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PHYLOGENY AND ZOOGEOGRAPHY OF
THE CYPRINID GENUS Spinibarbus
(Pisces: Cyprinidae)

Yang.Junxing Chen Yinrui

(Kunming Institute o f Zoology, the Chinese Academy of Sciences, Kunming 650223)

Abstract The cyprinid genus Spinibarbus consists of 5 species. They form into a
monophyly by three synapomorphies. Based on 19 external and skeletal characters, the
most parsimonious cladogram is constructed for Spinibarbus fishes. Sister groups A
(S. hollandi) and B—E (S. sinensis + S. denticulatus + S. yunnanensis + S. polylepis)
represent the first phyletic branching within the genus Spinibarbus. The phyletic divi-
sion of second sister groups B (S. sinensis) and C-E (S. denticulatus + S.
yunnanensis + S. polylepis) is supposed to be resulted from the upheaval of
Yunnan—Guizhou Plateau and the subsequent drainages’ division. The phyletic divi-
sion of third sister groups C (S. denticulatus) and D—E (S. yunnanensis + S. polylepis)
is supposed to be resulted from the environmental differentiation between
Yunnan—Guizhou Plateau and the lowlands of middle and lower Pearl and Yuanjiang
Rivers.
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1 Introduction

The cyprinid genus Spinibarbus of the subfamily Barbinae consists of 5 species.
They can be easily distinguished from any other barbid fishes by having a precumbent
predorsal spine, 5 branched anal fin rays, a simple lower lip without any mental
lobe. They occur in southern China (including Taiwan and Hainan Islands) as well as
northern Vietnam,

The first species of Spinibarbus was reported by Bleeker (1871) in the nomenclature
Puntius ( Barbodes) sinensis Bleeker from Yangtze River. Henceforth, 8 specific nomen-
clatures which are now placed in the genus Spinibarbus have been reported, they are;
‘Spinibarbus hollandi Oshima (1919), Spinibarbus elongatus Oshima (1920), Spinibarbus
nigrodorsalis  Oshima (1926), Barbus caldwelli Nichols (1925),  Spinibarbichthys
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denticulatus Oshima (1926), Barbus (Spinibarbichthys) pingi Tchang(1931), Barbodes
(Spinibarbus) denticulatus yunnanensis  Tsu (Wu et al, 1977) and Spinibarbus
denticulatus polylepis Chu (Zheng, 1989). First revision of the Spinibarbus fishes was
made by Wu et val. (1977), 5 species and subspecies were recognized valid.
Henceforth, some pieviously reported species of Spinibarbus have been recorded repeat-
edly from provinces of southern China (Fang, in Guangxi Institute of Fisheries er al.,
1981; Shaanxi Institute of Zoololgy et al., 1987; Zhujiang Institute of Fisheries et al.,
1986, 1991 ; Chu et al., 1989; Zheng, 1989). Recently the genus was systematically
revised by us (Yang et al., in press) and 5 species were considered valid, they are: S.
hollandi, S. sinensis, S. denticulatus, S. yunnanensis, S. polylepis.

About the generic status, some different opinions have been proposed for
Spinibarbus fishes. Oshima (1926) created the genus Spinibarbus by the type species
Spinibarbichthys denticulatus Oshima (= Spinibarbus denticulatus). Spinibarbichthys is
exactly the synonym of Spinibarbus (Chu, in Zheng, 1989; Chu et al. , 1989). Wu et
al. (1977) considered Spinibarbus as a subgenus of Barbodes. Some previously reported
species were placed in Barbus (Nichols, 1925; Nichols et al., 19275 Tchang, 1931),
Puntius (Bleeker, 1871), Mystacoleucus (Wu et al., 1931) or Matsya (Hora, 1937;
Chang, 1944). These disagreements on the generic status is resulted mainly from the
poor knowledge about the phylogeny of Spinibarbus fishes.

All of the previous studies are focused on classification of the genus Spinibarbus.
No attempts have been made to study its phylogeny. Therefore the present paper is fo-
cused on studying the phylogyeny and zoogeography of Spinibarbus fishes.

