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Mitochondrial DNA (mtDNA) from 54 specimens of the blue mussel (Mytilus
edulis) species complex sampled from the southern coast of Korea was
assayed for polymorphism with a portion of the COIll gene (336 bp). Fifteen
haplotypes were found. PAUP, one-step networks, and PHYLIP analyses
revealed the presence of two clearly differentiated mitochondrial clades
(termed clades B and E), separated by 3.6% of minimum sequence diver-
gence. The distribution pattern of the species appears to be consistent with
category Il of the phylogeographic pattern sensu (Avise et al., 1987); the
presence of two discontinuous and distinct mtDNA genotypes in the same
geographic region. This unusual mitochondrial polymorphism was explained
by the presence of the Mediterranean species, M. galloprovincialis, pos-

sessing mtDNA of both M. galloprovincialis and M. edulis.

Mytilus galloprovincialis Lamarck, 1819, M. edulis
Linnaeus, 1758, and M. trossulus Gould, 1850 are mor-
phologically similar mussels that have been collectively
referred to as the “M. edulis species complex”
(McDonala and Koehn, 1988; McDonald et al., 1991;
Seed, 1992). M. galloprovincialis is known to be native
to southern Europe and the Mediterranean Sea while
M. edulis is to northern Europe and Atlantic coast of
North America (McDonald et al., 1991). The center of
origin of M. galloprovincialis is believed to be the Me-
diterranean Sea, where M. galloprovincialis diverged
from M. edulis when the Mediterranean Sea was
separated from the Atlantic during the Pleistocene ice
age, about 1-2 million years ago (Barsotti and Meluzzi,
1968). As the glaciers retreated to the north and the
climate became warmer, a northward expansion of the
species range may have occurred. Presently the
historical range of M. galloprovincialis has been greatly
changed world-wide by the accidental introduction and
culture for food (McDonald et al., 1991; Gosling,
1992). Thus, recent reports often show the presence
of M. galloprovincialis in place where M. edulis was
believed to exist (Gosling, 1992).

Although M. trossulus is widely accepted as a distinct
taxon on the basis of genetic and biogeographic
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patterns, the taxonomic status of M. galloprovincialis
and M. edulis is unclear (McDonal et al., 1991; Geller
et al.,, 1993). Much of the confusion stems from the fact
that these two species were classified primarily on the
basis of shell morphology, which exhibits enormous
plasticity influenced by habitat environment, such as
tidal level, salinity variation, density, and habitat type
(Seed, 1968; Yoo and Kang, 1974). Further confusion
stems from the hybridization of the two species and,
therefore, the presence of intermediate forms (e.g.
Atlantic coasts of Ireland and Northwest France) makes
accurate identification almost impossible (Seed, 1974,
Coustau et al.,, 1991). Even in the Mediterranean Sea,
where pure populations of M. galloprovincialis have
been known to occur, the percentage of misidentifi-
cation based wholly on shell morphaology was 20%-60%
(Seed, 1972, 1974). To overcome these difficulties, the
taxonomic identification of the species is largely
dependent upon several molecular markers (Geller et
al.,, 1994; Heath et al., 1995).

Given these circumstances, the scientific name of
blue mussels in Korea has been questioned. The blue
mussel populations on the coasts of Korea and Japan
were known as M. edulis until recently, but reproductive
patterns (Yoo and Kajihara, 1983) and shell morphology
of the populations (Yoo, 1992) were reported to be
similar to the Mediterranean species, M. galloprovin-
cialis. Furthermore, using allozyme and morphometric
characters, McDonald et al. (1990) reported the pre-
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Fig. 1. Mytilus spp. sampling sites on the southern coast of Korea.

sence of M. galloprovincialis northward along East
China as far as northern Korea. In this study, we
sequenced a partial mitochondrial cytochrome ¢
oxidase subunit I (COIIl gene) of the blue mussel (M.
edulis) species complex, collected from the southern
coast of Korea to answer the following questions: (1)
What is the taxonomic status of the blue mussel
species distributed in the southern coast of Korea? (2)
What is the genetic relationship among samples of the
M. edulis species complex?

Materials and Methods

We obtained a total of 54 specimens of the blue
mussel (Mytilus edulis) species complex at seven
localities from the southern coast of Korea from May
to November 1997 (Fig.1). Each individual mussel
was collected from spots at least 1-2 meter apart from
each other to cover various microhabitats. Generalized
locality and individual sample names are given in
Table 1.

