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Abstract

Interspecific interactions among three dominant macroalgae, Pterocladia capillacea (Rhodophyta), Hizikia fusi
formis (Heterokontophyta) and Chondracanthus intermedius (Rhodophyta), were experimentally investigated on
the rocky mid-intertidal zone of Sungsan, Jeju Island, Korea from March 1998 to June 1999. Each of the potentially
competing species was removed in permanent plots (20 x 20 em), and percent covers of non-manipulated species
were measured by an image analyzing method using a digital camera. Pterocladia capillacea was the most abund
ant during all seasons, except for winter. Its abundance was lowered by the removal of the turf-forming alga C.
intermedius, indicating that turf had a positive effect on P. capillacea. Conversely, there was a negative effect of P.
capillacea on the abundance of C. intermedius. Interactions between C. intermedius and P. capillacea can probably
be explained as a consequence of the water-trapping ability of the former and the canopy-forming ability of the
latter. There was, however, no apparent effect related to H. fusiformis since the abundance of this alga remained
low. This study supports that both negative and positive effects between same pair of species could be common
depending on the morphological differences of algae and particular habitat conditions.

Introduction

Interspecific interactions among marine benthic algae
have been considered as a fundamental force to under
standing dynamics in marine macroalgal communities.
Thus, in natural communities, patterns of algal interac
tion have often turned out more complex due to other
biotic factors, such as the presence of herbivores, algal
life history, morphology, and seasonality (Olson &
Lubchenco, 1990; Dudgeon et aI., 1999). The major
ity of previous researches has, however, shown that
the outcome of interaction is often one-directional,
which means species A outcompetes species B, or A
has a positive effect on B, even though the neces
sity of reciprocal test to detect an interactive effect in
both directions has been suggested (Denley & Dayton,
1985; Olson & Lubchenco, 1990; Kim, 1995). The
presence of both negative (i.e., competition) and pos
itive (i.e., facilitation) effects between the same pair of
species has rarely been reported. If this is the case, the

result can theoretically cause the exclusion of one spe
cies. This extreme outcome of interaction, however,
is not common in natural communities, because the
coexistence of species is maintained by other factors,
such as consumers, other algal species, disturbance,
or the changes in interaction strength with season or
life history stages. In this study we report an example
of both negative and positive effects occurred between
the same pair of species of intertidal macroalgae and
discuss its implication for the community structure.

Although positive interactions have been inves
tigated less frequently than competition in marine
benthic organisms, their possibility and relevance
have been discussed theoretically by some ecologists
(Connell & Slatyer, 1977; Vandermeer, 1980; Con
nell, 1983; Dethier & Duggins, 1984; Bertness &
Callaway, 1994). Some positive interactions occur as
a consequence of the direct beneficial influence of
one species on another (Dayton, 1975; Brawley &
Johnson, 1993; Kim, 2002a); others occur as a con-
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sequence of negative interactions that are manifested
indirectly through other species (Kastendiek, 1982;
Dethier & Duggins, 1984; Hay, 1986; Kim, 1997).
In physically stressful habitats (e.g., intertidal zones
under desiccation stress), positive interactions (e.g.,
neighbor habitat-amelioration; Bertness & Callaway,
1994) rather than competition may be a particularly
important factor leading to species coexistence in a
community.

The present work is the first report regarding the
interspecific interactions of marine benthic macroal
gae on Korean shores. The aim of this study is to
investigate a short-term response of macroa1gae to
the press effect of potential competitor removal in
a three species-dominated intertidal community. The
three dominants used in the experiment differed in
their morphology, upright and turf-forming, and co
existed in an apparently space-limited community in
the mid-intertidal zone of Jeju Island, Korea.

Study site and organisms

The study site is located at Sungsan on Jeju Island,
South Korea (330 27' N, 1260 56' E; Fig. I). The rocky
shore of Jeju Island, mostly consisting of volcanic
rocks, supports the most diverse marine intertidal flora
in Korea, probably due to exposure to low levels of
pollutants and the influence of a mixture of the warm
Kuroshio current with the relatively cold Yellow Sea
current (Lee & Lee, 1982; Kim, 1991; Park et aI.,
1994). Along the rocky coast at Sungsan, the intertidal
zone stretches over 60 m at low tides, and has a gentle
slope with many shallow tide pools. The shoreline is
exposed to moderate wave action due to a barrier ef
fect by nearby Woo Island. The tidal regime usually
exposes the habitat for prolonged period (about 4-6
hours a day) during daylight hours except for winter
months when low tides mostly occur in the evening.