2 Materials and Methods

All specimens examined belong to the collections of Kunming Institute of Zoology,
Academia Sinica (KIZ). Skeletal specimens were prepared by the method of Dingerkus
and Uhler (1977). The genus Barbodes is considered as the outgroup of Spinibarbus be-
cause it shares a close relationship with and is more primitive than the genus
Spinibarbus  (Wu et al., 1977). Counts of vertebrae are illustrated in Fig. 1. The
vertebra beneath Ist pterygiophore of dorsal fin is named here as lst DA (between dorsal
and anal fins) vertebra and the one above Ist pterygiophore of anal fin the 1st caudal
vertebra. Those vertebrae set before 1st pterygiophore of dosal fin are counted here as
predorsal vertebrae (Pv) and those set from 1st pterygiophore of anal fin to caudal fin
base as caudal vertebrae (Cv). Those set between the last predorsal vertebra and 1st
caudal vertebra are recognized here as DA vertebrae (DA). Other abbreviations used in
this paper are as following: Nc, neural complex; Ns4, 4th neural spine; P,
posttemperal; Pad, parapophysis of 4th vertebra; Ps, precumbent predorsal spine;
Pt, pterygiophore; S, squamosal; Sc, supracleithrum; Sn, supraneural.

The following cleared and stained skeletal specimens have been prepared: Barbodes
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huangchuchieni (Tchang): KIZ734085(Menghan of Yunnan); B. verayi (Norman):
KI1Z736081 (Manzhe of Yunnan); B. wynaadensis (Day): KIZ8110101 (Daojie of
Baoshan, Yunnan); B. hexagonolépis (McClelland): KIZ7801063 (Yingjiang of
Yunnan); Spinibarbus hollandi  Oshima: KIZ8811396, 8811397 (Guanling of
Guizhou); S. sinensis (Bleeker): KIZ79304, 79305 (Chenghai Lake of Yunnan); S.
denticulatus (Oshima): KIZ6440017, 6440349 , 6440355 (Hekou of Yunnan);_ S.
yunnanensis Tsu: KIZ892067-892069 (Fuxian Lake of Yunnan); S. polylepis Chu;
KI1Z775400 (Luxi of Yunnan), 8811122 (Xingyi of Guizhou).

3 Character Analysis of the Genus Spinibarbus

The genus Spinibarbus consists of 5 species. They form into a monophyletic line-

age by three synapomorphies: (a) disappearance of last supraneural from above the last
predorsal vertebra; (b) a strong and tall 4th neural spine; (c) presence of a precumbent
predorsal spine at dorsal fin origin. These synapomorphies and some 16 interspecific
characters are described and discussed in detail as following.
3.1 Disappearance of last supraneural from above the last predorsal vertebra. A
supraneural is a laminar bone set above each of predorsal vertebra and between neural
spines. In Spinibarbus, the supraneurals are very developed with a triangular form from
lateral view. In all species of Spinibarbus, the last supraneural is disappeared from
above the last predorsal vertebra (Fig. 1; Fig. 2b, ¢). By contrast, the last
supraneural is present above the last predorsal vertebra (Fig. 2a) in Barbodes. Outgroup
comparison indicates that the disappearance of last supraneural is a synapomorphy of
Spinibarbus fishes.
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Figure 1 Vertebral column of Spinibarbus hollandi

Scale bar 10 mm Abbreviations see the Materials and Methods.

32 A strong and tall 4th neural spine. In all species of Spinibarbus, the 4th neural
$pine is well developed, being almost as tall as neural complex (Fig. 2b, c). ‘ This spine
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is slightly inclined posteriorly and widely separated from the posterior border of neural
complex. In other genera of Barbinae, the 4th neural spine is usually weak and short,

~ its height being less than a haif of the
height of neural complex (Fig. 2a);
this morphotype commonly - occurs in
species of Barbodes, for example B.
chonglingchungi, B. hexagonolepis.
The foregoing anaiysis reveals that a
weak and short 4th neural spine oc-
curs in the outgroup and is reasonably
considered here to be a plesiomorphic
state. A well developed 4th neural
spine is only possessed by Spinibarbus
fishes and regarded as a
synapomorphy of Spinibarbus.

