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Abstract

Analysis of mitochondrial cytochrome b sequences from 198 species confirms the position of Barilius mesopotamicus as
a species of the Asian genus Barilius within the subtribe Chedrinain the subfamily Danioninae. Thisrelationship is sup-
ported by a parsimony analysis based on 43 morphological characters, and the morphological examination confirms that
B. mesopotamicus possesses the synapomorphies of the Danioninae and Chedrina, viz. absence of the Y-shaped ligament
and the greatly reduced postcleithrum, respectively. Barilius mesopotamicus greatly expands the western boundary of the
Asian Danioninae into the Tigris-Euphrates basin.
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Introduction

The Danioninae are one of the most species-rich subfamilies of the Cyprinidae, comprising some 200 species. The
distribution of the Danioninae is disjunct, with two well separated geographic groups, onein tropical Africaand the
other in southern and eastern Asia. The Asian distribution extends from the Makran River basin in south-eastern
Iran, where the subfamily is represented by Cabdio morar (Hamilton) (Coad 2010; as Aspidoparia morar),
eastward to China and Japan (Howes 1991.: fig. 1.7). Barilius mesopotamicus Berg has a more western distribution
in the Tigris-Euphrates basin, but its position among the Danioninae has been contested (Banarescu & Coad 1991,
Howes 1991).

Barilius mesopotamicusis a small species, generally not surpassing 50.7 mm SL., diagnosed by the presence of
an opsariichthin colour pattern (i.e., vertical bars similar to those of Opsariichthys) and barbels (Coad 2010).
Howes (1980: 181), in the analysis of the systematics of his bariliine group, stated that B. mesopotamicus is not a
Barilius and should be included in the “Leucaspius generic complex”. Leucaspius is a monotypic genus of the
cyprinid subfamily Leuciscinae, widely distributed in Europe (Briolay et al. 1998; Kottelat & Freyhof 2007).
Despite Howes (1980) claiming the proposed affinity to be based on synapomorphies, characters supporting a close
interrelationship between Leucaspius and B. mesopotamicus were not provided. Bianco & Banarescu (1982)
agreed with Howes (1980) that B. mesopotamicus may be generically distinct from South Asian Barilius based on
the number of pharyngeal tooth rows (two, vs. three in Barilius). However, they doubted an affinity between B.
mesopotamicus and species of Leucaspius. Howes (1991), in the overview of systematics and biogeography of
cyprinids, retained B. mesopotamicus in Barilius and considered this species to be a member of the Danioninae. In
his map (Howes 1991: fig. 1.7), however, the distribution of the Danioninae was not illustrated accordingly.
Banarescu & Coad (1991) suggested that B. mesopotamicus could be a member of the Danioninae, but of uncertain
relationships and generic placement. According to Coad (2010), B. mesopotamicus can be distinguished from Leu-
caspius by the possession of barbels (absent in Leucaspius), lateral line running along the ventral outline (vs. short
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and running along the middle of the side), broad suborbital bones, presence of flank bars, and absence of genital
papillae unique to female Leucaspius.

Inclusion of this species in the Danioninae would expand the distribution of the Asian lineage westward from
Indiato nearly the Mediterranean Sea. The systematic position of this species is important to the understanding of
the biogeography of the Danioninae. However, the systematic position of B. mesopotamicus is contentious and the
classification in Barilius was doubted (Howes 1980; Bianco & Banarescu 1982; Banarescu & Coad 1991,
Banarescu 1992). The aim of this paper is to present the results of phylogenetic analyses based on cytochrome b
(cyt b) sequences and morphological characters to resolve the issue of the phylogenetic position of B. mesopotam-
icus, and therewith to establish the western boundary of the Asian Danioninae.

Material and methods

Vernacular family group names followed Fang et al. (2009), i.e. with the ending —ine for subfamily name and —in
for tribe names. Thus danionines refer to the Danioninae, and chedrins, danionins and rasborins refer to the Ched-
rina, Danionina and Rasborini, respectively. Subdivisions of the Danioninae followed Liao et al. (in press).

DNA extraction and PCR amplification. Voucher specimens for new sequences are kept at the Swedish
Museum of Natural History (NRM), catalogued as NRM 60683 (B. mesopotamicus), NRM 58599 (Opsarius sp.),
and NRM 59315 [Raiamas guttatus (Day)]. Further information on voucher specimens is available from the web-
page of the collection database (http://artedi.nrm.se/nrmfish/). The mitochondrial cyt b gene was selected for the
molecular analysis. This gene is shown to be suitable for the research of cyprinid interrelationships (Riber et al.
2007; Sevilla et al. 2007; Fang et al. 2009) and subfamily assignment of cyprinids (Ruber et al. 2007; Fang et al.
2009). In addition to the new sequences generated for this study, a further 195 sequences of cyt b were downloaded
from GenBank, amounting to a total of 198 sequences for the phylogenetic analysis. GenBank accession numbers
of sequences are given after the species namesin Figure 1.

