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ABSTRACT. - Hemibagrus chirvsops, new species, is-described from the Sadong and
Riajang drainages in Sarowak, northern Bomeo,  Iocan be differentiated {rom its
congeners in having a relatively long and narrow head [head width 53.4-62.5 %HL
tmean 577 YL a vivid golden-vellow colour when alive or freshly-dead, tength
of adipose-fin base 16.6-19.3 %50 (mean 170 %510 3.33-3.98 (mean 3.64) times
sdipose maximum beight), dorsal 1o adipose distance 6.8-9.7 %50 (mean 7.9 %51,
dorsal-spine length 10.4- 16,6 %51 fmean 144 55L), 10-11 branchiosteeal rays {mode
Ly premaxillary oothband net expesed when the mouth 15 elosed, rounded caudal-
fin lobes, the absence b @ browd and conspiceous dark margin around the marging of
the caudal fin and a rounded anal Tin, Sequence analysis of 300 bp of the cvtochrome
fr gene of H. cfirysopy and that of various other Hemibagrus lineages revealed that £
clrysaps bsu separote lineage (mean 7.8% scquence divergence with other species of
the H. nemuerus species-complex ) with an independent evolutionary history that predates
the Pleistocene, Hemibagris chrvsaps forms a sister taxon to a large clade clustering
H. nemurns s ) and HL heevenit, Hemibagras chrvsops occurs sympatrically with two
distinct lineages of F. menens s, Loand B hoeveniiin the Sadong and Rajang drainages,

KEY WORDS. - Hemibagrus, Borneo, new species, morphology, mitochondrial
cytochrome b sequences, phylogenetic relationships.

INTRODUCTION

The genus Hemibagrus comprises large-sized bagrid catfishes that attain standard lengths
of up ta 800 mm. This taxon was established by Bleeker (1862) to include species with
depressed heads, rugese head shields not covered by skin, slender occipital process, and
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moderitely long adipose fins. Subsequent authors since Ginther (1 864) have synonymised
Hemibagrus with Mysaey and only recently has the genus Hemibagrs been revalidated (Mo,
1991). Hemibagrus as dingnosed by Mo (1991) consists of species that have a depressed
head with a thin, plate-like metapterveoid.

Members of Hemibagrus are found ubiquitously in river drainages cast from the Ganges-
Brahmaputra basin and south from the Yangtze basin, and reach their greatest diversity in
Sundalund, There are 35 nominal species of Hemibagrus but the validities of many of these
species is not known and it is only recently that in-depth studies have been undertaken je.g,
Kottelat & Lim. 1995; Ng & No, 1995 Kottelat o1 al., 1998), In Sarawak, the suthors and
their colleagues have noticed for some time now that what is called A, nesmorns in the lowlands
can eisily be separated into two forms by their adult size and coloration. One “form’ 2rOWS
up to 300 mm SL in size at maturity, and has a live coloration of grey 1o yellowish-grey,
Another “form’ matures at a much smaller size (150 mm SL) and has an intense golden-
yellow colour throughout the body. During a phylogeographic study using mitochondrial
DNA of this “H. memrns” material, genctic differences were found which suggested that
the golden Hemibagrus found in the Sadong and Rujang rivers was unique and different
trom H. nemurns found elsewhere (Dodson et al,, 1995), Further analysis revealed that
these fish are morphologically distinct from H. nemurus s. 1. and other relaled species and
are described here, using both morphological and genetic crteria, as belonging to a new
SpLcies,

MATERIALS AND METHODS

Morphological analysis - Measurements were made point to point with dial caullipers and
duta recorded o tenths of & millimetre. Counts and measurements were made on the lelt
side of specimens whenever possible. Subunits of the head are presented as proportions of
head length (HL). Head length itself and measurements af hody parts are given 45 proportions
of standard length (5L). Measurements and counts were made following Mg & Ng (1943)
with the following exceptions: head length is measured from the anterior point of SL 1o the
pasterior-most extremity of fleshy opercalar flap. Length of the adipose-fin base is measured
from the anterior-most point of origin to the posterior-most point of the adipose-fin base.
Fost-adipose distance is measured from the posterior-most point of the adipose-fin base (o
the posterior point of SL,

The following additional measurements were made: predorsal, preanal, prepelvic and
prepectoral lengths are those measured from the anterior point of SL o the anterior basis
of the dorsal, anal, pelvic and pectoral ins respectively. Lengths of the dorsal- and anal-
fin bases include the respective bases of the first and last rays and the distance between
them. Pelvie- and pectoral-fin lengths are measured from the origin to the tip of the longest
ray. Dorsal and pectoral spine lengths are measured from the base to the tip. Darsal to
adipose distance is measured from the base of the last dorsal-fin ray to the onigin of the
adipose fin, Adipose maximum height is the maximum height of the adipose fin. Caudal-
fin length is the length of the longest ray of the lower lobe measured from the posterior
margin of the hypural complex. The length of the caudal peduncle is measured (rom base
of the last anal-fin ray to the posterior point of SL. MNasal-, maxillury- and mandibular-
barbel lengths are measured from the base (o the tip. Numbers in parentheses following a
particular morphometric measurement refer to the mean.
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Fin ray counts were obtained under a binocular dissecting microscope using transmitted
light. Vertebral counts were taken from radiographs (which were obtained using a Hitex
HAC-60 s-ruy radiography system) following the method of Roberts ( 1994), Numbers in
parentheses following a particular fin-ray, branchiostegal-ray gill-raker or veriehral count
indicate the number of specimens with that count. Drawings of the specimens were made
with a Nikon SMZ- 10 microscope and camera lucida. Institutional codes follow Eschmever
199K,

