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Fig. 1 Sample sites of Boleophthalmus fishes along the northwestern Pacific coast
1
Abbreviation as in Tab. 1
1.2 DNA PCR 35s,72°C 40s; 35 ,;72°C 8min
Ragl PCR
DNA ND5 L12321(5'-GGTCTT RAGIF1(5'-CTGAGCTGCAGTCAG

AGGAACCAAAAACTCTTGGTGCAA-3")  H13396
(5'-CCTATTTTTCGGATGTCTTG-3")!""); PCR
1 94°C Smin; 94°C 35s, 55C

TACCATAAGATGT-3') RAGIRI1(5-CTGAGTCC
TTGTGAGCTTCCATRAAYTT-3")%,
GOBRAGIF1(5-GCCAGATCTT
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Tab. 1 Species, sampling localities, codes, haplotypes and GenBank accession numbers

ND5 Ragl NDS + Ragl
Locality Code GenBank GenBank
Haplotype GenBank No. Haplotype GenBank No. Haplotype
Boleophthalmus pectinirostris (n = 30)
DI DJDTI HNOI JX003004 HRO1 JX003054 HO1
DIDT2 HNO1 1X003005 HRO1 1X003055 HO1
DJDT3 HNO02 JX003006 HRO02 JX003056 HO2
QA QADTI HNO03 IX003007 HRO3 IX003057 HO03
HRO04 JX003058 HO04
QADT2 HNO04 JX003008 HRO5 JX003059 HO5
QADT3 HNO5 JX003009 HRO06 1X003060 H06
HRO7 JX003061 HO7
QZ QZDT1 HNO06 IX003010 HROS IX003062 HO08
HR09 JX003063 HO09
Wz WZDTI HNO7 JX003011 HR10 JX003064 H10
WZDT2 HNO8 JX003012 HR11 JX003065 H1l
WZDT3 HN09 JX003013 HR10 JX003066 HI2
HR12 JX003067 H13
M CMDTI HNO7 JX003014 HR13 JX003068 H14
CMDT2 HNO1 JX003015 HRO1 JX003069 HO1
CMDT3 HN09 JX003016 HR11 JX003070 H15
SC SCDT1 HN10 JX003017 HRO1 1X003071 H16
HR14 JX003072 H17
SCDT2 HN10 1X003018 HR14 1X003073 H17
SCDT3 HN10 JX003019 HRO1 JX003074 H16
RR RRDTI HN11 7X003020 HRO1 IX003075 H18
RRDT2 HN11 JX003021 HRO1 JX003076 H18
RRDT3 HN11 JX003022 HRO1 JX003077 H18
PK PKDTI HN12 IX003023 HRI5 IX003078 H19
HR16 JX003079 H20
PKDT2 HN12 1X003024 HR17 JX003080 H21
HR18 JX003081 H22
TP TPDTI HN13 JX003025 HRI15 JX003082 H23
TPDT2 HN13 JX003026 HRI15 JX003083 H23
HR16 JX003084 H24
TPDT3 HN12 JX003027 HRI18 JX003085 H22
TPDT4 HN14 JX003028 HR15 1X003086 H25
TPDT5 HNI15 JX003029 HR19 JX003087 H26
HR20 JX003088 H27
TPDT6 HN12 JX003030 HR21 JX003089 H28
TPDT7 HN16 JX003031 HR22 JX003090 H29
HR23 JX003091 H30
TPDTS HN12 JX003032 HR15 JX003092 H19