Mitochondrial DNA (mtDNA)

Samples were transported to Kyungnam University and
placed in 70% ethanol. DNA was extracted from a
piece of mantle tissue by the method of Proteinase K
which requires treatment using phenol-chloroform-
isoamyl alcohol (Kocher et al., 1989).

Although mtDNA in animals has been known to be
maternally inherited for over twenty years, Hoeh et al.
(1991) reported biparental inheritance in Mytilus edulis,
M. trossulus, and M. galloprovincialis. More precisely,
female mussels normally possess one type of mtDNA
that they transmit to both female and male, but male
mussels have two types of miDNA and transmit only
the male type mtDNA to sons. This system of mtDNA
transmission has been termed “doubly uniparental
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Table 1. A list of trapping localities, animal numbers, and mitochondrial
COIll haplotypes

Trapping locality Animal number  COIll haplotypes

1. Myo islet,
Cheonranamdo (12) ME7
ME8
ME9
ME10
ME11
ME12
ME13
ME14
ME29
ME30
ME31
ME32

mrrmroomrmre>»T

2. Namhae islet,
Kyungsangnamdo (6} ME17
ME18
ME21
ME22
MES2
MES3

wm>»mmm

3. Jang islet,
Kyungsangnamdo (2) ME19

ME20

aO>

4. Samcheonpo,
Kyungsangnamdo (3} ME1
ME2

ME3

wom

5. Keoje islet,
Kyungsangnamdo (5) ME4
ME5
MES
ME27
ME28

mmZ oW

6. Kaduk islet,

Pusan (18) ME15
ME16
ME23
ME24
ME25
ME26
ME33
ME34
ME35
ME36
ME37
ME38
ME39
ME40
MES0
MES1
MES5S4
MES55

OrcmOI>——~DXTPTI>ro

7. Jinhae, ME41

Kyungsangnamdo (8) ME42
MEA43
ME44
ME45
ME47
ME48
ME49

wWOOCr>»wWr

inheritance” (DUI) (Zouros et al., 1994). Thus, a suc-
cessful design of a “maternal” primer set was essential
for the purpose of this study. We were able to design
a primer set which specifically amplifies a partial female
mitochondrial cytochrome ¢ oxidase subunit Il (COIII)
gene by utilizing male and female sequences of M.
edulis and M. trossulus (Hoffmann et al., 1992; Stewart
et al,, 1996). The primer sequences are as follows:
CO31, 5-AACGGAATAGCGGTAGGGTT-3° and CO32,
5-TCTTATGGGCTTGAGTTAC-3" (COIll gene, nucleo-
tide position 508-527 and 883-865, respectively, of
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Table 2. Pairwise distances among 15 haplotypes in the Mytilus edulis species complex based on DNA sequences of a fragment of the COIlll gene
and each two homologous sequences of M. edulis and M. trossulus obtained from Hoffmann et al. (1992) and Stewart et al. (1996)

1 2 3 4 5 6 7 8

10 11 12 13 14 15 16 17 18 19

1 A (MES) - 0.003 0006 0.009 0.039 0.042 0042 0042 0.042
2 B (ME13) 1 0.003 0.006 0.036 0.033 0039 0039 0.039
3 C (ME20) 2 1 0.009 0.039 0042 0.042 0.042 0.042
4 D (ME55) 3 2 3 - 0.042 0045 0.045 0.045 0.045
5 E (ME1) 13 12 13 14 - 0003 0003 0.003 0.003
6 F (ME7) 14 13 14 15 1 - 0.006 0.006 0.006
7 G (ME15) 14 13 14 15 1 2 - 0.006 0.006
8 H (ME39) 14 13 14 15 1 2 2 - 0.006
9t (ME37) 14 13 14 15 1 2 2 2 -
10 J (ME5) 15 14 15 16 2 3 3 3 1
11 K (ME34) 13 14 15 16 2 3 3 3 1
12 L (ME44) 15 14 15 16 2 3 3 3 1
13 M (ME24) 14 13 14 15 3 4 4 4 2
14 N (MES) 17 16 17 18 4 5 5 5 3
15 O (ME2) 18 17 18 19 5 6 6 6 4
16 U50216-EF 8 7 8 9 9 10 10 10 10
17 M83760-EF 9 8 9 9 10 11 1 1 1Al
18 U50213-TF 56 55 56 56 55 56 55 56 56
19 U50218-TF 61 60 61 61 60 61 60 61 61