Genetic analysis. - A previous restriction fragment length polymorphism (RFLP) survey of
the mitochondrial DNA (mtDNA) of the Hemibagruy complex throughout Sundaland revealed
i total of 35 haplotypes, four of which were obtained from 21 specimens of 1. chrvsops,
new species, sumpled in the Sadong and Rajang Rivers of Sarawak (Dodson et al. 1995),
In order to establish the phylogenetic relatonships of H. chrvsopy with other COMpPONents
of the Henibagrus complex, 300 hase pairs (bp) of the mDNA cytochrome & (evth) gene
of 26 of these RFLP haplotypes were sequenced. These 26 haplotypes were chosen 1o represent
the entire spectrum of genetic diversity of the Hemibagrus complex genetically analysed o
dute. An additional 14 specimens of H. wesirus were sampled in 1997 from the Sadong
River, Sarawak. We amplified a 360-bp fragment of the cvth gene using derivatives of the
umiversal primers of Kocher et al, (1989); 5'-CCATCCAACATCTCAGCATGATOAAA-
3" (light strand) and 3" -CCCCTCAGAATGATATTTGTCCTCA-3" (heavy strand) (Taylor
& Dodson, 1994). Amplifications were carried out in 30p total volumes containing (final
concentrations ): 200uM each of dATP, dGTP, dCTP and dTTP, 800 nM of each primer, (1.5
U of Tag poalymerase, 2ZmM MgCL, 10mM Tris-HC (pH 5.3), 50 mM KCl and 80 10 100
ng of purificd mDNA template. DNA was amplified in a programmable thermal cyeler
using the following profile: one single preliminary denaturation at 94°C for 120 5, 35 cycles
of amplification with denaturation at 94°C for 60) s, primer annealing at 45°C for 60 s, primer
extension ut 72°C for 90 s, a final single extension step performed at 72°C for 5 min.

To purify amplified DNA, the 50 pl mixtre was loaded on a 1% agarose gel. Afer
electrophoresis at 75V for 2 hours, the 360-bp amplified lragment was excised from the gel
and extracted and purified using the GENECLEAN 11 kit (Bio 101 Inc.) to 2 final volume
of 12 ul (1 X TE buffer). A 300-bp region of the amplified fragment was sequenced in
dideoxy sequencing reactions using the Sequenase kit (version 2.0, US Biochemical),
according 1o the manufacturer’s directions with the following madifications: 10} picomoles
of the light strand primer was mixed with 12 ul of the purified template. This mixture wis
denatured by baoiling (at 95°C) for 4 min and then chilled on wet ice for | min, Denatured
DNA was mixed with § yl of reaction mix (2 pl of reaction buffer, 2 ul of labelling mix
diluted (1:5), | gl of DTT.0.5 pl of Mn buffer, (.75 pl of [“5]-dATP and 2 pl of Sequenase
diluted (1:8) and then left on ice 2.5 min. Subsamples of this mixwre (3.8 pl) were transferred
to-each of the 4 termination reaction tubes containing 2.5 (il each of ddNTP mixture, lefi
for 5 min. at 40°C and the reaction terminated with 4 pl of stopping solution.

Sequences were separated on 6% polyacrylumide (19:1 BIS), 7.6M urea gels. Electrophoresis
was performed at 1300-1600 ¥ (ca 50 W) for either 2 to 2.5 h or 4 0 4.5 h to obtin the

3" and the 37 end of the sequence, respectively. The gels were vacuom-dried onto (Glier
paper at 80°C for 40 1o 45 min. and autoradiographed.

Both distance- and character-based data analyses were used to define the phylogenetic

relationships of H. chrysops with other Hemibagrus, Cyib gene sequences were aligned by
eye and pairwise sequence divergences (o) Kimura's {1980) two-parameter model) were
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calculmted using DNADIST of the PHYLIP 3.4 computer package (Felsenstein 1982, The
distance matrix was used 1o construct a phenogram using the neighbour-joining clustering
method (program NEIGHEOR in PHYLIP). Parsimony analysis of the sequence data. based
on Wagner parsimony criteria, was carried out using DNAPARS of PHYLIP. Confidence
in parsimony trees wis assessed by hootstrap re-sampling of the sequence data (N= 10,000
using SEQBOOT of PHYLIP, A majority-rule consensus tree was built using CONSENSE
of PHYLIP. Bootstrap vilues equal to or greater than 709 correspond 10 =95% probahility
that the corresponding clade is real (Hillis & Bull, 1993), Hemibagrus gracilis tom the
Endau River in peninsular Malaysia was used as the outgroup taxon in all analyses.