3.3 Presence of a precumbent
predorsal spine. In Spinibarbus, a
well developed spine is protruded
forwardly from superior—anterior an-
gle of the first pterygiophore (Fig. 13
Fig. 2b, c). The posterior half of the
spine is fused to the first

pterygiophore without any sutures.

Although the basal portion is em-
Figure 2 Anterior vertebral column bedded under skin, the spine forms a
a: Barbédetv wynaadensiss b: Spinibarbus sinensis; sharp tip protruded outwar dly from
c: S. denticulatus. Scale bars 10 mm. dorsal  skin. In the subfamily
Barbinae, this spine is only possessed by the species of Spinibarbus, Mystacoleucus
and some species of Tor. About this spine, two opinions have been proposed. Hora
(1937) proposed that the spine of Spinibarbus and Spinibarbichthys (= Spinibarbus) was
homologous to that of Mystacoleucus. By contrast, Wu er al. (1977) considered that
this spine was independently obtained by Spinibarbus, Tor and Mystacoleucus. It is
worthy noting that the three genera show great differenc. Mystacoleucus fishes possess'
8-9 branched anal fin rays which is fairly different from all other genera (including
Spinibarbus and Tor) of Barbinae. In the genus Tor, a unique mental lobe is present at
middle of lower lip and the postlabial groove is not disrupted at mental area. By con-
trast, most genera (including Spinibarbus and Mystacoleucus) of Barbinae have no men-

tal lobe and the postlabial groove is disrupted at mental area. These characters indicate
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that a remote relationship lies among Spinibarbus, M ystacoleucus and Tor, and that
the precumbent predorsal spine is independently obtained by each of the three genera.
So the spine is inferred here to be a synapomorphy of the genus Spinibarbus. '
The particular combination of synapomorphies discussed above clearly indicates that
the genus Spinibarbus represents a monophyletic lineage within Barbinae. Of the 3
synapomorphies shared by all species of Spinibarbus, the strong and tall 4th neural spine
and the disappearance of last' supraneural particularly identify the uniqueness of the ge-
nus S pinibarbus. _
3.4 The last simple dorsal fin ray. The last simple dorsal fin ray of S. hollandi is un-
ossified and flexible, its posterior edge being smooth. In S. sinensis, S. denticulatus,
S. yunnanensis and S. polylepis, the last simple ray of dorsal fin is heavily ossified
with a serrated posterior edge. Although both states occur in outgroup Barbodes, most
primitive species of Barbodes possess an unossified last simple ray of dorsal fin with a
smooth posterior edge. The ontogenetic data of S. yunnanensis are also helpful for
polarity determination of this character. 3 larvae specimens of S. yunnanensis with
20-25 mm SL have been examined. Their last simple ray of dorsal fin is flexible with a
smooth posterior edge. In adults of S. yunnanensis, the last simple ray of dorsal fin be-
come ossified and serrated posteriorly. Both outgroup comparison and ontogenetic data
suggest that the ossified last simple dorsal fin ray with a serrated posterior edge should
be an apomorphic state.
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Figure 3 Infraorbital series Figure 4 The lateral view of supracleithrum,
a: Barbodes wynaadensisy b: Spinibarbus posttemporal and squamosal
hollandis c: S. sinensisy d: S. denticulatsus. a: Spinibarbus hollandis b: S. sinensis;
Scale bars 10 mm . c:- S. denticulatus. Scale bars 10 mm

3.5 Lachrymal. In S. hollandi, the lachrymal is a slightly elongate, laminar bone,
its length being obviously larger than its depth (Fig. 3b); this morphotype commonly oc-
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curs in most species of Barbodes (Fig. 3a) and is reasonably supposed to be a
plesiomorphic state. In S. sinensis, S. denticulatus, S. yunnagnensis and S.
polylepis, the lachrymal is a square—like bone, its length being almost equal to its
depth (Fig. 3c, d); this morphotype is supposed to be an apomorphic state.