Mitochondrial DNA was extracted from specimens using the GeneMole automated DNA extraction system
(Mole genetics) with recommended protocol. The primer set, FishCytb-F and TrucCytbh-R (Sevillaet al. 2007), was
used to amplify the fragment of cyt b gene. The PCR protocol was as follows: PCR cycling: 94'C 4'; 4* (94'C 30”;
55'C 30"; 72C 1), 4* (94'C 30"; 53'C 30"; 72°C 1), 35* (94'C 30"; 51'C 30"; 72'C 1'); 72'C 8'. PCR products were
checked on minigel and purified by using the ExoSAP (Fermentas).

The sequencing reactions were performed using BigDye 3.1 (Qiagen, Inc.) with recommended protocol. The
products of sequencing reactions were purified with the DyeEx 96 Kit (Qiagen, Inc.) and sequenced in an auto-
matic sequencer (ABI 3700, Applied Biosystems, Inc.). Each sequence was composed of four fragments obtained
with the same primers as for PCR amplification and two internal primers, Cytbl-3R and Cytbl-7F (Sevilla et al.
2007). Assemblage of the fragments was conducted using the L asergene software package (DNASTAR).

Sequences downloaded from GenBank and those generated by this study were aligned by using the Lasergene
software package (DNASTAR) and modified by eye. The 10 bps from the 3' end of the cyt b were deleted to avoid
alignment uncertainty (Fang et al. 2009), and eventually the length of each sequence was 1131 bps. Alignments are
available from the authors.

Morphological character coding. Liao et al. (in press) concluded that the Danioninae (sensu stricto) are
characterized by absence of the Y-shaped ligament connecting the kinethmoid to the mesethmoid, while the
Chedrina are diagnosed by (1) the postcleithrum greatly reduced or absent (character 26 [state 1]) and (2) the post-
cleithrum normal to abdominal ribs (character 27 [state 1]). We therefore used the character matrix of Liao et al. (in
press) to verify whether B. mesopotamicusis a chedrin or not.

Cleared and stained (C& S) specimens were prepared following the protocol described by Taylor & Van Dyke
(1985) with slight modifications. Vertebral counts were made as described by Liao et al. (2010). The terminology
of charactersfollowed Liao et al. (in press). For the morphological analyses, character states were recorded from B.
mesopotamicus (NRM 60864) and L. delineatus (Heckel) (NRM 60809) according to the protocol in Liao et al. (in
press; refer to Appendix 1 for characters and states) and these two species were appended to the character matrix of
Liao et al. (in press: table S2) as the 35" and 36™ taxon, respectively.

Phylogenetic analysis. The superorder Ostariophysi is divided into two groups, Anotophysi and Otophysi.
The former comprises the Gonorynchiformes and the latter includes Characiformes, Cypriniformes, Siluriformes
and Gymnotiformes (Nelson 2006). In the present study, Chanos chanos, a representative of the Gono-
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rynchiformes, was designated as outgroup for tree rooting in the molecular anaysis. Cytochrome b sequences were
applied for Bayesian analysis by using MrBayes v3.1.2 (Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck
2003) with partitions based on codon position (first, second and third), allowing all parameters except topology and
branch length to vary independently using the unlink command in MrBayes. The GTR+I+G model as suggested by
MrM odeltest (Nylander 2004) was adopted for the analyses with sampling for 23 million generations. Convergence
was checked using the software Tracer v1.5 (Rambaut & Drummond 2003) and the SUMP command of MrBayes
(two concurrent analyses, nruns = 2; three heated chains, nchains = 4; chain temperature 0.1; sample frequency
1000; burn in = 22 million generations).

In the morphological analyses Opsariichthys bidens was designated as outgroup for tree rooting following Liao
et al. (in press). The character matrix was analyzed with PAUP* 4 (ver. 4.0b10; Swofford 1998) for phylogenetic
parsimony reconstruction using the heuristic algorithm with zero-length branches permitted. All characters were
unordered and of equal weight. Bootstrap support was calculated with 100 reiterations. Three analyses were con-
ducted respectively with the same setting. Two analyses included L. delineatus, one with all characters and the
other excluding characters 26 and 27; the third analysisincludes al characters, but L. delineatus is excluded from
the anaysis. Refer to the discussion for reasons for conducting three analyses.

Results

Molecular phylogeny. The Bayesian analysis based on the cyt b gene shows that subfamilies recognized by Fang
et al. (2009), including Acheilognathinae, Cultrinae, Cyprininae, Danioninae, Gobioninae, Leuciscinae,
Opsariichthyinae (= EX-Danioninag), and Tincinae, are recovered. The Danioninae are at the base of the
Cyprinidae. The remaining cyprinids are divided into two groups. The first group comprises the Cyprininae. The
second group consists of Acrossocheilus yunnanensis, Sinocyclocheilus grahami and a multifurcation clade
comprising the Acheilognathinae, Cultrinae, Gobioninae, Leuciscinae, Opsariichthyinae, Tincinage, and the genus
Tanichthys. The most basal danionines are Paedocypris and Sundadanio. The remaining danionines are divided
into three groups of unresolved interrelationships, corresponding to chedrins, danionins and rasborins. Barilius
mesopotamicusis a chedrin nested within the Asian genus Barilius of the Danioninae. One sequence of R. guttatus
downloaded from GenBank (accession number: AF051875), coming out in the Xenocypridinae, is probably a
misidentification. Leucaspius delineatus is recovered within the Leuciscinae, remote from B. mesopotamicus (Fig.
1).