TAXONOMY

Hemibagrus chrysops, new species
iFig. 1y

Holotype - ZRC 42653, 1 ex.. 209.7 mm SL: Borneo: Sarmwak. Serian wel market, from Sadong
River; H. H. Tan, 31 Aug-5 Sep. 1996,

Puratypes - ZRC 40489, 1 ex,, 1560 mm SL; data as for holotype, - ZRC 23008-23014, 7 ex., 172.0-
210.7 mm 51 Borneo: Sarwwak, Bojang River at Sibu; 1. Dod=on, 25-28 Jun, 1992 - ZRC 319518, 18
X, Y3 Z-IT 1 mm 515 Borneo; Sarawik, Serian, market near Sungal Gadong; H. 11, Tap et al., §
Sep 1993,

Diagnosis. - Hemibagrns chevsops can be ditferentiated from its congeners by the unigue
combination of the following characters: relatively long and narrow head [head width 53.4-
62.5 % HL (mean 57.7 % HL}]. a vivid golden-yellow hue when alive or {reshly-dead, length
of adipose-fin base 16.6-19.3 S%SL (mean 17.0 %5L; 3.33-3.98 (mean 3.64) times adipose
maximum height), dorsal o adipose distance 6.8-9.7 %81 (mean 7.9 96511, dorsal-spine
length 104-16.6 96SL (mean 14,4 %551, genital papilla in males cither not reaching or just
reaching the base of the Grst anal-fin ray, 10-11 branchiostegal rays, premaxillary wothband
not exposed when the mouth is closed, rounded caudal-An lobes. o broad and conspicuous
dirk margin absent around the margins of the caudal fin, a rounded anal fin, and a unique
cvib gene sequence (see below),

Deseription. - Head depressed and broad. body moderately compressed. Dorsul profile rising
evenly but not steeply Irom tip of snoul to origin of dorsal fin, then sloping gently ventrally
from there to end of caudal peduncle, Ventral profile horizontal to origin of anal. then
sloping dorsally to end of caudal peduncle. In %SL: head length 30.7-34.1 (32.1), head
width 17.9-20.7 {19.2), head depth 14.2-16.7 (15.1), predorsal distance 40.8-44.3 (46.5),
preanal Tength TO7-79.7 (T3.1), prepelvic length 53.3-59.0 (55.3), prepectoral length 25.8-
A2.00(27.8), body depth at anus [4.8-18.0 (16,1}, length of caudal peduncle 15.0-17.5( 16,59,
depth of caudul pedunele 7.6-9.4 (8.4, pectoral-spine length 15.6-18.7 (17.3), pectoral-fin
fength 18.8-24.0 (214 dorsal-spine length 10.4-16.6 (14.4), length of dorsal-fin 24.9-32.6
(28.4), length of dorsal-fin base |5.8-18.8 (16.9), pelvic-fin length 15.0-17.1 (15.9), length
of anal-fin base 11L0-13.7 (12.2), caudal-fin length 22.1-26.9 (24,61, length of adiposce-fin
base 16.6-19.3 (17.0), adipose maximum height 4.4-5.4 (5.2), post-adipose distance 14.7-
[6.2 (15.8), dorsul to adipose distance 6.8-9.7 (7.49): in %HL: snout length 33.6-38.7 (36.9),
interorbital distance 27.4-33.0 (29.8), eve diameter 11.9-16.3 (13.9), nasal barbel length
26.7-38.4 (32.4), maxillary barbel length 202.2-285.7 (285.6), inner mandibular barbel length
41.2-57.6 (45.8), outer mandibular barbel length 76.6-103.0 (90.7). Branchiostegal rays 10
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(4) or 11 (14). Gill rakers 4+6=10 (1), 4+7=11 (2) or 4+8=12(1). Vertebrae 23+22=45 (1
24421=45 (1), 23+23=46 (1) or 24+22=46 (5).

Fin ray counts: dorsal 1,7 (18); pectoral 1,7,i (5), L8 (1), 1,8,i (9) or L9 (3); pelvic i,5 (18);
anal iii,8 (11) or iii,9 (7); caudal 8/9 (18). Dorsal origin nearer tip of snout than caudal
flexure. Dorsal spine stout, with 4-14 irregular serrae posteriorly. Pectoral spine stout, with
14-15 large serrae posteriorly. Anal origin slightly posterior to adipose origin. Depressed
dorsal not reaching adipose fin. Caudal fin forked; upper lobe rounded with upper simple
principal ray produced into a filament, lower lobe rounded posteriorly.

Colour. - Dorsal surface of head and body uniform light grey to grey (live or freshly-dead
specimens have a golden-yellow hue which fades on preservation), without a humeral spot,
lateral line cream to yellow; ventral surfaces of head and body dirty white; adipose fin and
fin rays of all fins grey; inter-radial membranes of all fins dirty yellow.

Distribution. - Only known from the Sadong and Rajang basins in northern Borneo.

Ecology. - Hemibagrus chrysops is a relatively small species and is sexually mature at about
150 mm SL (compared to 300 mm SL for H. nemurus s. 1.). It can be found living
sympatrically with H. nemurus s. 1. in the Sadong and Rajang drainages. In the Rajang
River, it appears to be found mainly in the downstream sections of the river whereas H.
nemurus s. 1. appears to be found much further upstream. Thus, some form of longitudinal
segregation may occur within drainages, but this remains to be confirmed.

