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Age and Growth of Ecklonia stolonifera Okamura
in Pusan Bay, Korea
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Age and growth of Ecklonia stolonifera Okamura were investigated by random quadrate
sampling method at monthly intervals from February 1993 to January 1994 in Pusan Bay,
southeastern coast of Korea. The size of various parts of the collected plants was
periodically measured individually. An allometric relationship was established according to
the total length, blade length, stipe length, stipe diameter and weight of frond. Each age
group was divided according to the range of stipe length by the allometric relation.

The population of E. stolonifera consisted of five age groups; 1 year (41.5%), 2 years
(25.9%), 3 years (21.1%), 4 years (7.8%) and 5 years (3.5%). During a year, biomass
of the population increased drastically from May to September, but gradually decreased
from October to January. Zoosporangial sori were observed on blades of three or more
years old, from October to December. New populations were formed by zoospores,
developed on shoots of three or more years old, and also they were vegetatively formed
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from stoloniferous haptera on two or more year old mother thalli.

Introduction

Eckionia stolonifera Okamura is widely distribu-
ted along the eastern and southern coasts of Korea
(Kang, 1966). This species usually grows in the
subtidal zone, 2~10 m deep, along the coast. The
species, which is one of the major primary produ-
cers in shallow water (Druehl ef al., 1977), plays
an important role both ecologically in the coastal
ecosystem and economically in the fisheries produ-
ction. Therefore, considerable knowledge has been
accumulated on its distribution, growth and popula-
tion structures from an ecological point of view.

Recently, several studies on its ecology (Notoya,
1984, 1985, 1986, 1987; Notoya and Aruga, 1990),
zoospore germination (Notoya and Asuke, 1983)
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and nuclear divisions (Yabu and Notoya, 1985)
were reported. However, little attention has been
paid to population dynamics. The study of popula-
tion dynamics is of great importantance, not only
for the ecological field but also for fisheries and
commercial field in order to provide fundamental
data for management and conservation of marine
bioresources.

E. stolonifera is perennial algae, and its popula-
tions are maintained by alternating each age group.
Therefore, it is necessary to establish the age stru-
cture, growth pattern and maturation period of E.
stolonifera population.

The present study has been undertaken to dete-
rmine the age structure of E. stolonifera popula-
tions, with seasonal fluctuation of growth, and ma-
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turation period for twelve months. By analyzing
these data, it could be revealed factors controlling
recruitment of E. stolonifera populations.

Materials and Methods

The study site was located off Pusan Bay, sou-
theastern coast of Korea (Fig. 1), where the sublit-
toral substratum consisted mainly of rocks suitable
for kelp communities. E. stolonifera, Sargassum hor-
neri and S. ringgoldianum were the major compo-
nents of the sublittoral vegetation. E. stolonifera
usually grew in water deeper than 2~8 m.

The samples were taken at monthly intervals

from February 1993 to January 1994. Samples were

collected by random quadrat (50X50 cm) at 2~8
m depths through scuba diving. It was assumed
that more than 30 individuals were large enough
to estimate the parameters in an unbiased manner
(Eltiott, 1977).

The sizes of various parts of the collected plants
were measured for each type of plant and sampling
period. An allometric relationship was established
between the total length, blade length, stipe length,
stipe diameter and weight of frond. Each age group
was divided according to the range of stipe length
by the allometric relation (Maegawa and Kida,
1984).

The formation of zoosporangial sori on the blade
was checked for each population of plants of va-
rious sizes.

KOREA

o
YOUNGDO 8 |
0 2 km 3
1%
Fig 1. A map showing the sampling site in Pusan Bay,

Korea.

Results

The Ecklonia stolonifera population was composed
of fronds of various age groups. According to the
range of stipe length by the allometric relation,
each age group was divided into 1 to 5 years age
groups (Fig. 2). The average stipe length of respe-
ctive size group clearly corresponded to the stipe
length of E. stolonifera, the age of which was dete-
rmined from the stoloniferous rhizoid system (No-
toya, 1986).

