
Abstract Aggregations of mussels harbor a variety of
associated animals and make it possible for diverse 
species to coexist at the shore. Species composition and
diversity of the associated fauna are controlled by the 
position of mussel beds or patches, e.g. tidal level, age
structure of mussels, quality of ambient water and by
mussel species. When patches of mussels were surround-
ed by algal growth, a difference in the species composi-
tion of the associated fauna was recognized between the
patches and algal mats. Mechanisms promoting coexis-
tence are discussed. Biodeposit production by mussels
may affect the environment both within the bed and the
ambient waters. Reducing sediments showing low Eh 
values caused by the accumulation of biodeposits was 
observed in calm waters where the polychaete Capitella
capitata, an indicator for organic enrichment, occurred
both in the intertidal mussel bed and the subtidal sandy
bottom communities. In a shallow subtidal sandy bottom
of the Gulf of Thailand, where heavy bioturbation by the
spatangoid urchin Brissus latecarinatus was occurring,
small patches of the mussel Modiolus metcalfi increased
species diversity and equitability in this habitat. Species
composition was different between mussel patches and
pure sandy bottoms.
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Introduction

Mussel beds or patches harbor a variety of small animals
in spaces provided by mussels and the seaweed growing
on their shells. This biogenic system is a good example

for discussing the coexistence of many species in an eco-
logical island (Tsuchiya and Nishihira 1985).

Community structure and the dynamics of small ani-
mals associated with mussel beds or patches are consid-
ered to be controlled by the situation of the bed; namely,
age or size structure of mussels, patch size, abundance of
algal growths on and around the bed, presence of gaps 
in the bed, and so on (Suchanek 1985; Tsuchiya and 
Nishihira 1985, 1986; Tsuchiya and Bellan-Santini 1989,
2000; Seed and Suchanek 1992; Tsuchiya and Retière
1992). However, processes of community organization,
species interactions among associates, and relationships
between the associates and organisms outside the patch-
es have not been discussed sufficiently.

In this paper, I review previously published papers on
the community of small animals associated with mussel
beds or patches on the East Asian coasts, and add new
data on related topics in order to characterize the com-
munity in this region with reference to surrounding envi-
ronmental conditions.

Materials and methods

Earlier papers on the subject should be consulted for the methods
applied. In short, mussel patches, which differed in age structure
of mussels or patch size, were collected in order to study the ef-
fects on the community structure of small associated animals. Spe-
cies composition of the community and environmental conditions,
such as the amount of sediments accumulated and space volumes,
were analyzed.

Patches of Mytilus edulis, recently identified as Mytilus edulis
galloprovincialis, and surrounding algal mats, mainly composed
of the brown alga Laurencia okamurai, were studied. All patches
ranging from 100 to 200 cm2 were scraped off using a spatula. As-
sociated animals were identified and counted. A similar survey
was also conducted for the algal mat using a 10×10 cm2 quadrat.

Mussel bed communities were studied both in the sheltered
conditions of a harbor and on an exposed shore using a quadrat of
10×10 cm2 in Aomori, northern Japan, and their subtidal benthic
communities were also studied using a Smith-McIntyre grab.
Benthic animals were sorted using a sieve of 1 mm mesh. Sedi-
ments accumulated in the mussel patches and those on the subtidal
bottom were analyzed for size composition and measurement of
Eh.
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Results

Effect of age structure of mussels on the species 
composition of associated animals

The species composition of small animals associated
with the mussel patches composed of Mytilus edulis of
different ages was examined (Tsuchiya and Nishihira
1986). Young patches contained very small mussels
(<5 mm in length) and medium-sized mussels
(10–30 mm). Size distributions of mussels in the periph-
eral and central parts of intermediate patches were simi-
lar, having many large mussels (25–45 mm) with some
smaller (<5 mm) ones. Old patches were composed of a
monolayer of large mussels (35–55 mm).

Although animals belonging to eight phyla occurred,
94% of total specimens were shared by two phyla, 

Annelida and Arthropoda, of which the species composi-
tion is shown in Figs. 1 and 2. The most abundant poly-
chaete species was the orbinid Nainereis laevigata,
which was very abundant in old patches, but was absent
from young ones. The arabellid Arabella iricolor was
also abundant in old patches and rather large specimens
(>200 mm long) were collected. On the other hand, the
nereid Nereis pelagica was abundant only in young
patches. 

The amphipod Hyale grandicornis was concentrated
in young patches and in the peripheral part of intermedi-
ate ones, but was not a dominant species in old patches.
The amphipod Melita sp. was abundant in patches of all
ages, but Amphithoe lacertosa was very abundant in the
central part of intermediate patches. The barnacle
Chthamalus challengeri attached to shells of old mus-
sels, but was not common on younger ones. The hermit
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Fig. 1 Species composition of
small polychaetes associated
with mussel patches of differ-
ent age. Y Young, MP and MC
peripheral and central parts of
intermediate age, and O old.
Species were listed in the order
of abundance in each category
except for the blank sector for
rare species. n Total number of
individuals per 10×10 cm2 in
each patch

Fig. 2 Species composition of
small amphipods associated
with mussel patches of differ-
ent ages. For Y, MP, MC and
O, see Fig. 1



crab Pagurus germinus was common in all patches ex-
cept for the youngest ones.