Morphological phylogeny. The character states of B. mesopotamicus and L. delineatus are summarized in
Table 1. In the analysis including L. delineatus and all characters, rasborins are a sister group of danionins, which
form a polytomy with chedrins and two clades comprising Aphyocypris and Metzia+Parachela, respectively (Fig.
2a). Barilius mesopotamicus and L. delineatus form two monotypic clades successively at the base of the Chedrina,
characterized by two lateral processes on each side of the kinethmoid (character 7 [state 1]) and two autapomor-
phies, viz. the postcleithrum greatly reduced and the postcleithrum normal to abdominal ribs.

TABLE 1. Morphological character matrix appended to the matrix in Liao et al. (in press). Character states are explained in
Appendix 1.

Characters
Taxon 1234567891 1 1 1 1 1 1 1 1 1 2 2 2
0O 1 2 3 4 5 6 7 8 9 0 1 2
Bariliusmesopotamicus 1 O 1 O 0 0O 0o 012 0 0 0O O 0 1 12
Leucaspius delineatus 00 1 01 0 0 0O0OOO O O 0 O0 1 1
continued.
Characters
Taxon 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4
3 45 6 7 8 90 1 2 3 45 6 7 8 9 0 1 2 3
Bariliusmesopotamicus 1 0 0 1 1 0 0 O O O O O O O 1 O O 1 0o o0 O
Leucaspius delineatus 10 0 1 12 12 0 0 O O O 1 O O 1 0 O O 0 0 O

WESTERN BOUNDARY OF THE ASIAN DANIONINAE Zootaxa 2880 © 2011 Magnolia Press - 33



Chanos chanos Y504825

Catostomus catostomus AF454871 07
_‘.I:('m'pm(ly.\’ carpio APO06763
Gyrinocheilus aymonieri AB242164
Barbatula barbatula AY281267
Schistura longa AY625698
Sundadanio axelrodi Blue EU241473
Sundadanio avelrodi Red EU21474

Barbus harterti AF180855
Kasywigobarbus kosswigi AF180853
444

Barbus ethiopicus AF1S0828
F180863

Barbus reinii AF-

Varicorhinus mariae
Labeo rohita AY463099
Paracrossochilus vittatus EFI51092

51090

Oreichthys sp. EU241449

Pacdocypris sp. EF

Crossocheilus nigriloba EF
Pacdocypris sp. EFIS
Pacdocypris sp. EFI3

Garra rufu AFI18085
Semilabeo prochilus AFO51881

Pacdocypris sp. EFI51110
Malayochela maassi EU241444

EFI51106
Opsarius koratensis HM224322

taptosyax grypus AF309636
Cyelocheilichthys janthochirEU241418
Cyclocheilichthys sp. AFIS0824

Luciosoma sp. EFI51104 Cyprinus carpio NCOO1606
Salmostoma sp. Myanmar HM224380 0.9] Carassius auratus NC002079
Securicula gora HM224381 Puntius semifasciolatus EU24 1460
Salmostoma cf. phulo HM224377 Barbodes schwanenfeldii AFI80523
Salmostoma phulo HM224379 @ s gonionotus AF 1
Barilius sp. Bangladesh HAM224258 058 Sawbwa resplendens EU241472
Barilius pota icus HM483377 = Barbus apoensis AFIS0859
Barilius cf. barila HM. E Cyprinion kais AF180860 o
L os Barilius vagra HM224259 L _1:/«”%”\ barbus AY331024 2
Raiamas sencgalensis HM2243. Capoeta capocta AF145951 o
Raiamas guttatus HMAS3378 | i Schizothorax pseudoaksaiensisAF18082 i
Raiamas guttatus HM224331 Schizothorax argentatus AFIS0861 =
Raiamas sp. Myanmar HM224334 Diptychus maculatus AY463515 o
Opsarius pulchellus HM224323 Piychobarbus conirosiris AY463509
Opsarius cf. shacra HM224321 Gymmocypris eckloni AY463495
Opsarius sp. Myanmar HM2243 Spinibarbus caldswelli AY195631
Opsarius barnoides HM224316 Puntivs sophore EU241461
Opsarius sp. HM483379 _|:|_—I'mmmhuumulu/u\ EU241451
Leptocypris niloticus HM224294 % Puntius titteya AF2874.
Neobola botregoi HM224296% Puntius lineatus EU24145
Chelacthiops bibie HM224260 % Puntius everetti EU241454
Opsaridium sp. EF452747 % 057 Barbus kerstenii AF180840
L Mesobola brevianalis HM224295 % Barbus fasciolatus EU241413
Raiamas buchholzi HM224330 % Barbus AFI180839
Opsaridium peringueyi HM224311 % Pseudobarbus tenuis AF287453
Opsaridium ubangiense HM224312 % 0.8 Barbus mattozi AFI80838
Opsarius cf. bakeri HM224320 Barbus guineensis AF180833
—& Opsarius bakeri HM224315 Barbus cadenati AF180534
Opsarius canarensis HM224318 Puntius EU241458
L1 L———— Raiamas bola HM224329 Puntius gelius EU241456
0.58 Esomus ¢ EU241440 Puntius phutunio EU241459
{ 067