0.045
0.042
0.045
0.048
0.006
0.009
0.009
0.009

0.045
0.042
0.045
0.048
0.006
0.009
0.009
0.009
0.003
0.003
0.006

0.042
0.039
0.042
0.045
0.009
0.012
0.012
0.012
0.006
0.006
0.009
0.003

0.051
0.048
0.051
0.054
0.012
0.015
0.015
0.015
0.009
0.009
0.012
0.006
0.009

0.054
0.051
0.054
0.057
0.015
0.018
0.018
0.018
0.012
0.012
0.015
0.009
0.012
0.003

0.024
0.021
0.024
0.027
0.027

0.03

0.03

0.03

0.03
0.033
0.033
0.033
0.036
0.039
0.042

0.027
0.024
0.027
0.027

0.03
0.033
0.033
0.033
0.033
0.036
0.036
0.036
0.039
0.042
0.045
0.009

0.167
0.164
0.167
0.167
0.164
0.167
0.164
0.167
0.167
0.167

0.17
0.164
0.161
0.164
0.167
0.158
0.155

0.182
0.179
0.182
0.182
0.179
0.182
0.179
0.182
0.182
0.182
0.185
0.179
0.176
0.179
0.182
0.173

017
0.018

2 3

5 3 4 1
1 11 " 12 13 14
12 12 12 13 14 15 3
56 57 55 54 55 56 53 52
61 62 60 59 60 61 58 57 6

2

1 2

2 3 1
3 4

4

Numbers above the diagonal are mean distance values; numbers beiow the diagonal are absolute values

segment 5 in Hoffman et al., 1992). The condition for
PCR amplification is as follows: the extracted DNA
was denatured initially at 94°C for 7 min followed by 35
cycles (denaturation at 93°C for 1 min, annealing at 50
‘¢ for 1min, and extension at 72°C for 2min). The
final extension step was later increased from two to
nine minutes. The PCR amplification product was then
purified using PCR Purification Kit (QIAGEN). DNA
sequencing was performed using ABI 310 Genetic
Analyzer with a long capillary (PE Applied Biosys-
tems). Each strand was sequenced twice to minimize
errors. Sequence alignments among four sequences in
each individual were performed using IBl MacVector
version 4.1.1. When homologous sequences from two
different animals differed by>1 nucleotide base, the
sequences were considered as different haplotypes.
Haplotype designations (A, B, C and so forth) were
applied to new sequences as they were discovered.

Phylogenetic analyses with PAUP, networks, PHYLIP

PAUP (version 3.1, Swofford, 1990) was used to infer
relationships among the matralines identified through
mtDNA sequencing from this study and two homolo-
gous sequences of M. edulis obtained from Hoffmann
et al. (1992) and Stewart et al. (1996), respectively.
Two homologous mtDNA sequences from M. trossulus
(Stewart et al., 1996) were used as outgroups. The
analyses were performed using equal weighting of
transitions and transversions as well as several ratios
up to and including 1:20. Heuristic searches were
performed, and reliability was tested by bootstrapping
(1,000 iterations). With intraspecific mtDNA sequence
data it often happens that parsimony analyses provide
limited resolution because of polytomies. One solution,
which we employed, is to prepare one-step median net-
works, which can provide insight into probable relation-
ships among closely related lineages (Bandelt et al.,
1995). In addition, we used subprograms DNAMLK,

81

NEIGHBOR, and KITSCH in PHYLIP version 3.5¢
(Felsenstein, 1993). Reliability of the tree was tested
by bootstrapping (1,000 iterations) using subprogram
CONSENSE in PHYLIP after pairwise sequence dis-
tances were estimated by Kimuras two-parameter
method (1980), which attempts to correct observed
dissimilarities for multiple substitutions in sequences
evolving with a transition bias.

Results

MIDNA sequence analysis

From the sequences of 336 base pairs (bp) of COlll
gene from 54 individuals over seven geographic
localities, 15 haplotypes were obtained and designated
as A-O (Table1). Among these 15 haplotypes, 24
variable nucleotide sites occurred in the 336-bp
segment of mtDNA which we analyzed. Among the 24
variable sites, 19 (79%) were transition substitutions
and four (17%) were transversion substitutions. Nucleo-
tide position 201 was the only position that showed
parallel mutations (C, A, and T) (Fig. 2).