It is worthy mentioning that the larvae (less than 40 mm SL) of S. denticulatus
possess the former morphotype of lachrymal, but the adults possess the latter
morphotype of lachrymal. Here the ontogenetic data further support the inferrence that
the former morphotype of lachrymal should be a plesiomorphic state.

3.6 Neural complex. In S. hollandi, the neural complex forms into a rectangular
bone, its width being apparently smaller than its depth, the dorsal edge being lower
than the dorsal level of cranium (Fig. 1); this morphotype is shared by Barbodes fishes
and inferred here to be a plesiomorphic state. In the rest of Spinibarbus species except
S. hollandi, the neural complex forms into an axe—shaped bone with a well forwardly
inclined anterior edge, the dorsal edge being higher than the dorsal level of cranium
(Fig. 2b, c¢)s; this morphotype does not occur in the outgroup Barbodes, and is consid-
ered as an apomorphic state.

3.7 Color pattern of dorsal fin. In S. hollandi, a deeply black stripe is present on the
distal margin of dorsal fin. In the area o‘f this stripe, both the fin rays and the mem-
brane between rays become deeply black. This colour pattern does not occur in
Barbodes and is reasonably inferred here to be an apomorphic state. In the rest species
of Spinibarbus except S. hollandi, the dorsal fin are greyish and unmottled. This state
is shared by most species Barbodes and is inferred to be a plesiomorphic state.

3.8 First pterygiophore of dorsal fin. The length of first pterygiophore of dorsal fin is
variable in Spinibarbus. In S. hollandi, the first pterygiophore is short, its ventral tip
not reaching to the anterior zygapophysis of first DA vertebrae (Fig. 1); this
morphotype is not shared by species of Barbodes. It is reasonably to treat this
morphotype as an apomorphic state. In rest of Spinibarbus species except S. hollandi,
the first pterygiophore of dorsal fin is fairly elongate, its ventral tip reaching to the ante-
rior zygapophysis of first DA vertebrae (Fig. 2b, c); this morphotype also occurs in spe-
cies of Barbodes (Fig. 2a) as well as most genera of Barbinae and is considered here as
a plesiomorphic state.

3.9 The rostral groove. The rostral groove of S. hollandi is relatively short, reaching
forwardly only to the base of rostral barbel; this state does not occur in Barbodes and
is supposed here to be an apomorphic state. In the rest of Spinibarbus species except
S. hollandi, the rostral groove extending beyond the base of rostral barbel and runs
along the ventral-anterior edge of lachrymal; this state is commonly shared by
Barbodes species and considered as a plesiomorphic state.

3.10 Dorsal fin origin. In S. hollandi and S. sinensis , the dorsal fin origin is set be-
fore pelvic fin origin. In S. denticulatus, S. yunnanensis and S. polylepis, the dorsal




i BE LT, R G KRR T R BRI 19

fin origin is set behind pelvic fin origin. Because most primitive species of Barbodes
such as B. benasi, B. wynaadensis and B. hexagonolepis (Wu et al., 1977; Chu et
al., 1989) possess an anteriorly positioned dorsal fin. So a posteriorly positioned dorsal
fin is iﬁferred here to be an apomorphic state.

3.11 The number of DA vertebrae. The vertebrae between dorsal and anal fin origins
are defined here as DA vertebrae. The number of DA vertebrae is variable in
Spinibarbus. Two states are recognized: 16—17 and 14—15 DA vertebrae. The former
state occurs in S. hollandi and S. sinensis; the latter state occurs in S. denticulatus ,
S. yunnanensis and S. polylepis. Because the number of DA vertebrae is closely relat-
ed both to dorsal fin origin and the number of predorsal vertebrae, the state of 14—15
DA vertebrae is correspondingly treated as an apomorphic state.