EU2414
Puntius padamya
Puntius denisonii EU24145

Puntius filamentosus EU2414.

Puntius conchonius

Esomus metallicus EF151101

Esomus metallicus EU241441

Danioninae

Rashoroides vaterifloris EU241471
Rashora rubrodorsalis EU241469

Rashora kalochroma EU241468
Boraras maculatus EU241415

untius arulius EU241450

Boraras brigittae EU241414 seudorashore
Trigonopoma pauciperforata EU241465
Trigonopoma gracile EU241467 o
Kottelatia brittani EU241464 mibarbus lab
Rashora boraptensis EU241463 ’ 375866
Brevibora dorsiocellata EU241466 Pseudaspius leptocephalus AB162649
Rasbora trilineata EU241470 Tribolodon hakonensis AB162647
Trigonostigma heteromorpha EU241477 Couesius plumbeus AY281053
Danio dangila EU241422 Lepidomeda albivalis AF452089
Danio choprae EU241421 Plagopterus argentissimus AF452090
1 Danio erythromicronEU241423 Pelecus cultratus AYS38938
Danio margaritatusEU241426 Abramis alburnu Y10443
Danio aesculapii EU241430 Leucaspius delineatus Y10447 &
Danio sp. Ozelot EU241429 Abramis brama Y10441 £
Danio kyathit EU241425 Leuciscus leuciscus AYS09523 2
A Danio cf. rerio Assam EU241420 Rutilus rutilus AF090772 4
i Danio rerio EU2414 s Phoxinus erythrogaster AY281055 3
or Danio albolineatus EU241419 Relictus solitarius AF370115
Danio roseus EU241428 Siphateles bicolor AY096010
Danio kerri EU241424 0.8 Mylocheilus caurinus AF117169
Microdevario gatesi EU241445 Pogonichthys macrolepidotus AY096009
Microdevario kubotai EU241446 Rhinichthys atratulus AF452078
Microdevario nanus EU241447 Notropis sallaci AF469136
Chela cachius EU241416 Cyprinella galactura AY249538
Chela dadiburjori EU241417 Aphyocypris chinensis AF307452
[——————— Microrashora rubescens EU241448 — L Yaoshanicus arcus AF309086 o
Devario auropurpurea EU241442 o Hemigrammocypris rasborella AF375863 ]
Devario maciaengensis EU241436 Parachela sp. EF151112 5}
Devario shanensis EU241438 o Parazacco spilurus AY958195 =
Devario apogon EU241431 - Candidia barbatus AY958200 =
Devario kakhienensis EU24143. Zacco temmine =
L Devario chrysotaeniatus EU241433 Zacco platypus 3
Devario regina EFI51100 Opsa 21
Devario xyrops EU241439 Opsariichihys sp. EF ©
Devario malabaricus EU241432 Ho.o7 Zacco pachycephalus AY958189
Devario pathirana EU241437 Hemiculter leucisculus AF494362
Devario devario EU241434 E Ischikauia steenackeri AB239601
Cultrichihys erythropterus AF051559
Parabramis pekinensis AF031874
dlobrama amblycephala NCO10341
Megalobrama pellegrini AFOS 1869 )
Ochetobius elongatus AF309506 ]
0.3 Mylopharyngodon piceus AFOS1870 =
Hypophthalmichthys molitrix AFO318 5
Squaliobarbus curriculus AFO518
Raiamas guttatus AF051875
0.68 Xenocypris fangi AF036205
069 Xenocyprioides parvulus AF036207
Nenocypris yunnanensis AF036208
Leptobarbus hoevenii EU241443
Tinca tinca Y10451 Tincinae
Rhodeus sp. EF151088 Acheilognathinae
Tanichthys albonubes EU241475
Tanichthys micagemma EU241476
[———"Acrossocheilus yunnanensis AF051857

‘e Sinocyclocheilus grahami AF051879

FIGURE 1. Systematic position of Barilius mesopotamicus among cyprinids. The 50 % majority rule consensus tree based on
nucleotide sequences of the cytochrome b gene. Subfamily attribution follows Fang et al. (2009). The subfamily name, Opsari-
ichthyinae Rendahl, 1928, is used to replace their EX-Danioninae. Asterisks denote African chedrins. Numbers around nodes
denote posterior probability.
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In the analysisincluding L. delineatus, but excluding characters 26 and 27, L. delineatus is clustered with spe-
ciesin which the Y-shaped ligament is present. Barilius mesopotamicus is at the base of the danionines (Fig. 2b).

