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Abstract

We used partial DNA sequences of cytochrome b and 16S mitochondrial genes to determine the phylogenetic placement of salan-
gid Wshes and the generic relationships within the salangids. Our molecular data strongly support the monophyly of salangid Wshes,
the inclusion of salangids in the Osmeridae, and the sister group relationship between salangids and osmerids. Our analyses suggest
that Plecoglossus can be separated from all the other salangids and osmerids. Mallotus and Hypomesus are clustered within Osmeri-
nae, rather than allied with Salanginae. As regards the relationships within the salangids, our analyses are incongruent with all previ-
ous classiWcation hypotheses. Our phylogenetic analyses support the sister group relationships between Protosalanx and Neosalanx,
and between Salanx and Hemisalanx. More evidences show that Leucosoma is more closely related to the Salanx–Hemisalanx clade,
while Salangichthys forms part of an unresolved basal polytomy.
  2004 Elsevier Inc. All rights reserved.

Keywords: Osmeroidei; Osmerid; Salangid; Salangidae; 16S; Cyt b; Phylogeny

1. Introduction

The salangids (Osteichthyes: Osmeridae sensus
Johnson and Patterson, 1996) contains 17 species in
six genera, i.e. , Protosalanx (1 species), Hemisalanx (2
species), Salanx (2 species), Neosalanx (9 species),
Leucosoma (1 species), Salangichthys (2 species)
(Zhang and Qiao, 1994). The salangids show anadro-
mous, marine and freshwater lifestyles, and are dis-

tributed in the sea coasts, rivers, and lakes of East
Asia including Japan from Sakhalin, Vladivostok,
and the Amur River to northern Vietnam (Roberts,
1984; Zhang and Qiao, 1994). Salangid species diver-
sity is greatest in China and Korea (Roberts, 1984;
Wang et al., 2002). The salangids are characterized by
a translucent, scaleless body, except for one row
above and Wn base in adult males, strongly depressed
head, and a poorly ossiWed skeleton (Nelson, 1994).
They are thought to be possibly neotenic (Roberts,
1984; Nelson, 1994). Consensus has not been reached
regarding the phylogenetic relationships of salangid
Wshes and the systematic position of salangids.
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1.1. Systematics of salangids

Regan (1908) classiWed all salangids as the subfamily
Salanginae, divided into two groups based on the shape
of the premaxillaries (Fig. 1A). One of these groups
included Protosalanx, Hemisalanx, and Salangichthys;
the remaining genera (Salanx, Parasalanx, and Leuco-
soma) were grouped together. Fang (1934) reported that
Parasalanx is a synonym of Salanx. Wakiya and Takah-
asi (1937) proposed two new subfamilies Protosalangi-
nae and Hemisalanginae, and a new genus Neosalanx.
They divided the salangids into three subfamilies and six
genera. Protosalanginae includes Protosalanx, Salang-
ichthys, and Neosalanx; Hemisalanginae includes Hem-
isalanx; and Salanginae includes Salanx and Leucosoma
(Fig. 1B). Roberts (1984) divided the salangids into three
subfamilies and four genera based on analysis of osteo-
logical characteristics. He proposed a new subfamily
Salangichthyinae for Salangichthys and Neosalanx.
Other two subfamilies are Protosalanginae with only the
genus Protosalanx and Salanginae, with the genus
Salanx. The genus Salanx is further divided into three
subgenera (Fig. 1C). Zhang and Qiao (1994) classiWed
the salangids into two subfamilies, six genera based on
analysis of osteological characteristics and the disposi-
tion of the Wlaments on the egg membrane. A new sub-
family Neosalanginae was proposed for Protosalanx,
Salangichthys, and Neosalanx, and another subfamily
Salanginae contains Hemisalanx, Salanx, and Leuco-
soma (Fig. 1D). Thus, the phylogenetic relationships of
the salangids based on morphological studies has been
much controversial.

1.2. Placement of the salangids

McDowall (1969) and Nelson (1972) placed the
salangids in the Osmeroidei, completing the current divi-
sion into Northern (Osmeroidea) and Southern Hemi-
sphere (Galaxioidea) groups. However, there is
disagreement concerning the phylogenetic placement of
the salangids. Gasoline (1960) suggested a close relation-
ship of salangids, osmerids, and plecoglossids, distin-
guishing them from the Southern Hemisphere
(Galaxioidea) groups. In contrast, Greenwood et al.
(1966) thought that the salangids were part of the South-
ern Hemisphere galaxioid lineage. Weitzman (1967) sug-
gested that the salangids may represent a separate group,
and not constitute part of the galaxioids or osmerids.
McDowall (1969) concluded that the salangids are not
part of the galaxioid radiation, considering them to be an
oVshoot of salmonids. Rosen (1974) presented evidence
from the caudal skeleton which shows that the salangids
belong to Osmeroids, but no evidence about their place-
ment within the group. Fink and Weitzman (1982)
agreed with Rosen (1974) and placed the salangids as
incertae sedis in Osmeroidei. Fink (1984) put forward
two hypotheses on the placement of the salangids within
Osmeroidei. One hypothesis claimed that the numerous
reductive traits of the salangids place them within the
Southern Hemisphere clade (Fig. 2A); another hypothe-
sis showed a close relationship of the salangids, osmerids
and plecoglossids based on their sharing a complex cau-
dal skeleton character (Fig. 2B). Roberts (1984) also
speculated that the salangids have generally been associ-
ated with Osmeridae. Howes and Sanford (1987) indicate

Fig. 1. Five alternative hypotheses for phylogenetic relationships of salangid Wshes based on morphology (A–D) and molecules (E).
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