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ABSTRACT: Patches of Mytilus edulis 1. composed of similar sized mussels were surveyed in order to
investigate the effect of patch size on community structure of associated animals. Each patch included
common components such as byssus, shell fragments, sediments. algae and associated animals.
Volume of each component increased with patch size. With increasing patch size. species richness and
number of individuals of associated animals increased, but decreased per unit patch size. Patch area
affected population density more than patch volume. Volume of associated animals per unit patch area
was relatively constant, but volume per unit patch volume decreased with increasing patch size. Mean
body width of the polychaete Typosyllis adamanteus Jrun'lensis Chlebovitsh increased with patch size,
Large individuals of the winkle Littorina brevicula Philippi were not found in smaller patches. At high
tides, large numbers of the amphipod Hyale grandicomis Kroyer, which live among algae attached to
the patches, were seen on rock surfaces covered by the barnacle Chthamalus challengeri Hoek around
the patches. These results can be mainly explained in relation to accumulation of sediments and shell
fragments of M, edulis in the patches, and the community structure of the Mytilus island is discussed
with reference to species-area relations.

INTRODUCTION

Intertidal conununities have been investigated from
several points of view, e.g. prey-predator relations
(Connell 1961a, b, 1970, 1972, Paine 1969, 1974, Day
ton 1971, Menge 1976, etc.). grazing effect on algal
populations {Paine & Vadas 1969, Kitting 1980, Under
wood 1980, Hawkins 1981, Underwood & Jernekoff
1981, Nishihira et al, 1982) and structuring features of
zonation (Southward 1958, Hoshiai 1960, 1965). An
abundance of small animals live in patches of sessile
organisms. and several workers have emphasized the
important role of sessile organisms for small motile
animals (Keith 1971, Paine 1971, Seed 1976, Dean
1981), but details of the relation between them have
not been thoroughly clarified.
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The mussel Mytilus edulis L. forms patches or beds
and creates a habitat for small animals including
polychaetes. amphipods and nemerteans (Tsuchiya
1979). Such patches, because they are isolated from
similar patches, can be treated as islands for associated
communities. For the sake of convenience, a patch of
M edulis is called a .Mytilus island'. A Mytilus patch
can be used as an ecological tool for island studies.
Patch size and habitat structure such as age structure of
the constituent mussels can be quantified easily and
their effects on community structure analysed. In
marine environments, island models, sometimes desig
nated as 'marine mini-islands' (Schoener 1974b), have
been studied for sponges (Pearse 1950, Westinga &
Hoetjes 1981) and corals (Abele 1976, 1979, Gotelli &

Abele 1983). Similar investigations were also per
formed using submerged artificial plates (Schoener
1974a, Osman 1978, Schoener et aI. 1978), dried
sponge (Frith 1976), or plastic-mesh sponge (Schoener
1974b). Although there are a great variety of marine
mini-islands, only a few studies have been performed.
None have been devoted to Mytilus islands.
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Theories of species-area relations have been
developed using island ecosystems (MacArthur & Wil
son 1967, MacArthur 1972, Williamson 1981, etc.). It is
generally accepted that larger islands support more
species and that species richness is positively corre
lated with environmental heterogeneity. However, it is
necessary to distinguish heterogeneity and area for
analytical discussion of species-area relations. For
such a study, Mytilus islands can serve as a model
because they are easy to handle and the substantial
heterogeneity can be manipulated.

The aim of the present study was to examine the
ecological property of island size measured as the area
of a Mytilus patch.