The mid-intertidal zone at Sungsan is dominated
by three macroalgae, Pterocladia capillacea (Gmelin)
Bornet (Gelidiales, Rhodophyta), Chondracanthus in
termedius (Suringar) Hommersand comb. nov. (Gigar
tinales, Rhodophyta) and Hizikia fusiformis (Harvey)
Okamura (Fucales, Heterokontophyta). Both P. ca
pillacea and H. fusiformis are upright, fleshy algae
and their sizes at maturity in this site are 5-7 cm
and 6-10 cm, respectively. However, thallus size of
H. fusiformis at the site was variable depending on
tidal height and slope, and plants > 20 cm are com
mon. Chondracanthus intermedius is a turf-forming
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Figure 1. Map of the study site in Jeju Island, Korea.

alga « I cm in turf thickness) and its branched flat
thalli grow horizontally on the rock surface. This
alga sometimes grows together with Gigartina teedii
(Roth) Lamouroux and Caulacanthus okamurae Ya
mada in this habitat. Other algae occurred less fre
quently or seasonally in the experimental plots, includ
ing Sargassum thunbergii (Mertens ex Roth) Kuntze,
Gloiopeltis complanata (Harvey) Yamada, Gelidium
amansii (Lamouroux) Lamouroux, Chondrus ocel
latus Holmes, Viva conglobata Kjellman, crustose
coralline algae and benthic diatoms. Percent covers of
these algae in the plots hardly reached > 7% for the
study period, except for S. thunbergii appearing in a
substantial amount from a few plots. We recorded their
abundance, and then removed them at every sampling
time to focus on the interactive effects among the three
dominants.

Materials and methods

A permanent transect line (6 m in length) was es
tablished along a gently sloped portion of the shore
where the three species of macroalgae occurred in a
mixed stand. Anchor bolts were placed into the sub
stratum to mark both ends of the line. The line was
marked at every 30 cm to position 20 permanent plots
(20 x 20 cm) alternately placed on the upper and
the lower sides of the line. We assumed that effects
of experimental treatment on the adjacent plots were



not significant, because plots were placed alternately
along the line with a 10 cm gap between the marked
points and the edge of the next plot. By using the same
transect line hooked to the anchor bolts, plots could be
relocated at each sampling time.

Plots were randomly assigned to one of 4 treat
ments with 5 replicates per treatment. The treat
ments included: (1) Hizikia fusiformis-removal, (2)
Pterocladia capillacea-removal, (3) Chondracanthus
intermedius-removal and (4) undisturbed controls. For
the treatment effects, each species was continuously
removed on sampling dates which were distributed
over intervals of 2-3 months. Other species, which
usually occurred in low abundance, were also removed
from all the plots. Plants were removed by scraping
using a small flat screw driver, and care was taken not
to affect the remaining species. Percent coverage of
remaining species was visually estimated on a com
puter monitor using Adobe Photoshop (version 5.0)
after photographing all plots in the field using a digital
camera (Kodak DC260 zoom). For accurate assess
ment of percent covers of understory species, such as
C. intermedius, extra photos were taken after laying
the canopy aside. Visual estimation of cover in the lab
rather than in the field (Dethier et ai., 1993; Kim &
DeWreede, 1996a) allowed us more time for the as
sessment of percent coverage with a greater accuracy
and repeatability.

Percent cover data were analyzed for treatment ef
fects using an one-way ANOVA on each sampling
date, followed by Tukey's HSD tests if the res
ults of ANOVA were significant. Data were arcsine
transfonned prior to analysis to provide variance ho
mogeneity. We did not perform a test for normality
since the sample size was low (n = 5) and because
ANOVA is generally robust against violation of the
assumption of nonnality in the case of equal sample
size (Keppel, 1991). All data analyses were done using
SPSS (version 6.1).