3.12 Supracleithrum. The supracleithrum of Spinibarbus is an elongate, laminar
bone. Its ventral half is connected to the dorsal tip of cleithrum, and its dorsal half to
the post—temporal. Two states of supracleithrum are recognized in Spinibarbus. In S.
sinensis, supracleithrum is a triangle — like bone with a wide dorsal edge and a narrow
ventral tip (Fig. 4b), its posterior margin not running along its anterior margin, this
state .does not occur in Barbodes. So it is reasonably supposed to be an apomorphic
-state. In rest of Spinibarbus . species except S. sinensis, supracleithrum is
rectangle—like, its posterior margin running along its anterior margin (Fig. 4a, c). Be-
cause this morphotype is commonly shared by most species of Barbodes, it is inferred to
be a plésiomorphic state.

3.13 Parapophysis of 4th vertebra. In Spinibarbus, the parapophysis is attached to
the ventral-lateral portion of 4th vertebra. It forms into two limbs: posterior and
ventral limbs. Posterior limb prolongs backwardly and forms into the suspensorium.
Ventral limb is extended ventrally. In S. sinensis, the anterior edge of the ventral limb
projected forwardly and forms into a triangular process (Fig. 2b). Because this
morphotype does not occur in Barbodes species (Fig. 2a), it is supposed here to be an
apomorphic state. In rest of Spinibarbus species except S. sinensis, the anterior edge
of the ventral limb does not form into a triangular process (Fig. 1; Fig. 2c). This
morphotype is commonly shared by species of Barbodes and treated as a plesiomorphic
state. .

3.14 Predorsal scales. The number of predorsal scales exhibits interspecific
differentiations in Spinibarbus. S. hollandi possesses 8—12 predorsal scales, S.
sinensis  6—10, S. denticulatus 9-12, S. yunnanensis 13—15 and S. polylepis
13—14. Here two states can be recognized: 6—12 and 13-15 predorsal scales. Most
primitive species of Barbodes such as B.  benasi, B. wynaadensis and B.
hexagonolepis (Wu et al,, 1977) possess 7—11 predorsal scales. Based on this
recognization, the state of 13—15 predorsal scales is considered as an apomorphic state.
3.15 Number of caudal vertebrae. Vertebrae between anal fin origin and caudal fin
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base are defined here as caudal vertebrae. S. hollandi possesses 14 caudal vertebrae,
S. sinensis 14-15, S. denticulatus 13—14, S. yunnanensis 16-17 and S. polylepis
15. Two states of caudal vertebrae are identified here: 13-14 and 15-17 caudal
vertebrae. Because a high number of vertebrae is usually considered as an apomorphic
state within Barbinae (Chen, 1989), a low number of caudal vertebrae is supposed here
to be a plesiomorphic state and a high one to be an apomorphic state.

3.16 Total vertebrae number. S. hollandi possesses 42 vertebrae, S. sinensis
41-43, S. denticulatus 40-42, S. yunnanensis 44-46 and S. polylepis 44. Two
states are recognized here: 40—43 and 44-46 vertebrae. Because most primitive species
of Barbodes such as B. hexagonolepis possess 40—42 vertebrae, the state of 44—46
vertebrae is supposed here to be an apomorphic state.

Table 1 Character states’ distributions of Spinibarbus fishes

S. hollandi S. sinensis S. denticulatus S. yunnanensis S. polylepis
1 A A A A A
2 A A A A A
3 A A A A A
4 P A A A A
5 P A A A A
6 P A A A A
7 A P P P P
8 A P P P P
9 A P P P P
10 P P A A A
11 P P A A A
12 P A P P P
13 P A P P P
14 P P P A A
15 P A, P P A A
16 P P P A A
17 P P A P P
18 P P P P A
19 P P P A P

The numbers same as the texts A: apomorphic states P: plesiomorphic state.