Intheanalysisincluding all characters, but excluding L. delineatus, the topology of the consensus tree (Fig. 2¢)
issimilar to that of Liao et al. (in press), in which B. mesopotamicus is closely related to R. guttatus and Opsarius
bakeri, but the relationships among these three species is not resolved. Monophyly of B. mesopotamicus, R. gutta-
tusand O. bakeri is supported by three homoplasies (character 14 [state 0], 34 [0], 37 [Q]).

The Y-shaped ligament is present in L. delineatus, but absent in B. mesopotamicus. The postcleithrum is
greatly reduced and normal to the abdominal ribs in both species.

Boraras brigittae

Brevibora dorsiocellata
Kottelatia brittani
Trigonostigma heteromorpha
Horadandia atukorali

Barilius mesopotamicus
Nematabramis everetti
Luciosoma setigerum
Megarasbora elanga

Barilius mesopotamicus

Opsarius bakeri

Raiamas guttatus
Salmophasia bacaila

N N X . chedrins
Opsarius bakeri chedrins Chelaethiops congicus Rasboroides vaterifloris
Raiamas guttatus -Mesobola moeruensis Rasbora hubbsi rasborins
-Salmophasia bacaila Nematabramis everetti Rasbora labiosa
Chelaethiops congicus Esomus danrica Rasbosoma spilocerca
Mesobola moeruensis Danio dangila Trigonopoma pauciperforatum
-Esomus danrica Danio margaritatus Rasbora cephalotaenia
Danio margaritatus Danio choprae Rasbora semilineata
Danio choprae Microrasbora rubescens danionins Rasbora paviana

Danio dangila Microrasbora kuboti

Microrasbora rubescens

Microdevario kuboti

Devario interruptus

Chela cachius

Devario auropurpureus

— Boraras brigittae

— Brevibora dorsiocellata

|— Kottelatia brittani

[— Trigonostigma heteromorpha

L8 (.~ Horadandia atukorali
_ERnxbomi(Ies vaterifloris

— Rasbora hubbsi rasborins

[—Rasbora labiosa

Danio margaritatus
Danio choprae

Danio dangila
Microrasbora rubescens
Microdevario kuboti
Devario interruptus
Chela cachius

Devario interruptus

Chela cachius

Devario auropurpureus

Luciosoma setigerum .
Megarasbora elanga chedrins I

Rasbora hubbsi

Rasbora labiosa

Rasbora paviana

Rasbora cephalotaenia

danionins

danionins

Devario auropurpureus
Esomus danrica
Nematabramis everetti
Luciosoma setigerum
Megarasbora elanga
Opsarius bakeri
Raiamas guttatus
Barilius mesopotamicus
Salmophasia bacaila
Chelaethiops congicus
Mesobola moeruensis

Rasbora semilineata
Rasbosoma spilocerca rasborins
Trigonopoma pauciperforatum
Boraras brigittae

chedrins

Brevibora dorsiocellata
Kottelatia brittani
Trigonostigma heteromorpha
Horadandia atukorali

|__—Rasbosoma spilocerca
[— Trigonopoma pauciperforatum

Rasbora semilineata
_EERnsbom cephalotaenia 7]

Rasbora paviana
FIGURE 2. Strict consensus trees of maximum parsimony analysis. (a) Leucaspius delineatus and all characters are included
(303 most parsimonious trees with 116 steps; Cl: 0.4138; RI: 0.7882). (b) Leucaspius delineatus is included but not characters
26 and 27 (60 most parsimonious trees with 108 steps; Cl: 0.4259; RI: 0.7967). (c) All characters areincluded but L. delineatus

is excluded (50 most parsimonious trees with 110 steps; Cl: 4324; RI: 0.7968). Species without the Y-shaped ligament are in
black and numbers above nodes denote bootstrap support.

