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Ecklonia cava Kjellman is a common kelp found in shallow subtidal in warm-temperate waters in the northwest Pacific
Ocean. This species has shown substantial morphological variation along with subsistence in different locations and local environments. We quantified the magnitude of morphological variation of E. cava from six populations along ~700 km
of coastline from Jeju Island to Dokdo in Korea. In addition, we examined genetic distance among the populations using
random amplified polymorphic DNA (RAPD) analysis. Most morphological characteristics investigated were significantly different among locations. Multivariate analyses indicated two phenetically distinct groups (nearshore, sheltered vs.
offshore, exposed), indicating wave exposure with turbidity are presumably major factors for the separation. With RAPD
data, results of Nei’s diversity (H) and AMOVA showed considerable variations in within- and between-populations. Pairwise ΦST and Nm values indicated moderate gene flow between the six locations. Results of Nei’s analysis revealed three
genetically distinct groups, not consistent with the morphological groupings, indicating that a time gap may exist between morphological and genetic variations. This study also suggests dispersal distance of this kelp may be longer than
what is commonly thought and genetic similarity in the populations was largely reflected by the direction of ocean current rather than just geographical distance.
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INTRODUCTION
Ecklonia cava Kjellman is a perennial brown alga, one
of the major components of kelp forests in the northwestern Pacific regions. Generally growing on shallow
rocky subtidals (<5-25 m), the kelp often forms dense
subsurface canopies at the sites exposed to northern
swells (Kang et al. 1993, Serisawa et al. 2002a), and thus
providing an important nursery and breeding ground for
marine resource species (Largo and Ohno 1993). The distribution of well-developed populations covers southern
Korea (from Jeju Island to Dokdo) and southern Japan
(from the central part of Honshu to the westernmost part

of Kyushu), considered endemic to warm-temperate waters in Korea and Japan (Kang et al. 1993, 2001, Terawaki
and Arai 2004).
Within its geographic range, E. cava exhibits considerable morphological variation among plants, apparently
correlated with local environmental conditions (Serisawa
et al. 2001, 2002a). Morphological variation influenced by
characteristic habitat features is common among brown
algae (e.g., Rice and Kenchington 1990, Wernberg et al.
2003, Macinnis-Ng et al. 2005, Matson and Edwards 2006)
and thereby makes identification of species difficult on
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Fig. 1. The sampling localities of the six Ecklonia cava populations.

the basis of external appearance (Russell 1978). Several
theoretical and empirical reports suggest morphological differences among populations are caused by geographical separation as genetic exchange among populations becomes restricted and are exposed to grossly
different environmental conditions (Kusumo and Druehl
2000). When genetic variations occur, reproductive performance and survival against stochastic events are significantly improved (Frankham 1996, Frankham et al.
2002). The patterns of genetic variation and population
structure are very important to the ecology and evolution
research, allowing greater understanding into the transmission of genes from generation to generation, and a
prediction of long-term survival and the continued evolution of populations and species (Sosa et al. 2002, Bouza
et al. 2006). Therefore, molecular makers are a valuable
tool in understanding and predicting the mechanisms
that cause interpopulational genetic differentiation.
Random amplified polymorphic DNA (RAPD) is a
method that reveals genetic variability within a species
and elucidates differences at the population level in diverse marine plants such as microalgae (Gómez and
González 2001, 2004), seagrasses (Larkin et al. 2006), and
seaweeds (Bouza et al. 2006). The strengths and weaknesses of RAPD method have been widely debated (e.g.,
Hadrys et al. 1992, Sunnucks 2000). Although some re-
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searches have been performed (e.g., Van Oppen et al.
1996, Coyer et al. 1997), the use of RAPD for small-scale
geographical research is inadequate and, when a large
number of markers are included and the analysis is restricted to taxa in which band homology assessments are
confidently made (conspecific populations). The results
of RAPD assessments may be successfully incorporated
into evaluation of inter- and intrapopulation differentiation of natural populations (see reviews in Bouza et al.
2006).
Our preliminary surveys for E. cava were conducted
along a 180 km length of southern Korean coast between
2003 and 2004, indicated that the external morphology
of adult E. cava sporophytes was highly variable depending on habitat locations. Some local populations caused
taxonomic confusion with other local Ecklonia species
(i.e., Ecklonia kurome Okamura and Ecklonia stolonifera
Okamura). Historically, E. cava has been a major species
comprising kelp forests in warm water environments
around Jeju Island, stretching to northern parts of the
Korean coast (Lee and Kang 2001). The objective of this
research is to quantify the magnitude of morphological
variation, and to examine the genetic distance of E. cava
populations across the geographic range in Korea using
an appropriate molecular tool. In addition to providing
basic information on the population structure of this
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ecologically important kelp, our results will be useful in
understanding E. cava metapopulation dynamics and
also provide valuable tips to restoration programs. E. cava
populations are gradually disappearing near Korea (e.g.,
Chung et al. 1998, Kang 2010), increasing the importance
of this work.

