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Review of the mouthbrooding Betta (Teleostei, Osphronemidae)
from Thailand, with descriptions of two new species

Ubersicht der maulbriitenden Betta-Arten (Teleostei, Osphronemidae) aus
Thailand, mit der Beschreibung zweier neuer Arten
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"Warthestr.53a, 12051 Berlin, ingoschindler@web.de
?Biihlfelderweg 10, D-04239 Ruhmannsfelden, djs@bede-verlag.de

Summary: The mouthbrooding species of the genus Betfa from Thailand are reviewed. Six species are
reported: Betta pallida, B. prima, B. pi, B. simplex and two new species of the B. pugnax species group, B. apollon
sp. nov. and B. ferox sp. nov., both from peninsular Thailand. Diagnosis, description, illustrations and habitat
notes are provided for all six species. Betta apollon sp. nov. is characterised by an unusually extended last
branchiostegal ray and 25-26 anal fin rays. Be#ta ferox sp. nov. is distinguished from all other species of the B.
pugnax group by the combination of the following character states: body depth at dorsal fin base 31.4-35.0
% of SL, head length 30.0-33.6 % of SL, transverse bars on caudal fin, chin-bar and postorbital stripe
present, 26 anal fin rays, 29-31 (mode 30) lateral scales, a lanceolate caudal fin shape and absence of a broad
dark marginal band on anal fin. Statistical analyses of selected characters were calculated to test significance
of differences between species and species groups.
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Zusammenfassung: Fine Uberarbeitung der maulbriitenden Arten der Gattung Be#a aus Thailand wird
vorgestellt. Sechs Arten werden anhand des untersuchten Materials dokumentiert: Be#ta pallida, B. prima, B.
Py B. simplex sowie zwei neue Arten der B. pugnax-Gruppe, B. apollon sp. nov. und B. ferox sp. nov., beide aus
dem stdlichen Thailand. Fiir alle Arten werden eine Diagnose, eine Beschreibung, Abbildungen und Noti-
zen zum Habitat prisentiert. Betta apollon sp. nov. ist durch einen ungewohnlich langen letzten Branchioste-
galstrahl und 25-26 Afterflossenstrahlen gekennzeichnet. Beta ferox sp. nov. unterscheidet sich von den
tubrigen Arten der B. pugnax-Gruppe durch die Kombination folgender Merkmalsausprigungen: Kérperho-
he 31,4-35,0 % der SL, Kopflinge 30,0-33,6 % der SI, dunkle Querreihen auf der Schwanzflosse, Kinn-
und Postorbitalstreifen auf den Kopfseiten vorhanden, 26 Afterflossenstrahlen, 29-31 (im Mittel 30) Late-
ralschuppen, Schwanzflosse lanzettférmig und Fehlen eines breiten dunklen Bandes auf der Afterflosse.
Zur Priifung, ob die Unterschiede zwischen den Arten und Artengruppen signifikant sind, wurden fir
ausgewihlte Merkmale statistische Tests durchgefiihrt.

Schliisselworter: Beta, Thailand, Bezta apollon, Betta ferox, Betta-Artengruppen

1. Introduction

Members of the genus Be#fa, so called fighting
fishes, are widely distributed in Southeast Asia
and inhabit a variety of freshwater environ-
ments (ScHMIDT 19906) including hill streams,
forest creeks, lakes and swamps. This mono-
phyletic genus (Brrtz 2001) consists of 55 no-
minal species with several species groups (TAN
& NG 2005a, 2005b, 20006). According to their
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brood care behaviour the species are divided
into bubble nest builders and mouthbrooders.
This review deals with the mouthbrooding Bez-
ta species of Thailand.

In the still most comprehensive treatment of
the freshwater fishes of Thailand, SmrtH (1945)
recognized one mouthbrooding species, B. Zae-
niata. However, B. taeniata Regan is described
from Borneo and does not occur in Thailand
(Kotrerat 1994, TAN & NG 2005a). Later LADI-
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GEs (1972) mentioned B. pugnax (type locality
Penang Island, Malaysia) as another species from
Thailand. KoTTeLAT (1994) described B. simplex
from Krabi (peninsular Thailand) and B. prima
from south-east Thailand and showed that the
material identified as B. faeniata by Smrru (1929,
1945) actually represents B. prima. The next
mouthbrooder described from Thailand was B.
i TaN, 1998 from Sungai Kolok. Finally ScHIND-
LER & ScHmIDT (2004) added B. pallida from
Narathiwat (most southern peninsular Thailand).
These mouthbrooding species of Thailand are
members of three different species groups (B.
picta, B. pugnax and B. waseri group).

Recent collections by H. LiINKE and N. THAN-
TAHA in Thailand made it possible that we received
information of new records of the mouthbrood-
ing Betfa and became aware of new species which
were formerly identified as B. pugnax. The pur-
pose of the present study is to review the mouth-
brooding species of the genus Be#ta from Thai-
land in order to clarify their taxonomy. A compara-
tive description of the reproductive behaviour of
the species from Thailand will be the subject of a
forthcoming article by the authors.

2. Material and methods

The measurements taken follow WiTTE &
ScuMipT (1992) with the modification that all

measurements were taken as straight-line be-
tween two landmarks. The corresponding LLMs
are noted in figure 1. The distances are measu-
red on the left side of a specimen with a dial
calliper reading to the nearest 0.1 mm. Measure-
ments are given only for those distances which
are currently used in descriptions of new Befa
species (e.g. KOTTELAT & NG 1994, TaN & NG
2005a). Counts were made as described by
WrttE & ScHMIDT (1992) except for the num-
ber of predorsal scales which were counted
continuously (NG & KotTELAT 1994). Only
such counts are given which have a diagnostic
value. Numbers in brackets indicate the num-
ber of specimens examined with that count.
Terminology of colour patterns follows TAN
& NG (2005a) with the addition that the most
dorsal longitudinal dark line on body sides is
called upper central stripe (fig. 2). The descrip-
tion follows the general format used by TaN &
NG (2005a). Beside the data obtained from
material examined, data from previously de-
scribed and redescribed species (KOTTELAT
1994, 19952, KorTtELAT & NG 1994, TAN 1998,
TAaN & KorrerLaT 1998a, 1998b, TAN & NG
1996, 2005a, 2005b, Tan & Tan 1994, 1996,
VIERKE 1984) were also used.

Brirz (1994) included the type genus of Os-
phronemidae BLEEKER, 1859 within Belontiidae
Liem, 1963 in a proposed monophyletic group.

Fig. 1: Landmarks used for morphometric characters. Standard length = d1-8; total length = d1-9; predor-
sal length = d1-5; postdorsal length = d6-7; preanal length = d1-12; body depth = d5-11; caudal peduncle
depth = d7-10; head length = d1-13; orbit diameter = d2-4; snout length = d1-2; postorbital length = d4-
13; interorbital width = d3-3; dorsal-fin base length = d5-6; anal-fin base length = d10-12; pelvic fin length

= d14-15; pectoral fin length = d16-17.

Abb. 1: Zur Ermittlung der morphometrischen Merkmale verwendete kritische Punkte. Standardlinge =
d1-8; Totallinge = d1-9; Predorsallinge = d1-5; Postdorsallinge = d6-7; Preanallinge = d1-12; K6rperho-
he = d5-11; Schwanzstielhéhe = d7-10; Kopflinge = d1-13; Augendurchmesser = d2-4; Schnauzenlinge =
d1-2; Postorbitallinge = d4-13; Augenabstand = d3-3; Riickenflossenbasislinge = d5-6; Afterflossenbasis-
linge = d10-12; Bauchflossenlinge = d14-15; Brustflossenlinge = d16-17.
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Fig. 2: Schematic presentation of dark pattern. a = preorbital stripe, b = chin-bar, ¢ = postorbital stripe, d
= second postorbital stripe, e = second central stripe, f = upper central stripe, g = central stripe, h = caudal

base spot.

Abb. 2: Schematische Darstellung des dunklen Zeichnungsmusters. a = Preorbital Streifen, b = Kinnstreifen,
¢ = Postorbitalstreifen, d = zweiter Postorbitalstreifen, e = zweiter zentraler Lingsstreifen, f = oberer

zentraler Lingsstreifen, g = zentraler Lingsstreifen, h = Schwanzflossenbasisfleck.

Following the rules of priority the valid family
group name of this family is Osphronemidae.
Although there is no comparative diagnosis for
the Osphronemidae in Britz (1994), we are
using this family group name here (instead of
Belontiidae) because it seems the best choice
according to current knowledge (see Britz
2001, RUBER et al. 2000).

The number of recognized species strongly
depends on the species concept used (LAAMA-
NEN et al. 2001). Therefore it is recommended
that authors have to specify which species con-
cept they use (LAAMANEN et al. 2001). We
adopted here the so-called pragmatic species
concept (Korterat 1995a, 1997), which is a
more practicable approach (KorTterar & NG
1994) and delimitate species on discrete cha-
racters or divergent character states.