Among molluscan species (Fig. 3), the small limpet
Collisella (Conoidacmea) heroldi was found on mussel
shells of all the patches. Occurrence of the small gastro-
pod Temanella turrita was restricted to young patches
and the bivalve Septifer (Mytilisepta) keenae to older
ones.

Several species which were restricted to old patches
were divided into three groups owing to their mode of
life; (1) epizoic sessile animals such as the barnacle
Chthamalus challengeri and the serpulids Hydroides
ezoensis and Hydroides elegans; (2) the mussels Septifer
(Mytilisepta) keenae and Modiolus modiolus difficilis;
and (3) creeping fauna, the dorvilleid Dorvilela matsu-
shimaensis and the ophiuroid Ophiophragmus japonicus.
Since these species, except for Chthamalus and Septifer,
were not abundant, they are not shown in Figs. 1, 2 and 3.

Species composition of associated fauna is affected
by the presence of algal growths on the patches or 
the surrounding environment, usually the brown algae

Sargassum or Laurencia (Fig. 4). In the latter case, simi-
lar abundances in polychaete species, such as nereids
and syllids, were found in both habitats (P>0.1, t-test),
while amphipods, such as Hyale grandicornis and Amp-
hithoe lacertosa, were more abundant in the algal mats
(P<0.01, t-test). Community structure and species diver-
sity were different from the patches without algal
growths. Algal mats harbored several amphipod species,
and accumulation of sand or other fine particles, which
were similar to that in mussel patches (e.g. >11 g in dry
weight/100 cm2). In this case, the area also became a
suitable habitat for deposit-feeding polychaete species
such as Nereis pelagica or Perinereis cultrifera, showing
migrations between these two habitats, mainly at low
tides.

Small aggregations of Modiolus and their associates 
on the sandy bottom in the inner part of the Gulf of 
Thailand

On a shallow subtidal sandy bottom in the inner part of
the Gulf of Thailand, where small patches of Modiolus
metcalfi were seen and heavy bioturbation, and sediment
reworking by the spatangoid urchin Brissus latecarinatus
was occurring in the ambient sandy bottom, the commu-
nity structure of small animals associated with the 
patches and that of the sandy bottom were studied with
reference to the activity of the sea urchin (Fig. 5). Their
sediment reworking generates the heterogeneity of the
bottom surface, i.e. mounds and funnels (Tsuchiya et al.
1986, 1989; Choonhabandit and Tsuchiya 1989).

The lancelet Branchiostoma belcheri was most abun-
dant (3.3 individuals/100 cm2) in the mounds of spatan-
goids, while about half as many were collected from the
funnels. In the patches of Modiolus, on the other hand,
its density was less than 10% of that in the ambient soft
bottom.

The community associated with patches of Modiolus
was characterized by a high species diversity (H′=3.05)
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Fig. 3 Species composition of
small molluscs associated with
mussel patches of different age.
For Y, MP, MC and O, see
Fig. 1

Fig. 4 A Mytilus patch surrounded by the brown alga Laurencia



and evenness (J′=0.96). Four species of gastropods were
recognized only from the microhabitat of Modiolus
patches. Bivalves did not occur in the patches except for
the host mussel Modiolus and there were some poly-
chaete species belonging to the families Syllidae, Ophel-
idae and Eunicidae. Patches increased species diversity
in this habitat, compared with the surrounding sandy bot-
tom communities (H′=1.89–2.60).

Accumulation of fine particles in mussel patches 
and difference in the species composition 
of subtidal communities between exposed 
and sheltered environments

Intertidal communities of small animals associated with
patches of mussels Mytilus edulis and their adjacent sub-
tidal benthic communities were studied on an exposed
shore and in calm waters of a harbor (see Tsuchiya
1979). A large amount of sediments including biodepos-
its was accumulated in calm conditions. Here, reducing
conditions (Eh values: –153 to –89 mV) were recorded.
Sediments were composed of fine particles in that area.

In crevices of the exposed shore, the amount of sediment
was also large, but reducing conditions were not ob-
served.

The structure of subtidal communities and their envi-
ronmental conditions, about 5–7 m deep and about 10 m
apart from the intertidal mussel beds, were also different
between these two environments (Fig. 6). In the shel-
tered conditions of the harbor, fine particles were accu-
mulated both in intertidal mussel beds and of the subtidal
bottom, causing a reducing environment there. Densities
and biomass of benthic animals in the subtidal zone were
different between these habitats. Indicator species for 
organic matter rich environment such as Capitella and
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Fig. 5 Species diversity (H′) and equitability (J′) of benthic ani-
mals found in three microhabitats, aggregation of the mussel 
Modiolus metcalfi, funnel and mound made by sediment rework-
ing activity of the spatangoid urchin Brissus latecarinatus, on a
sandy bottom in the inner part of the Gulf of Thailand (upper pic-
tures). Representative benthic animal groups found in each micro-
habitat are also shown. CΠ Kimoto's similarity index (0≤CΠ≤1)
(Kimoto 1967)



Nebalia were common in the harbor, but they were not
collected in the exposed environment. Capitella was also
common in the intertidal mussel beds developing in the
harbor. Although it was merely qualitative, the amount
of organic matter, which was expressed as the percentage
of loss on ignition, was also larger in the calmer environ-
ment.