MATERIALS AND METHODS
Sampling
Sporophytes of E. cava reproduce in early autumn.
Only the basal part remains after reproduction and grows
again from early winter (Largo and Ohno 1993). To avoid
the reproduction period and remove the data noise
caused by the seasonal growth pattern, all samples were
collected during one season (i.e., Spring: March 2007 to
May 2007). Six locations were selected: one from Munseom of Jeju Island, two along the southern coast of Korea and three locations from East Sea (Table 1, Fig. 1). All
locations within the study area were selected on the basis
of accessibility and proximity. These six locations span 4°
north-south and 5° east-west, and they cover ~700 km of
coastline including the geographic range of E. cava from
its northern limit in Korea to Jeju Island. Within each location, twenty mature thalli, differentiated into branching laterals (‘stage 3’ as defined by Kirkman 1981) were
randomly chosen from E. cava habitats at 5-25 m depth
subtidal (except Dokdo where only 16 individuals were
sampled) and harvested as close as possible to the hold-

Fig. 2. Morphological characters measured. TL, total length; SL,

stipe length; SD, stipe diameter; LL, lamina length; LW, lamina width;
LAL, lateral length; LAW, lateral width.

fast using a diving knife. We attempted not to collect individuals grown too close each other to ensure a level of
independence in morphological and genetic identity. The
collected specimens were brought to the surface, drained,
bagged, and transported to the laboratory in dry ice, then
refrigerated until processing.

Morphological characteristics
Nine common morphological parameters were measured for each thallus (Fig. 2). Morphological measurements includes total length, thallus dry weight, stipe

Table 1. Sampling locations
Location

Code

Jeju Island
Munseom
(33°13′ N, 126°34′ E)

MUN

5-10 m, semi-exposed, high-relief rocky reef, low turbidity (1-2 mg L-1), dense beds

South Sea
Yeosu
(34°27′ N, 127°48′ E)

YEO

3-5 m, semi-exposed, low-medium relief rocky reef with small patches of muddy sand,
high turbidity (10-20 mg L-1), scattered individuals-small patches

MAM

3-6 m, sheltered, low-medium relief rocky reef, medium turbidity (5-8 mg L-1), small
patches

KOR

1-5 m, exposed rocky platforms with small patch of sand, low-medium turbidity
(3-5 mg L-1), scattered individuals-small patches

Wangdolcho
(36°50′ N, 130°02′ E)

WAN

5-30 m, exposed, low-medium rocky reef, low turbidity (1-3 mg L-1), extensive dense beds

Dokdo
(37°14′ N, 131°51′ E)

DOK

5-30 m, exposed, medium-high rocky reef, low turbidity (1-2 mg L-1), extensive dense beds

Mammuldo
(34°38′ N, 128°34′ E)
East Sea
Kori
(35°19′ N, 129°17′ E)

Habitat

Twenty individuals were samples at each location, except Dokdo (n = 16).
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length, stipe diameter (at the point of immediately above
holdfast), lamina length, lamina width (mid-1/3 of the
central lamina), number of laterals, lateral length, and
lateral width. All measurements were done for 16-20 mature individuals (per location) sampled only in the spring
from all six locations.

1 mM EDTA) and visualized under ultraviolet light after
ethidium bromide staining. Gels were photographed using a Kodak EDAS 200 digital camera documentation system (Kodak, New Haven, CT, USA).