58

Rasboroides vaterifloris

Discussion

Systematic position of Barilius mesopotamicus. In the molecular analysis, B. mesopotamicus is clustered with
Asian Chedrina (Fig. 1), remote from the postulated relative Leucaspius (Howes, 1980), which is placed in the
Leuciscinae (Fig. 1a; Briolay et al. 1998; Kottelat & Freyhof 2007). Interrelationships among the Chedrina (Fig. 1)
vary slightly from the results of Tang et al. (2010), probably reflecting the different datasets. The present tree (Fig.
1) is reconstructed from the cytochrome b gene aone (vs. four genesin Tang et al. 2010) and only sequences lon-
ger than 1131 bps are included in the present study (vs. all sequences of different length in Tang et al. 2010). Mor-
phological phylogenetic analyses also confirm B. mesopotamicus to belong with the Chedrina. In the phylogenetic
analysis including L. delineatus and all morphological characters, both B. mesopotamicus and L. delineatus are
placed in the Chedrina (Fig. 2a). This contradiction between molecular and morphological analyses is probably a
consequence of homoplastic characters being erroneously recovered as synapomorphies. Leucaspius delineatus, a
member of the Leuciscinae, is clustered with the Chedrina because of the greatly reduced postcleithrum that is
normal to abdominal ribs (characters 26 and 27). The greatly reduced postcleithrum, however, is known to be deri-
ved independently in the Danioninae, Leuciscinae and some benthic cyprinids (Cavender & Coburn 1992; Liao et
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al. in press). Leucaspius delineatusis the only leuciscine in the phylogenetic analysis based on morphological data.
Lack of representative taxa of the Leuciscinae may result in failure to provide informative characters to distinguish
leuciscines, L. delineatus herein, from danionines. For instance, the separation of infraorbital and supraorbital
canals is a synapomorphic character for the Leuciscinae and Phoxininae (Cavender & Coburn 1992). This
disconnection is only present in L. delineatus and hence not informative in the present study. When characters 26
and 27 are excluded from the analysis, the Danioninae remain monophyletic, but the Chedrina are not recovered
because of the absence of synapomorphies (Fig. 2b). Sinceinclusion of L. delineatus may interfere with the phylo-
genetic analysis based on morphological data, this speciesis excluded and the phylogenetic tree constructed accor-
dingly shows that B. mesopotamicus is a chedrin closely related to R. guttatus and O. bakeri (Fig. 2c), which is
congruent with the molecular tree (Fig. 1). In conclusion, the phylogenetic analyses confirm B. mesopotamicus as a
chedrin species rather than arelative of Leucaspius as postulated by Howes (1980).

Bianco & Banarescu (1982) considered B. mesopotamicus to be generically distinct from South Asian Barilius
based on the biserial pharyngeal teeth (vs. triserial in Barilius). However, variation of the number of tooth-rows
within Devario and Rasbora has been reported (Liao et al. 2010). This character alone may not substantially sup-
port asplit of this species from Barilius. In the present molecular study, B. mesopotamicusis nested with species of
Barilius (Fig. 1). However, morphological characters that confine this species to Barilius remain contentious.
Howes (1980) identified two groups within Barilius (sensu lato), corresponding to the genera Barilius and
Opsarius (Rainboth 1991). Howes (1980) diagnosed Barilius by (1) long jaws, (2) hyomandibular condyles well
separated, (3) scales with many radii, (4) body shallow, (5) barbels in two pairs and (6) tubercles small and poorly
developed. Barilius mesopotamicus possesses most of the characters of Barilius except for the number of radii
(Table 2). The scale extracted from the belly that we examined has ten radii. However, Howes (1980) did not pro-
vide a quantitative definition so that we are not able to assign a character state. Later Howes (1983: fig. 3) provided
adifferent set of diagnostic characters to depict the interrelationships of his bariliines and chelines. According to
the latter diagnosis, B. mesopotamicus shares only one character with Barilius, i.e., 1¥ vertebra with expanded lat-
eral processes, but possesses al characters diagnosing Opsarius, including (1) pectoral and pelvic axial scales
lobate or fleshy, (2) palatine extended laterally, supporting rostral barbel when present and (3) parallel rows of
tubercles on dentary (Table 2). The generic placement of B. mesopotamicus varies with the diagnostic character set
that is used. This conflict implies that the definition of Barilius is contentious and the classification of species cur-
rently included in Barilius and Opsarius, including B. mesopotamicus, isin need of a deeper systematic revision.

TABLE 2. Characters differentiating Barilius and Opsarius. Two character sets were proposed by Howes (1980, 1983). The
characters possessed by B. mesopotamicus are in bold.

Howes (1980) Howes (1983)
Barilius Opsarius Barilius Opsarius
jawslong jaws short pectora and pelvic axial scales pectoral and pelvic axial
elongated scales|obate or fleshy
hyomandibular condyles hyomandibular condyles 1st vertebra with expanded
well separated barely separated lateral processes
scaleswith many radii (?)  scaleswith few radii omega-shaped ethmoid notch,
vomerine arms extending
straight forward
body shallow body deep palatine extended laterally,
supportsrostral barbel
when present
barbelsin two pairs* asingle pair of barbelsor no parallel rows of tubercles
barbels on dentary
tubercles small and tubercles large and well
poorly developed developed

*: one pair in the specimens we examined, but some with two pairs are reported by Coad (2010). ?: unknown, due to lack of a
quantitative definition; see Discussion.
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Western boundary of the Asian Danioninae. Barilius mesopotamicus is widely distributed in the Tigris-
Euphrates basin of Turkey, Syria, Irag and Iran (Coad 2010), and eastward to the Mand River in Iran (Abdoli 2000;
refer to Coad & Krupp (1983) for localities with coordinates in these countries). It is absent from eastern Iran and
western Pakistan, a desert region from which no other species of Barilius has been reported. This digunct
distribution of Bariliusis probably explained as a consequence of desertification.