The usage of the term ‘species group’ fol-
lows TAN & KOTTELAT (1998). The number of
groups and the included species follow TAN &
NG (2005a) with few modifications mentioned
in the species descriptions. TAN & NG (2005a)
described a separate monotypic group for B.
edithae. However, we believe that such mono-
typic group is in contradiction to the general
concept used. Therefore, we consider B. edithae
a member of the B. picta group (ScumipT 1996).

Canonical variate analyses wete used to investi-
gate patterns of morphological variation between
observed species groups from Thailand. Both the
material examined and the comparative material
were used for the statistical evaluations. In addi-
tion, the representative specimens of B. prima and
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B. simplex (data adopted from KoTTELAT 1994)
are also included in the statistics.

To correct the differences in size all measure-
ments are standardized by expressing them as
proportions of standard length as recom-
mended by VAN VELZEN et al. (1992). For this
purpose the formula log(x’) = log(SL)- log(x)
is used (BrackitH & REyMANT 1971). The CVA
scores were calculated on the basis of standard-
ized metric and meristic data, using the pro-
gram PAST (HAMMER et al. 2004).

In the one-dimensional case the formula
x" = xX100/SLis used to standardize measure-
ments. The significance of the pairwise differ-
ences between two samples in one-dimensional
standardized data is tested with the modified
#test based on range (MOORE 1957). Data of
each sample were tested for goodness of fit
the normal distribution by the K-S-test as de-
scribed in Sachs (1992). Since the normal dis-
tribution of the standardized measurements is
confirmed for all tested samples, the normal
distribution is also assumed for such samples
where only range data were available.

Comparative material: Betta smaragdina: CIS,
3 specimens, 32.5-34.9 mm SL; Thailand, Udon
Thani, Nam Luang drainage; leg. N. THANTAHA
& I. ScHiNDLER Oct. 1999. CIS, 2 specimens,
30.8-36.5 mm SL; Thailand, peat swamp 15
south-east of Nong Khai between Khok Chang
and Phen;leg, N. THANTAHA & I. SCHINDLER, Oct.
1999. B. imbellis: CIS, 5 specimens, 28.1-39.5
mm SL; Thailand, Krabi; leg. N. THANTAHA, Sept.
1999. CIS, 4 specimens, 29.2-32.1 mm SL; Thai-
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land, Narathiwat, between Marubo and Ruso; leg,
N. THANTAHA, May 2000. B. splendens (feral): CIS,
5 specimens, 27.5-33.0 mm SL; Thailand, Trat;
leg. N. THANTAHA & I. SCHINDLER, Oct. 1999. CIS,
4 specimens, 26.6-38.5 mm SL; Thailand, 30
km north of Bangkok, Mae Nam Chao Phraya
drainage; leg, N. THANTAHA & 1. SCHINDLER, Sept.
1999. B. splendens (domesticated Siamese fight-
ing fish): CIS, 5 specimens, 40.5-42.7 mm SL;
Thailand, Bangkok; leg. N. THANTAHA & 1.
SCHINDLER, Sept. 1999. B. pugnax: CIS, 10 speci-
mens, 38.5-61.6 mm SL; Malaysia, westcoast of
Penang Island, small creek between Telok Ba-
hang and Sungai Pinang; leg. H. LINKE, May
2005.

Abbreviations: CIS = Collection of the
authors; CVA = canonical variate analysis; d =
distance between two LMs; ICZN = Internati-
onal Code for the Zoological Nomenclature;
LM = landmark (landmarks = LMs); MTD F
= Staatliches Museum fiir Tierkunde, Dresden;
SI. = standard length.

3. Results

3.1. Species

3.1.1. Betta apollon sp. nov.

Holotype: MTD F 30341, 51.0 mm SL, adult

male. Thailand, Province Narathiwat, about 20
km west of Narathiwat at street to Marubo (app.

Fig. 3: Betta apollon (holotype, male).
Abb. 3: Betta apollon (Holotypus, Minnchen).
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6°23’ N, 101°38” E); leg. N. THANTAHA, May
2000 (fig 3).

Paratypes: MTD I 30342-30345, 4 speci-
mens, 46.1-51.8 mm SL; same data as the holo-
type. MTD F 30346-30348, 3 specimens, 30.9-
51.2 mm SL; about 10 km east of Ruso (app.
6°26’ N, 101°34* E); leg. N. THANTAHA, May
2000.

Diagnosis: Member of the B. pugnax group.
It is differentiated from other Be#ta by the elon-
gated last branchiostegal ray extending beyond
posterior margin of the operculum (fig. 4). Itis
further characterised by 25-26 total anal-fin rays
and 29-30 lateral scales.

Description: For general appearance see fig-
ure 3. Meristic and morphometric data are sum-
marized in table 1. Maximum known size 51.8
mm SL. Body comparatively slender (body
depth at dorsal-fin origin 28.4-33.0 % of SL),
head long (head length 32.4-35.5 % of SL),
snout pointed. Dorsal, caudal and anal fins poin-
ted; dorsal fin placed comparatively far poste-
rior (predorsal length 62.7-65.9 % of SL); cau-
dal fin slightly asymmetrically lanceolate (dor-
sal part more developed); length of anal-fin base
more than half of standard length (50.3-54.9
% of SL); dorsal-fin base length 12.8-15.8 %
of SL; pelvic fins with long filamentous ray (up
to 41 % of SL); pectoral fins rounded (length
20.2-23.9 % of SL). Dorsal fin rays 1,8(2) or
1,9(6). Anal fin rays I1,23(5), IL,24(2) or IT1,24(1).
Pectoral fin rays 12(3) or 13(5). Pelvic fin rays
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Fig. 4: Head of B. apollon; arrow indicates tip of elon-
gated branchiostegal ray.

Abb. 4: Kopf von B. apollon; der Pfeil deutet auf die
Spitze des verlingerten Branchiostegalstrahls.

1,1,4. Lateral scales 29(4) or 30(4). Transverse
scales at dorsal fin origin 9(1), 9%2(6) or 10(1).
Predorsal scales 20-21, postdorsal scales 10-11.

Colouration preserved male: Body brown, ven-
tral part light brown. Opercle and throat area in
males darkly pigmented. Lower lip black; chin-
bar present; pre- and postorbital stripes present;
second postorbital stripe present, but
sometimes split in larger staggered parts or
masked by dark pigmentation. Dorsal and cau-
dal fin brown with transverse bars; anal fin brown
with a thin dark distal margin, some specimens
with transverse bars on the most posterior anal
fin rays; pelvic fins brown at base with light,
whitish filaments; pectoral fins hyaline. Upper
stripe continuously from upper margin of eye
to dorsal caudal fin base. Central stripe from
upper pectoral fin base continuously to middle
caudal fin base, not connected with caudal base
spot. Second central stripe from lower pectoral
fin base to lower caudal fin base, conjunct with
central stripe above the middle of anal fin base.
Longitudinal stripes very faint in adult specimens.
Distinct caudal base spot present.

Distribution: Known only from the hill
streams west of Narathiwat in peninsular Thai-
land (fig. 9).

Habitat notes: Betta apollon has been collected
in hill-streams strongly shaded by forest. It was
mostly found in shallow water close to the
shores between roots, plants or leaf litter. Some
specimens were also caught in the swift flow-
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ing area between boulders. The water of the
type locality was coloutless, clear and with a
pH of 6.2, an electric conductivity of 20-40
uS/cm and a temperature of 24-26 °C.

Etymology: Apollon (Apollo by the classic
romans) is the mythological Greek god of
(among others) music, poetry, medicine and
archery and also refers to handsome young man.
The name is an allusion to the beautyful ap-
pearance of this species.

Comparative notes: Bezta apollon is diagnosed
by the unique character of an elongated last
branchiostegal ray. In larger males, the tip of
this branchiostegal ray is laterally compressed
and marked whitish (fig. 4). It is further distin-
guished from the other species of the B. pugn-
ax group in having a chin-bar and second post-
otbital stripe (versus no chin-bar and/or no sec-
ond postorbital stripes in B. breviobesus, B. fusca,
B. lehi, B. pugnax, B. pulchra, B. raja, B. schalleri),
in having transverse bars on caudal fin (no bars
in B. breviobesus, B. fusca, B. lebi, B. raja, B. schalle-
r7), longer head (head length 32.4-35.6% of SL
versus 30.8-31.7% in B. cracens) and lower num-
ber of lateral scales than in B. cracens (29-30
versus 32-33). It differs from the topotypes of
B. pugnax by a longer head (head length 32.4-
35.6% of SL versus 29.7-32.3% of SL) and less
articulated anal fin rays (23-24 versus 25-27).
From B. prima and B. pallida it is distinguished
by a higher number of lateral scales (29 or 30
versus 27-28 (mode 27) in B. prima and 27-29
(mode 28) in B. pallida; fig. 13 d), presence of
dark transverse bars on caudal fin (versus no bars
in B. prima and B. pallida) and larger size (>50
mm SL versus < 45 mm SL in B. prima and B.
pallida). Betta apollon is similar to its geographic
neighbours B. stigmosa and B. ferox regarding the
pattern of dark marks on head (in B. ferox this
pattern is much less intense than in B. apollon
and B. stigmosa). 1t differs from B. ferox in body
depth (28.4-33.0% (29.5% average) of SL ver-
sus 31.4-35.0% (average 32.9%) of SL; rtest
p<0.001; fig. 13a), in head length (32.4-35.6%
(average 33.8%) of SL versus 30.0-33.6% (ave-
rage 31.8%) of SL; £test p<0.001; fig. 13 b)
and a broad, slightly asymmetrically lanceolate
caudal fin (versus narrow lanceolate, acuminate



caudal fin shape in B. ferox). Betta apollon shares
with B. stigmosa* that at least some specimens
of B. apollon show transverse bars on few most
posterior anal fin rays as described for B. sig-
mosa (see TAN & NG 2005a). Betta apollon is dis-
tinguished from B. stigmosa in having 25-27 anal
fin rays (versus 23-24 in B. stigmosa; fig. 13 ¢) and a
deeper body (body depth at dorsal-fin base 28.4-
33.0% of SL versus 25.6-28.2% of SL; fig. 13 b).