Genomic DNA extraction and RAPD assay

To test whether each morphological character of E.
cava is different among locations, a one-way ANOVA
(Zar 1999) was performed. Before testing, data sets were
checked for homogeneity of variances using Levene’s test
and fourth-root transformed if necessary. When differences were indicated, significantly different means were
separated with Turkey’s multiple comparison. To test the
independence of each morphological character, product
moment correlation was performed among all pairs of
variables. A normalized Euclidean distance matrix was
calculated using standardized data set on all morphological parameters, and a non-metric multidimensional
scaling (nMDS) plot was constructed. A dendrogram for
hierarchical clustering of the six locations was also constructed using a group average linkage method. SIMPER
(similarity of percentages) was performed to identify
which morphological characteristics contributed most
to the observed patterns. All analyses on morphological
characters were performed using PRIMER v5 (Clarke and
Gorley 2001) and Minitab v13.
For RAPD analysis, only reproducible and distinctively
well-resolved bands were scored for resolving. The presence of a band was scored as 1 and absence was scored as
0. After scoring, a matrix of RAPD phenotypes was then
assembled across all individuals and locations. For each
location, the gene diversity, measured as the expected
heterozygosity (H) averaged over loci (Nei 1978), was
calculated using the program POPGENE 1.32 (Yeh et al.
1999).
To estimate components of variance among and within
locations, gene frequencies were analyzed using a nested analysis of variance (analysis of molecular variance,
AMOVA) (Excoffier et al. 1992). AMOVA allowed us to assess the partitioning of RAPD variation and sporophytic
populations of E. cava at different hierarchical levels and
test for significance against null hypothesis of no structure. AMOVA was done using Arlequin ver. 3.0 software
(Excoffier et al. 2005).
The gene flow (Nm, the number of migrants per generation) (Whitlock and McCauley 1999) was approximated as

Data analysis

The 16-20 sporophytes collected at each location were
used for RAPD analysis. Frond disks (25 cm2) placed on
the mid-2/3 of the central lamina were cut, washed with
1% sodium dodecyl sulfate in distilled water and then
blotted dry. Each sample was preserved with silica gel in
the dark until used.
DNA was extracted from 200 mg of sample frond tissues ground in liquid nitrogen in a sterile mortar with
a pestle. All extractions used the Pharmacia-Biotech kit
(Accuprep Genomic DNA Extraction Kit; Bioneer Inc.,
Daejeon, Korea) according to the manufacture’s instructions. DNA samples were quantitated using a NanoDrop
ND-1000 Spectrophotometer (NanoDrop Technologies,
Wilmington, DE, USA), also according to the manufacture’s instructions.
All samples were initially screened with 200 random,
decamer primers (10-mer kits A-J; Operon Technologies
Inc., Huntsville, AL, USA) to check their ability to generate reproducible, informative DNA amplification products. For each sample and primer, duplicate reactions
and reactions with DNAs extracted independently from
the same sample were used.
DNA amplification reactions were performed in 20 μL
volumes containing 2.5 μL of 10× polymerase chain reaction (PCR) buffer, 2 μL of deoxyribonucleoside triphosphate (dNTP) mixture (TaKaRa Bio Inc., Otsu, Japan), 0.5
μM of the primer, 1 ng of genomic DNA, 1 unit of Taq DNA
polymerase (TaKaRa Bio Inc.) and distilled water. Amplifications were run in PTC-200 PCR System (MJ Research,
San Francisco, CA, USA) and gave optimal bands with an
initial denaturation step of 94°C for 5 min followed by 40
cycles of 94°C for 0.5 min, 40°C for 0.5 min, 72°C for 1 min
and finally, 72°C for 5 min, and stored at 4°C. The concentration of DNA used was found to be optimal with respect
to reproducibility and minimization of secondary ghost
banding (technique background). Reaction mixes without DNA were run as blanks in all RAPD amplifications.
Nine primers gave optimally reproducible polymorphic
bands and were thereby selected for further analysis.
Amplification products were resolved by 1.5% agarose
gel electrophoresis in TBE buffer (45 mM Tris-Borate and
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Fig. 3. Comparison of the nine morphological charters in the six locations. Data are mean ± 1SE. Bars with different letters are significantly
different (p < 0.05). YEO, Yeosu; MAM, Mammuldo; MUN, Munseom; KOR, Kori; WAN, Wangdolcho; DOK, Dokdo.