Discussion

The structure of the small animal population associated
with mussel beds or mussel patches is modified by vari-
ous factors such as age or size of mussels, tidal level,
difference in mussel species, the amount of fine particles
accumulated in patches and quality of ambient water.

Species composition of associates in young mussel
patches differed from that found in other patches
(Figs. 1, 2 and 3). Time for colonization by associated
animals is shortest in the young patches. It is assumed
that species found in young patches also settled on older
ones. Thus, interactions between inhabitants or early 
settlers and new settlers might cause the death of 
the latter. On the other hand, biotic and abiotic environ-
mental traits in younger patches may be unsuitable 
for animals inhabiting older ones because the patches
may be differentially affected by wave action or preda-
tors.

Differences in environmental conditions affect the
structure of both intertidal and subtidal communities.
Mussels are very common on the breakwaters of harbors
in Japan. Tsuchiya (1979) made a list of associated fauna
of mussel beds developing on a breakwater in a sheltered
and exposed rocky coasts in northern Japan. The poly-
chaete Capitella capitata, an indicator species for organ-
ic enrichment, was abundant in the sheltered bed, where

species diversity of associates was lower than in the ex-
posed one. Hosomi (1969) observed the change in the
community structure on a breakwater in Kobe, middle
Japan, and reported that population sizes of the amphi-
pod Melita koreana and some polychaete species in-
creased with development of Mytilus beds there.

Mussel species show habitat segregation with tidal
level (Hoshiai 1960, 1965; Suchanek 1979; Iwasaki
1995a, b). Iwasaki (1995a, b) reported that beds of two
mussel species, Septifer viratus and Hormomya mutabi-
lis, which were contiguous vertically, harbored different
associated communities. He reported that the difference
might be caused by the difference in the amount of sedi-
ments accumulated inside the beds. A similar trend was
also shown in the beds of Septifer virgatus and Mytilus
edulis in northern Japan (Tsuchiya 1979). The distribu-
tion of the small bivalve Lasaea undulata is restricted 
to the Septifer zone, but it is still unknown whether this
bivalve species has a special relation with Septifer virga-
tus. Since biodeposit production is a function of various
factors (Tsuchiya 1980), a detailed study on the relation-
ship between the amount of biodeposits in the bed and
the associated community is required.

Biomass of Mytilus aggregations has been estimated
to reach a maximum of approximately 500 g wet weight
with shell/100 cm2 (Tsuchiya 1979), showing a high 
productivity on a rocky shore and harboring a complex
small animal community. The most important character-
istic of this system must be the fact that an organism pro-
vides a habitat for other epifaunal and infaunal species,
resulting in high species diversity. This was also reported
for the mussel beds developing on a soft bottom (Asmus
1987). He reported that mean biomass of the Mytilus
community is about 25 times higher than in ambient
communities of the Wadden Sea. This large biomass is
the most important factor maintaining the high species
diversity, providing a heterogeneous environment for 
associates in aerobic conditions in the beds.

Species diversity in the Mytilus community is related
to the age of Mytilus edulis and structure of space among
shells. Tsuchiya and Nishihira (1986) reported that spe-
cies diversity (H′) and equitability (J′) were higher in the
adult beds than in younger and older ones. Suchanek
(1979) also found that species richness increases with
age of mussel beds. However, detailed structure within
the mussel matrix has not been studied. It is speculated
that large amounts of sediment accumulated inside the
bed attract polychaete species and other infauna. Associ-
ated animals can be divided into several groups with 
regard to their environmental conditions and habitat: (1)
epibenthic organisms, including barnacles, hydroids and
algal species, use the shell as their habitat; (2) epiphytic
fauna on algae such as amphipods; (3) mobile fauna
which should be divided again into subgroups, (a) in-
fauna living in the sediments, and (b) free-living small
fauna living in the spaces between mussel shells. Species
composition of each group is affected by the ambient 
environment and reducing conditions in accumulated
fine particles mainly derived from biodeposits produced
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Fig. 6 Comparison of the environmental conditions and species
composition of subtidal benthic communities between the exposed
and sheltered shore in Aomori, northern Japan. Size distribution of
sediment particles of the bottom surface is shown. Samples were
collected from the bottom at about 5–7 m depth and about 10 m
apart from the intertidal mussel beds



by mussels. This has an adverse effect on some associat-
ed animals. The export of biodeposits may affect the 
species composition in adjacent subtidal benthic commu-
nities.

Habitat structure and its heterogeneity provided by
mussel beds needs to be discussed in detail in order to
analyze their effect on the species diversity of small ani-
mals with reference to the dynamics of environmental
conditions both within and around the beds and to spe-
cies interactions. Habitat heterogeneity is not easy to
measure quantitatively, but mussel beds provide a chance
to do so and offer a variety of research topics.
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