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ARTICLE INFO ABSTRACT
Arﬁc(e history: Pterogobius elapoides and Pterogobius zonoleucus are common free-swimming gobies found in rocky and
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around the coast of Japan and compared the mitochondrial nucleotide sequences of two gene regions, CytB and
ND2. Phylogenetic trees constructed using the neighbor-joining, maximum parsimony, and maximum
likelihood methods consistently indicated that all 125 samples of the two species, which are collected from a
variety of locations in Japan, can be clearly divided into the following four clades: “Pacific P. elapoides” (Pa-ela),

g{,ﬁ‘gfﬁ' “Sea of Japan P. elapoides” (S]-ela), “Pacific P. zonoleucus” (Pa-zon), and “Sea of Japan P. zonoleucus” (SJ-zon).
Gobioid fishes These four monophyletic clades were supported with very high bootstrap values. Although Pa-ela and SJ-ela
Mitochondrial cytochrome b composed a monophyletic clade, it is noteworthy that the two clades of P. elapoides also formed a monophyletic
NADH dehydrogenase 2 group together with SJ-zon with a bootstrap value of 95% and 97% by the maximum likelihood and neighbor-
Phylogeny joining methods, respectively. We observed several morphological differences between Pa-ela and SJ-ela,

including; 1) six dark bands on the body in the former versus seven dark bands in the latter and 2) more
pectoral-fin rays numbering 21-24 (mode 22) in the latter compared to the former (19-22, mode 21).
Furthermore, the scatter plots of scores on principal components 1 and 2 based on the morphometric
characters roughly separated the populations from each other. Moreover, we documented the following
morphological differences between Pa-zon and SJ-zon for the first time; 1) six light bands on the body in the
former versus five light bands in the latter and 2) the light bands from both eyes forming a complete U-shaped
marking on the occipital region occurred in 55% of the specimens in the former versus 16% in the latter.
However, no significant differences were found in the morphometric characters between the two populations
of P. zonoleucus. The estimated divergence time of the two P. zonoleucus populations was 15.06+2.72 (mean + 1
S.E.) times earlier than that of the two P. elapoides populations. However, the morphological differences
between the two populations of the former were much smaller than those of the latter. An explanation for this
obvious discrepancy between morphological and molecular features is proposed from an evolutionary point of
view.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Four species of the goby genus Pterogobius are found in Japan
and along the southern coast of Korea: P. virgo (Temminck and
Schlegel, 1845), P. elapoides (Giinther, 1871), P. zacalles (Jordan and
Snyder, 1901), and P. zonoleucus (Jordan and Snyder, 1901). Among
these four species, P. elapoides (Fig. 1) and P. zonoleucus (Fig. 2)
resemble each other in having more similarly positioned bands on
both the head and body than the other two congeneric species. In
addition, these two species are almost the same in their geographi-
cal distribution and habitats in Japan and along the southern coast
of Korea, although there is an ecological difference in adults
between P. elapoides and P. zonoleucus: the former swims solitary
near rocky bottoms (Fig. 3A), whereas the latter swims in mid-water
in schools (Fig. 3B).

For both P. elapoides and P. zonoleucus, there have been unsolved
problems about their evolutionary intra- and inter-species relation-
ships. For example, P. elapoides was originally described by Giinther
(1871) based on a single specimen, probably from Japan, and his
illustration shows seven narrow, dark bands on the body. Then, Jordan
and Snyder (1901) described a specimen of P. elapoides as a new
species called P. daimio, owing to it having just six wider, dark bands
on its body. Snyder (1912) later recognized that P. daimio should have
been described as a male of P. elapoides.

Almost twenty years later, Tanaka (1931) examined many speci-
mens collected from various localities in Japan, and identified them as
P. elapoides or P. daimio respectively by the presence or absence of a
seventh dark band on the body. It was revealed that the specimens
with the seventh band were distributed mainly along the Sea of Japan
coast, whereas the specimens without the seventh band were
distributed along the Pacific coast of central-to-southern Honshu.
Specimens from the Seto Inland Sea mostly have an interrupted band
or just a spot at the position of the seventh band. Moreover, specimens
which showed intermediate color patterns were sometimes found

Fig. 1. Pterogobius elapoides: (A) The Sea of Japan, Ishikawa Prefecture (BLIH20020439);
(B) The Pacific Ocean, Chiba Prefecture (BLIH20030467); (C) The Inland Sea, Ehime
Prefecture (BLIH20070130).

Fig. 2. Pterogobius zonoleucus: (A) The Sea of Japan, Ishikawa Prefecture (BLIH20050502);
(B) The Pacific Ocean, Chiba Prefecture (BLIH20060883).

along the Sea of Japan coast. Because of the presence of intermediate
color patterns between P. elapoides and P. daimio, Tanaka regarded
them as a local variation, and recognized the latter as a junior
synonym of the former.

Akihito (1984) noted that there are two types of P. elapoides which
have different geographic distributions: the first type, which has six
bands, is found along the Pacific coast of central-to-southern Honshu;
the second type, which has seven bands, is found along the coast of
Kyushu, the Sea of Japan coast of Honshu and the Sanriku District; in
addition, an intermediate type, which has an imperfect seventh band,
is found in the Seto Inland Sea. Since then, no detailed morphological
and geographical studies of this species have been published. Further,
no geographical variation in P. zonoleucus has been described in the
literature in terms of morphological characters. However, we found
some morphological differences between the Sea of Japan and the
Pacific Ocean populations.

As no molecular evolutionary studies of P. elapoides and P.
zonoleucus have been published to date, we conducted a molecular
phylogenetic analysis on these two species, in addition to morpho-
logical studies. From each of 23 sampling localities in the Sea of Japan,
Pacific Ocean and the Seto Inland Sea, we collected 5 individuals and
sequenced their mtDNA for two genes.

2. Materials and methods
2.1. Samples used (Table 1, Fig. 4)

For P. elapoides, 5 individuals were collected at each of 14 different
locations in Japan divided equally between the coasts of the Pacific
Ocean and the Sea of Japan. For P. zonoleucus, 5 individuals were also
collected at each of 9 different locations in Japan: 4 locations were
along the coast of the Pacific Ocean and 5 locations were along the Sea
of Japan (Fig. 4).

For P. zacalles and P. virgo, which were used as the outgroup in
phylogenetic tree construction, 5 individuals for each of the two
species were collected from Aomori and Ishikawa Prefectures,
respectively. Sampling of these populations was conducted at 2 single
locations only. Thus, a total of 125 individuals were sampled from 25
locations along the Pacific Ocean and the Sea of Japan (Table 1).

Abbreviations used in specimen identification numbers are:
BLIH — Biological Laboratory, Imperial Household; and NMCI — Noto
Marine Center, Ishikawa.
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