The sequence divergence in pairwise comparisons
ranged from 0.3% to 5.7% (one to 19bp) and the
largest sequence divergence occurred in a comparison
between haplotypes D and O (Table 2). The sequence
divergence between the two M. edulis sequences
obtained from Hoffmann et al. (1992) and Stewart et
al. (1996) was 0.9% (three bp) and ranged from 2.1%
to 45% (7-15bp) when these two sequences were
compared to haplotypes obtained from this study.

PAUP, PHYLIP, and network analysis for phylogeny

The genetic relationships among haplotypes and M.
edulis sequences were depicted in the PAUP phy-
logeny presented in Fig. 3. Because analyses run with
transition: transversion weightings of 1:0, 1:5, 1:10 and
1:20 did not affect the topology of trees, the results of
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miDNA Polymorphism of the Blue Mussel

Fig. 2. Sequence alignment of 15 mitochondrial haplotypes (designated as A-O) obtained from 336-bp COIll sequences and homologous sequences of
M. edulis (U50216-EF and M83760) and M. trossulus (U50213-TF and U50218-TF) obtained from Hoffmann et al. (1992) and Stewart et al. (1996).
Only positions that differ from haplotype A are indicated. Sequences have been deposited in GenBank (accession numbers AF127464-AF127478) and
the Korean Sequence Database, GenNuri (accession numbers KS101661-KS101675).
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Fig. 2. Continued.
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Fig. 3. PAUP analyses of mitochondrial COIlll sequences presented in
Fig. 2. A, Result of a heuristic search for the two clades of haplotypes
(clade B and clade E) obtained on the southern coast of Korea. The
three shown is a majority-rule consensus of six equally parsimonious
trees obtained using two homologous sequences of M. trossulus as
outgroups. The tree was obtained with transitions and transversions
weighted equally. The numbers shown on branches are frequencies of
observed partitions. Tree length is 83 steps, Consistency Index (Cl) is
0.952, and Retention Index (Rl) is 0.964. B, Result of PAUP analysis
for all haplotypes obtained on the southern coast of Korea and two
homologous sequencies of M. edulis obtained from Hoffmann et
al.(1992) and Stewart et al. (1996). The three shown is a majority-rule
consensus of fifteen equally parsimonious trees. Except for the two
additional M. edulis sequences, other conditions for the analysis was
the same as those in A. Tree length is 88 steps, Cl is 0.92, and Rl is
0.945.
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Fig. 4. PHYLIP analysis of 15 mitochondrial COIll haplotypes and two
homologous sequences of M. edulis obtained from Hoffmann et al.
(1992) and Stewart et al. (1996). The tree was obtained using sub-
program DNAMLK incorporated in PHYLIP with the option of Kimura's
2-parameter method (1980). The numbers shown on branches, which
represent bootstrap values for 1,000 replications, was obtained using
subprogram CONSENSE.

unordered analyses were presented. For the first
phase of our analysis (Fig. 3A), we tested the genetic
relationships among 15 haplotypes found on the south
coast of Korea. In this analysis the haplotypes formed
two clades, which we arbitrarily labeled B (consisting
of A, B, C, D) and E (consisting of all but members of
clade B). Each clade was supported by a high
bootstrap value (100%), indicating presence of two
mtDNA-based genetic populations of the blue mussel
(Mytilus edulis) species complex on the south coast of
Korea. For the second phase of our analysis (Fig. 3B),
we included two M. edulis sequences obtained from
Hoffmann et al. (1992) and Stewart et al. (1996) to
test the genetic relationship among the two clades and
two M. edulis sequences. Newly added M. edulis
sequences formed relatively strong monophyletic group
(80% of bootstrap replications) with members of clade
B, indicating the genetic similarity of the two sequences
of M. edulis to clade B. Except for this aspect, the
overall tree topology remained unchanged. To further
elucidate the data set, we compared unrooted maximum
likelihood PHYLIP trees (Fig. 4) to the PAUP analysis.
The essential aspects of topology were retained. For
example, in the PHYLIP tree members of each clade
exactly included their own clades, forming strong
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clade B

