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Abstract The morphological characteristics and the
population genetic structures of the fissiparous seastar
Coscinasterias acutispina were investigated for eight sites
in the Sea of Japan in order to clarify the presence of
sexual and asexual reproduction. Morphological obser-
vation based on arm length showed that fission was
common at all eight sites examined, indicating the likely
production of clonal individuals. A random amplified
polymorphic DNA (RAPD) marker was used to detect
clones arising by fission and to assess gene flow among
sites. A simulation approach using RAPD data revealed
the presence of clonal individuals at almost all sites,
suggesting the existence of asexual reproduction. The
result of phylogenetic analysis according to RAPD
genotype showed no relationship between genetic and
geographic distances. Considering the limited movement
ability of seastar species during the adult phase, these
observations suggest the existence of marked gene flow
among sites, due to dispersal of planktonic larvae pro-
duced by sexual reproduction. These observations sug-
gest that multi-locus genotypic compositions depend on
the relative amounts of recruitment from sexual and
asexual reproduction in each population.

Introduction

Some animals, such as sessile and sedimentary marine
invertebrates, have an asexual mode of reproduction as
well as a sexual mode, although sexual reproduction
predominates in most other animals (Hughes 1989).
However, the evolutionary processes leading to the
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possession of both modes in a single species, and its
adaptive significance, have been scarcely explained. In
order to clarify these issues, the relative contributions of
asexual and sexual reproduction to population mainte-
nance need to be elucidated.

Fission is a well known feature of three echinoderm
classes, the Asteroidea, Ophiuroidea, and Holothuroi-
dea, and has been recognized since the nineteenth cen-
tury (Emson and Wilkie 1980). In the Asteroidea, fission
dividing the animal into two equal parts usually takes
place across the disk during the benthic adult phase
(Emson and Wilkie 1980). The genus Coscinasterias
comprising four species (C. tenuispina, C. acutispina,
C. calamaria, and C. muricata), all of which are fissip-
arous, is common in shallow continental waters world-
wide (Clark and Downey 1992). These fissiparous
seastars simultaneously possess functional sexual
reproductive ability as defined by the presence of mature
sperm or oocytes (Emson and Wilkie 1980).

One of these species, C. acutispina (Stimpson) is
broadly distributed in the north-western Pacific, espe-
cially around the Japanese Archipelago and coastal re-
gion of southern China (Edmondson 1935; Huang
1994). Yamazi (1950) reported the process of organ
regeneration after fission in a C. acutispina population
collected from Japan. Fujita (1999) investigated the fis-
sion pattern of this species and indicated that a higher
frequency of fission occurred during summer, and/or in
smaller body size classes, as had already been demon-
strated by Crozier (1920) and Emson (1978) for other
fissiparous seastars. On the other hand, most animals of
this species had a mature gonad, indicating the potential
for sexual reproduction (Noumura and Kanatani 1962;
Komatsu et al. 1999). Komatsu et al. (1998) reported
that larvae of this species obtained by artificial fertil-
ization metamorphosed into juveniles via a planktonic
phase. However, the study which discussed the existence
of both asexual fissiparity and sexual larval recruitment
in natural populations of this species had little been re-
ported (Fujita 1999; Fujita et al. 2001). To investigate
this issue, population genetic analyses using allozyme
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markers have recently been conducted on fissiparous
seastars. In C. calamaria populations of Western Aus-
tralia, Johnson and Threlfall (1987) observed that the
range of multilocus genotypes showed the proportions
unexpected from random mixing, confirming the highly
clonal structure of local populations. Skoéld et al. (2002)
obtained similar results in part of a C. muricata popu-
lation of New Zealand to those in C. calamaria. These
studies demonstrated that a genetic marker offers
available information on the contribution of asexual and
sexual reproduction to the maintenance of local popu-
lations in fissiparous seastars. Genetic makers based on
the polymerase chain reaction (PCR; Saiki et al. 1988),
which can easily reveal genetic polymorphism, have be-
come widely used for analysis of population genetic
structure. One of these markers is random amplified
polymorphic DNA marker (RAPD; Williams et al.
1990), which can be easily applied to a wide range of
plant and animal taxa, allowing low cost of the tech-
nique, requirement of only nanograms of template
DNA, and examination of an essentially unlimited
number of loci, while RAPD marker has potentially
some problems such as repeatability (Lynch and Milli-
gan 1994). Recently, RAPD markers have been used
frequently to examine population structure and to detect
clones in asexual species (e.g. Ceplitis 2001; Karako
et al. 2002).