Remarks: Formerly specimens of B. apollon
were classified as B. pugnax.

*The specific name B. stigmosa TaN & NG,
2005 (first mentiones on p. 43) is also spelled
stigmosus in the original description (TAN & NG
2005a: 45, 53). However, the valid name is B.
stigmosa; B. stigmosus is an erroneous spelling,
because a Latin or latinized adjective species-
group name must agree in gender with the ge-
neric name (art. 31.2. ICZN).

3.1.2. Betta ferox sp. nov.

Holotype: MTD F 30355, 62.9 mm SL, Thai-
land, Hat Yai, about 30 km south-west of Ratts-
phun, Bori Pat, at the national street 406, 150 m
before the junction into the Bori Pat waterfall
patk (07°00°05” N, 100°08’55” E); leg. H. Lix-
KE, Febr. 2005 (fig. 5).

Paratypes: MTD F 30349-30354, 42.1-54.9
mm SL, same data as holotype; not catalogued
one specimen 56.3 mm SL, same data as holo-

type.

Fig. 5: Betta ferox (holotype, male).
Abb. 5: Betta ferox (Holotyp, Minnchen).
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Diagnosis: Member of the B. pugnax group. A
comparatively deepbodied species (body depth
at dorsal-fin base 31.4-35.0 % of SL), which
differs from the other species of the genus by
the combination of a head length of 30.0-33.6%
of SL, transverse bars on caudal fin, chin-bar
and second postorbital stripe present, 26 anal
fin rays, 29-31 (mode 30) lateral scales, caudal
fin lanceolate and no broad dark marginal band
on anal or caudal fin.

Description: For general appearance see fig-
ure 5. Meristic and morphometric data are sum-
marized in table 1. Maximum size 62.9 mm SL..
Body comparatively deepbodied (body depth
at dorsal fin origin 31.4-35.0% of SL), head
comparatively short (30.0-33.6% of SL), snout
blunt. Dorsal, caudal and anal fins pointed;
dorsal fin placed far posterior (predorsal length
63.5-68.0 % of SL); caudal fin lanceolate; length
of anal fin base about half of standard length
(48.3-53.6 % of SL)); dorsal fin base length 11.8-
13.0 % of SL; pelvic fin with long filamentous
ray (up to 39 % of SL); pectoral fin rounded
(length 21.1-23.8 % of SL). Dorsal fin rays
0,9(1), L8(5) or 1,9(2). Anal fin rays 1I,24(6),
1,25(1) or 1,26(1). Pectoral fin rays 12(8). Pel-
vic fin rays 1,1,4. Lateral scales 29(2), 30(5) or
31(1). Transverse scales at dorsal fin origin
9%2(7) or 10(1). Predorsal scales 21-22, post-
dorsal scales 10-11.

Colouration: For live colouration see GEISLER
(1981; named B. pugnax) and front cover. Male:
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body reddish brown, belly whitish. Scales on
body sides have a greenish-blue iridescent cen-
tre. Operculum and throat greenish-blue irides-
cent (dark pigmented when preserved). Lower
lip black; chin-bar present, but not always com-
plete; pre- and postorbital stripes present; sec-
ond postorbital stripe present, but sometimes
split into larger staggered parts or masked by
dark pigmentation. Dorsal and caudal fin brown
with alternating dark and bluish transverse rows
on interradial area; anal fin brown with bluish
submarginal band and thin dark distal margin;
pelvic fins brown at base and bluish in distal
area and filaments; pectoral fins hyaline. Up-
per stripe continuously from upper margin of
eye to dorsal caudal fin base. Central stripe con-
tinuous. Second central stripe from lower pec-
toral fin base to lower caudal fin base, conjunct
with central stripe above the posterior third of
anal fin base. Distinct caudal base spot present.
Female: body tannish. Belly whitish. Less in-
tense iridescent scales on body, less colour in
fins and less distinct transversal bars on dorsal
and caudal fin as in males.

Distribution: Only known from Bori Pat,
around 35 km west of Hat Yai (fig. 9).

Habitat notes: The type locality is described by
GEISLER (1981) as a small river with remarkable
current (0.4 m/s). The ground was formed by
gravel and in parts by sand. The fighting fishes
were found at the banks, where the current was
slower, between roots and plants (Araceae). The
following water parameters were given (GEIS-
LER 1981): pH 5.8-6.3, 30-52 pS/cm, 23.3-
24.2 °C. LINKE (pers. comm.) collected the type
specimens at the same locality and in February
2005 he measured pH 6.3, electric conductiv-
ity 51 uS/cm and watet-temperature 25.5 °C.

Etymology: The specific epithet ferox (Latin),
meaning wild, bold, courageous, fierce, refers
to the behaviour of the ‘fighting fish’.

Comparative notes: Bezza feroxis distinguished
from the other members of the B. pugnax group
by the presence of a chin-bar (versus no chin-
bar in B. breviobesus, B. fusca, B. schalleri, B. raja),
complete second postorbital stripe (versus no
stripe in B. pugnax, B. pulchra, B. breviobesus, B.
fusca, B. raja, B. schalleri), caudal fin transverse
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bars present (versus absent in B. breviobesus, B.
Sfusca, B. lebi, B. raja, B. schalleri), higher body
depth (31.4-35.0% of SL versus 21.2-24.2% of
SL in B. cracens), lower number of lateral scales
29-31 (mode 30) versus >31 in B. cracens. In com-
parison to the examined topotypes of B. pu-
gnax it has a deeper body (body depth 31.4-
35.0% of SL wersus 25.9-28.6% of SL) and less
total anal fin rays (26-27 versus 27-29). From B.
prima (included in the B. pugnax group by Kor-
TELAT 1994 and TAN & NG 20052) and B. palli-
da it differs by a higher number of lateral scales
>28 versus <29 (fig. 13 d), smaller head length
(30.0-33.6% of SL versus 32.1-36.4% of SL in
B. pallida and >34% of SL in B. prima; fig. 13 a),
possession of transverse bars on caudal fin (versus
no transverse bars) and larger size (>60 mm
SL versus <45 mm SL in B. prima and B. pallida).
Betta ferox is similar in dark pattern below sub-
orbital stripe to B. stigmosa and B. apollon. 1t is
distinguished from B. stigmosa by a larger body
depth (>31% of SL wersus <29% of SL in B.
stigmosa; fig. 13 b), higher number of anal fin
rays (>25 versus <25; fig. 13 c), absence of dark
transverse bars on posterior few anal fin rays
(versus present), shorter head (head length 30.0-
33.6% of SL versus 33.6-36.5% of SL, fig. 13 a)
and larger size (>60 mm SL versus <45 mm SL).
For differences between B. ferox and B. apollon
see above.

Remarks: Formerly, specimens of this species
from southern Thailand were classified as B.
taeniata (see SMITH 1945) or identified as B. pug-
nax by VIERKE in GEISLER (1981).

3.1.3. Betta pallida

Betta pallida SCHINDLER & ScHmIDT, 2004: 2. Ho-
lotype: MTD F 28389. Type locality: Thailand,
Narathiwat Province, about 30 km west of
Narathiwat at the street to Ruso (app. 6°21° N,
101°38* E).

Material examined: MTD F 30356-30366, 11
specimens, 39.8-47.8 mm SL; Thailand, Prov-
ince Surat Thani, Ko Samui, Mae Nam; leg. H.
LiNkE, Febr. 2005. CIS, 1 specimen, 24.7 mm
SL, Thailand, Province Narathiwat, north of Sun-
gai Kolok; leg. N. THANTAHA, May 2000.
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Fig. 6: Betta pallida (Ko Samui); a male, b female.

Abb. 6: Betta pallida (Ko Samui); a Midnnchen, b Weibchen.

Diagnosis: Member of the B. picta group. This
species differs from all other Befta species by
the combination of alanceolate caudal fin, chin-
bar and second postorbital stripe present, no
transverse bars nor broad dark marginal band
on caudal fin, a low number of lateral scales
(up to 28) and anal fin rays (up to 20).