Etymology. - From the Greek “chrysops”, meaning gold-coloured. The name refers to its
golden live coloration and is used as an adjective.

Remarks. - The taxonomy of material identified as H. nemurus is at present rather confusing,
and it is highly likely that such material may consist of more than one species (Ng & Ng,
1995). Although Ng & Ng (1995) divided most of the nominal Sundaic Hemibagrus into
four sub-groups, we feel that the use of this scheme in the discussion would complicate it
unnecessarily. We have decided to follow Weber & de Beaufort (1913) and Roberts (1989)
in considering Macrones bleekeri Volz, 1903, Macrones bo Popta, 1904, Macrones fortis
Popta, 1904, Macrones fortis var. capitulum Popta, 1904, Macrones howong Popta, 1904,
Macrones kajan Popta, 1904, Mystus johorensis Herre, 1940 and Mystus pahangensis Herre,
1940, junior synonyms of Hemibagrus nemurus (Valenciennes in Cuvier & Valenciennes,

Fig. 1. Hemibagrus chrysops, ZRC 39518, paratype, 113.7 mm SL.
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LR, As stated whove, more than one species is involved in what is currently identified
as H.onemgerns, However. il is nal the objective of this paper to discuss the identities and
validities of the nominal species at length; o this effect, we compare H. chrysops only with
H. nennarns s: 1 from throughout Southeast Asia (which includes types of all the nominal
specigs listed above: see comparative material),

Hemibagras chirvsops differs from B nennernes s, L in having a relatively longer and narmower
(ws, shorter and wider) head (head width 53.4-62.5 % HL vs. 63.1-77.1; Fig. 2), longer adipose-
fin base {length of adipose-fin base 3.33-3.98 times adipose maximum height vs, 2.15-3.34),
smaller dorsal to adipose distance (6,8-9.7 %SL vs. 9.1-11.7) and relatively fewer
branchiostegal rays (10-11 vs. 11-12), In addition, H. chrvseps differs (rom H. e
from Java (the type locality of H. nennrus) in having a relatively shallower adipose fin
(length of adipose-fin base 3,33-3.98 times adipose maximom height vs. 2.15-2.76).
Hemibagrus chirvsops is Tound sympatrically with B nemurnes 5. 1 in northwestern Borneo,
but the two species can be further differentisted by the size and shape of the mule genital
papilla, The population of H. semurus 5. 1. i northwestern Borneo has a relatively elongate
genital papilla with a rounded tip, which extends bevond the base of the first anal-fin ray
in both subadult (ca. 130 mm SL) and adult males (Fig. 3A-B) while H. charvsops has o
relutively short genital papilly with o truncale tip, which does not reach the base the [irst
anal-fin ray in subadult mules and just touches the basce of the Arst anal-fin ray in adult
males (Fig. 3C-D).

Hemibagrus chirvsaps also differs from all other nominal species of Sundaic Hemibaeris
inits live coloration. The species possesses a vivid golden-vellow hue when alive or [reshly
dead while all other species of Sundaic Hemibagrus are either grey or olive-green in life.
Ohecasionally, we have come across specimens of M. memnrus 5. | possessing o vellowish
hue, but the colour has only been observed in specimens that have been dead for some time

Fig. 2, Dorsal views of heads of: A, Hemibagrus chrysops, ZRC 39518, paratype, 150.4 mm 5L: B,
Heonemnrus s 1, ZRC 38753, 131.2 mm SL: Borneo: Surawak, Sungai Kerang at Balai Ringin,
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Fig. 3. Ventral view of male genital papilla (gp) and anal fin (a) of: A, H. nemeeras s, 1, ZRC 41860,
B9, 3 e L B AL neneres s, 1, ZRC 39527, 213.0 mm S1L; C. H. elivsops, paratype. ZRC 39518,
P304 mm 5L DAL efrrvsops, hololype, ZRC 42653, 209.7 mm SL, Scale bars represent 10 mm.

and not in live or freshly-dead fish; in any ease, it is never as intense as that of H. chirvsops.
The golden-yellow colour fades rapidly upon preservation and most preserved specimens
are prey.

Hemibagrus baramensis was considered o be closely related 1o B, nemuprus 5. 1 by Roberts
(1989 and Ng & Ng (1993), but owr examination of specimens indicate that this s not the
case. Hemibagrus bavamensis s a moderately long adipose fin greater than 200050, which
is i characteristic shared by another Bormnean species, H. safanus, but is not seen in /.
sesmnernes- s, Lo twhich has an adipose lin less than 200051,

Kottebat & Lim (1995) have discussed the differences between H. hoevenii and other Sundaic
Hemibagruy and they are applicable in this case as well, Hemibagrus clhirvsops differs from
H. hoevenii in having the premaxillary toothband not exposed when the mouth is closed (vs.
partially exposed), rounded (vs, tapering) caudal-fin lobes, a broad and conspicuous dark
miargin absent (vs. present) around the marging of the caudal Nin, a rounded (vs. triangular)
anal fin, a longer adipose fin base (length of adipose-Tin base 16.6-19.3 %80 vs. 11.2-12.8),
and a shorter dorsal spine (10.4-16.6 %51 vs, 16.9-19.3),