TPDT9 HN16 JX003033 HR18 JX003093 H31
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ND5 Ragl ND5 + Ragl
Locality Code Haplotype Gzle]i?;;lk No. Haplotype Gzljl?;;k No. Haplotype
Boleophthalmus boddarti (n = 15)
PK PKBSI1 HN17 JX003034 HR24 JX003094 H32
HR25 JX003095 H33
PKBS2 HN17 JX003035 HR26 JX003096 H34
HR27 JX003097 H35
Tp TPBS1 HN17 JX003036 HR24 JX003098 H32
TPBS2 HNI18 JX003037 HR26 JX003099 H36
TPBS3 HN19 JX003038 HR24 JX003100 H37
TPBS4 HN20 JX003039 HR25 JX003101 H38
HR26 JX003102 H39
Cl CIBS1 HN21 JX003040 HR26 JX003103 H40
SP SPBS1 HN17 JX003041 HR24 JX003104 H32
SPBS2 HN22 JX003042 HR26 JX003105 H41
HR28 JX003106 H42
SPBS3 HNI19 JX003043 HR26 JX003107 H43
HR27 JX003108 H44
SPBS4 HNI18 JX003044 HR26 JX003109 H36
SPBSS HN23 JX003045 HR29 JX003110 H45
HR30 JX003111 H46
SPBS6 HN17 JX003046 HR24 JX003112 H32
HR26 JX003113 H34
SPBS7 HNI19 JX003047 HR24 JX003114 H37
SPBS8 HN17 JX003048 HR24 JX003115 H32
HR31 JX003116 H47
Odontamblyopus lacepedii
1z JZLY1 HN24 JX003049 HR32 JX003117 H48
HR33 JX003118 H49
wz WZLY1 HN25 JX003050 HR34 JX003119 H50
Odontamblyopus rebecca
QA QALBI HN26 JX003051 HR35 JX003120 H51
HR36 JX003121 H52
Periophthalmus modestus
SK SKTT1 HN27 JX003052 HR37 JX003122 H53
Periophthalmus magnuspinnatus
7z 77DQ1 HN28 JX003053 HR38 JX003123 H54
CCAGCCTCT-3') XRAGIR(5'-TACTTGGADGTG , ABI 3730
TAGAGCC-3'); PCR - 94 5min;  DNA
94°C 35s, 55C 40s, 72°C 40s; 35 1.3

:72°C 8min PCR 2.0% CLUSTAL X version 1.83 (21



ND5 Ragl (Evolutionary Significant Units, ESU) GMYC
DnaSP version 4.20 NDS5 [22] Yule
Phase version 2.1 [23, 241, ) )
0.6, Ragl 301 R BEAST version 1.7.2 (31
Ragl (D Network (Ultrametric tree),
version 4.6 (23] Median-Joining (Constant-size model),
, (Maximum parsimony) (26] (Lognormal distribu-
tion) 4 , 510",
MrBayes version 3.2 (27] RAxML 1000 , burnin 1/10 , 4
version 7.2.6 (281, BEAST LogCombiner version
(Bayesian) (Maximum likelihood) 1.7.2 , Tracer verson 1.5 (32]
jModeltest version 0.1.1 [29] (Effective Sampling Size, ESS) (ESS
200), BEAST TreeAnnotator version
(Markov chain Monte Carlo) 1.2x107 , 1.7.2 (Maximum Clade
1000 1 3000 Credibility Tree) , R [33] SPLITS
, 50% , (34] (Single-threshold) GMYC
(Bayesian Posterior Probability,
BPP) (Rapid-hill- IMa2 (35, 36] (Isolation with
climbing algorithm), GTRGAMMA migration, IM)
100 (Best-scoring Hasegawa-Kishino-Yano(HKY)
ML tree) 1000 (Bootstrap) MCMC  5x107 5x10° ESS
(Bootstrap support, BS) 200, (Parameter autocorrelations)
14 0.05 u o,
ND5 + Ragl , General IMa2 (Population mutation rates, 6)
Mixed Yule-Coalescent(GMYC) (Migration rates per mutation, M)
a b
HNO04 HRO3
—{—HN07 HRO06
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2 ND5  (a) Ragl (b 50%