Description: The species was recently described
by SCHINDLER & ScHMIDT (2004). The additional
data are based on the specimens from Ko Sa-
mui. General appearance is shown in figure 6.
Morphometric and meristic data are given in
table 2. Maximum known size 47.8 mm SL.
Body comparatively deepbodied and short
(body depth at dorsal fin origin 29.4-32.0% of
SL), head length 32.1-35.9% of SL. Dorsal,
caudal and anal fins pointed; dorsal fin situated
comparatively far posterior (predorsal length
64.8-68.9% of SL); caudal fin lanceolate in
males, thomboid in females; length of anal fin
base more than half of standard length (50.2-
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54.5% of SL); dorsal fin base 11.0-14.0 % of
SL; pelvic fins with long filamentous ray (up to
41 % of SL); pectoral fins rounded (length 21.0-
24.4% of SL). Dorsal fin rays 1,8(2), 1,9(7) or
1,10(2). Anal fin rays 11,22(1), T1,23(4), T1,24(2),
1,25(1), I1,25(1) or 11,26(2). Pectoral fin rays
11(1), 12(6), 13(4). Pelvic fin rays 1,1,4. Lateral
scales 27(1), 28(8) or 29(2). Transverse scales
at dorsal fin origin 9(1), 92(9) or 10(1). Pre-
dorsal scales 20-22, postdorsal scales 9-10.
Colouration (preserved): Body greyish, dor-
sally darker, ventrally lighter, belly whitish.
Lower lip black; chin-bar, pre- and postorbital
stripes present; second postorbital stripe pres-
ent. Dorsal fin coloutless with transverse rows
of dark dots. Caudal fin colourless without
transverse bars. Anal fin with faint dark mar-
ginal band. Upper and central stripes continu-
ous, second central stripe through the anterior
third of the anal fin continuous, posteriorly dis-
rupted into several irregular parts. No distinct
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caudal fin spot. For live colouration see LINKE
(2000).

Distribution: The species is distributed on the
east coast of peninsular Thailand from Surat
Thani, Ko Samui in the north to Sungai Kolok
in the south (fig. 10).

Habitat notes: The specimens examined were
collected by LINKE in February 2005 in a slowly
flowing creek which was only 20 to 50 cm deep.
The water was clear and slightly tanned. The bed
was covered densely with leaf litter. The water
parametets were: pH 6.3, 82 uS/cm and 25.5
°C. At another creck containing this species the
following measurements were obtained: pH 6.5,
69 uS/cm and 26.6 °C (LiNkE 20006).

Comparative notes: Betta pallida is regarded
as member of the B.-picta group by SCHINDLER
& ScumipT (2004). It differs from the other spe-
cies of this group by having a lanceolate cau-
dal fin (versus round or slightly pointed in B.
edithae, B. falx, P. picta, B. prima, B. simplex and B.
taeniata), complete second postorbital stripe
present (versus non or reduced in B. enisae, B.
simplex and B. faeniata), no broad dark band on
anal fin (versus broad dark marginal or submar-
ginal band present in B. edithae, B. enisae B. falx,
B. picta, B. simplex and B. faeniata), distinct longi-
tudinal stripes (versus very faint stripes in B. eni-
sae, B. simplex, B. taeniata and B. edithae), lower
number of anal fin rays (usually <29 versus
usually >28 in B. edithae) and less lateral scales
as in B. edithae (usually <29 versus usually >29).
It mostly resembles B. prima. Both are differ-
entiated in caudal fin shape (figs. 6, 7), central
stripe not interrupted in B. pallida (versus often
posteriorly interrupted in B. prima) with more
defined clear dorsal and ventral margins, no dis-
tinct caudal spot (usually distinct caudal spot
in B. prima).

Remarks: Formerly specimens of this species
from Ko Samui were misidentified as B. zaenia-
ta (see CHITRAKARN & INDRAMBARYA 1932). TAN
& Kotterar (1998) and TaN & NG (2005a)
included only B. picta, B. falx, B. simplex and B.
taeniata in the B. picta species group. However,
Scumipt (1996) included B. prima and B. edithae
in this group and SCHINDLER & ScumIDT (2004)
added B. pallida. Since B. enisae strongly re-
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sembles B. simplex and B. faeniata in general ap-
pearance and in the low number of lateral
scales and anal fin rays (26-28, and 23-26 anal
fin rays), it is treated herein as an additional
member of the B. picta species group (viz. B.
edithae, B. falx, B. pallida, B. picta, B. prima, B.
simplex, B. taeniata).

3.1.4. Betta prima

Betta prima KorteLAT, 1994: 298. Holotype:
ZRC/CMK 10798. Type locality: Thailand,
Province Chantaburi, creek about km 1 on road
to Nam Tok Phliu, after leaving Chantaburi-
Trat highway, 12°32’ N 102°11’E.

Material examined: CIS, 5 specimens, 30.3-38.5
mm SL; swamp area east of Chantaburi, on high-
way to Trat (app. 12°33’ N, 102°10” E); leg. N.
Thantaha & I. Schindler, Oct. 1999. CIS, 1 speci-
men (not measured), creek at street (344) from
Chonbuti to Klaeng, near to Pa Yup (app. 13°01°
N, 101°27” E); leg. N. Thantaha, April 2000.

Diagnosis: Member of the B. pzcta group. This
species differs from the remaining mouth-
brooding Betfa species by the combination of
an almost round caudal fin, a small size (40 mm
SL), presence of chin-bar and second postor-
bital stripe and no broad dark marginal band
along anal and caudal fin.

Description: Based on the examined material.
For general appearance see figure 7. Meristics and
measurements are summarized in table 2. Ma-
ximum known size 40 mm SL. Body compara-
tively slender (body depth at dorsal fin origin
28.0-31.6% of SL), head comparatively long
(head length 34.5-37.2 % of SL) and relatively
pointed. Dorsal and anal fin pointed; dorsal fin
situated far posterior (predorsal length 66.2-
70.1% of SL); caudal fin round, median rays in
males slightly elongated, giving a pointed ap-
pearance; length of anal fin base about half of
standard length (49.7-53.5% of SL); dorsal fin
base length 10.4-14.0 % of SL; filamentous
second pelvic fin ray reaching up to 37 % of
SL); pectoral fins rounded (length 18.5-24.4%
of SL). Dorsal fin rays 1,8(6). Anal fin rays
11,23(2), 11,24(3) or 11,25(1). Pectoral fin rays
12(4) or 13(2). Pelvic fin rays 1,1,4. Lateral



Fig. 7: Betta prima, male.
Abb. 7: Betta prima, Minnchen.

scales 27(4) or 28(2). Transverse scales at dor-
sal fin origin 9%2(5) or 10%2(1). Predorsal scales
21-22, postdorsal scales 9-10.

Colouration (preserved): Body greyish, dor-
sal darker, belly lighter. Lower lip black; chin-
bar, pre- and postorbital stripes present; second
postorbital stripe present. Dorsal fin with rows
of dots on the interradial area. Caudal fin plain,
colourless without transverse bars. Anal fin with
a very narrow dark margin. Upper and central
stripe continuous, second central stripe from
ventral edge of pectoral fin to lower caudal fin
base. Distinct caudal fin spot usually separated
from central stripe. For live colours see Kor-
TELAT (1994).

Distribution: The species is widely distributed
in the south-east part of Thailand (fig. 10) and
in Cambodia (KOTTELAT 1994). This region is
separated as a particular subregion of the fish
fauna of the Sundaic district by KoTTELAT
(1989). There are also specimens from southern
Vietnam, which are identified as conspecific
with B. prima (pers. observ.).

Habitat notes: The habitat of the examined
specimens was a swamp area near a large pond.
Betta prima were collected between overflowed
plants. The water was clear and coloutless. The
following measurements (pers. observ.) were
obtained (Oct. 1999, 2:00 pm): pH 6.6, 180 uS/
cm and 25.8 °C.

Comparative notes: According to SCHMIDT
(1996) Betta prima is a member of the B. picta
group. It can be differentiated from the other
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species of this group by a round or slightly
pointed caudal fin (versus lanceolate caudal fin
in B. enisae and B. pallida), a complete second
postorbital stripe (versus non, reduced or stron-
gly masked stripe in B. enisae, B. simplex and B.
taeniata), no broad dark band on anal fin (versus
broad dark marginal or submarginal band pres-
entin B. edithae, B. enisae, B. falx, B. picta, B. sim-
Pplexand B. faeniata), distinct central stripes (ver-
sus very faint in B. enisae, B. simplex and B. taen:-
ata or fainter and disrupted in B. edithae) and
lower number of anal fin rays (<28 versus >27
in B. edithae). For further differences between
B. prima and B. pallida see 3.1.3.

Remarks: Formerly this species was identified
as B. taeniata, B. macrophthalma or B. pugnax (e.g
Smrrh 1945, KorTELaT 1989).