, where ΦST values were available from a matrix of pairwise combinations produced by Arlequin ver. 3.0 software.
A genetic similarity dendrogram among locations was
constructed using the matrix of pair-wise Nei’s genetic
distances calculated from the program POPGENE 1.32
and the unweighted pair-group method with arithmetical
averages (UPGMA) (Sneath and Sokal 1973) algorithm.
Data were also represented graphically in nMDS plots using a Euclidean distance matrix based on the presence /
absence data set on RAPD bands. nMDS was done using
PRIMER v5.
To test whether the magnitude of genetic difference
was a function of distance between locations, the genetic
distance (ΦST) matrix and an among-location distance
matrix generated from GPS co-ordinates (cf. Table 1) were
analyzed using a Mantel test (Mantel 1967). In addition,
we also conducted the Mantel test to test the significance
of the correlation between the genetic distance (ΦST) matrix and a Euclidean distance matrix generated from the

morphological data set pooled within each location. All
Mantel tests were done using the software Arlequin ver.
3.0.

RESULTS
Spatial variability of morphology
All morphological characteristics investigated were
significantly different (one-way ANOVA, p < 0.005) among
locations (Fig. 3). In most morphological parameters,
except lamina length, No. of laterals, and lateral width,
Yeosu and Mammuldo showed significantly lower values
than Munseom, Kori, Wangdolcho, and Dokdo (Turkey’s
multiple comparison, p < 0.05). In addition, most morphological characteristics showed considerable variation among locations. For example, total length differed
by 49% between the means of the most extreme populations Wangdolcho and Yeosu. Similarly, there was 23% dry
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weight difference between the thallus biomass of individuals from Wangdolcho and Yeosu. Thallus dry weight was
the most variable characteristics (coefficient of variation
[CV] = 61%), whereas lateral width was the least variable
one (CV = 17%).
Most morphological characteristics were moderately
to highly correlated to each other (0.5 < r < 1.0) (Table 2).
For example, total length was highly correlated to stipe
length, stipe diameter, and lamina length (r > 0.8), and
this could be somewhat expected as total length is the
sum of stipe length and lamina length. In contrast, thallus dry weight was correlated to stipe diameter, lamina
width, and lateral length with the value of r > 0.7, suggesting that total length should not be a good single factor to
scale the allometry of thallus biomass of E. cava.
The nMDS ordination based on all morphological
characteristics (Fig. 4A) showed large separation (high
dissimilarity) among locations (e.g., Wangdolcho and
Yeosu) and very small separation (high similarity) among
other locations (e.g., Yeosu and Mammuldo). There were
also considerable within-location separations in a few
places (e.g., Wangdolcho and Kori). In the dendrogram,

the six locations were sharply separated into two groups
(Yeosu and Mammuldo vs. Munseom, Kori, Wangdolcho,
and Dokdo) (Fig. 4B).
Stipe length was by far the most important morphological parameters, on accounting for ~19% of the dissimilarity in E. cava morphology between the two groups
(i.e., Munseom, Kori, Wangdolcho, and Dokdo vs. Yeosu
and Mammuldo) (Table 3). In contrast, most morphological parameters, except lateral width and lamina length,
ranged from 10 to 12%.

Genetic variation by RAPD
A total of 155 discernible and reproducible RAPD
bands were generated with 9 selected primers across the
116 individuals of six locations, out of which 56 (36.1%)
were polymorphic (Table 4). The bands ranged in size
from 370 to 2,900 bp. Number of bands produced per
primer ranged from 10 to 27 with an average of 17.2, and
that of polymorphic bands per primer lied between 3 and
10 with an average 6.2. Fig. 5 shows the RAPD profile of 20
individuals amplified with primer OPA-01.

Table 2. Correlation coefficients (Pearson product moment correlation) among the morphological characters on all the sampled individuals
(n = 116)

Character
TL
DW
SL
SD
LL
LW
NL
LAL
LAW

TL

DW

SL

SD

LL

LW

NL

LAL

LAW

0.671
0.905
0.814
0.808
0.487
0.388
0.488
0.096

0.613
0.803
0.509
0.720
0.613
0.759
0.277

0.813
0.481
0.577
0.558
0.610
0.104

0.552
0.608
0.487
0.617
0.320

0.204
0.026
0.161
0.054

0.575
0.781
0.241

0.677
0.302

0.355

-

TL, total length; DW, thallus dry weight; SL, stipe length; SD, stipe diameter; LL, lamina length; LW, lamina width; NL, number of laterals; LAL,
lateral length; LAW, lateral width.