Genetle flentity and phvlogenetic relationships, The 26 RFLP haplotypes produced 12 eyl
haplotypes ( Tahle 1), The 14 new specimens of H. remiris s, 1 from the Sadong B, Sarawak
revealed a thirteenth cpth haplotype. The evib gene sequence distinguishing H. clirvsops
from congeners is diagnostic (Fig. 43 As the analyses of the morphological as well as the
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Table 1. The RFLP haplotypes. origin, number of fish and the cytochrome b genotype assigned
following sequencing 300 bp of the mIDNA cytochrome b gene. The RFLP haplotypes are
as reported in Dodson et al (1995). Haplotype | is from specimens identified as Hemibagris
gracilis. Haplotypes 14, 15, 16 and 19 are from specimens identified as H. chrysops.
Haplotypes 20, 24 and 32 are from specimens identified as . ivevenii. All other haplotypes
are from specimens identified as H. memrns 5. 1. N.A, These fish were not subjected to a
RFLF unalysis. The specimens are deposited in ZRC and catalogue numbers for the RFLP
haplotypes presented here are provided in Dodson et al. (1995, Catalogue numbers for eyeh
haplotype G are ZRC 38752-38753,

RFLP haplotyvpe  Origin Mumber of  ewb haplotype
fish

I Endau River, west Maluysia 4 A
4, 15 Sncdong River, Sarawak 9 B
16, 19 Sadong & Rajang River, Samwak 2 B
a2 Must River, Palembang, sow Suimatra 2 C
20 24 Kapuas River, west Kalimantang

Musi River: Johor River, west Malavsia 12 [
4.9 Terengganu & Kelantan, west Malaysia a E
8.0 Pahang River, west Malaysin - F
MoAL Sadong River, Sarawak 1 G
34 Mekeng/Mun River, Thailuwml 3 H
3.56 Terengganu & Kelantan, west Malaysia i4 I
B2 Fapuas River 4 i
17, 18 Rajang River k] k.
12, 13 Perak, west Malaysin 2 L
22 Kuapuas River 2 L
25,26, X7 Cirits Reservoir, west lava 1 M

genetic data for the entire species complex are not et completed, we offer here a preliminary
picture of the number of valid species, the number of valid genetic clades and their
phylogenetic relationships in the H, nemuras species-complex. H. chirvsops is elearly distinet
[rom all other Hemibagris Torms examined, As the clustering of haplotypes by both phenetic
and cladistic procedures is identical, only the Neighbour-Joining phenogram is presented
with bootstrap estimates derived from the parsimony analysis (Fig. 5). Ingroup menophyly
(haplotypes B-M) was supported in 100% of the 10, 000 parsimony trees generated by
bootstrap resampling, In addition, a clade formed of haplotypes from specimens identified
as H. hoevenii (haplotypes C & D) and H. nenwrns s, 1. (haplotypes B, E, F. G, H, 1. 1, K,
L & M) occorred in 72% of the 10, 000 parsimony trees generated by bootstrap sampling,
corresponding to a greater than Y5% probability that the clade s real. Thus, H. chrysaps is
distinet from the out-group and all other Hemibagrus lineages. Hemibagrus chrysops appears
as the sister taxon o a large clade clusiering B memnrus 5. |, and . hoevenii. This clade
is in turn composed of two smaller monophyletic groupings: the *Sundaic' and *Indochinese”
clades (Dodson et al, 1995), The *Sundaic’ clade is well resolved with 899 bootstrap support
in parsimony analysis. This clade occurs in various parts of Sundaland, including west Java,
west Kalimantan, south Kalimantan, Sarawak and western peninsular Malaysia, The
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‘Indochinese” clade is relatively weakly supported, oceurring in only 32% of the rees
penerated in parsimony analysis. Within this group, #, hoevenii appears as a sister species
to the Indochinese f. nemuray 5. 1. genotypes, suggesting that H. hoevenii evolved on the
Indochinese mainland [ Dodson et al., 1995). The genetic distinctiveness of H, hoevenii was
supported at the 100% bootstrap level. The Indochinese H. nemurus 5. 1. genatypes
characterise fish from Thailand, castern Peninsular Malaysia and Sarawak, Although this
clade was originally associated uniguely with Indochinese mainland sites by Dodson et al.
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Fig. 4. Sequences of 300 bp from the 5 end of the cvlochrome & gene chamcterising Hemibagris
chrysops thaplotype By, AL foevenii (haplotvpes Cand D), £ wemuras from west Java Chaplotvpe
My, H. penmrus s, 1 from Sarawak Chaplotype K, ‘Sundaic’ elade) and 8. gemuruy 5.1 from Sarawak
{haplotype G, 'Indechingse’ clade), The 36 varigble positions in the Hemibagrus sequences are
presented in bold.
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(1995}, the discovery of this clade in Sarawak (genolype G) suggesis that this clade has
succeaded in spreading from the mainland. As such. western Bomeo appears to be home
tor at least four genetic groups of sympatric Hemibwgrus: H. chrysops. two distinet lineages
of H. nemurus 5.1 and H. hoevenii, the last probably a relatively recent arrival. Given the
widespread dispersal of two ol the RFLP haplotypes characterizing H, hoevenid (20 & 24
i Table 1), apparently insufficient time has elapsed to allow the evolution of site-specific
haplotypes, This suggests a relatively recent expansion of H, hoevenii, probably during low
sen levels caused by some recent Pleistocene glaciation event (Dodson er al. 1993).