MATERIALS AND METHODS

Mytilus edulis patches were selected on a gently
sloping (100) artificial (concrete) surface at 70 to 80 cm
above MLWS at a small harbor at the Marine Biologi
cal Station, Tohoku University (400 55' N, 1400 SO' E).
Twenty-four mussel patches of various sizes were
photographed, measured for length, width and height
and then scraped off altogether with a spatula at low
tide. Where the brown alga Sargassum thWlbergii was
attached to mussel shells, it was removed first and
stored separately from the patch samples. After scrap
ing, the displacement volume of each patch was mea
sured by wrapping it in a thin polyethylene sheet.
Then the volumes of each constituent, Le. M. eduJis,
byssus outside shells, shell fragments, sediments
(remnants after collecting the shell fragments), algae
attaching to mussels (e.g. Chondria crassicaulis and
Laurencia okamura1) , and associated animals, were
similarly measured. Size of mussels was recorded and
associated animals were identified and counted for
each patch. Sizes of some frequent species. e.g. the
polychaete Typosyllis adamanteus kurilensis, the
winkle Litton'na brevicula and the limpet ColJisella
(Conoidacmea) heroldi, were measured. Space around
each patch was covered by the barnacle Chthamalus.
challengeri (coverage of 5 to 80%), with some C.
heroldi and L. brevicula on the bare rock surface. Sizes
of C. heroldi and L. brevicu1a in and outside the
patches were measured. At high tides, the amphipod
Hyale grandicomis and the isopod Dynoides
dentisinus, which appeared around the patches, were
counted. Some young specimens of the mussel Septifer
virgatus «5 rom long), which are also common on the
natural rocky intertidal (Hoshiai 1965, Tsuchiya 1979),
were found in some patches. All samplings were made
during daytime low tides in June.

RESULTS

Ecological traits of Mytilus islands and
their communities

Habitat characteristics of Mytilus patches

Table 1 shows size and volume of each component
for each Mytilus patch. Generally, the volume of ~ach
component except of algae increased with patch size.
All shell fragments were those of young M. edulis. A
few complete shells were found mainly in larger
patches (Patches A, B, C, E). In order to discuss the
relation between size of Mytilus island and its associ
ated fauna, 2 thalli of Sargassum thunbergii (11 and 16
em long) in Patch A and 3 (7, 9 and 17 em long) in B
were removed before scraping and not included in
Table 1. Many arnphipods including Hyale grandicor
nis and Jassa talcata, and the epiphytic small gas
tropod Temanella turrita, were seen on these algae but
also not included. Most of the remaining algae were
the small red algae Chondria crassicaulis and Lauren
cia okamurai, and short S. thWlbergii (in A and B: <2
em long, in others: <1 em long). These algae were
included in Table 1.

There were many solitary Mytilus eduJis, which did
not accumulate sediments and shell fragments. and did
not support algae and associated animals.

Size distribution of Mytilus edulis

Fig. 1 shows the size distribution of Mytilus edulis
for each patch. All the patches had similar size com
positions dominated by small mussels «10 mm long).
Patches D and 1, however, also had large mussels (25 to
40 rom long) and displayed a bimodal distribution.
Solitary individuals were smaller « 10 rom long).
Patches with a similar size composition varied greatly
in their heights (Table I), because the mussels become
multilayered in larger patches. Patch D included 160
Septifer virgatus. However, because these were smal
ler «5 mm long) than the M edulis, it retained the
superficial appearance of a Mytilus island. In other
patches, S. virgatuswas very few or lacking.

Motile animals living in Mytilus patches

Table 2 shows the numbers of animals found in each
patch. The flatworm Notoplana humilis was most
abundant in the 2 largest patches (A & B), but only a
few individuals were found in the medium patches (C,
D, F, G, H), and none were found in small patches.
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Table 1. Mytilus edulis. Patch size and volume of components

Patch Size of patches Volume of each component (cm3)

Length x width· Area Height Volume Mytilus Byssus Sedi- Shell Algae Space Associ-
(cmXcrn) (cm2) (rnm) (cm3) edulis ments frag- ated ani·