Numbers of samples and various parameters at
different age groups of E. stolonifera are shown in
Table 1. Distributions of the shoot age of E. stoloni-
fera are shown as five age groups; 1 year (41.5%),
2 years (25.9%), 3 years (21.1%), 4 years (7.8%)
and 5 years (3.5%). One-year old shoots showed
the highest frequency. The average stipe length
values from the five age groups were estimated at
2.5, 6.5, 11.3, 149 and 16.8 cm, respectively.

Frequency distribution of total length, blade le-
ngth, stipe length and stipe diameter of E. stoloni-
fera populations during the investigation period are
shown in Fig. 3. The data indicafe that small size
classes were recorded over the whole year. Figure
4 showed relationships between total length, blade
length, stipe length and stipe diameter in E. stolo-
nifera shoots to the age groups. This relationship
between age (X) and growth (total length, blade
length, stipe length and stipe diameter; Y) was
expressed by the formula Y=16.194X +6.24(r=
0.93), Y=13.712X +1.632(r=095), Y=4.876X —
0.902(r=097) and Y=1652X+0.194(r=0.99).
Each parameter increased with the age of shoots.

During the investigation period, water tempera-
ture and biomass fluctuations are shown in Fig. 5.
Water temperature increased until September, 19
93, and then decreased greatly in October, 1993.
The variations of biomass showed dependency on
the water temperature. The thalli number and bio-
mass of the population showed a high peak from
May to September and a low from October to Ja-
nuary. The maximum biomass for E. stolonifera was
recorded in September.

Formation of zoosporangial sori in E. stolonifera
was observed on blades more than three years old,
during from October to December (Fig. 6).
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Discussion

In temperate waters, the most striking and hi-
ghly productive members of the benthic flora are
the laminarian algae (North, 1971; Mann, 1973;
Kain, 1979). Ecklonia stolonifere was included in
the warm-current species even though it belongs to
the Laminariales. Dn the southeastern coast of Ko-
rea, E. stolonifera showed the same population pat-
tern as has been reported in other Japanese locali-
ties (Notoya, 1984, 1985, 1986, 1987).

There were obvious regular patterns over most
of the population parameters during the experime-
ntal period. The oldest E. stoloifera frond was re-
vealed as six years old at the Tanosawa coast in
Aomori Prefecture (Notoya, 1986). Meanwhile, No-
toya and Aruga (1990) reported its life span was
five years. In the present study, the age of the
oldest frond was also five years (Fig. 2).

A characteristic feature of the size distribution
was that the highest frequency of length was found
in the smallest size class even during the resting
season (Fig. 3). The higher frequency in the smal-
ler size classed is probably due to the fact that the
individuals recruited consistently during this sea-
son,

Werner and Caswell (1977) compared the perfor-
mance of size-and age-based models for a popula-
tion of teasel, in which they found that the size-ba-
sed model was more accurate, even though the tra-
nsition probabilities were derived from the same
population. Obviously, the accuracy of age determi-
nation was reduced in the oldest plants but never-
theless, the method is much better than that using
other morphological measurements, because diame-
ter and length of stipe can be increased appreciably
without formation of age rings for every year. That
is, each parameter increased with the age of shoots.
In the present study, the correlation between blade
length and stipe (length and diameter) showed si-
gnificant differences(Fig. 4). Stipe size was a good
indication of age up to at least 6 years.

The thalli number and biomass of the population
showed a high peak from May to September whe-
reas there was a low from October to January (Fig.
5). The loss of biomass in winter was due to rege-

neration rates being unable to compensate for thal-
lus maturation and loss of tissue. The loss of bio-
mass due to the intrinsic death rate would be sig-
nificant, because the death rate was concentrated
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Fig 2. The morphology of age groups (1~5 years) in
Ecklonia stolonifera in Pusan Bay, Korea. Scale
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Fig 3. Frequency distribution for total length, blade le-
ngth, stipe length and stipe diameter of Ecklo-
nia stolonifera populations.
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Fig 5. Maturation period, biomass fluctuations and
water temperature during the investigation pe-
riod measured at Pusan Bay, Korea.