The genctic distances separnting /. chrysops from other Hemibagrus are substantial and
suggest origing thut predate the Pleistocene (meuan of 7.8 % sequence diverzenee with
congeners in A, remurns species-complex (containing both the *Sundaic’ and ‘Indochinese’

— M West Jiva
Ay
West Malaysia
et Kallmantan Sundaie ¢lade
K Sarowak [
J West Kalimantan

|

-

Hemibiagrns nenirns 5.1
West Malaysia |

72 H Thailand
. Indochinese
) Savawak | Slade
50 [
r .
Wewt Malaysia |
L) s E — D
00 ] ¢ Hemibuagris hoevenii
B Hemihagrus chrvsops
A
[.0 2.0 34 4.0 5.4 6.0 7.0

Yo sequence divergence

Fig. 5. MNeighbour-joining phenogram clusiering the distance matrix, based on 300 base pairs of
cylochrome b sequence, of percent sequence divergence among 13 genetvpes of the Hemibagrus
complex, Letters al branch tips refer o the haplotypes wentified in Table |, The geographic origin
of haploty pes charactenising the two major clades (Sundaic and Indochinese) of Hemibagrus nemurns
s L oare indicated, The two haplotypes charscterising H. hoevendi were found in south Sumato
thaplotype C), west Kalimantan and west Malaysia (haplotype T3, Numbers at the forks indicate the
percentage of times the group consisting of the genotypes located (o the right of the fork ccourred
among L0 parsimony trees generated by bootstrap resampling of the evtochrome b sequence data,
Hemibagrus gracilis from the Endau B, west Malaysia, (genotype A) was used as the ootgroup taxon
for both the NMeighbour-jeining and Parsimony analyses.
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clades of H. pemurns s L) vs, 1L25-1.3 % sequence divergence within the "Sunduaic” and
‘Indochinese” eludes). Estimates of divergence times based on evrb sequence divergence
(2.8% per million vears: Ort et al. 1994 indicate thal &, chivsops shared 3 common ancestor
with the H. nemurns-H, hoevenii clade approximately 2.8 million years ago. Given the
heterogeneity of evolulionary rite amang taxa, any such caleulation must be considered as
a first-order estimate. Furthermore, the M. nemuris specics-complex presented here almost
ceriainly involves at least two species. To illustrate, the Bomean *Sundaic” H. nenurns s
1. genotype sampled in the Rujang River (evelr haplotype K) and the ‘Indochinese’ H. nenrny
5. | haplotype sampled in the Sadong River (eveh haplotype G) are separated by 3.75%
sequence divergence. Thus these two lineages appear o have Tast shared o common ancestor
during the carly Pleistocene approximately 1.3 million years ago. Although further anulyses
are required o clarity the identity and phylogenetic relationships of the various lineages
composing H, wemaras s L, Hoclirgsops is clearly o separate lineage with an independent
evolutionary history that probably predates the Pleistocene.

COMPARATIVE MATERIAL

. bavamensis - BMNH 1895.7.2:50, | ex,, holotype, 133.9 mm SL;: Borneo: Baram district: C. Hose,
1894 - FMNH 51825, 9 ex., 57.0-140.9 mm SL; Bomeo: Sabah, Sandukan district. Supagaya forest
reserve, tributary of Sapagaya Biver; R F. lnger, 26 Jul, 1950, - FMNH 68059, 12 ex., 17.7-168.5 mm
SL: Borneo: Sabah, Tawiau district, Kalobakon, Sungai Marikut; B, F, Inger, 16 Jun, 1956, - FMNH
GROG0, 19 ex., 29.85-129.5 mm Sk, Borneo: Sabab, Tawaw distriet, Kalabakan, Sungai Tibas camp,
Sungai Tawan (425N L1T7T28°E); R, Fo Inger, § Jun 1956, - FMNH 68091, 2 ex,, |09.1-128.7 mm
SL; Borneo: Sabah, Tawau district, Kalabakan. Sungai Tibas camp, Sungal Tawan (4725 N 117 28°E);
R. F. Inger. 6 Jun, 956,

H. hoevenn - ZRC 37472, | es,, neotype, | 16,2 mme 5L Madaysiaz Johor, Muar River at Kampong
BukitLehong; M. Kotiela & K. K, P, Lim, 25 Jul. 1992, - ZRC 2957329582, [Oex.. 88.1-112.3 mm
5L; Malaysin: Johor, Kow Tinggee Po K. L Ng, 1992, - ZRC 3E002, 2 ex.. |93.8-223.9 mm SL!
Borneo: Sarawak, market at Muorudis M. Kottela & T, Tan, 18-20 Jon, 1994, — ZRC 40021, 2 ex..
216.7-252.0 mm 51; Borneo: Kalunantan Selatan, Banjarmasin, Pasar Lima Beton; H B, Ng & O,
Chia, 30 May-1 Jup 1996 - ZRC 40499 Jex., 133.9-20L1 mim SL; Bomeo: Sarwak, Miri, Kampung
Bakung from Sungai Bakung, twrmofl alter 62 kim to Batu Nialy, H. H. Tean & Y0 Y. Gaoh, 235 Sep, 1996,
- ZRC 40511, & ex., 176.7-255.5 mm SL; Borneo: Sarawuk, Marudi market, from Butang Baram; 1.
H. Tan & Y. Y, Goh, 28 Sep. 1996, — ZRC 40590, 10 ex., 169, 1-292.0mm SL; Malaysia: Johor, Muar,
Serpm 111, Tanjung Sclabu port: Y. Y. Goh, 20 Nov. 1996, - ZRC 41526, 2 ex., 234.2-24400.0) mm S1.;
Sunwatea! Jambi, Pasar Angse Duo; H, H Tan & H. H.-Ng, 23-20 Jul.1995.