ments mals

A 30 X 24 521.3 28.0 1162.0 477.2 65 40.6 17.5 9.8 605.2 5.2
B 20 X 15 230.6 24.0 674.0 319.2 3.4 31.9 4.9 16.2 295.6 2.8
C 14 X 13 139.0 19.6 220.0 109.0 0., 1.6 0.6 1.0 104.4 2.7
D 11 x 8.5 74.7 26.4 173.1 84.6 0.5 1.1 1.9 01 82.8 2.1
E 10 X 8.5 70.9 19.0 1051 50.3 0.3 0.7 0.6 0.8 51.7 0.7
F 9.5 x 7 56.2 20.3 82.1 50.0 0.6 2.9 0.4 03 26.8 1.1
G 11 x 6 52.0 17.5 96.7 48.0 0.2 0.4 0.1 0.8 45.6 1.6
H 10 x 6 45.9 13.4 45.2 21.3 0.2 0.7 0.5 0.5 21.0 1.0
I 8x6 35.2 19.0 48.0 25.4 0.2 0.4 0.3 0.1 20.8 0.9
J 8x5 30.3 14.3 41.4 15.1 0.2 0.2 0.2 0.3 24.9 0.5
K 7.5 x 5 28.2 12.0 32.0 18.2 0.2 0.3 0.2 0.2 12.1 1.0
L 6.5 x 5 24.2 13.8 34.0 15.6 0.1 0.5 0.3 0.5 16.4 0.6
M 6 x 4.5 23.3 12.0 26.5 11.0 0.1 0.2 0.2 1.0 12.8 1.2
N 5 x 4.5 18.6 10.5 15.3 7.9 0.1 0.2 0.1 0.4 6.1 0.5
0 5.5 x 3 13.0 7.5 8.5 4.4 <0.1 <0.1 <0.1 0.3 3.4 0.3
P 4x3 9.1 8.5 15.6 4.8 <0.1 <0.1 0.1 0.2 10.0 0.5
Q 3.5 x 2.5 66 7.5 5.0 2.0 <0.1 <0.1 <0.1 0.1 2.7 0.1
R 2 X 1.8 2.8 7.0 2.1 0.9 <0.1 <0.1 <0.1 <0.1 0.8 0.1
S 2 x 1.4 2.4 7.0 1.8 0.6 <0.1 <0.1 <0.1 <0.1 1.0 <0.1
T 1.8Xl.6 2.3 6.0 1.7 0.9 <0.1 0 <0.1 <0.1 0.6 <0.1
U 1.9 x 1.3 2.0 9.0 1.5 0.6 <0.1 <0.1 <0.1 0.1 0.6 <0.1
V 2.2 x 1.1 1.9 7.0 1.8 1.0 <0.1 <0.1 <0.1 0 0.6 <0.1
W . 1.7 x 1.1 1.2 10.0 1.7 0.8 <0.1 <0.1 <0.1 0 0.7 0.1
X 0.8 x 0.7 0.4 5.0 0.5 0.2 <0.1 0 0 0 0.3 0

. All patches elliptical. Long X short diameters shown

Nemerteans were not as abundant, but occurred in were less than those in G and H. This was caused by
many patches although not in the smaller ones. density differences in the syllid TyposylJis adamanteus

Polychaetes appeared in most patches and were kurilensis. This species was most abundant, appearing
abundant both as individuals and as species. Abun- in many patches, but fewer in Patches D, E and F than
dance was not highly correlated with patch size, e.g. in G and H. The nereid Perinereis cultrifera was com-
numbers of both individuals and species in D, E and F mon in many patches but not found in the 2 largest.

600 O~,OO200 0r.
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Fig. 1. Mytilus edulis. Size distribution
for each Mytil.us patch. N: total number
of individual M. edulis (Septifer vir
gatus). S. virgah.Js were small «5 rrun
long) and not included in histograms. A

to X: patch names
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The orbinid Nainereis Jaevigata was abundant but
restricted to the 2 largest patches.

Gastropods, mostly epifauna, occurred in many
patches including smaller ones, but were never abun
dant. The winkle Littorina brevicula and the limpet
Collisella heroldi were commonest and the gastropod
TemaneJJa turrita lived on Sargassum tunbergii
attached to Myb."1us edulis shells. Crustaceans were
abundant in the 2 largest patches, where the amphipod
Hyale grandicomis and/or the young crab Hemigrap
sis sanguineus were domi nant. Smaller patches did not
support these crustaceans.

Motile animals around Mytilus patches

The areas around Mytilus patches were surveyed at
low (Table 3a) and high tides (Table 3b). The surface
was covered by the barnacle Chthamalus challengeri,

patch size, but species density (Scm- 2 or Scm- 3)

decreased with patch size. Similar trends were recog
nized for patch area and for patch volume.

Patch size vs population size

Fig. 3 shows the relation between patch size and
number of individuals. Again, numbers increased with
patch size and as before, the reverse trend was true for
density (Ncm- 2 or Ncm-3). Abundance is better
described by patch volume than by patch area.
Although a similar trend appeared for patch area and
volume of associated animals (Fig. 4), volume of
associated animals per unit patch size was correlated
less with area (Fig. 4a) than with volume (Fig. 4b) of
patches.

Table 3. (a) Densities (range, mean ± SD). of animals per
10 em x 10 em observed close to Mytilus islands at low tide.

(b) Additional animals seen at high tide

(a)

Patch size vs species diversity

Fig. 5 shows the relation between patch size and
species (total, epifaunal and cryptic-faunal) diversity
expressed by the Shannon-Weaver Index (H'). All
diversities increased simply with patch size.