Table 3. SIMPER results on the two groups (YEO and MAM vs. MUN, KOR, WAN and DOK)
Morphological character

Contribution to dissimilarity (%)

Stipe length
Lamina width
Dry weight
Stipe diameter
Total length
Laterals length
No. of laterals
Laterals width
Lamina length

19.24
12.00
11.80
11.52
10.70
10.65
10.51
7.33
6.25

Consistency of contribution (dissimilarity / SD)
3.10
1.63
1.58
2.22
2.23
1.71
1.48
1.34
1.55

YEO, Yeosu; MAM, Mammuldo; MUN, Munseom; KOR, Kori; WAN, Wangdolcho; DOK, Dokdo; SD, standard deviation.
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A

B

Fig. 4. Morphological analysis. (A) Non-metric multidimensional scaling plot, using a normalized Euclidean distance matrix based on

standardized data set on all morphological characters. (B) Dendrogram for hierarchical clustering of the six locations, using a normalized
Euclidean distance matrix based on standardized data set on all morphological characters. MUN, Munseom; YEO, Yeosu; MAM, Mammuldo; KOR,
Kori; WAN, Wangdolcho; DOK, Dokdo.

M

(bp)
4,000
2,961
2,000
1,600
1,200
1,000
900
800
700
600
500
400

Fig. 5. Random amplified polymorphic DNA profile amplified with primer OPA-01 for 20 individuals of Ecklonia cava. Arrows on the left indicate
polymorphic bands. The M lanes are Bioneer 100 bp Ladder with each fragment size showing on the right.
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Table 4. Primer sequence, number of bands per primer, number of polymorphic bands per primer, and the approximate band size range
Primer

Sequence (5ʹ-3ʹ)

No. of bands

OPA-01
OPC-11
OPD-02
OPD-08
OPE-03
OPH-03
OPI-04
OPI-07
OPJ-04
Total
Mean

CAGGCCCTTC
AAAGCTGCGG
GGACCCAACC
GTGTGCCCCA
CCAGATGCAC
AGACGTCCAC
CCGCCTAGTC
CAGCGACAAG
CCGAACACGG

14
10
13
17
18
16
14
26
27
155
17.2

No. of polymorphic
bands

Percentage of
polymorphic bands (%)

Approx. band size
range (bp)

57.1
40.0
46.2
41.2
38.9
18.8
35.7
38.5
22.2
36.1
37.6

370-2,600
420-1,300
600-2,500
700-2,900
430-1,700
500-1,600
390-2,100
570-2,100
600-2,900
370-2,900

8
4
6
7
7
3
5
10
6
56
6.2

Table 5. RAPD diversity (H)
Primers

MUN

YEO

MAM

KOR

WAN

DOK

OPA-01
OPC-11
OPD-02
OPD-08
OPE-03
OPH-03
OPI-04
OPI-07
OPJ-04
Mean

0.240
0.177
0.170
0.224
0.154
0.196
0.226
0.185
0.311
0.209

0.273
0.180
0.304
0.273
0.206
0.123
0.239
0.203
0.226
0.225

0.183
0.153
0.196
0.259
0.223
0.257
0.145
0.159
0.152
0.192

0.200
0.304
0.191
0.276
0.224
0.110
0.097
0.182
0.148
0.192

0.142
0.201
0.201
0.190
0.243
0.273
0.226
0.148
0.218
0.205

0.196
0.181
0.249
0.065
0.299
0.177
0.247
0.260
0.162
0.204

RAPD, random amplified polymorphic DNA; MUN, Munseom; YEO, Yeosu; MAM, Mammuldo; KOR, Kori; WAN, Wangdolcho; DOK, Dokdo.

Table 6. AMOVA for the six locations using 155 RAPD bands
Source of variation

SS

MS

Variance components

Percentage of variation (%)

5

921.328

144.246

8.67697***

34.2

Within location

110

1,838,137

12.198

16.71034***

65.8

Total

115

2,759,466

Among locations

d.f.

RAPD, random amplified polymorphic DNA.
***p < 0.001.