He nemuras 5. |- ZRC 29383-29596, 14 ex., 177.6-214.2 mm SL; Thailand: Bangkok; 1. Dodson,
Drec 1992, - ZROC 29659-29663, 7 ex., | 31.3-158.0 mim SL; Thailand: Bangkok; 1. Dodson, Dec, 19492
- ARC 39345, 4 ex., 95.2-135.3 o 510 Thailand: Yasothon province, Amphoe Muang Yasothon;
5. Kuntarphrung, 16 OQct 1993, - ZRC 40890, 3 ex., 39.2-101.2 mim SL: Thailand: Makkon Ratchasima
provinee, drained imgation ponds or padi fields along Highway 24, fed by Klong Kabou { 14748734 8N
0212 3L.77E) Ho H, Tan et al., 16 Jan 1997, - CAS 133026, 1 ex., 213.1 mm SL; Malaysia: Johor,
Sungai Kayvu, 16 miles north of Kota Tinggi: A, W, Herre, Feh 1937 (holotype of H. jehorensis)., -
CAS |33025, | ex., 1922 mm SL: Malaysia: Pahang: Sungai Garam near Karak: A. W, Herre, Mar 1937
tholotype of M, pakangensis), - ZRC 9555, | ex., 128.7 mm 501; Malaysia: Johor, Mawai district; P,
K. L. Mg, 6 Dec, 1992, - ZRC 11642, | ex., |90.0'mm SL; Malaysia: Johor, near Layang Layang! P
K. L. Mg, 4 Mar 1990, - ZRC 14899, | ex,, 1533.7 mm SL; Malaysia: Selangor, North Selangor peat
swamp Forest, irrigation canal on W boundary; NUS 1991-92 Zoology Honours class, 20 Jun, 1991,
- BRMMNH 7351, 4 ex., 34.4-272 mim SL: Borneo: Bo River: A W, Nicuwenhuis, May-Aug. 1900
(syntypes of H. (o), - RMNH 7332, 1 ex., 197 mun 5L Borneo: Bo River: A. W, Nicuwenhuis,
Muay-Aug. 1900 (holotype of H. fortis var capitufum). - RMNH 7549, 1 ex., 134.5 nun SL; Bormeo:
Bo River: AW, Nicowenhuis, May-Aug. 1900 (holotype of B, bo). - BMNH 7347, 1 ex,, 1064 mm
SL; Bomeo; Howong River, AW, Nieuwenhuis, May-Aug, 1898 (holotype of B howong ), - RMNH
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7550, 1 ex.. 122.7 mm S1; Borneo: Kajan River; A, W, Nicuwenbuis, Sep-Oct. 19(H) (holotype of £,
Ketfar). - ARC FTT09, 1 ex., 1892 mm SL: Bormeo: Sarawak, Lanjak Emiman Wildlife Sanciuary;
C.. M. Diong, 17-23 May. 1994 - ZRC 38752, 5 ex,, 165.5-222.7 mm SL; ZRC 38753, dex., 13].2-
196.5 mm SL: ZRC 39527, 3 ex., 210.3-220.8 mm SL; Bornco: Sarawak, Balai Ringin, stalls hy
roadside next 1o bridge over Sungai Kerang; H. H. Tan eral., 19 Feb. 1997, - ZRC 39526, 5 cx., 198.2-
219.5 mm 5L: Borneo: Sarawak. Seriun market; Ho M. Tan et al, 1920 Fel 1997, - ZRC 39747, 2
ex., 1354- 14600 mm SL; Bormeo: Samwak, Seran market, from Batong Kerang: P, K. L. Np ¢t al.,
[4-17 Jan 1996, - ZRC 40488, 7 ex., 131.4-212.7 mm SL: Bormeo: Sarowak, Serian market: H, H.
Tan et al.. 31 Aug-5 Sep 1996, - ZRC 404948, 7 ex., 153.0-232.5 mm SL; Borneo: Sarowak, Miri,
Kampung Bakung from Sungai Bakung wenolfT aller km 62 to Bate Nisk: . H. Tan & Y, Y. Goh,
23 Bep. 1996, - ZRC 41860, 3 ex., 974-162.0 mim SL; Bomeo: Sarawak, Balai Ringin. stalls by roaadsice
next o bridge over Sungai Kerang: H, H. Tan et al,, 24 Oct 1997, - ZRC 40521, 1 ex.. 1900 mm SL:
Bormeo: Sabah, Danum, Sepat Kalisun stream:; H, H, Tan & Y. Y. Gal, 1 Qe (996, - ZRO 40572,
Lex,, 1269 mm SL: Borneo: Sabah, Danun, Sungai Palum Tambun, tribitary of Sungai Segmin,
upstream ol Danum Valley field centre; H. H. Tan & Y. Y. Goh, | OcL1994, - ZRC 40529, 1 ex,
745, Babah: Danum Valley; HOHL Tan & Y. Y. Gob, 1 OcL 1996, - ZRC 40022, | ex., 972 mm SL
Borneo: Kalimantan Selatan, Banjarmasin, Pasar Lima Beton; 1. H, Ng & O, Chia, 30 May-1 Jun. 1996,
- ZRC A00TML, | ex., 2283 mm 5L Borneo: Kalimantan Selatan, Banjarmasin, Pasar Kaing H, H. Mg
& O, Chis, 300 May, 1996, - ZRC 40084, 4 ¢x., 15881878 mm 5L; Borneo: Kalimantan Selatan,
miarket at Negara: H. HL Ng & O, Chit, 31 May, 1996, - ZRC 40042, | ex. 2246 mm S0 Borneo:
Kalimantan Tengah, Muara Teweh. Pasar Pendopo; Ho H. Ng & O, Chia, 3-4 lun 1996, - XMBE
1020756, 1 ex., 1281 mm S1; Sumatra; Palembang; W, Volz, Oct 1900 (holotype of &, bleskers Volz
(nen Day) ) - ZRE 39032, 7 ex, 122.6-227 mm SL: Sumatra: Riau, Sungai Bengkwan, tributary of
Indragini {Barang Kuantan), 4 hes downstream (rom Rengat: PK. Lo Ne et al, 14 Jun 1995 - 7RC
20513-29531, 19 ex.. 204.0-38000 mm SL; Sumatra: Jombi; ). Dodson. 1992, - ZRC 38663, 1 o
LL3.9 mum S1; Swmatra: Jambi. Batang Har, near Tanjung lohor; M. Kottelat & H, FL Tan, 5 Jun. 1994,
-ZRC 39151, 1 ex.. 115.2 mm SL: Sumate: Jambi, Berbak Nature Reserve, Sungai Air Hitam Dalam:
H.H. Ng & 5. 1. Tan, 16 Jun 1995, - ZRC 39181, | ex.. 132.4 mm SL; Sumatra: Jambi, Sungai Alai
ab 19.5 km Muara Bungo-Muara Tebo road: coll, 5. H. Tun & H. H. Ng, 22 Jun.1995. - ZRC 40534,
3oex, 23082479 mm 5L Sumatrar Jambi, Pasar Angso Duo: 1. H. Tan et al., 5-8 Jun 1996, - 7RO
42261, 10 ex., TLT-1232 mm 5L Sumates: Tambi, ca. 15 mins, After Kampung Rantau Panjang
aleng Batang Hari conlluence; H. H, Tun et-al., 6 Jun, 1996, - ZRC 42554, 17 ex., 335700 mm S1.:
Sumatra: Jambi, Pijoan, Danau Souak Padang: H. H. Tan etal., 8 Jun.1996. - ZRC 41504, 1 ex., 255
mim SL: Java: Sungail Sokun ot Cibalagung, a probable inlet of the Cirata Reservoir at Citarum; Y,
Y. Goh & T.B. Lim, 21 Jun 1997, - ZRC 40554, 6 ex., 339-300 mm SL; West Jovie I, Dodson, 1992,