Chthamalus challengeri" 16-448 (123.8 ± 154.7)
Littorina brevicuJa 3 - 61 (38.0 ± 24.8)
Collisella (Conoidacmea) heroldi 2 -14 (5.0 ± 4.5)

" Coverage 5-80 %
Size distribution of some animals

Patch size lIS associated fauna

Patch size vs species richness

Fig. 2 shows the relation between patch size (area
and volume) and number of species (epifaunal, cryptic
faunal. and total). Species richness increased with

and the winkle Littorina brevicu1a lived among the
barnacles or in the empty barnacle shells. The small
limpet Collisella heroldi also seen in Mytilus patches
was found among the barnacles and on bare surfaces.
At high tides, the amphipod Hyale grandicomis
appeared outside the patches and moved with water
movements. The small isopod Dynoides den tisinus,
seen in lower intertidal mussel beds at low tides
(Tsuchiya unpubl.), was also found among the barna
cles and on the bare surfaces.

Size distribution of the endobenthic polychaete
Typosyllis adamaDteus kurilensis is shown in Fig. 6.
Mean body width increased with patch size. It was
abundant in Patches A. B. C, G and H. where body size
showed great variation, while in small patches, except
M, only small wonns were found (Fig. 6). In Patch M,
several large worms were found among many small
ones.

Littorina brevicula was observed in most patches,
but was most abundant in Patches C and P, the latter
supporting only small individuals. Among patches
smaller than 6.6 cm2 , it was seen only in W which
supported a single small individual. Large snails were
found only in larger patches. Small winkles (shell
height: 2.0 to 4.5 rom) living among the barnacles
adjacent to Mytilus patches were common and size
composition was comparable between those living in
and outside patches; shell height was 3.82 ± 0.92 rom
(mean ± SD, n = 82) for those in, and 3.51 ± 0.65 rom
(n = 230) for those outside patches.

Collisella heroldi was rather scarce and its abun
dance was not correlated with patch size. Probably
because of its scarcity, size composition was quite
variable, while that of the limpets around patches
showed normal distribution.

(1.5 ± 1.8)
(2.6 ± 2.9)

0- 7
0-12

HyaJe gTandicomis
Dynoides dentisinus

(b)
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DISCUSSION

The internal structural complexity of a cluster of
mussels increases through mussel growth, which in
turn favors occupancy by a variety of small animals
through creation of several microhabitats (Fig. 7).
Unlike real islands, Mytilu5 patches include animals

living around the island, and some inhabitants move
outside the island at high tide. However, a Mytilu5
island has several merits as a tool for analysis of
species-area relations, effects of island size on life of
inhabitants, and heterogeneity of environments.

The islands studied here seem to be of similar age
because the size distribution of mussels was similar
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except in Patches D and I, which displayed a bimodel
distribution (Fig. 1). Therefore, historical influence or
time effect can be excluded from consideration. All the
patches were sampled at a similar tide level. There-

fore, community stnlcture of the associated animals
can be analyzed solely in relation to patch size.

It is generally accepted that environmental
heterogeneity or variety of habitats increases with
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island size and thus a larger island supports more
species. This may be true for our Mytilus islands. All
the Mytilus islands studied were composed of common
components, i.e. shells, byssus, sediments, shell frag
ments and algae, but the amounts of these components
differed with island size (Table 1). Detailed biological
analysis of the heterogeneity is required for complete
understanding of species-area relation. Sediments
were particularly abundant in Patches A and B (Table
1). Undoubtedly the accumulation of sediments create
new micro-habitats inside the patch, but it is also
possible that a reducing condition is created by the
accumulation of a large amount of sediment. Conse
quently, it may bring faunal change or even decreases
in the density or diversity of associated animals. This
phenomenon was observed in the intertidal commun
ity on a harbour breakwater (Tsuchiya 1979). There
may also be some biological interactions between
M edulis and the associated animals, e.g. M. edulis
produce large amounts of biodeposits (faeces and
pseudofaeces) (Tsuchiya 1980). Because M. edulis
attach one above another in larger patches, biodeposits
produced by mussels attaching to deeper parts of the
patch may accumulate inside the patch, as was already
reported for Mytilus beds (Davies et al. 1980) and
oyster reefs (Lund 1957), together with dead and
decomposing associated animals. The fact that the
scavenging flatworm Notoplana humilis was abundant
only in larger patches may be in part a function of
reduced water movement in the larger patches.
Tsuchiya (1983) reported that mass mortality in M.
edulis attracted the flatworms, which disappeared
after the dead mussel tissues had been consumed. This
suggests the presence of sufficient food for the flat
worms in larger patches. Food may not be easy to

accumulate in small patches. Although the effect of
scavengers on species composition is unknown, abs
ence of the nereid Perinereis cultrifera in such
scavenger-dominated patches may be related to the
presence of many flatworms.