Table 7. Pair-wise ΦST (below diagonal) and Nm (above diagonal) between the six locations
Population

MUN

YEO

MAM

KOR

WAN

DOK

MUN
YEO
MAM
KOR
WAN
DOK

0.333***
0.383***
0.408***
0.334***
0.341***

0.501***
0.323***
0.367***
0.351***
0.327***

0.402***
0.525***
0.312***
0.355***
0.349***

0.363***
0.430***
0.550***
0.296***
0.328***

0.499***
0.463***
0.453***
0.595***
0.279***

0.484***
0.514***
0.467***
0.511***
0.647***
-

MUN, Munseom; YEO, Yeosu; MAM, Mammuldo; KOR, Kori; WAN, Wangdolcho; DOK, Dokdo.
***p < 0.001.
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A matrix of pair-wise ΦST values, the significance and
the effective number of migrants (Nm) between populations are presented in Table 7. Values of ΦST ranged from
0.279 (between Wangdolcho and Dokdo) to 0.408 (between Munseom and Kori) and were all significant at
0.001 level, suggesting that all locations may be considered different from each other, with Munseom and Kori
being the most different from the others and Wangdolcho
and Dokdo being the most similar. Values of Nm ranged
from 0.363 to 0.647, but the majority of the values lied between 0.4 and 0.6, which indicated a moderate gene flow
between the six locations.
The nMDS ordination based on the RAPD presence
/ absence data (Fig. 6A) showed large separation (high
dissimilarity) among locations (e.g., Wangdolcho and
Munseom) and very small separation (high similarity)
among other locations (e.g., Wangdolcho and Dokdo). In
the dendrogram based on Nei’s genetic distances, the six
locations were distinctively separated into three groups
(Mammuldo, Kori, Wangdolcho, and Dokdo vs. Munseom
vs. Yeosu) (Fig. 6B).
There was no correlation between genetic distance
(ΦST) and geographical distance between locations (Mantel test, r = 0.24, p = 0.18). Likewise, the correlation between genetic distance (ΦST) and morphological dissimilarity between locations was not significant (Mantel test,
r = 0.27, p = 0.17).

A

B

Fig. 6. Random amplified polymorphic DNA (RAPD) analysis. (A)

Non-metric multidimensional scaling plot, using a Euclidean distance
matrix based on the presence / absence data set on RAPD bands.
(B) Genetic similarity dendrogram among the six populations, using
a matrix of pair-wise Nei’s genetic distances. MUN, Munseom; YEO,
Yeosu; MAM, Mammuldo; KOR, Kori; WAN, Wangdolcho; DOK, Dokdo.

DISCUSSION
Our quantitative multivariate analyses indicated that,
when all the morphological parameters were considered,
a distinct hierarchy to the morphological variation. Stipe
length was identified as the parameter most responsible
for the hierarchical structure. Two phenetically distinct
groupings of plants exist, one group with shorter stipe
(Yeosu and Mammuldo) and the other with longer stipe
(Munseom, Kori, Wangdolcho, and Dokdo). Such phenotypes of E. cava adopting different stipe lengths have also
been reported in many previous studies. For example,
the small type sporophytes with short stipe of E. cava
retained the same phenotypes after transplantation into
larger type with a long stipe to a locality with lower temperature conditions (Serisawa et al. 2002b).
Substantial morphological variation is a common phenomenon in kelp species (Lubchenco and Cubit 1980,
Camus and Ojeda 1992, Serisawa et. al. 2002a, Duggins et
al. 2003, Wernberg et al. 2003) in response to differences
in ocean climate. Stipe length of E. cava, in particular, has