In the present study, we investigated the geographical
variation of fissiparity frequency in C. acutispina based
on morphological features and detection of clones by
RAPD analysis. Furthermore, we evaluated gene flow
among populations, based on population genetic struc-
tures of this species from the Sea of Japan, in order to
clarify the frequency of sexual reproduction in the nat-
ural populations.

Materials and methods
Sample collection and morphological analysis

Samples of C. acutispina (Stimpson) were collected
during July and August 2003 from eight sites in the
intertidal and/or shallow subtidal zone of the Sea of
Japan (Table 1; Fig. 1). For each individual, the length

of every arm was measured. The arms were categorized
into two groups, long and short, being divided by the
latest fission line (Fujita 1999). The largest arm length
within the long arm group (R) and that within the short
arm group (re) were recorded to examine the previous
occurrence of fission (see Johnson and Threlfall 1987).
We regarded an individual with a re/R ratio under 0.9 as
expectedly undergone fission.

DNA extraction and polymerase chain reaction (PCR)

We randomly chose approximately 15 individuals from
each population for RAPD analysis (Table 1). A single
arm or tube foot was clipped from each individual, and
fixed in 99.5% ethanol for DNA extraction. Total DNA
was extracted using the Chelex method (Singer-Sam
et al. 1989). Tissues in 500 pl of 5% Chelex buffer
(Chelex® 100; Sigma) were incubated at 95°C for
30 min, and then vortexed for 30 s by a tube mixer. The
supernatant was stored at —30°C and used for PCR
amplification as template DNA.

For RAPD amplification carried out using GenAmp
PCR System 9700 (Applied Biosystems), 10 ng of
genomic DNA was amplified in 20 pul of a reaction
mixture containing 0.2 mM dNTPs, 5 puM primer,
0.625 U Ex Tag DNA polymerase (TaKaRa ) and I1xEx
Taq buffer (TaKaRa). The samples were subjected to
preheating at 94°C for 2 min, followed by 45 cycles of
denaturation at 94°C for 30 s, annealing at 36°C for 30 s
and extension at 72°C for 1 min. After the last cycle, a
final extension step of 94°C for 5 min was used to
complete the reaction. Reaction products were separated
by electrophoresis in 1.5% NuSieve 3:1 Agarose gel
(TaKaRa) in TAE buffer, stained with ethidium bro-
mide and photographed under UV illumination.

In order to find suitable primers for the analysis, we
screened 40 random decamer primers (OPA and OPB
primer sets; Operon technologies), and selected five that
gave clear, variable and reproducible band patterns:
OPA-1 (5-CAGGCCCTTC-3"); OPA-2 (5-TGCC GA
GCTG-3’); OPA-19 (5-CAAACGTCGG-3’); OPB-15
(5-GGAGGGTGTT-3) and OPB-17 (5-AGGGAAC
GGA-3). In addition, repeatable banding patterns were
indicated by periodic re-amplification of individuals.

Table 1 Sampling sites of Coscinasterias acutispina in the Sea of Japan

Site Abbr.  Latitude Longitude Sampling depth  Habitat zone Date of collection N Ny
Aikawa Ai 38204 19” N 138°14°50” E  0.0-3.0 m Intertidal-subtidal zone  2003/8/18 53 14
Uozu Uo 36°49" 47" N 137°24°04” E  2.0-5.0 m Subtidal zone 2003/7/25 27 14
Ichimonji Ic 36° 51" 35" N 136°59°53” E  0.0-3.0 m Intertidal-subtidal zone ~ 2003/7/28 77 13
Kurosaki Kr 36° 597 30" N 137° 03’25 E 0.1-1.0 m Intertidal-subtidal zone  2003/8/24 69 41
Noto Nt 37° 177 39” N 137° 12" 35" E  0.5-1.0 m Intertidal-subtidal zone ~ 2003/8/28 43 16
Wajima Wj 37°24" 13" N 136°52"45” E  0.0-1.5m Intertidal-subtidal zone  2003/8/26 41 13
Takeno Tk 35°39°26” N 134°44’ 50" E  1.0-2.0 m Intertidal-subtidal zone  2003/8/11 45 14
Mihonoseki  Mh 35°34°26” N 133°07"57”E  0.0-2.0 m Intertidal-subtidal zone ~ 2003/8/13 38 16

N Number of samples collected, Ng Number of samples examined for RAPD analysis
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Fig. 1 Locations of the eight
sites used for sampling of
Coscinasterias acutispina along
Honshu and Sado islands
bordering the Sea of Japan. Site
codes are from Table 1
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Data analysis

RAPD analysis was performed for 128 specimens col-
lected from eight sites in the Sea of Japan (Table 1). The
detected banding patterns were then translated into a
0/1-matrix (1 for presence of a RAPD band, 0 for ab-
sence), and used for subsequent analyses based on a two-
allele model.