3.1.5. Betta simplex

Betta simplex: KorteLAT, 1994: 301. Holotype:
ZRC 38486. Type locality: Thailand, Krabi
Province, northwest of Krabi, spring of Tham
Sra Kaew and Nine Ponds, behind Ban Nai Sra
village, 2.2 km from National Highway 4034,
1800 m behind Public Health Center.
Material examined: CIS, 2 specimens, 30.1
and 31.9 mm SL; creek south-east of Sra Kaew
on road to Krabi (app. 8°06’N 98°50’E); leg;
N. Thantaha & 1. Schindler, Oct. 1999.
Diagnosis: Member of the B. picta group. Dis-
tinguished from other species by the combina-
tion of a broad dark marginal band along anal
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Fig. 8: B. simplex; a male, b female.
Abb. 8: B. simplex; a Minnchen, b Weibchen.

fin and ventral part of anal fin, round dorsal,
anal and caudal fin in males and females, low num-
ber of anal fin rays (up to 24), central stripes faint
in males and small size (up to 40 mm SL).
Description: Based on material and data pub-
lished by Kottelat (1994). For general appear-
ance of body shape and colour pattern see fig-
ure 8. Morphometric and meristic data are sum-
marized in table 2. Maximum known size 40
mm SL. Body with comparatively deepbodied
appearance (body depth at dorsal fin origin 26.8-
32.3% of SL), head long (head length 34.6-38.6
% of SL) and pointed. Dorsal, caudal and anal
fins rounded in males and females; dorsal fin
situated far posterior (predorsal length 65.8-
69.8% of SL); length of anal fin base up to
half of standard length (48.3-50.0% of SL);
dorsal fin base length 11.2-15.4 % of SL; pel-
vic fin short reaching up only to 30% of SI;
pectoral fin rounded (length 18.0-22.4% of SL).
Dorsal fin rays 0,9(3) or 1,8(3). Anal fin rays
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IL,21(1) or IL,22(5). Pectoral fin rays 11(3) or
12(3). Pelvic fin rays 1,1,4. Lateral scales 27(3)
or 28(3). Transverse scales at dorsal fin origin
9'2(3), 10%2(1) or 11"2(2). Predorsal scales 20-
21, postdorsal scales 9-10.

Colouration (live): Male: body light reddish to
brown. Scales on body with greenish-blue iri-
descent centre. Operculum and throat greenish-
blue iridescent (dark pigmented when pre-
served). Lower lip black; chin-bar, pre- and post-
orbital stripes present; second postorbital stripe
present, but sometimes split in larger staggered
parts or masked by pigmentation. Dorsal fin
brown with a thin light distal margin, caudal
fin brown with a light distal margin and a broad
dark subdistal band, no transverse rows on in-
terradial area; anal fin brown at base with a blu-
ish thin distal margin and a broad dark band on
caudal and ventral parts. Pelvic fins brown at
base and blueish in distal area and filaments;
pectoral fin hyaline. Upper stripe faint, con-
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tinuously from upper margin of eye to dorsal
caudal-fin base. Central stripe faint, continuous-
ly from posterior part of opercle to middle of
caudal-fin base. Second central stripe very faint
from lower pectoral fin base to lower caudal
fin base, conjunct with central stripe above the
posterior third of anal fin base. Caudal base
spot present, inconspicuous. Female: body pale
yellowish brown. Dark stripes on head and body
more conspicuous. Fins mostly hyaline, anal fin
with a narrow dark submarginal band.

Distribution: Known only from the area
around Krabi at the west coast of southern
Thailand (fig. 10).

Habitat notes: The type locality is described
as a pool of 10-15 m diameter, up to 10 m
deep. The fishes were collected along the banks.
The water temperature was 27 °C, pH 7.0, elec-
tric conductivity 530 uS/cm (LiNkE 1991). The
examined specimens were collected in a com-
paratively fast flowing, clear-water creek. The
specimens were found between plants.

Comparative notes: B. simplex differs from B.
pallida and B. prima by the presence of a broad
prominent dark margin (bluish in live) on anal
fin and lower half of caudal fin (versus a thin
diffuse marginal or submarginal dark stripe on
anal fin and no dark pattern on caudal fin) and
a rounded caudal fin (versus lanceolate in B. pal-
lida and slightly pointed in B. prima). From B.
picta, B. falx, B. pallida and B. prima it is distin-
guished by a round anal fin in both males and
females (versus pointed in males) and faint lat-
eral stripes (versus distinct lateral stripes). From
B. picta and B. falx it is differentiated by a deeper
body (body depth at dorsal fin origin 27.7-32.3
% of SL versus 21.5-28.0 % of SL) and a more
caudally positioned dorsal fin (predorsal fin
length 65.8-69.8 % of SL versus 60.0-67.6 % of
SL). It differs from B. enisae by the round
caudal fin without transverse bars (versus cau-
dal fin lanceolate with transverse bars), from
B. taeniata by a smaller size (up to 40 mm SL
versus up to 55 mm SL) and less scales in lat-
eral line (mode 28 versus mode 29) and from
B. edithae by a lower number of anal fin rays
(<26 versus >27) and less lateral scales (<29
versus >28).
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Remarks: The more protruded lower jaw used
by KorreraT (1994) to distinguish B. saplex
from similar species cannot be confirmed here-
in. It seems that the observed character shown
in the original description (KKOTTELAT 1994) is
an individual structure of the type specimens
instead of a diagnostic character of the species.
The character of head length used by TaN &
NG (2005a: 78) to separate B. faeniata from B.
simplex is not useful since the data for B. zaenia-
ta broadly overlap with those of B. simplex.

3.1.6. Betta pi

Betta pi TaN, 1998: 285. Holotype: ZRC 40289.
Type locality: Thailand, Province Narathiwat,
Mae Nam Tod Deng, about 6 km north of
Sungai Kolok.

Material examined: CIS, 2 specimens, 30.5
and 36.3 mm SL; small creek and swamp few
kilometres north of Sungai Kolok at the road
from Narathiwat to Sungai Kolok; leg, N. THAN-
TAHA & I. SCHINDLER, May 2000.

Diagnosis: Member of the B. nuseri group. It is
distinguished from all remaining species of Be#ta
from Thailand by the unique character of a dark
p-shaped mark on throat, a higher number of
lateral scales (32-33) and anal fin rays (30-32).

Description: This species was described and
illustrated by TAN (1998. For morphometric and
meristic data (adopted from Tan 1998) see
table 2. For general appearance see figure 11.

Distribution: The species is known only from
the southern part of the Narathiwat Province
(fig. 9).

Habitat notes: The primary habitats of this
species are well shaded peat forest blackwater
swamps and creeks which drained out such
swamps. The beds are usually covered with
dense leaf litter and lots of roots and plants.
The free water area is often small and the pH
of such habitats is about 6.0 (Tax 1998, pers.
observ.).

Comparative notes: The species is easily recog-
nized (even subadult specimens) within the Bez-
ta species of Thailand by the characteristic dark
p-shaped mark below the mouth and a promi-
nent dark central stripe (figs. 11,12).



Fig. 9: Distribution of B. apollon (dots), B. ferx (square)
and B. pi (triangles) in Thailand. The arrow indicates
the Island Penang (type locality of B. pugnax).

Abb. 9: Verbreitung von B. apollon (Punkte), B. ferox
(Quadrat) und B. pi (Dreiecke) in Thailand. Der Pfeil
deutet auf die Insel Penang (Typuslokalitit von B.

pugnax).

Remarks: Betta piis the most northern member
of the B. waseri group (TAN 1998). This species
group is diagnosed by TAN & KoTTELAT (1994).
The species of this group resemble each other
very much and further investigation is needed
to confirm the separateness of B. pi to its geo-
graphic neighbour B. waseri.
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Fig. 10: Distribution of B. pallida (triangles), B. prima
(dots) and B. simplex (squares) in Thailand.

Abb. 10: Verbreitung von B. pallida (Dreiecke), B. pri-
ma (Punkte) and B. simplex (Quadrate) in Thailand.

3.2. Statistical analyses

The variation of four selected measurements
and counts of samples of 13 taxa are given in
figure 13; results of pairwise /tests are sum-
marized in table 3. The variation in head length
(fig. 13 a) shows a gradual increase in head length
from the bubble-nest building species (B. belli-
ca, B. imbellis, B. smaragdina and B. splendens; head
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Fig. 11: Betta pi, male. Photo: H. Linke.
Abb. 11: Betta pi, Minnchen. Foto: H. Linke.

Fig. 12: Betta pi, male, T-shaped marking below the
mouth. Photo: H. Linke.

Abb. 12: Betta pi, Minnchen, T-f6rmige Markierung
unter dem Maul. Foto: H. Linke.

length <31% of SL), mouthbrooders with more
or less intermediate values (B. pugnax Penang
and B. ferox; >29.6 and <33.7%) to the remain-
ing mouthbrooding species (B. pz, B. apollon, B.
pallida, B. stigmosa, B. prima, B. simplexc; >32.0%).
The pattern of variation of body depth (fig.
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13 b) does not reveal any unambiguous cluster
and shows bubble-nest breeding mixed with
mouthbrooding species. However, the deepbo-
died B. ferox differs significantly in body depth
(except for the domesticated B. splendens) from
all other species (tab. 3). There are three ob-
vious clusters in the variation of numbers of
anal fin rays (fig. 13 c). The species with the
lowest numbers are B. simplex and B. stigmosa,
followed by a cluster which is divided into two
subclusters, the first including B. apollon, B. pri-
ma, B. pallida, B. ferox and B. imbellis, the second
B. pugnax, B. splendens and B. smaragdina. The
cluster with the highest number is built by B. pi
and B. bellica. The analyses of the lateral scale
counts (fig. 13 d) reveal three unambiguous clus-
ters (which differ significantly; tab. 3). The
lowest number of lateral scales (up to 28) is found
in B. simplex, B. prima and B. pallida (members of
the B. picta group). The intermediate numbers
(usually 29 to 31) are represented by B. stigmosa,
B. imbellis, B. splendens, B. apollon, B. smaragdina, B.
Jferox and B. pugnax. The highest numbers (>31)
are observed in B. p7 and B. bellica.