Barilius mesopotamicus is an Asian chedrin (Fig. 1). Inclusion of this species in the Danioninae greatly
expands the western boundary of the Asian Danioninae to the Tigris-Euphrates basin. Another danionine cyprinid,
Cabdio morar has been reported all the way from Thailand to the Straits of Hormuz in Iran (Coad 2010; Kiabi &
Abdoli 2000). The distribution of the African and Asian danionines is thus only gapped by the Arabian Peninsula
(Fig. 3), and this discontinuity might be caused by relatively recent desertification (Otero 2001). Liao et al. (in
press) excluded some East Asian cyprinid genera from the Danioninae, including Aphyocypris, Opsariichthys and
Zacco. Based on their conclusion and the present study, the Asian Danioninae occur from the Tigris-Euphrates
basin to southern China and the southward area, including the Indian subcontinent, Indochina and Sundaland (Fig.
3).

¢

FIGURE 3. Distribution of the Danioninae (modified from Howes 1991.: fig. 1.7). The shaded and dotted-line area shows the
distribution proposed by Howes (1991). Expansion of the dotted-line area is due to the inclusion of Opsariichthys, Zacco and
Aphyocyprisin the Danioninae. Exclusion of these three generafrom this subfamily has restricted the distribution in the shaded
area. The dashed-line area indicates the westward expansion by inclusion of Barilius mesopotamicus and Cabdio morar. The
asterisk indicates approximately the mouth of the Mand River, as the eastern distributional boundary of B. mesopotamicus. The
fish on the lower right is B. mesopotamicus (62.3 mm SL; NRM 60863).

Fish families with disjunct distributions in Asia and Africa include the Anabantidae, Clariidae, Schilbeidae,
Bagridae, Mastacembelidae, and Channidae (Berra 2007). The only other cyprinid subfamily distributed in both
Africaand Asiais the Cyprininae, but cyprinines are also found throughout Eurasia, and on the Arabian Peninsula
(Howes 1991). Durand et al. (2002), studying the cyprinid subfamilies Cyprininae and L euciscinae, suggested the
Middle East as an interchange area of freshwater ichthyofaunas, implying an intercontinenta dispersal. The Afri-
can Clariidae, agroup of catfishes with adistribution pattern similar to that of the Danioninae, are proposed to have
an Asian origin according to a molecular phylogeny as well as parasitological and paleontological data (Agnese &
Teugels 2005 and literature therein). The westward dispersal pattern is also deduced in the genus Garra (Colli et al.
2009) and the Labeonini as a whole (Tang et al. 2009). The same scenario for the Danioninae may be revealed
when amore targeted analysis of African danionines is conducted.
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APPENDI X 1. Characters and character-states used in the morphological phylogenetic analysis.

Ligament

1. Y-shaped ligament (Liao et al. in press: fig. 3).—States: [0], present; [1], absent.

2. Inner origin of Baudelot's ligament.—States: [0], lateral process of first vertebra; [1], exoccipital or basioccipital.

3. Externa origin of Baudelot's ligament.—States: [0], Baudelot's ligament attaching to upper cleithrum and then extending
to supracleithrum bypassing the posterior side of upper cleithrum (Liao et al. in press: fig. 6A); [1], Baudelot's ligament
attaching to upper cleithrum, but not to supracleithrum (Liao et al. in press: fig. 6B).

Neurocranium

4. Anterior outline of ethmo-vomerine region.—States: [0], rather straight or slightly concave; [1], U-shaped; [2], vomer sig-
nificantly ahead of mesethmoid.

5. Kinethmoid position.—States: [0], horizontally oriented, mostly ventral to premaxilla ascending process; [1], vertically
oriented, mostly posterior to premaxilla ascending process.

6.  Number of ligaments for the connection between the kinethmoid and tip of the premaxilla ascending process.—States: [0],
one (Liao et al. in press:. fig. 3); [1], two (Liao et al. in press: fig. 8A & B).

7. Number of lateral processes on each side of the kinethmoid.—States: [0], 0 or 1; [1], 2 (Liao et al. 2010: fig. 10).

8. Latera ethmoid.—States: [Q], rather narrow, the ventral outline extended from parasphenoid smoothly, the overall shape
pointed (Liao et al. in press: fig. 4B); [1], rather thick, aventral expansion present immediately next to parasphenoid (Liao
et al. in press: fig. 4A), the ventral outermost tip rather blunt as a rudimentary process in some species.

9. Frontoparietal fontanelle.—States: [0], absent; [1], present.

Weberian apparatus

10. Thepleural rib of 4" vertebra—States: [0], extremely short, the length below tripusin the lateral view approximately the
same as that above, usually shorter than inner arm; [1], reaching or surpassing the ventral level of pharyngeal process, the
length below tripus remarkably longer than that above.

11. Median projection on the pleural rib of 4" vertebra (Fang, 2003: fig. 8).—States: [Q], absent; [1], present.

12. Tripus—States: [0], anterior outline oblique, dolabriform in dorsal view (Liao et al. 2010: fig. 5A); [1], the outermost
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anterior tip without or with arudimentary process, anterior outline rather straight (Liao et al. 2010: fig. 5B).