3.17 5th infraorbital. The 5th infraorbital of Spinibarbus exhibits four external
morphotypes. In first morphotype (Fig. 3b ), the 5th infraorbital is very short and
wide, its width being about twice of its length, the sensory canal runs along the middle
of 5th infraorbital;  this morphotype is possessed by S. hollandi. In second
morphotype (Fig. 3c), the 5th infraorbital is square—like, its width being about equal
to its length, sensory canal runs through the middle of 5th infraorbital; this
morphotype occurs in S. sinensis. In third morphotype, 5th infraorbital is triangular,
this morphotype is possessed by S. yunnanensis and S. polylepis. In fourth
morphotype (Fig. 3d), 5th infraorbital is almost reduced to a bony tube; this
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morphotype is possessed by S. denticulatus. The morphology of 5th infraorbital is varia-
ble in Barbinae (Chen, 1989), so is it in Barbodes species. However most primitive spe-
cies of Barbodes (Wu et al., 1977; Chu et al.,, 1989) such as B. wynaadensis usually
possess the morphotypes from the first to third (Fig. 3a). Based on this recognization,
we consider here the first, second and third morphotypes of 5th infraorbital as a
plesiomorphic state and fourth morphotype to be an apomorphic state.

3.18 Lateral line scales.. S. hollandi possesses 25—-29 lateral line scales, S. sinensis

29-35, S. denticulatus 26-33, S. yunnanensis 29-35and S. polylepis 37-39. Two
states are here distinguished: 25-35 and 37-39 lateral line scales. Because most primi-
tive species of Barbodes possess a low number of lateral line scales, the state of 37 -39
lateral line scales is supposed to be an apomorphic state.

3.19 Rostral barbel. The rostral barbel of S. yunnanensis is short, its tip not reach-
ing to anterior margin of eye. By contrast, the rest of Spinibarbus species have a rela-
tively long rostral barbel, its tip reaching to anterior margin of eye. Because most spe-
cies of Barbodes have a long rostral barbel, the state of a short rostral barbel is sup-
posed to be an apomorphic state.

4 Phylogeny and Zoogeography

A B C D E
19
18
4 17
E D C B A
—T 14-16
—T12-13
- 10-11
0.592
—+ 7-9
—1— 4-6 0.354
0.354
' 1-3 | ' : 1=0.170
Figure 5 The phylogenetic cladogram of Figure 6 The cluster cladogram of
Spinibarbus fishes ' Spinibarbus fishes
A Sﬁinibarbus hollandi; B: S. sinensiss C: S. (taxa same as Fig. 5)

denticulatusy D: S. yunnanensis; E: S. polylepis.

Based on Table 1, the most parsimonious phylogenetic cladogram is constructed for
the genus Spinibarbus (Fig. - 5). As a test, “0” is substituted for the plesiomorphic
state and “1” for the apomorphic state; then the cluster analysis has been employed to
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analyse the phylogenetic relationships of Spinibarbus fishes and resulted in a most parsi-
monious phylogenetic cladogram (Fig. 6). Both cladograms are exactly the same.
From Fig. 5 and Table 1, several points can be concluded as following.

4.1 The division of sister groups A (S. hollandi) and B-E (S. sinensis + S.
denticulatus + S. yunnanensis + S. polylepis) represents the first phyletic branching
within the genus Spinibarbus. Group A is defined by 3 synapomorphies (characters
7-9), and B-E by 3 synapomorphies (characters 4—6). Group A occurs in middle and
lower reaches of Yangtze, Qiantangjiang, Pearl, Yuanjiang (= Red River),
Mingjiang Rivers and Hainan, Taiwan Islands; group B—E distributes over the wide are-
as of southern China (Fig. 7). The distribution ranges of first sister groups overlap
greatly upon s.outh~eastern China.

4.2 The division between group B (S. sinensis) and C—E (S. denticulatus + S.
yunnanensis +S. polylepis) represents the sccond phyletic branching within Spinibarbus.
Group B and C-E are respectively identified by 2 (characters 12—13) and 2 ( characters
10—11) synapomorphies. Group B is confined to the north of Yunnan—Guizhou
Plateau, occurring in upper and middle Yangtze River; group E—C is confined to south-
ern slope of Yunnan—Guizhou Plateau and Nanling mountains, occurring in Pearl,
Yuanjiang Rivers and Hainan Island (Fig. 7). This unique congruence between the dis-
tribution pattern and phylogenetic cladogram suggests that the upheaval of
Yunnan—Guizhou Plateau during Pliocene and the subsequent drainages’ division be-
tween upper Yangtze (Jinshajiang River) and upper Pearl River (Nanpanjiang River) be
an important vicariant event which might have resulted in the phyletic division of the sec-
ond sister groups B and C—E. Similar cases also happened in the phyletic division be-
tween first sister groups of the cyprinid genus Anabarilius (Yang et al., 1987). The
present geological data indicate that the Yangtze River and Pearl River respectively cap-
tured the Jinshajiang and Nanpanjiang drainages when Yunnan—Guizhou Plateau up-
lifted strongly during Pliocene (Li 19815 Chen ef al. 1986).