H, sabaras - FMNH 68088, 1 ex., holotype, 1185 mm SL: Borneo: Sabah, Kinubatangan Districe,
Kinabatangan river a1 Deramakot camp: R, F, Inger, 7 May. 1936, - FMNH 68061, | ex., paratype,
975 mm SL; Borneo; Sabah, Kinabatangan District, Kinabatangan river st Deramakol comp: R, F.
Inger. 24 Apro1936. - FMNH 68062, 5 ex., paratypes, 47,7-93.3 mm $1.: Bormen: Sabah, Kinabatungan
Disirict, Kinabatangan dver ot Deramakot camp; R, F. Inger, § May. 1956, - FMNH 68085, 1 ex.,
paritype, 151.6 mm 51 Bormeo: Sabah, Kinabatangin District, Kinabatangan river at Deramakot
campy R F. Inger, 12 May. 1936 - FMNH 68086, | ex., parmtyvoe, 13007 mm SL: Bomeo: Sabal,
Kinabatangan District, Kinabatangan river at Dernmakol cpmp; B F. Inger, 29 Apr, 1956; - FMNH
GEOET. | ex., paratype, Y48 mm SL; Borneo: Sabah, Kinabatangan District, Kinabatangan river at
Deramakot comp: R, F. Inger, 6 Muy. 1956, - ZRC 40493, 1 ex., 1049 mm 51 Borea; Sabah, lower
Segama river at Bukil Belacong: K. M. Martin-Smith, 15 Jun. 1996, - ZRC 41190, | ¢x.. 93.2 mm
sL: Borneo: Sabab, Sungai Kinabatangan a Sukao: B. M. Manjaji, Mar 1997,
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