12 bp

Fig. 5. Parsimonious one-step median networks analysis among 15 mitochondrial COIll haplotypes. Each bar indicates one nucleotide difference from
the neighboring haplotype and dark circles indicate the hypothetical haplotypes, which were not found in this study. Haplotype E in clade E and
haplotype B in clade B requires 12 mutational steps to connect to each other. A homologous sequence of M. edulis (U50126-EF) obtained from the
interent shows a minimum of seven and nine mutational steps to connect to clade B and E, respectively. —

monophyletic groups (100% of bootstrap replications
both in clades B and E; Fig. 4). Furthermore, M. edulis
sequences also grouped together with clade B haplo-
types, forming a relatively strong monophyletic group
(79% of bootstrap replications). The unrooted phylo-
genetic trees obtained from the other two methods
(Neighbor-Joining/lUPGMA and Kitsch distance matrices)
were similar to the result obtained from maximum
likelihood PHYLIP tree and were not present.

To further illustrate the genetic relationships among
haplotypes, we used an unrgoted one-step median
network, which visualizes a possible evolutionary path-
way among them (Fig. 5). Although we expected more
resolution among closely related haplotypes, it provided
us with limited information. For example, the network
suggested that haplotypes belonging to clade B could
have been derived from a single founder, labeled
haplotype B, but it did not provide much information
on the genetic relationships among the members of
clade E. The complexity of clade E couid have been
stemmed from back mutations and parallel mutations.
Nevertheless, the network confirmed the results
obtained from PAUP and PHYLIP, in that haplotypes
were separated exactly into two clades, separated by
3.6% (12 mutational steps) of minimum sequence
divergence.

Distribution and genetic structure of each clade

Among 54 individuals sampled from seven localities
on the southern coast of Korea, 27 individuals pos-
sessed haplotypes belonging to clade B. In all but the
Jang islet, where two individuals were sampled (locality
3; Fig. 1), haplotypes of both clades were found (Table
1). The frequencies over six localities ranged from
33%-63% in clade B and 37%-67% in clade E,
indicating an overall even distribution of members of
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each clade on the southern coast of Korea.
Discussion

Interpretation of geographic distribution pattern of
mtDNA clade is a complex issue that requires under-
standings of phylogenetics, population genetics, and
biogeography. Avise et al. (1987) proposed five different
distribution patterns of mtDNA clones. Among them
category |l is one that possesses distinct clones in the
same geographic region. The blue mussel species com-
plex sampled on the southern coast of Korea revealed
two distinct mtDNA clades (clades B and E) with a
minimum sequence divergence of 3.6% (Table 2; Fig.
5). Thus, our data appear to represent the category |
of the phylogeographic pattern sensu Avise (Avise et
al., 1987; Avise 1989): discontinuous mtDNA genotypes
which occur concurrently in the same geographic
region. Because of stochastic extinction of mitochondrial
lineages two distinct clades are very unlikely to survive
within a single population for a long time (Neigel and
Avise, 1986). Thus, Avise et al. (1987) ascribed the
occurrence of class |l category to secondary admixture
of once geographically isolated populations or inclusion
of sympatric sibling species that possesses intrinsic
barriers to the experimental organism. Although the
co-occurrence of two -very distinct mitochondrial clades
within the same populations has been previously
reported for many organisms, interpretations of the
observation were very diverse (Taberlet et al., 1992;
Kim et al., 1998). For the Korean bilue mussel two
different interpretations may be proper for the observed
results. The first interpretation could be that all of the
blue mussels dwelling on the south coast of Korea are
M. edulis, possessing two distinct mtDNA clades with
unknown reason. The second interpretation could be
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that the blue mussels belonging to clade B are M.
edulis, but members of clade E possess mtDNA of
other species within the genera (e.g. M. galloprovin-
cialis). Originally the scientific name of the blue mussel
species found on the coast of Korea was thought to
be M. edulis, but some authors preferred to use the
scientific name of M. edulis galloprovincialis by
following the scientific name of the blue mussel in
Japan (Paboo et al, 1977). Recently, the blue
mussels dwelling on the coasts of Korea and Japan
were regarded as the Mediterranean species, M.
galloprovincialis, on the basis of shell morphology (Yoo
and Kajihara, 1983; Yoo, 1992). This revision is
consistent with the evidence of worldwide extension of
the Mediterranean species including Asia. For example,
it is believed that M. galloprovincialis has been
accidentally introduced into California in the 1900s
(McDonald and Koehn, 1988), South Africa in the
1960s (Grant and Cherry, 1985), and Hong Kong in
1981 and 1982 (Lee and Morton, 1985). In Japan, this
species is thought to be introduced in the 1930s, and
a high density of the mussel on the coast of Honshu
and Hokkaido was reported (Wilkins et al.,, 1983).
Furthermore, Geller et al. (1994) reported that all the
mtDNA haplotypes of M. galloprovincialis were found
in the ballast seawater of ocean-going Japanese ship.
Considering these worldwide, circumstantial instances,
one can speculate about the expansion of the species
to the Korean coast. In fact, Gosling (1992) depicted
that all the Korean and Japanese coasts are occupied
by M. galloprovincialis in the global distribution map of
the Mytilus species. Thus, the morphological study and
the circumstantial information appear to weaken the
first interpretation of all M. edulis. Instead, individuals
of clade E, which were excluded from the monophyletic
group of clade B and M. edulis sequences could be
M. galloprovincialis in consideration with other studies
{McDonald et al., 1990; Yoo, 1992).