4.3 Sister groups C (S. denticulatus) and D—E (S. yunnanensis + S. polylepis) repre-
sent the third phyletic splitting within Spinibarbus. Group C and D-E are respectively
defined by 1 (character 17) and 3 (characters 14—16) synapomorphies. Group C widely
occurs in the lowlands of Hainan Island, middle and lower Pearl and Yuanjiang Rivers
(Fig. 7). The distribution range of group D-E is confined to Nanpanjiang and
Beipanjiang Rivers (belonging to upper Pearl River) which are situated on southern part
of Yunnan—Guizhou Plateau (Fig. 7). This unique congruence between distribution pat-
tern and the phylogenetic cladogram suggests that the upheaval of Yunnan—Guizhou Pla-
teau and the environmental differentiation between the plateau and the lowlands subse-
quent to the upheaval of Yunnan—Guizhou Plateau be a major vicariant event which
might have resulted in the phyletic division of the third sister groups C and D-E.
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Figure 7 The distribution of the Spinibarbus fishes

Spinibarbus hollandi  (black triangle)s S. sinensis (open triangle)s S. denticulatus (black
square)s S. polylepis (black circle)s S. yunnanensis (open circle). 1: Lancangjiang River (up-
per Mekong); 2: Yuanjiang River (upper Red River)s 3: Pearl Rivers 4: Yangtze River; 5:

Hainan Island; 6: Taiwan Island.

4.4 Sister groups D (S. yunnanensis) and E (S. polylepis) represent the fourth phyletic
branching within Spinibarbus. The distribution of group D is confined to lakes of east-
ern Yunnan, and that of group E to Nanpanjiang and Beipanjiang Rivers (Fig. 7). It
is undoubted that great difference in habitats exists between the lakes and rivers. So it is
supposed here that the differentiation of habitats might have played an important role on
the phyletic division of the fourth sister groups D and E.
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FHHRRERNRGERFTRANMISE TR

BRI PR
(CFEFHERREWHWIIT EY  650223)

WE BRI R (Spinibarbus) 3RB THEEIHFER, KA S ANMEHF. BERAS XA
GERRBEMA L, HERGXPHRERETME S LT THIE, EH7ERoHw, LM
SHC I8 (Barbodes) fE A BRI BA M 288, BAREIIMAKZLREXARKE, mBHmEE
BIRtE. orE&REN, BRnRAaEiE 3 MIRBEE, RAZBGERD -/ RER, T
19 MIPREEMARERSMEREME, MR THNERARXHARERE> XM, HHEKH
A(S. hollandi) 1 B-E (S. sinensis +-S. denticulatus + S. yunnanensis + S. polylepis)
RETHERBERANE KRR L. EoRERSEEETHKERE B (S. sinensis) #1 C-E
(S. denticulatus + S. yunnanensis + S. polylepis) Z 0] HHEBE B oM THRILAKR, Wil
BB C-E WM& M FRRILKRUARE, WiEMHEED; TSR (CMEkKMN RS A, HNk
KERFILAEEPTZREROBARRNREMARIENR. E2KkiER LR E
FiHkBE C (S. denticulatus) 1 D—E (S. yunnanensis + S. polylepis)Z [fl; H&%E C 2%
FERILAOCIL A R IRE R, SEERES; MK D-E WMo A FTaftmRmE. ei
s BRI = kil R L AT RE R 2 5t & SR RVIR g 1K MR X (R #3555 22 S B B

XEiA RELE, i, HRCE