Fig. 2 The Bayesian 50% major rule consensus tree based on ND5 (a) gene and Ragl (b) gene
s 1
Above nodes are Bayesian posterior probabilities, and information of haplotypes as in Tab. 1
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(Effective population size)N = 6/4u, tree) ,
(Migration rates per generation)m = Mu, (Tree prior) Yule 4 ,
(Effective numbers of 5x10" 1000 , burnin
gene migrants per generation) 2Nm = 2x6/4uxMu = 1/10 LogCombiner 4 ,
oM/2 Tracer ESS TreeAnnotator
1.5
MEGA version 5.05 B37] , Mukai, et al.*”
Kimura (K2P) ND5 R
*BEAST version 1.7.2 31, 38] (Species (1.95+0.17)%
NDS + Ragl
KgAK
B. pectinirostris complex
100
59
P JUR| AT ES
100
100
H3a | WEASER A
Eig B. boddarti
H38
H36
100 || 0 a7
100 H46
H45
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+ 100
100 100 L Eg; | H-RIRFER B O.rebecca
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100 g YRt P. magnuspinnatus
o i
100 HS3 3R P. modestus
0.01
3 ND5  Ragl

Fig. 3 The Bayesian consensus tree based on combined data of ND5 and Ragl genes

5

1

Above nodes are Bayesian posterior probabilities and below nodes are bootstrap confidences. Information of haplotypes as in Tab. 1
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Fig. 4 Haplotype Median-Joining network of Boleophthalmus fishes in the northwestern Pacific
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The area of circles is proportional to the haplotype frequencies, and empty circles are missing haplotypes. Lines linking haplotypes indicate
the evolutionary paths among haplotypes, vertical bars or numbers on the linking lines represent mutation steps between haplotypes
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Fig. 7 Gene flows among East Asia lineage and Malaysia lineage

0, 0,
of Boleophthalmus pectinirostris and B. boddarti estimated by the BPM  1041%  0.53%
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Ragl BPE 0.30%

The number represents the effective number of gene migrants per ) .
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CRYPTIC SPECIES AND EVOLUTIONARY HISTORY OF BOLEOPHTHALMUS
PECTINIROSTRIS COMPLEX ALONG THE NORTHWESTERN PACIFIC COAST

CHEN Hui', POLGAR Gianluca®, YIN Wei' and FU Cui-Zhang'

(1. Ministry of Education Key Laboratory for Biodiversity Science and Ecological Engineering, Institute of Biodiversity Science,
Fudan University, Shanghai 200433, China; 2. Biology Programme, Universiti Brunei Darussalam,
Bandar Seri Begawan, Gadong, Negara Brunei Darussalam)

Abstract: The species range of Boleophthalmus pectinirostris sensu lato includes two disjunctive areas, i.e., East Asia and
Strait of Malacca in Malaysia along the northwestern Pacific coast. However, the species status of Malaysian populations
remains disputed. Mitochondrial ND5 gene (718 bp) and nuclear Ragl gene (1395 bp) were used to reconstruct phyloge-
netic relationships among Boleophthalmus pectinirostris fishes by sampling 45 specimens from 11 locations in the north-
western Pacific. The results showed that Boleophthalmus pectinirostris fishes could be divided into two major mono-
phyletic groups, i.e., East Asian lineage and Malaysian lineage, and which together formed the sister-group relationship.
Species delineation using the analyses of GMYC and *Beast species tree supports that East Asian lineage and Malasian
lineage of Boleophthalmus pectinirostris sensu lato should be placed into two different species. Molecular dating revealed
that the divergence time between East Asian lineage and Malaysian lineage of Boleophthalmus pectinirostris sensu lato
was 2.73 Ma. We concluded that Boleophthalmus pectinirostris sensu lato was a complex, including two species. The East
Asian populations is Boleophthalmus pectinirostris sensu stricto, and the Malaysian populations is a cryptic species (Bo-
leophthalmus sp.). Our findings suggested that species split between Boleophthalmus pectinirostris sensu stricto and Bo-
leophthalmus sp. was attributed to geographical isolation during lowing sea levels of ice ages and the barrier of gene flow

induced by ocean currents during interglacial period in the late Pliocene.

Key words: Gobiidae; Boleophthalmus; Phylogeny; Species delineation; Northwestern Pacific
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