largely on the small size classes by weight, if the
mortality followed an exponential pattern. The grow-
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th occurred during the preceeding and warmer
months, hence warmer water temperatures were
probably not detrimental to adult E. stolonifera tha-
Ili. The
triggered the onset of fertility, with the resulting
release of zoospores, gametophyte growth and a
decline in the standing crop. The cool water tem-

lower water temperatures may have

peratures was more favourable for gametophte gro-
wth and development, and also the observed life
history indicated an adaptation taking advantage of
these favourable conditions. In addition, Novaczek
(1980) has suggested that the seasonal variations
in growth rate of sporophyte of E. »adiata in the
field, although no doubt influenced also by nutrie-
nts, and water temperature and perhaps by endo-
genous rhythms, appeared to follow the variation in
light.

The first sorus formation was observed on bla-
des of three or more years old, in October 1993,
as in the report of Notoya and Aruga (1990). This
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Table 1. Number of samples and various parameters at different age groups in Ecklonia stolonifera

Age group
Parameters

1 2 3 4 5

Number of samples 270 270 220 82 37
(415%) (259%) (211%) (7.8%) (35%)

Blade length (cm) 8734 258+102 416132 431+113 4731129
Stipe length (cm) 25+09 65+ 21 113+ 31 149+ 59 168+ 8.7
Stipe diameter (mm) 21£05 41+ 1.2 61+ 10 75 25 89+ 38
Frond weight (g) 2511 11,7+ 32 35.7+ 154 50.9 + 20.1 69.5 + 24.7

suggests that onset of reproduction was dependent
upon plant age and size. In populations, the smal-
lest reproductive plant had a stipe length of ca.l0
cm and diameter of ca. 5 mm(Table 1). Our results
are in good agreement with findings of Notoya and
Aruga (1990). According to these authors, zoospo-
rangial sori were observed on blades longer than
18 cm and broader than 7 ¢m in shoots more than
three years old.

The data obtained by Iwahashi (1971) could be
serve as an important parameter for indicating the
survival rate of the natural E. cava bed. Survival
rates, however, may fluctuate depending on the po-
pulation densities and environmental conditions. In
this report, four different mortality coefficients(0.4,
0.5, 0.7 and 0.9) were observed in estimating the
stipe weight per recruit. In the estimation, each
year class was assumed to recruit 1.75 year after
the development of young sporophytes. These data
indicate that the potential production of both stipe
and blade reached its maximum in the second year
class.

In this study, one-year-old shoots showed the hi-
ghest frequency(41.5% ). There was a high peak in
numbers of plants in the smallest size class and a
broad lower peak in the largest size calss, with
relatively few plants of intermediate size. The pre-
sence of a maximum peak in the smallest size clas-
ses during the growing season suggested that there
was a continuous recruitment. The highest freque-
ncy of weight which appeared in the smallest size
classes from January to March reflected decayed
individuals persistently remaining over the dorma-
ncy period(Koh et al., 1993).
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In the recruitment of Ecklonia stolonifera, there
were two methods of multiplication. One was se-
xual reproduction by egg germination. That is,
when E. stolonifera becames three or more years
old, zoospores were formed. The zoospores served
to form new populations through sexual propaga-

Fig 6. Formation of zoosporangial sori on blades of
Ecklonia stolonifera. Arrow indicates the sori of
dark part.
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tion by gametophytes. Then in the field, plants co-
mprised of a membranous acuminate blade 8~10
mm long supported by a stipe of 1 mm length and
0.5 mm diameter, attached by a basal pad surmou-
nted by branching haptera. Meanwhile, the other
new plants were formed by new shoots from pere-
nnial stolons and also grew by perennation from
the stems of plants of more than two years old.
When first visible in the field, the newest haptera,
distinguished by their pale colour and smooth sur-
face, separated, along with the attached portion of
stipe, from older tissues. Both methods of multipli-
cation by young sporophyte recruits appeared in
winter and spring, respectively.

More data on the structure and the fluctuations
in parameters of giant kelp (E. stolonifera) popula-
tions are needed for a more formal treatment of
the subject.
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