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Abstract The genetic population structure of the mudskipper Boleophthalmus
pectinirostris was investigated based on nucleotide sequence data from the mito-
chondrial control region (472 bp) of 131 individuals collected from four localities
in Ariake Bay, two in Yatsushiro Bay, Kyushu, Japan, one in Korea (Suncheon) and
one in China (Zhe Jiang). A total of 53 composite haplotypes were observed from
49 permutation sites. The estimated haplotype tree and pairwise Fst showed ge-
netic differentiation among the Suncheon, Zhe Jiang and Japanese populations.
The structures of the haplotype tree and network, and low genetic diversity of the
Japanese populations compared to that at Zhe Jiang suggested that a bottleneck ef-
fect had occurred in the former after being isolated from the continental population
by rising sea levels (i.e., relictual species). Based on the number of unique haplo-
types in the Japanese populations and nucleotide substitution rate, the estimate of
the divergence time for the Japanese and Zhe Jiang populations was much greater
than that expected for the apparently relictual species distributed in Ariake Bay.
The Ariake and Yatsushiro populations formed a single group in the haplotype
tree, although the estimate of pairwise Fst showed a significant difference between
the populations, probably associated with the differences in frequency of the most
dominant haplotype. Accordingly, the two populations seemed to be genetically
differentiated from each other, probably due to the geographical isolation.

*Corresponding author: Graduate School of Science and Technology, Nagasaki
University, 1-14 Bunkyo-machi, Nagasaki 852-8521, Japan (e-mail: takegaki(@
nagasaki-u.ac.jp)
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Table 1. Sampling locations, sampling methods, year of collection and the number of
Boleophthalmus pectinirostris samples used for mtDNA analysis

Species Locality Year n
Boleophthalmus pectinirostris
Ariake Bay Honmyo River (field) 1991 9
Rokkaku River (field) 1991, 2004 14 (6, 8)
Tojin River (field) 2002 15
Midori River (field) 1991, 2004 12(3,9)
Yatsushiro Bay Matsubase (field) 2002 33
Kagami River (field) 2004 11
Korea Suncheon (market, field) 2003, 2004 27 (17, 10)
China Yuexi Zheng (market) 2004 10
Outgroup B. dussumieri
Malaysia Kuala Selangor (field) 1995 1
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Fig. 1. Sampling localities of Boleophthalmus pectinirostris in Korea, China (left) and Japan
(right). The solid line across part of Ariake Bay (Isahaya Bay) indicates a sea dike (samples from
Honmyo River collected before construction of the sea dike).
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Table 2. Variation nucleotide positions in the mtDNA control region (472 bp) of Boleophthalmus pectinirostris

Haplotype
1111
14441222
31248789

1111222222222222222233
9999000001123344447968
0578012790197834589353

—_0 =
AW o=
AN W —
0 W —
B A=
—_— O\ —
NN —
o N —
O N —
D -
~N 3 =
o =
O 3 -
W oo —
W o0 —
o\ o0 —
~ 0 —
o 0 —
O o0 —

1(A-Y) TAGCATAAGGACCTTATTCGAAAGCTATTACATATCTATCGTCAGTCCA
2(A) e

3(Y) ....... G .........................................
4(AY) ........... 1
S(Y) ............. [ @R
6(Y) ................. C ...............................
7(A) .................. A - s s e e e e e e e e e e e e
S(A) ...................... [ R
9(AY) ....................... A v s e e e e e e e e e e e e
10(A) ........................ 1 D
11(Y) ........................... C .....................
12(AY) ............................. [ R TR
13(Y) ........................................ Ao e
14(AY) .......................................... T -« .-
15(A) ........................................... G .....
16(A) ............................................. C
17(Y) R T -« - -
18(Y) I I
19(Y) .............. C .............. G ...................
20(A) .................. R i
ZI(Y) ....................... AT © ¢ ¢ v v v e e e e e e e e
22(Y) ....................... A C .......................
23(Y) ....................... Ao e e e e e C ..........
24(A) ....................... A o e e e e e e e T -« .-
ZS(AY) ....................... A s e e e e e e e e e G
26(Y) ........................ G G ...................
27(A) .......................................... T C
28(Y) ..... 1 T cT:- - -
29(A) .................. A A e e e e e G v e e e e e e e e
30(Y) ......... A-T C ............................ T -« - - G
31(8) C ............ Ao e A s e e e C ........ B
32(8) C:ovove e e e Ao e A s e e C-C- =+ T« .-
33(5) C-A- - - Ao e e e Ao e e cC-C- - T -« - -
34(8) C T -« « Ao Ao e e C . C ...... T -« .-
35(8) C .......... T -A- - -« -« Ao e e C . C ...... T -« .-
36(8) C:ovove e e TA -« « « - A s e e C-C- =+ T« .-
37(5) C: v v e e e e A-G- - Ao e e e cC-C- - - T -« -
38(8) C ............ Ao e Ao T . C . C ...... T -« .-
39(8) C ............ A - e Ao e e C . CC ..... T -« .-
40(8) C:vove e e e Ao e e Ao e e e CcC-C- A T« - -
41(5) C: v v e e e e Ao Ao e cC-C- - T - - G
42(8) C ............ A G A e e e e e C . C ...... T T- -
43(Z) C ............ Ao e Ao T C . C . C A B
44(2) A e e e e e e A CT C A C: v e e e e e A - T-A:- -
45(2) CA e e e AC T A C=- v v e CTA - T« - .-
46(2) A e e e e e A T GA CC .......... A T-A-
47(8) AG ........ G TA C A C ........... TA T-A-
48(2) A e e e e e e A T cA-CC G TA T -A-
49(2) A e e e G A T -A-CC- -G TA T-A- - - -
SO(Z) AT - - e e e e A T ACC ........... TA TATG
SI(Z) A e A - A C TA ATC ........... TA T-A- - - -
52(2) TAT =« -« « « « - A - TG C A c- C -CTA T-A- TG
53(2) AT -A- -+ -« « A -CT G-A--C-- - -- T - - TA T-A-T-G