We examined the existence of clones by comparing
the RAPD banding patterns. We assessed clones on the
basis of Psgx-values, i.e., the likelihood of finding at
least as many identical multilocus genotypes as those
observed in a panmictic population (Ivey and Richards
2001) from the allele frequencies at each site. The
M LGsim program (Stenberg et al. 2003) was used to
compute the Psgx-values and test for their significance.

The genetic population structure inferred from the
RAPD markers was assessed by phylogenetic relation-
ships among RAPD genotypes. Phylogenetic relation-
ships among RAPD genotypes were assessed by using
the neighbor-joining cluster algorithm based on genetic
distance D (Nei and Li 1979) in PAUP* 4.0b10 (Swof-
ford 2000).

Results

On the basis of arm length (re/R) ratio, fissiparity was
considered to occur at all eight sites. A high propor-

135°

tion of individuals bearing fission scar (re/R <0.9) was
also revealed at each site, ranging from 81.2% at
Aikawa to 95.2% at Wajima (Fig. 2). Most animals
sampled from Uozu, where is only subtidal site sur-
veyed in the present study, seemed to have low
asymmetry.

The five RAPD primers examined generated 20 clear
and reproducible bands. The number of polymorphic
bands per primer varied from 4 to 7 with an average of
5.6. These primers detected 42 RAPD genotypes in a
total of 128 individuals collected from the eight sites
(Table 2). The number of differences for scored bands
between all possible pairs of RAPD genotypes varied
from 1 to 13. Identical RAPD genotypes among indi-
viduals were found at every site. A simulation ap-
proach based on P-ggx values detected clones at six
sites (Aikawa, Uozu, Himi, Kurosaki, Noto and
Mihonoseki) (Table 2). We were unable to examine this
simulation for Takeno, since this site was organized
into only one RAPD genotype. Some RAPD genotypes
shared among sites were observed between Uozu and
Kurosaki (RAPD genotype 4), and Kurosaki and
Wajima (7, 11, 22), the others being unique to each
site.

The neighbor-joining network based on genetic dis-
tance demonstrated the phylogenetic relationship of the
42 RAPD genotypes (Fig. 3). Genetic groups compris-
ing the RAPD genotypes from geographically close sites
were scarcely detected on the network.
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Fig. 2 re/R frequency
distribution of arm length at the
eight sites in the Sea of Japan.
Site codes are from Table 1.
Numerical values for each site
mean the proportion of
individuals that had undergone
fission (%), which were
regarded as having a re/R ratio
of <09
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Table 2 Genotypic

composition of Coscinasterias RAPD type Ai Uo Ic Kr Nt Wj Tk Mh
acutispina samples for eight
sites in the Sea of Japan 1 14.63(6)"
2 12.20(5)*
3 2.44(1)
4 92.86(13)* 19.51(8)*
5 2.44(1)
6 9.76(4)*
7 9.76(4)* 15.38(2)
8 4.88(2)"
9 2.44(1)
10 38.46(5)"
11 2.44(1) 7.69(1)
12 14.29(2)*
13 87.50(14)*
14 14.29(2)*
15 12.50(2)*
16 14.29(2)
17 2.44(1)
18 2.44(1)
19 100.00(14)
20 14.29(2)
21 87.50(14)
22 2.44(1) 15.38(2)
23 28.57(4)*
24 61.54(8)"
25 2.44(1)
26 2.44(1)
27 2.44(1)
28 2.44(1)
29 2.44(1)
30 7.14(1)
31 7.14(1)
32 7.14(1)
33 7.69(1)
34 7.69(1)
Values are percentage of RAPD 35 7.69(1)
genotypes at each site. The nu- 36 7.69(1)
mbers of individuals are shown 37 7.69(1)
in parenthesis. 38 7.69(1)
4Genotype detected clone at si- 39 7.69(1)
gnificance level of 0.05 for M- 40 7.69(1)
LGsim simulation provided by 41 6.25(1)
Stenberg et al.(2003); excluding 42 6.25(1)
Takeno. Site codes are listed in ~ Total 100(14)  100(14) 100(13)  100(41) 100(16)  100(13) 100(14) 100(16)
Table 1.
. . (Johnson and Threlfall 1987; Barker et al. 1991) and
Discussion