We intentionally did not specify the members of
clade B, which formed a relatively strong monophyletic
group with the homologous sequences of M. edulis
dwelling in Canada as M. edulis (Figs. 3B and 4). The
prime reason for that is because there is no supportive
evidence from other researchers and no study has
thoroughly tested the possibility of the co-existence of
M. edulis and M. galloprovincialis in Korea yet (Yoo
and Kajihara, 1983; Yoo, 1992). In spite that the
taxonomy of Mytilus utilizes shell morphology, ecology,
and environmental conditions (e.g. water temperature
and salinity), taxonomic identification is largely depen-
dent upon the patterns of allelic frequencies of enzyme-
coding loci (Edwards and Skibinski, 1987; Coustau et
al., 1991; Geller et al.,, 1994; Wilhelm and Hilbish,
1998). Therefore, although this and other studies can
not directly provide an answer for the existence of M.
edulis in the Korean coast, it would be possible to
attempt to discuss some plausible explanations by
utilizing all possible information. First, M. edulis might

86

truly occur in Korea, forming clade B (Fig. 3B and 4).
This explanation is inconsistent with a morphological
study done by Yoo (1992). She sampled a substantial
amount of specimens (920 individuals) from six localities
on the south and east coasts of Korea, but no sup-
portive evidence for the existence of M. edulis was
obtained. Although the first explanation did not gain
support by a morphological study, we currently can not
be completely sure of the absence of M. edulis on the
south coast of Korea, because the taxonomic study of
Mytilus in Korea has been limited. For example, there
has been no direct hypothesis relevant to this issue,
no allozyme data comparable to worldwide samples is
available, and no wide geographic sample was obtained.
The second possibility involves introgression of the
mitochondrial genome of M. edulis into M. galloprovin-
ciafis. That is, Korean coasts are occupied by mor-
phologically M. galloprovincialis-like mussels, and the
mitochondrial genome of M. edulis might have been
introgressed into M. galloprovincialis when the species
was introduced to Korea. A cross between a female
M. edulis and a male M. galloprovincialis would produce
a hybrid offspring carrying a M. edulis mtDNA haplo-
type. A repeated backcrossing of such hybrid females
with male M. galloprovincialis will produce offspring
with predominantly M. galloprovincialis nuclear DNA
which determines shell morphology and M. edulis mito-
chondrial DNA. This scenario may explain the existence
of a single morphological species with two distinct
mtDNA clades on the southern coast of Korea. In fact,
there is evidence of introgression of miDNA from M.
edulis to M. galloprovincialis. Edwards and Skibinski
(1987) analyzed allozyme and mtDNA of mussels
collected from northeast to southwest England and
found that the M. galloprovincialis population in South
West England possessed an allozyme allele of M.
galloprovincialis only, but both mtDNA of M. gallopro-
vincialis and M. edulis. If this is the case, M. gallopro-
vincialis could be the only species dwelling on the
southern coast of Korea as evidenced by a morpholo-
gical study of Yoo (1992). Because our data set is
limited, a future study, which includes samples from
more diverse habitats covering a wide geographic
region and other molecular markers (e.g. allozyme) will
further provide a more detailed understanding on this
issue.
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