Results

Effects of one species removal on the abundance of
remaining species under each experimental condition
are shown in Figure 2. Effects of the treatments on the
percent covers of each seaweed are presented in Fig
ure 3. Pterocladia capillacea was the most abundant
alga in control plots and comprised 30-60% cover dur
ing the study period except for February, 1999 when
cover dropped to ~20% (Fig. 2D). Chondracanthus
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intermedius cover decreased to 10% from June to
October, 1998; however, cover of this alga slightly
increased in February, 1999, as P. capillacea cover
declined. Mean percent covers of Hizikia fusiformis
were low « 10%) except for the first sampling date
(Fig. 2D). Although the abundance of the three species
was similar at the beginning of the experiment (March,
1998), both C. intermedius and H. fusiformis became
less abundant than P. capillacea, as shown in control
plots.

Among the three macroalgae, the interaction
between P. capillacea and C. intermedius showed
an interesting result. In the Chondracanthus-removal
plots, percent covers of P. capillacea were relatively
lower than those in the control plots, except for Feb
ruary, 1999 (ANOVA, F(2,12)= 3.954, p = 0.048 for
October, 1998; Fig. 3B). This result supports the hy
pothesis that C. intermedius has a positive effect on
the abundance of P. capillacea. Conversely, in the
Pterocladia-removal plots, percent covers of C. in
termedius were significantly higher than those in the
controls (ANOVA, F(2,l2)= 4.543, p = 0.034 for Oc
tober, 1998; F(2,l2)= 6.042, p = 0.Ql5 for April,
1999; F(2,12)= 18.768, p < 0.001 for June, 1999;
Fig. 3C). This result indicated that P. capillacea had
a negative effect on C. intermedius. Therefore, both
positive and negative effects occurred between the two
species. Percent covers of H. fusiformis were higher in
the Pterocladia-removal plots than in the control and
the Chondracanthus-removal plots in October, 1998
(ANOVA, F(2,12)= 5.663, p = 0.019; Fig. 3A).

Discussion

The present study represented short-term reponses of
neighbor species to the effects of potential competitor
removal in a rocky mid-intertidal habitat. The interac
tion pattern between Pterocladia capillacea and Chon
dracanthus intermedius showed an opposite effect on
each other, which could be explained by the morpho
logical characteristics of the algae. Turf-forming algae
with fast vegetative propagation have been shown to
inhibit erect algae by space preemption (Sousa et
ai., 1981; Airoldi, 1998; Kim, 2002a). However, in
this study the positive effect of the turf-forming C.
intermedius on the upright P. capillacea might re
sult from habitat-amelioration (Bertness & Callaway,
1994). The potential advantages of being a neighbor of
turf algae can be explained as follows: less desiccation
pressure because of the moisture-trapping ability of
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Figure 2. Changes in the percent cover of each alga under each treatment. Data are means ± SE of 5 replicates.

turf (Hay, 1981; Padilla, 1984) and a buffering effect
of the turf against wave impact (Kim, 2002a). It seems
obvious that dense turf forms are particularly resist
ant when exposed to desiccating conditions since gaps
between the compact thalli trap a substantial amount
of water. This characteristic of turf may lead to better
photosynthetic performance compared with non-turf
morphology (Hay, 1981). However, the ability of turf
algae to ameliorate desiccating habitat conditions by
enhancing the growth rates and survivorship of neigh
boring species has not been well documented. In a
previous study on the interspecific interaction between
Fucus gardneri P.c. Silva and Mazzaella comucopiae
(Postels et Ruprecht) Hornmersand in the upper inter
tidal zone of western Canada, the survivorship of F.
gardneri growing close (about 2 cm) to the turf-edge
of M. comucopiae was enhanced in comparison with
that of other microhabitat conditions (Kim, 2002a).
Kim (2002a) claimed that this could be the result of a
potential benefit of Mazzaella turf ameliorating micro
habitat conditions through lessening desiccation stress
or buffering wave impact, or both. In this study, thalli
of C. intermedius form a dense turf, unlike the com-

pact upright fronds of M. comucopiae, by growing
close to the substratum as creeping fronds. There
fore, it seems unlikely that the thin (usually < I em
in thickness) C. intermedius turf can provide a buffer
against wave impact. Rather, this alga may improve
microhabitat conditions for other seaweeds by retain
ing moisture and reducing desiccation stress. This
explanation is supported by the fact that the positive
effect of C. intermedius on P. capillacea became weak
during winter when desiccation was less severe.

