was  suggested  by lnger and  Chin
(1962), exhibiting mtDNA  characteristics very  close  to the
former but morphologically  similar to the latter. However,  the

mtDNA  used  in this study  was  insufficient to detect a  hybrid-
ization event,  and  data from a  nuclear  gene are  needed,

Additjonally, the length of  the fragment used  in this study
was  very  short  (only 

-j27%
 of the complete  cyt b gene), and

perhaps polymorphic site$ that couid  differentiate the two
species  lie outside  the fragment studied. Finaily, piasticity in
behavioral or morphological  characters  without  any  major

genetie divergence (mutation) within a  population could  aiso

explain  the condition  above.  In order  to adapt  to various

ecologica[  habitats (sometimes very  extreme  conditions),

morphological  adaptation  perhaps occurred  without  any

changes  in the genetjc structure, as  seen  by Greenberg et
aL {1998) in the coastal plain swamp  sparrow,  However,

choosing  the most  parsimonious among  these various

hypotheses is difficult based  on  the current  data alone.  Fur-

ther studjes  using  more  fish samples  from other  localities

throughout the Tawau and  Labuk-Segama regions  and

highly variable  co-dominant  nuclear  markers  such  as  micro-

satelljtes are  needed  to fully elucidate  the taxonomic status,

the occurrence  of hybridization, and  genetic boundaries
between Hampala lineages in North Borneo.

   In this study, the phylogenetic relationships among

Hampala  fishes were  clarified,  particular[y between  H. mac-

roiepidota  and  H. bimaculata. Our resurts also  c)arified the

taxonomic  status  of the two  H. bimaculata forms in Sarawak
(Type A from the southern  and  central regions  and  Type B
from the northern  region).  We  recommend  a  revision of the
taxonomy  of H. bimaculata, with the recognition  of H. bimac-

ulata Type A as  a  new  species.  The high leve[s of genetic
and  morphological  differences of the Kalabakan  population
from the southeastern  Sabah  region  suggest  it is a  newly

identifjed cryptic species.  However, a  [arger sampie  size

{about 30 indMduals per river system)  from the watersheds
of central  and  southea$tern  Sabah should  be analyzed  to

give better insight into the phy[ogeny and phylogeography of
Hampala species  in these regions. The  use  of other, rapidly

evoMng  mitochondrial  genes (e.g., contror region) or the
complete  cyt b gene may  also  facilitate understanding  the

phylogenetic relationship between H  sabana  and  the inter-
mediate  form from southeastern  Sabah. Finally, the inclu-
sion  of the other  four Hampala  species  <H. ampalong,  H.
dZspa4 H. lopezi, and  H. salweenensis)  in a  future study  will

provide a better picture of the evolutionary  history and  radi-

ation  of fishes of the genus Harripala in Southeast Asia,
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