The CVA was calculated to obtain the differ-
ences between three of the species groups for
with members occurring in Thailand (except
for B. pi of the B. waseri group, because there



Figs. 13 a-d: Box-plots for four de-
scriptive characters: a head length in
per cent of SL, b body depth at dor-
sal-fin origin in per cent of SL, ¢
count of total anal fin rays, d count
of lateral scales. Given are the range
(line), the 1st and 3rd quartile (open
box), standard deviation of mean
(filled box) and arithmetic mean
(bar). APO = B. apollon (n = 8), BEL
= B. bellica*, FER = B. ferox (n = 8),
IMB = B. imbellis (n = 9), PAL = B.
pallida (n = 13), P1 = B. pi #, PRI =
B. prima (n = 9), PUG = B. pugnax (n
=10), SIM = B. simplex (n = 6), SMA
= B. smaragdina (n = 5), SPL. = B. splen-
dens (teral) (n = 9), SPF = B. splendens
(domesticated) (n = 10), STI = B. s#g-
mosa®. * = data from TaN & NG
(1996), # = data from Tan (1998),
° = data from TaN & NG (2005a).
Abb. 13 a-d: Balkendiagramme fiir
vier ausgewihlte Merkmale: a Kopf-
linge in Prozent der SL, b Korper-
hohe am Rickenflossenansatz in
Prozent der S, ¢ Zahl der gesam-
ten Afterflossenstrahlen, d Zahl der
Lateralschuppen. Angegeben sind
die Spannweite (Linie), das 1. und 3.
Quattil (offener Balken), Standard-
fehler des Mittelwertes (geftllter
Balken) und der arithmetische Mit-
telwert (Querstrich). APO = B. apo/-
lon (n = 8), BEL = B. bellica*, FER =
B. ferox (n = 8), IMB = B. imbellis (n
=9), PAL = B. pallida (n = 13), PI =
B. pi #, PRI = B. prima (n = 9), PUG
= B. pugnax (n = 10), SIM = B. simp-
lexc (n = 6), SMA = B. smaragdina (n =
5), SPL = B. splendens (Wildform) (n
=9), SPF = B. splendens (domestizier-
te) (n = 10), STI = B. stigmosa®. * =
Daten aus Tan & NG (1996), # =
Daten aus TaN (1998), © = Daten aus
TAN & NG (2005a2).
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Tab. 3: Results of pairwise #tests (based on range) in the characters head length (h), body depth at dorsal-
fin base (b), total anal-fin rays (a) and lateral scales (I). Significant differences (p<0.01) are indicated by the
first letter of the tested character. Non significant differences are indicated by a hyphen. For example the
combination “h.-.a.” means that there are statistical significant differences in head length, number of anal-
fin rays and lateral scale count, but not in body depth. APO = B. apollon, BEL = B. bellica, FER = B. ferox,
IMB = B. imbellis, PAL = B. pallida, P1 = B. pi, PR1 = B. prima, PUG = B. pugnax, SIM = B. simplex, SMA = B.
smaragdina, SPL. = B. splendens (feral), SPF = B. splendens (domesticated), STT = B. stigmosa.

Tab. 3: Ergebnisse der paarweisen T-Tests (basierend auf der Spanne) in den Merkmalen Kopflinge (h),
Kérperhohe am Riickenflossenansatz (b), gesamte Afterflossenstrahlen (a) und Lateralschuppen (I). Signifi-
kante Unterschiede (p<<0,01) sind durch einen fiir das getestete Merkmal entsprechenden Buchstaben ge-
kennzeichnet. Nicht signifikante Unterschiede sind durch eine Bindestrich gekennzeichnet. Zum Beispiel
bedeutet die Kombination “h.-.a.1”, dass statistisch signifikante Unterschiede in der Kopflinge, in der Ge-
samtzahl der Afterflossenstrahlen und in der Zahl der Lateralschuppen, jedoch nicht in der Kérperhohe
bestehen. APO = B. apollon, BEL = B. bellica, FER = B. ferox, IMB = B. imbellis, PAL = B. pallida, P1 = B. pi,
PRI = B. prima, PUG = B. pugnax, SIM = B. simplex, SMA = B. smaragdina, SPL. = B. splendens (Wildform), SPF
= B. splendens (domestiziert), ST1 = B. stigmosa.

APO
FER h.b.-.- FER
PUG hba- | -ba.- PUG
STI -ba.- hb.a.- h-al STI
PAL --=d hb-1 | hbal | -bal PAL
PRI h.-.-1 hb.-1 | hbal -b.-d ho--- PRI
SIM h.-al hbal | hbal - h.~a.- 8- SIM
PI -bal -bal h.-al h.-al -bal | hbal | h-al PI
BEL hbal | hbal | hbal | h-al | hbal | hbal | hbal | hb-- BEL
IMB hb.-- | hb-- | h--- h-a.- | hb-1 | hb-1 | hbal | h-al --al IMB
SMA h-a.- | hba- h.-.-.- h-a.- | hbal hbal h.-al h.-al --ald S SMA
SPL h-a.- | hba- | h--- h-a.- | hbal | hbal | h-al h-al | hbal e e SPL
SPF h.-a.- h.-a.- -b-- | hba- | h-al h.-al h.-al hbal hb.al -ba.- - e

are not enough data available for this taxon), Tab.4: Characterloadings CV1and CV2 from the CVA
namely the B. picta, B. pugnax (both mouth- of 82 specimens. High loadings indicated in bold types.
brooders) and B. splendens groups (bubble nest Tab. 4: Ladungen CV1 und CV2 der Merkmale aus
builder). CVA for 11 measurements (fig, 14 a) der CVA von 82 Exemplaren. Hohe Ladungen sind

; . . fett gedruckt.
showed an unambiguous separation (Wilk’s ett gedrue

lambda 0.0477, p<0.0001) of the B. splendens | Character CVl [ cv2
: Morphometrics

group (low scofes on §v1) and the specimens Predorsal lengih 7593 055

of the remaining species groups (high scores Preanal length 0.196 | -0.002

on cvl). The loadings on CV1 (tab. 4) contrast Head length 0053 | 0324

. R Body depth -0.128 0.003

the subunits of the head (eye diameter, postor- Caudal pedundic depth 20.060 0126

bital length, interorbital distance and snout Anal-fin base length 0.213 0.376

. Dorsal-fin base length 0.536 0.173

length) with the 'lengths of the anal and dor§al Orbital diameter 0,308 0359

fin. The CV2 axis tends to separate the B. picta Postorbital length -0.337 0.460

group from the B. pugnax and the B. splendens [Smer?‘ib“a]x‘d’h ‘g'jég %(;Zi

. . . nout leng -0. -0.

group and is most associated with predorsal and (Variance explamed) 9097% | 9.03%
postorbital length. The CVA for six meristic Meristics

1 Total anal-fin rays 0.269 -0.492

charaters (fig. 14 b) separates (Wilk’s lharnbda Total dorsal-fin rays 0060 | 9474

0.1196, p<0.0001) the B. picta group against the Lateral scales 0.906 0.117

s 1 hich i ronolv Transverse scales -0.070 0.004

remal‘nlng gr.oups on CV1, which is strongly Predorsal scales -0.059 0.157

associated with the lateral scale count (tab. 4). Postdorsal scales 0.306 0.703

The scores on CV2 distinguish the B. splendens (Variance explained) 72.92% | 27.08%
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Figs. 14 a and b: Scatter-plot
of the scores CV1 and CV2 ob-
tained a from the measutrents
and b from the counts (tesult
of CVA of morphometric data).
Abb. 14 a und b: Auftragung
det CV1-und CV2-Werte aus a
den Mess- und b den Zihlwet-
ten (Ergebnis der CVA aus den
morphometrischen Daten).

group from the B. picta- and B. pugnax group.
However, the separation between the clusters
is not as clear as in the CVA of the measure-
ments data. The loadings on CV2 contrasted
the counts of the anal and dorsal fin rays with
the number of the postdorsal scales.