The negative effects of Pterocladia capillacea on
Chondracanthus intermedius might be due to shading
since highly branched thalli of P. capillacea form an
effective canopy that reduces the amount of irradi
ance that reaches the understory C. intermedius turf.
Although there is no information available on the ir
radiance requirement for C. intermedius, it is apparent
that when this species co-occurred with P. capillacea it
showed inhibited growth even during its active grow
ing season, February-June, 1999 (Fig. 3C). Also, it
was observed that the abundance of C. intermedius
under the canopy was often much less than that oc
curring in nearby open areas (B. J. Kim, pers. obser.).
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like H. fusiformis. The most likely explanation for the
coexistence of these species at Sungsan would be the
difference in their seasonality. The abundance of P. ca
pillacea decreased in March, 1998 and February, 1999
when C. intermedius showed peaks in its abundance
(Fig.2D).

This study presents a possible example of a re
ciprocal interaction between two morphologically dis
tinct macroalgae, and may be extended to other sets
of macroalgae and to other habitats. Together with
experimental evidence for the mechanisms underlying
these interactions, the information regarding the two
species will be useful for understanding the dynamics
of large-scale algal assemblage in this habitat.
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Other possibilities for the mechanism of the negat
ive effect of P. capillacea on C. intermedius might be
whiplash and allelopathy. A few reports have claimed
that some small sized intertidal algae, such as Fucus
gardneri or Pelvetiopsis limitata (Setchell) Gardner
(about 7-8 cm in height at maturity), did not affect
neighboring species by whiplash (Grant, 1977; Far
rell, 1989; Kim, 2002b). Pterocladia capillacea in this
habitat grows up to a similar size as these fucoids, but
this alga is lighter because of its thinner thallus; there
fore, the whiplashing effect by P. capillacea would
not be strong enough to affect C. intermedius. Allelo
pathic effects might be possible since thalli of the two
species were usually in contact when emergent, how
ever there is no evidence that either species produces
allelochemical.

No influence of Hizikia fusiformis on either P.
capillacea or C. intermedius and vice versa was de
tected in this study because H. fusiformis abundance
remained low regardless of the treatment throughout
the study period. Except for the first sampling date, we
found most of H. fusiformis thalli were < 1 cm. This
small thallus size might be in part due to the influence
of commercial harvesting by local people who use this
alga as a foodstuff (Lee & Kamura, 1997).

The occurrence of both positive and negative ef
fects between the two macroalgae provides an interest
ing ecological implication. Denley & Dayton (1985)
suggested that an experimental approach for inter
specific competition should accommodate an experi
mental design for detecting reciprocal effects, rather
than simply the effect of species A on species B. Ac
cording to the results in this study, it is clear that
Chondracanthus intermedius enhances the abundance
of Pterocladia capillacea, which then competitively
inhibits the former. If so, will the positive and negat
ive effects of these species on each other result in P.
capillacea increasingly outcompeting C. intermedius
and excluding the turf-forming alga from the local
community? However, our observations suggest that
exclusion does not occur since both species appear to
coexist in the intertidal habitat. There are many factors
that may potentially lead to coexistence; unpredictable
perturbation, herbivory, seasonality of the species, life
history traits. Although herbivores may switch the
competitive dominance of macroalgae through their
differential food preferences (Lubchenco, 1983; Kim
& DeWreede, 1996b), in this experiment we found
few major herbivores, such as limpets and snails, in
our plots except for a few crabs and polychaetes.
Moreover, P. capillacea is not collected by people un-
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Note added in proof
No Korean material has been examined for the basis of recently suggested taxonomic revisions (Santelices & Hommersand, 1997), hence we
have retained current usage.