Primers varied in their capability to detect variation
within each location, with H ranging from 0.065 (primer
OPD-08, Dokdo) to 0.311 (primer OPJ-04, Munseom),
suggesting that a sufficient number of primers are essential for a reliable evaluation of the species genetic variation (Table 5). On average over all primers, Mammuldo
and Kori exhibited the lowest level of genetic diversity
(H = 0.192), whereas Yeosu showed the highest value (H
= 0.225).
The variance components of within and between locations detected with AMOVA were 65.8% and 34.2% of the
total variance, respectively, which were both significant
at a probability less than 0.001 (Table 6). Hence, it seems
clear that while most of the variation is partitioned within
populations, there is still considerable variation between
populations.
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been observed to vary, likely in response to seawater temperature (see reviews in Serisawa et al. 2002a). This, however, may not be the case of E. cava involved in this study
since many physicochemical factors including seawater
temperature vary between the two groups. For example,
Yeosu and Mammuldo are located in turbid (suspended
sediment, >5 mg L-1) nearshore areas and most E. cava
habitats are sheltered or semi-exposed, whereas Munseom, Kori, Wangdolcho, and Dokdo are located in clear
(suspended sediment, <5 mg L-1) nearshore or offshore
areas and most E. cava habitats are semi-exposed or exposed. Furthermore, stipe length of E. cava showed the
highest correlation with stipe diameter. Fowler-Walker
et al. (2006) argued from observational and experimental studies that E. radiata sporophytes at sheltered sites
adopt a thallus with larger surface area, and have longer,
wider but thinner laterals. These characteristics maximize surface area for nutrient uptake and light harvesting compared to sporophytes at exposed sites that adopt
shorter, narrower and thicker laterals. The thicker stipes
and fewer laterals may decrease drag and prevent breakage. In this case, the two phenotypes of E. cava adopting different stipe lengths and stipe thickness may result
from combined abiotic factors such as turbidity and wave
action. The evidence is only correlative; this study was
not designed to identify the cause of spatial variations in
stipe length but to describe broad-scale patterns of morphological variation in E. cava over a large portion of geography.
RAPD markers, along with appropriate statistical procedures, are suitable for genetic variation analyses at both
intra- and inter-population levels (e.g., Faugeron et al.
2001, Bouza et al. 2006, Larkin et al. 2006). In the present
study, the marker technology has been employed in combination with morphological characteristics to detect genetic variation and population structure of E. cava from
Korea, and has once again demonstrated its usefulness in
gaining information quickly in a previously less-studied
species. The level of diversity (H) detected here in E. cava
is generally lower than in Mazzaella laminarioides (Bory)
Fredericq (Faugeron et al. 2001) and Gelidium canariense
(Grunow) Seoane-Camba ex Haroun, Gil-Rodríguez, Diaz
de Castro et Prud’Homme van Reine (Bouza et al. 2006).
This comparison may provide other interesting questions
of the capability of spore dispersal between subtidal kelps
and lower intertidal reds.
Genetic variation and partitioning among and within
populations of a plant species are determined by a number of factors, of which reproductive biology system (outcrossing vs. self-fertilization) is most important (Hamrick
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and Loveless 1989). As shown by the AMOVA, the high
level of RAPD variation in E. cava was observed at the
intrapopulation level. In addition, ΦST values between
population pairs reveal significant interpopulational
differentiation. In addition, the number of migrants estimated among populations (Nm, 0.363-0.647) was much
lower than tropical trees (>1.0) (Reis 1996). These results
suggest interpopulation dispersal in E. cava is limited,
compared to terrestrial plants, even though their biology
and environments are completely different. In fact, seaweeds are generally considered poor dispersals because
spore survival is generally limited to a few days (Santelices 1990, Sosa and García-Reina 1993). The restricted
gene flow in E. cava likely results from the limited long
distance dispersal of spores, gametes, or drifting reproductive fragments.
The ordination based on the RAPD presence / absence
data and the dendrogram based on Nei’s genetic distances indicate a distinct hierarchy to the genetic variation.
Three genetically distinct groupings (Mammuldo, Kori,
Wangdolcho, and Dokdo vs. Munseom vs. Yeosu) were
recognized, not consistent with the quantitative multivariate analyses on morphological characteristics. Hence,
no correlation was found between genetic distance (ΦST)
and morphological dissimilarity between locations.
The environmental differentiations rather than genetic basis may be one reason for morphological variation. Morphological variation occurs over a broad range
of physical environments (Sultan 2001). Within its geographic range, E. cava exhibits considerable morphological variation among plants, apparently correlated
with local environmental conditions. For example, in the
southeast coast of Japan (Serisawa et al. 2002a), E. cava
sporophytes express long blades and short stipes in Tei,
Tosa Bay (southern Japan) and short blades and long
stipes in Nebeta Bay, Shimoda (central Japan), likely in response to water temperature. Likewise, E. cava also possesses life-history strategies suitable for diverse habitats
it occupies. For example, in Tosa Bay where water temperature is high (15-29°C), E. cava has a short life span (3
y), whereas in Nebeta Bay where water temperature is low
(13-25°C), E. cava has a long life span (5 y) (Serisawa et
al. 2001).
The low correlation between locations is shown in
many terrestrial pants such as tropical evergreen tree (Li
et al. 2008), barley (Lund 2002), and potato (Veteläinen et
al. 2005) and may be explained by the different molecular
markers and morphological characteristics (Collignon et
al. 2002, Navarro et al. 2005). Molecular markers are usually considered selectively neutral (Strauss et al. 1992)
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