4. Discussion

The species of the genus Befa tend to be mor-
phologically conservative, with only few clear-
cut interspecific differences in morphometric
or meristic characters within a species group
or even between different groups (KOTTELAT
& NG 1994). Live colouration, pattern of dark
markings on head and body sides, fin shape and
selected metrics are useful in distinguishing
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species. However, some of these characters or
character states are difficult to describe and
therefore often difficult to use for ichthyologists
who are unfamiliar with the variation and the
specific characters of taxa within the genus
(TAN & NG 2005a). In the recently published
descriptions of new Be#fa species proportional
metrics and meristics were also used to discrimi-
nate closely related species, even in cases where
the range of the character states overlaps (TAN
& TaN 1996, Tan & NG 1996, 2005a, 2005b).
The lack of any statistic test in these publica-
tions makes it difficult to decide if the differ-
ence is significant or not. In our point of view
it is necessary to evaluate such a predicted dif-
ference with a statistic test to proof if it is diag-
nostic or just informative. Furthermore, some
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species are discriminated based mainly on mi-
nor difference of head or snout shape, hue of
the pelvic fin tip or slight modifications in the
dark pattern on lower lip (NG & KOTTELAT
1992, TaN & NG 1996, NG & KotrELAT 1994).
These species delimitations are problematic,
because such differences often lie in the obser-
ved variation range within a single species and
make it difficult to confirm the validity of these
taxa by subsequent researchers (ScHmipT 1996).
The species described herein are delimitated
by the correlated presence of (at least) two dis-
crete characters or divergent character states
obtained from independent character com-
plexes (e. g the combination of a distinguish-
able meristic character and a diagnostic char-
acter in colour pattern). A single character can
only be used as a diagnostic distinction if it is
representing an unambiguous autapomorphy
for the concerned taxon. Using this approach
makes it more likely that only genetically differ-
ent units are recognized as separate species (SEE-
HAUSEN et al. 1998).

The two new species B. apollon and B. ferox
belong to the B. pugnax group and are similar
to B. pugnax. The diagnostic differences dis-
cussed above, the description of B. stzgmosa (for-
merly enclosed in B. pugnax, see TAN & TAN
1996 and Tan & NG 2005a) and the morpho-
metrics obtained on the topotypes of B. pugnax
(tab. 1; for a description of B. pugnax based on
topotypes from Penang see ALFRED 1963) makes
it necessary to examine the concept of the ta-
xon B. pugnax again. Farlier interpretations of
this taxon (e.g. TWEEDIE 1952) and the rede-
scription by TaN & TAN (1996) enclosed more
than one species. Although a revision of B. pug-
nax is not within the scope of this paper, pres-
ently it seems likely to assign such populations
to B. pugnax with a strongly reduced or absent
second postorbital stripe which are found in
the fluvial habitats draining to the west and
south coast of the Malayan Peninsular (includ-
ing the synonyms B. mwacropthalma and B. breder:
as pointed out by WITTE & ScHMIDT 1992, TAN
& TaN 1996, TaN & NG 20052).

The elongated branchiostegal ray (reaching
beyond posterior edge of operculum) in B.
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apollon was first thought to be a temporary
appearance during male mouthbreeding or as
an artefact of preservation. However, the facts
that this structure is observed in males, fe-
males and subadult specimens, both in mouth-
brooding active and non active adult males,
and that the skin on the tip of the last banchio-
stegal ray is distinctly less pigmented relative
to the surrounding skin in adult males (fig. 4)
suggest that the presence of the extended
branchiostegal ray is a distinctive character of
this taxon.

The species of genus Be#fa are divided in
species groups (review in TAN & NG 2005a).
The species in the different groups differ from
one author to the other (KorTELAT & NG 1994,
NG & KorteraT 1994, ScumipT 1996, TaN &
NG 2005a, WiTTE & ScHmiDT 1992). This re-
flects the difficulties to discriminate the spe-
cies groups. The lack of a comprehensive
phylogenetic analysis (which should consider
different kinds of character complexes) makes
it impossible to decide if a proposed species
group entity is monophyletic or not. In parti-
cular the differentiation between the B. picta-
and the B. pugnax group and the species in-
cluded in these groups are under discussion
(see 3.1.). In contrast to KorTeELAT (1994,
1995a) and TAN & NG (20052) we include B.
prima, B. pallida and B. enisae in the B. picta
group, because they share a low number of
lateral scales, a comparatively low count of
anal fin rays and a relatively small maximum
size with B. picta as the nominal member of
the group (cf. figs. 13, 14). Although B. brevi-
obesus is described as superficially similar to B.
enisae (see TAN & KoTTELAT 1998a) it is not
included in the B. picta group because of the
higher number of lateral scales (29-30). Any-
way, all statements and classifications must be
provisional until a comprehensive phylogenet-
ic analysis is available. In the reconstructed
tree of the genus Be#a using nuclear and mi-
tochondrial DNA sequences no monophylet-
ic cluster can be detected neither for the B.
picta nor for the B. pugnax group (RUBER et al.
2004). Nevertheless, there are differences
between the B. picta and the B. pugnax group



in the morphometric data (see 3.2., figs. 13,
14) obtained from the specimens examined.
Thus for practical reasons it seems better to
keep both groups separate.

RicHTER (1981) attempted to divide the ge-
nus Betta into two separate genera, one for the
bubble-nest builders and the other for the
mouthbrooders. He created the new genus
Psendobetta with B. pugnax as type species. How-
ever, both type species of the proposed gene-
ra Pseudobetta and Betta (type species B. picta)
are mouthbrooders. Therefore Psexdobetta was
immediately rejected (KoTTELAT 1982) or
treated as a synonym (ROBERTS 1989). Despite
this taxonomic confusion, there is a clear dif-
ference between the bubble-nest builders of
the B. splendens group and the herein examined
mouthbrooders of the B. picta, B. pugnax and
B. waseri group regarding morphometrics, pat-
terns of dark markings, ecological require-
ments, behaviour and molecular data (VIERKE
1986, ScumipT 1996, RUBER et al. 2004, pers.
observ.). Although a comprehensive discussion
of the genus Be#fa is not dealt with in this pa-
per, there are some obvious differences to be
mentioned. The CVA of the morphometric

data (fig. 14 a) shows that both units (bubble-
nest builders versus mouthbrooders) are well
separated in general body proportions (figs.
13 a, 13 b). The second central stripe is ab-
sent or at least strongly reduced in species
of the B. splendens group (versus presence). The
members of the B. splendens group inhabit a
different ecological niche (e. g. ALFRED 1963,
VIERKE 1986). There are differences in etho-
logical characters, which are not only con-
cerned with the reproductive behaviour and
therefore not necessarily causally connected
with it (ScHMIDT 1996). Furtheron, the analy-
sis of the molecular data detected a well sup-
ported separate cluster for the genetically
similar species of the B. splendens group
(RUBER et al. 2004). Nevertheless, at this time
it seems to be best to keep only a single ge-
nus Betta, because the generic division of the
genus only on the reproductive behaviour is
problematic (RoBerTs 1989), particularly, since
there are species which show ethological el-
ements of both groups (ScumiDT 1996). Further
phylogenetic studies will have to show whe-
ther the genus has to be split or subgenera
should be established.

Tab. 5: Key for the mouthbrooding species of Beza from Thailand.
Tab. 5: Bestimmungschliissel der maulbriitenden Be#a-Arten von Thailand.

1a) Total anal-fin rays > 29; number of lateral scales > 31; a characteristic

dark m-shaped mark on lower mouth (fig. 12) ... B. (waseri) pi
1b) Total anal-fin rays < 30; number of lateral scales < 31; no T-shaped mark ... 2
2a) Lower part of caudal fin and anal fin with a broad dark marginal band;

anal fin round ... B. (picta) simplex
2b) Caudal- and anal fin without such broad dark band; anal fin pointed ... 3
3a) Caudal fin plain, without transverse bars; lateral scales usually < 29;

second central stripe posteriorly disrupted ... 4

3b)
stripe continuously ...
4a)
caudal fin base spot ...
4b)

and usually separated from the caudal-fin base spot ...

Last branchiostegal ray elongated (Fig. 4); body depth 28.4-33.0% (mean
29.5%) of SL; head length 32.4-35.6% (mean 33.8%) of SL ...

No particular elongated branchiostegal ray; body depth 31.4-35.0%
(mean 32.9%) of SL; head length 30.0-33.6% (mean 31.8%) of SL. ...

5a)

5b)

7. Fischk. Bd. 8 Heft 1/2

Caudal fin with transverse bars; lateral scales usually > 28; second central

Caudal fin lanceolate; central stripe continuously not clearly separated from

B. (picta) pallida

Caudal fin round or slightly pointed; central stripe often posteriotly interrupted

B. (picta) prima
B. (pugnax) apollon

B. (pugnax) ferox

67



5. Key for the mouthbrooding species of
Betta from Thailand

The key (tab. 5) was prepared for species oc-
curring in the study area. The character state
fin shape is valid for adult males only. In cases
of proportional data of measurements it is in-
tended for use with a series of specimens in-
cluding mature specimens. The species diag-
noses, descriptions and photographs provided
above should also be consulted. Interpolated
names (to be given in parentheses; art. 6.2.
ICZN) are used to allow easy cross references
to species groups.

6. Acknowledgements

We are grateful to N. THANTAHA (Udon Thani,
Thailand) and to H. LINKE (Schwarzenbach,
Germany) for sending us type specimens and
providing valuable information on habitats and
distribution of the new species described. We
thank H. HieroNmus (Solingen, Germany) and
W. StaEcK (Berlin, Germany) for critical review
of the manuscript. Further we thank A. ZARSKE
(MTD) for loan of the specimens.