Morphological analysis suggested that fission occurred
at every site examined, indicating the likely presence of
clonal individuals. However, number of fissioned indi-
viduals on the basis of re/R might underestimate, be-
cause arm asymmetry was reduced in large individuals
which had the rapid growth of regenerated arms
(Yamazi 1950). Most individuals which had nearly to
one on the re/R ratio seemed to larger body size (data
not shown). Therefore, actually fissioned individuals
might be still more than observed one in this study. In
addition, most samples from Uozu, where is only sub-
tidal habitat for this species in this study site as reported
by Fujita et al. (2001), recently might be not undergo
fission. The similar results which subtidal populations
had the lower proportion of recently divided individuals
than intertidal population were observed in C. calamaria

C. muricata (Skold et al. 2002). Thus, fission occurrence
in C. acutispina might be negatively influenced by sub-
tidal environment which differs from intertidal envi-
ronment in food conditions, temperature stress, and
sediment stability (Mladenov 1996).

The present RAPD analysis which revealed 48 RAPD
genotypes from 128 specimens may be better discrimi-
nation than previous analyses. Johnson and Threlfall
(1987) distinguished 48 genotypes from 430 animals of
C. calamaria, being a lower number of the detected multi
locus genotypes per individuals comparing with the
present study.

The present analysis found multiple individuals that
had an identical genotype for 19 RAPD genotypes at
each of the all eight sites. The detection of clones using
genetic markers needs to reveal both an identical geno-
type between individuals and a high level of divergence
between different genotypes (Suyama et al. 2000). In the
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Fig. 3 Unrooted phylogram illustrating all RAPD genotypes in
Coscinasterias acutispina, using the neighbor-joining cluster algo-
rithm based on D (Nei and Li 1979). First codes indicate the RAPD

present study, the minimum proportion of pairwise
differences between different genotypes was 0.37%,
which was scarcely enough to recognize the occurrence

®

genotype number. Figures following numbers are the site codes
listed in Table 1. The numbers of individuals with the same
genotype are shown in parentheses

of clones in the C. acutispina specimens examined.
However, the calculation of Pggx-values based on a
simulation approach demonstrated the presence of clo-



nal individuals at almost all sites, except for Wajima and
Takeno. At Wajima, which exhibited the highest fre-
quency of possible fission, a high degree of genetic
diversity was revealed, thus clones might not have been
detected by this simulation, indicating the need for fur-
ther analysis using more samples. On the other hand, at
Takeno, there was a single genotype (RAPD type 19),
implying that all sampled individuals might have been
derived from a single clone.

As the results of both morphological and RAPD
analyses, asexual reproduction highly occurred at each
of the eight sites, while recent fissiparity has differenced
with each site. This was in contrast to previous study of
C. muricata, which indicated that several fjord popula-
tions do not undergo fission at all (Skold et al. 2002,
Skold et al. 2003). According to these studies, almost all
fjord individuals had large body size. On general, fis-
siparous seastars have a lower incidence of fission as
body size grown. It will be necessary to compare the
environments and growth states of intertidal population
to subtidal population in order to properly characterize
spatial fission variability in C. acutispina.

The phylogenetic relationships among RAPD geno-
types had disagreement with the geographic relation-
ships in the present study. This result should indicate the
existence of gene flow among the sites. Additionally, this
pattern might be unexplained by isolation by distance. It
should be impossible for adult individuals of C. acu-
tispina, which typically inhabit hard substrata, to move
among sites through sandy areas. Nishida and Lucas
(1988) observed genetic homogeneity among popula-
tions of the crown-of-thorns seastar Acanthaster planci,
which has a planktonic larval phase lasting at least
several weeks (Yamaguchi 1977; Lucas 1982), through-
out the Pacific (> 1,000 km scale) due to larval disper-
sion. Since C. acutispina has a longer planktonic phase
(a few months; Komatsu et al. 1998), the existence of
gene flow among eight sites, the longest distance between
them being about 550 km, should be validity.

Japanese turban shell Turbo cornutus populations
from the Sea of Japan were genetically homogeneity,
being probably generated by the Tsushima Current
(Kojima et al. 1997). Kojima et al. (1997) revealed that
genetic differentiation was detected between populations
of the Sea of Japan and those of the Seto Inland Sea
where is close geographically. Therefore, population
genetic structure of C. acutispina should be examined in
wider range of sea area.

Consequently, the gene flow estimated in the present
study might be due to the dispersal of planktonic larvae
produced by sexual reproduction. Thus we conclude that
populations of C. acutispina in the Sea of Japan might
possess abilities for both asexual and sexual reproduc-
tion, and be maintained thorough a combination of
both. In the future study, the contributions of both
reproductive modes to population maintenance should
be surveyed on the temporal variability in asexual and
sexual recruitment on the basis of the detection of clones
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and gene flow by genetic marker such as RAPD pres-
ently established.
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