The nucleotide at each position is given for haplotype 1 (hl). The dots represent the same nucleotide as in the hl.
The alphabets in parentheses represent unique to Ariake Bay (A); unique to Yatsushiro Bay (Y); common to Ariake
and Yatsushiro Bay (A -Y); unique to Suncheon (S); unique to Zhe jiang (Z) each other.
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Fig. 2. UPGMA tree based on genetic distances es-
timated from mtDNA control region haplotypes (472
bp) of Boleophthalmus pectinirostris and one outgroup
taxa (B. dussumieri). Numbers beside internal
branches indicate bootstrap probabilities based on
1,000 pseudoreplicates. Numbers inside haplotype
symbols indicate the number of each haplotype (Table
2).

000000000000 (Table 3)0
0000000000000 0000000
00000000 G)O000000000000
(44.4-643%) 0000 (9.1-36.4%) 0000000
(Fig. 40000000000000000000
0000000000000000000000
0000000 Fst=—0.035--0.0120 0000

oo2oibOobObOOO0OObOODbDODbOOnDOg
(Table )U DD OODODOOOOOOOOOOOO
gboooooooOoobOoobOooboonn
gboboobooboodbod (Table 4)d

gbooogod

oboooooon0o bobooooooboon
gobooboob @o-)yboooooooo
gboooooooOoobOoobOooboonn
oboboobooooooooboobobooooo
goboooooooboobbooboon Fstd
gbooooooooOo0obOooobOooboOoonn
oboboooboooooooobooobobooooo
ooooopoooo

oobooooooobooobooooooon
ooboobooooobooobooooooon
gobooboo0ooooooooobboooo
gbooooooooOo0obOooobOooboOoonn
oobooboooooooboooooooo
oooooooooooDoOoooooDbooDo
gbooooooooOo0obOooobOooboOoonn
(Neietal, 19750 0000000000000
oobooooooooooooooooooo
gbooooooooOo0obOooobOooboOoonn
obobooooooobooooboooobbooon
o0ooooOOo0ooOOo0oDOOoooOOooDbOoOoDo
gbooooooooOo0obOooobOooboOoonn
ooboobooooooooboozeo3oooon
oobooOoOoooooooboooboooooo
gboooooooOoobOoobOooboonn
obobooobobooooooboooobobooooo
gbooooooobobbooooboonies3t

00b0O0o0ooooooboooodg Odontam-
blyopus laceped 1 0 U O O Acanthogobius hasta U
ooooobooooooboooobooooo
oobooboooooooboobobcooon
oboooooooooboooooobooonn
goooboobzeoobgbooboobon
gboooooooooooools-1.80ooon
obooooobooooooobooobbooon
goooobooobooooboobboooo
gboooooooOoobOoobOooboonn
gooooobooobzeo0ooooooonOn
oo0oo0ooOo0ooOo0oDOOoooDoOooDbOoOoDO
gbooooobooboz2ecoDobooobooonn
U 0O Sinonovavula constricta 1 00000 OO
oooboooobobbooooooboooo



138 ooboooo

Suncheon

1 change
—_—r

Zhe Jiang
(China)

Ariake &
Yatsushiro Bays
(Japan)

Fig. 3. Parsimony network of the mtDNA control region haplotypes (472 bp) of Boleophthalmus
pectinirostris. Base substitutions are indicated by slashes on the network. See Fig.2 and Table 2 for
description of symbols and numbers. Small black circles indicate hypothetical haplotypes.
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Table 3. Measures of genetic diversity within populations. Number of haplotypes (zh); haplotype diversity (%)
and nucleotide diversity () within eight mudskipper populations from Japan, Korea and China

ni nh h=SD n=SD
Japan 94 30 0.794%0.041 0.0031£0.0021
Suncheon 27 14 0.775%+0.086 0.0041%0.0027
Zhe Jiang 10 9 0.978%+0.054 0.0138£0.0081
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Fig. 4. Haplotype frequencies in 6 Japanese popula-
tions (4 in Ariake Bay and 2 in Yatsushiro Bay) of
Boleophthalmus pectinirostris. The pie diagrams illus-
trate each common haplotype between the Ariake and
Yatsushiro Bay populations, and pooled unique haplo-
types in the Ariake and Yatsushiro Bay populations,
respectively. Shaded lines along the coast indicate the
distribution range of Boleophthalmus pectinirostris
observed in 2003 (Takegaki et al., 2005). Arrow indi-
cates Misumi Channel.
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Table 4. Pairwise estimates of F'st based

on mtDNA data

n A Y S
Ariake Bay 50 —
Yatsushiro Bay 44  0.039%* —
Suncheon 27 0.275%*% 0.167** —

Zhe Jiang 10 0.199*%* 0.074**  0.136**

* P<0.05, ** P<0.01
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