7. Literature

ArLrFReD, E.R. 1963. Notes on a collection of fresh-
water fishes from Penang. Bull. Singapore Nat.
Mus. 32, 143-153.

Brackrry, RE., & RA. REymENT. 1971, Multivariate
morphometrics. Academic Press, London.

Britz, R. 1994. Ontogenetic features of Luciocephalus
(Perciformes, Anabantoidei) with a revised hypo-
thesis of anabantoid intrarelationship. Zool. ].
Linn. Soc. 112, 491-508.

Brirz, R. 2001. The genus Bezta— monophyly and intra-
relationship, with remarks on the subfamily Macro-
podinae and Luciocephalinae (Teleostei: Osphronem-
idae). Ichthyol. Explor. Freshwaters 12, 305-318.

CHITRAKARN, .M., & N.B.C INDRAMBARYA. 1932.
Notes on some freshwater fishes of Koh Samui
and Koh Pa-Ngan, Gulf of Siam. J. Siam Soc.,
Nat. Hist., Suppl. 8, 279-281.

HamMmER, O, DAA.T. HARPER, & PD. Ryax. 2004. Past:
Paleontological statistics software package for
education and data analysis. Paleontologia elec-
tronica 4, 9.

68

ICZN (INTERNATIONAL COMMISSION ON ZOOLOGICAL
NOMENCLATURE, ed.). 1999. International Code for
Zoological Nomenclature. 4th ed. London, on-
line edition: www.iczn.org/iczn/index.jsp.

Korrerar, M. 1982. Bemerkungen zu neuen Gat-
tungsnamen innerhalb der Familie Belontiidae.
Der Makropode 4, 97-100.

Korrerat, M. 1989. Zoogeography of the fishes
from Indochinese inland waters with an annotated
check-list. Bull. Zool. Mus. 12, 1-55.

KorrerLat, M. 1994. Diagnoses of two new species
of fighting fishes from Thailand and Cambodia
(Teleostei: Belontiidae). Ichthyol. Explor. Fresh-
waters 5, 297-304.

KotreLat, M. 1995a. Four new species of fishes from
the middle Kapuas Basin, Indonesian Borneo
(Osteichthys: Cyprinidae and Belontiidae).
Raffles Bull. Zool. 43, 51-64.

KotTErat, M. 1995b. Opinion — Systematic studies
and biodiversity: the need for a pragmatic ap-
proach. J. Nat. Hist. 29, 565-569.

KorrerLar, M. 1997. European freshwater fishes —
An heuristic checklist of the freshwater fishes of
Europe (exclusive of former USSR), with an in-
troduction for non-systematists and comments on
nomenclature and conservation. Biologia (Sect.
Zool.) 52, Suppl. 5, 1-271.

KorrerLat, M., & PK.L. NG. 1994. Diagnoses of five
new species of fighting fishes from Bangka and
Borneo (Teleostei: Belontiidae). Ichthyol. Explor.
Freshwaters 5, 65-78.

Laamanen, T.R., ET. PETERSEN, & R. MEIER. 2001.
Kelp flies and species concepts — the case of Coe-
lopa frigida (Fasricius, 1805) and C. nebularum A1
DRicH, 1929 (Diptera: Coelopidae). J. Zool. Syst.
Evol. Research 41, 127-136.

LADpIGES, W. 1972. Die Gattung Be#ta in Thailand.
DATZ 25, 155-157.

Linke, H. 1991. Ein ,,neuer aus Stdthailand, Be#a
sp. von Krabi. Aquarium Heute 9, 6-8.

LiNnkE, H. 2006. Betta pallida— Ein neuer Kampffisch
aus Stid-Thailand. Aquarium live 10, 12-16.

Moorg, P.G. 1957. The two sample t-test based on
range. Biometrika 44, 482-489.

NG, PK.L., & M. KorteLat. 1992. Betta livida, a new
fighting fish (Teleostei: Belontiidae) from black-
water swamps in Peninsular Malaysia. Ichthyol.
Explor. Freshwaters 3, 177-182.

Ng, PK.L., & M. KorTeLAT. 1994, Revision of the
Betta waseri species group (Teleostei: Belontiidae).
Raffles Bull. Zool. 42, 593-611.

RICHTER, J. 1981. Einfithrung eines neuen Gattungs-
namens fir die maulbritenden Kampffische —



unter besonderer Betrachtung von Pseudobetta pug-
nax (CANTOR, 1849). Aquar. Terr. 28, 272-275.

Roserts, T-R. 1989. The freshwater fishes of wes-
tern Borneo (Kalimantan Barat, Indonesia). Mem.
Calif. Acad. Sci. 14, 1-210.

RUBER, L., R. Brirz, H.H. Tan, PK.L. NG, & R. ZARr-
DOYA. 2004. Evolution of mouthbrooding and life-
history correlates in the fighting fish genus Bezza.
Evolution 58, 799-813.

RUBER, L., R. Brrrz, & R. ZARDOYA. 2006. Molecular
phylogenetics and evolutionary diversification of
labyrinth fishes (Perciformes: Anabantoidei). Biol.
Syst. 55, 374-397.

Sacns, L. 1992. Angewandte Statistik — Anwendung
statistischer Methoden (7th ed.). Springer Verlag,
Berlin.

SCHINDLER, L., & J. Scumint 2004. Betta pallida sp. nov.,
a new fighting fish from southern Thailand (Te-
leostei: Belontiidae). Z. Fischk. 7, 1-4.

Scumipr, J. 1996. Vergleichende Untersuchungen
zum FPortpflanzungsverhalten der Bezfa-Arten
(Belontiidae, Anabantoidei). Bibliothek Natur &
Wissenschaft Bd. 7. Verlag Natur & Wissen-
schaft, Solingen.

SEEHAUSEN, O., E. Lirprtsch, N. Bouton, & H. ZwEN-
NEs. 1998. Mbipi, the rock-dwelling cichlids of
Lake Victoria: description of three new genera
and fifteen new species (Teleostei). Ichthyol. Ex-
plor. Freshwaters 9, 129-228.

Smrrh, H.M. 1929. Notes on some Siamese fishes. J.
Siam Soc., Nat. Hist. Suppl. 8, 11-14.

SmirrH, H.M. 1945. The fresh-water fishes of Siam,
or Thailand. Bull. U. S. Natn. Mus. 188, 1-622.
Tan, H.H. 1998. Two new species of the Betta waseri
group (Teleostei: Osphronemidae) from central
Sumatra and southern Thailand. Ichthyol. Explor.

Freswaters 8, 281-287.

Tan, HH., & M. KorTELAT. 1998a. Two new species

of Betta (Teleostei: Osphronemidae) from Kapuas

7. Fischk. Bd. 8 Heft 1/2

basin, Kalimantan Barat, Borneo. Raffles Bull.
Zool. 46, 41-51.

TaN, H.H., & M. KorTerar. 1998b. Redescription
of Betta picta (Teleostei: Osphronemidae) and de-
scription of B. falx n. sp. from central Sumatra.
Rev. Suisse Zool. 105, 557-568.

TaN, H.H., & PK.L. NG. 1996. Redescription of Ber-
ta bellica SAUVAGE, 1884 (Teleostei: Belontiidae),
with description of a new allied species from Su-
matra. Raffles Bull. Zool. 44, 143-155.

Tan, H.H., & PK.L. NG. 2005a. The fighting fishes
(Teleostei: Osphronemidae: genus Be#a) of Sin-
gapore, Malaysia and Brunei. Raffles Bull. Zool.
Suppl. 13, 43-99.

Tan, H.H., & PK.L. NG. 2005b. The labyrinth fishes
(Teleostei: Anabantoidei: Channoidei) of Sumatra,
Indonesia. Raffles Bull. Zool. Suppl. 13, 115-138.

Tan, H.H., & PK.L. Na. 2006. Six new species of figh-
ting fish (Teleostei: Osphronemidae: Beta) from
Borneo. Ichthyol. Explor. Freshwaters 17, 97-114.

Tan, S.H., & H.H. Tan. 1996. The identity of Be#ta
pugnax (Teleostei: Belontiidae), with the descrip-
tion of a new species of Be#fa from Malay Penin-
sula. Raffles Bull. Zool. 44, 419-434.

VAN VELZEN, J., N. BoutoN, & R. ZANDEE. 1992, A
procedure to extract phylogenetic information
from morphometric data. Nethetl. ]. Zool. 48,
305-322.

VIERKE, J. 1984. Betta taeniata Regan, 1910 und Betta
edithae sp. nov., zwei Kampffische von Std-Bor-
neo. Das Aquarium 18, 58-63.

VIERKE, . 1986. Die 6kologischen Anspriiche der
Kampfische Betta imbellis und B. pugnax auf der
Malaiischen Halbinsel. Bonn. zool. Beitr. 37,
131-141.

Wrrre, K., & J. Scumior. 1992. Betta brownorum, a new
species of anabantoids (Teleostei: Belontidae)
from northwestern Borneo, with a key to the ge-
nus. Ichthyol. Explor. Freshwaters 2, 305-330.

Received: 10.07.2006
Accepted: 16.08.2006

69