13. Lateral process of first vertebra—States: [0], long and expanded, visible from dorsal view or fused with the process of
second vertebra; [1], absent or very short in length, not visible in dorsal view; [2], posterior half beneath second lateral
process.

14. Shape of lateral process of second vertebrain dorsal view.—States: [0], straight and normal to vertebrae, some with distal
end posteriorly pointed, (Liao et al. 2010: fig. 5B); [1], arced, distal end posteriorly pointed (Liao et al. 2010: fig. 5A).

15. Vertebra 2 and 3.—States: [0], separate; [1], merged.

Jaw bones

16. Dentary projection (Fang, 2003: fig. 2D, E & F).—States: [0], absent; [1], present.

17. Anterior margin of lower part of the maxilla—States: [0], anterior margin of lower part of the maxilla straight (Liao et al.
2010: fig. 2D & G); [1], with an anteriorly pointed ridge (Fang 2003: fig. 2C); [2], with a downward projected-extension
(Liao et al. 2010: fig. 2E) or blunt without process (Liao et al. 2010: fig. 2C).

18. Anterior part of the palatine—States: [0], greatly reduced in width from lateral view (Fang 2003: fig. 2G) or rather slen-
der; [1], rather thick in lateral view, anterior part not reduced in width, with a lateral plate-like expansion; [2], rather thick
in lateral view, anterior part not reduced in width (Fang 2003: fig. 2H).

Gill arch
19. Rasborin process of epibranchial 4.—States: [0], absent (Liao et al. 2010: fig. 7A); [1], present (Liao et al. 2010: fig. 7B).
20. Interhya.—States: [0], well ossified; [1], not ossified or absent.

Suspensorium bones

21. Opercular cana.—States: [Q], absent (Liao et al. 2010: fig. 4A & C); [1], present (Liao et al. 2010: fig. 4B).

22. Metapterygoid-quadrate fenestra (Greenwood et al. 1966: fig. 9.—States: [0], present; [1], absent.

23. Dorsal posterior process of the metapterygoid (Greenwood et al. 1966: fig. 9).—States: [0], present; [1], absent.

24. Proximity of the quadrate and metapterygoid.—States: [0], rather close (Fang 2003: fig. 6B); [1], far separated by the rem-
nant of the palatoquadrate cartilage (Fang 2003: fig. 6A).

Pectoral girdle

25. Danionin foramen (Liao et al. 2010: fig. 6A).—States: [0], absent; [1], present.

26. Postcleithrum.—States: [0], not greatly reduced (Liao et al. in press: fig. 5B & C); [1], greatly reduced or absent (Liao et
al.in press: fig. 5A).

27. Orientation of the postcleithrum.—States: [0], parallel to abdominal ribs (Liao et al. in press. fig. 5B); [1], normal to
abdominal ribs (Liao et al. in press: fig. 5A).

28. A mediad projecting process near the distal end of the upper part of the cleithrum.—States: [Q], absent; [1], present.

Orbital series

29. Infraorbital 2.—States: [0], dightly or not reduced; [1], greatly reduced or absent.

30. Infraorbital 3.—States: [0], dightly or not reduced; [1], greatly reduced.

31. Infraorbital 4—States: [0], dightly or not reduced; [1], greatly reduced.

32. Relative position of the supraorbital and infraorbital 5.—States: [0], well separated; [1], in contact.

Colour pattern

33. A stripe (Fang 1998: fig. 1).—States: [Q], absent; [1], present.

34. Vertica bars on the side of body.—States: [0], present; [1], absent.

35. Supra-ana pigment and sub-peduncular streak (Brittan, 1972: fig. 51).—States: [0], absent; [1], present.

Other external characters

36. Skin groove on supraorbital shelf (Fang, 2003: fig. 3).—States: [0], absent; [1], present.

37. Reélative position of dorsal fin and pelvic-fin insertions.—States: [0], dorsal-fin insertion approximately dorsal to pelvic-
fin insertion; [1], dorsal-fin insertion between pelvic- and anal-fin insertions or approximately dorsal to anal-fin insertion.

38. Ventral keel.—States: [0], absent; [1], present.

39. Margin of dorsal fin.—States: [Q], rather straight; [1], concave.

40. Rostra barbels.—States: [0], absent; [1], present.

41. Branched anal-fin rays.—States: [Q], 7 or more; [1], 5-6.

42. Laterd-line pattern.—States: [0], with one gentle depression on anterior half (Liao et al. 2010: fig. 8A); [1], descending
abruptly for first few scales (Fang 1997: fig. 1); [2], two dight depressions near the beginning of the lateral line, with three
or four scales exhibiting a horizontal arrangement in between (Liao et al. 2010: fig. 8B).

43. Predorsal scales—States: [0], not in adefinite mid-dorsal ling; [1], in a definite mid-dorsal line.
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