The surface of Mytilus edulis shells and shell frag
ments serve as a substrate for bacteria, micro-algae
and small animals. Detritus easily attaches to the shell
surface. These may also support animals in the
patches. Algal thalli attaching to the shells also sup
port various animals including amphipods and gas
tropods. Increases in heterogeneity, if any, may be
caused by increases in these components and in the
amount of space among Mytilus edulis shells.

Community structure changes with time due to inva
sion and extinction of animals in each island. When
settling on an island, there is a possibility that some
larvae are eaten by the filter-Ceeding Mytilus edulis
and some others may receive some biological effects,
e.g. predation and competition, by earlier colonizers.
Species richness increased with patch size (area and
volume), and it may reach a plateau specific to the tide
level. Decrease of species density with patch size may
be caused by species endemic to larger patches sup
pressing other animals via predation or competition, or
creating an unsuitable physico-chemical environments
for other species. Such influential species may include
the flatworm, Notoplana humilis, the nereid Nereis
heterocirrata, the orbinid Nainereis laevigata and the
grapsid crab Hemigrapsis sanguineus.

Westinga & Hoetjes (1981), studying the relation
between the sponge-inhabiting fauna and host size,
reported that the biomass of associated animals per
unit volume of sponge did not differ much relative to
sponge size in larger sponges, but a greater variance of
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Fig. S. Relations between species diversity, H, (a: total
species; b: epifauna. c: cryptic fauna) and patch size (volume)

biomass was recognized in smaller ones. Animals in
sponges generally are protected from water movement

or predation, and it was suspected that similar environ
ments for all the associated animals were provided by
larger sponges. Animals in smaller sponges may be
affected by the more stressful environment. For
Mytilus islands, the periphery has an environment
different from the central part, probably created by
different effects of wave action. The volume of associ
ated animals per unit patch area was relatively con
stant irrespective of patch size. This suggests that the
associated animals mainly inhabit the patch's lower
layer, where sediments and shell fragments accumu
late. Upper parts may be unsuitable especially for the
cryptic fauna .

Actual mode of life of each spedes may be affected
by patch size. Larger individuals of the syllid Typosyl
lis adamanteus kwilensis live only in larger patches
(Fig. 6). Abundant food in larger patches may cause
better growth and survival of this polychaete. On the
contrary, smaller patches lacking shelter together with
poor food are Wlsuitable for larger individuals.
Increase of species diversity with patch size suggests
that larger patches have greater heterogeneity of envi
ronments, which allow many species to inhabit them
by providing suitable conditions for feeding or shelter
from predators and wave action.

For epibenthic molluscs, a Mytilusisland is used as a
resting site. Emson & Faller·Fritsh (1976) reported that
Littorina rudis frequently used crevices as their
habitat, and experimental addition of crevices greatly
increased population density, and suggested that cre
vice availability is normally a limiting factor. L. bre
vicula, especially smaller individuals, also use small
spaces such as crevices, empty Chthamalus challen
geri shells and Mytilus islands. It is suggested that
larger winkles do not dwell in small patches due to the
lack of large crevices (spaces among the mussels). This
may explain the restriction of the large winkles to
larger patches. However, this trend was not observed
for Collisella herolcli and patch size did not affect their
size composition. This limpet lives not only in patches
but also around them, where the barnacle C. challen
geri attaches. There was no marked size difference
between the limpets in and aroWld the patches. This
may be due to rather free movement of the limpets
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Fig. 7. Diagrammatic representation of cross-sectional view of a small Mytilus island. Many associated animals use several
micro-habitats (shell surface of M. edulis, space in the patch, algae, sediments, etc.). Several inhabitants, Typosyllis adamanteus
kurilensis, Perinereis cuJtrifera, Notoplana humilis, Collisella heroldi, Littorina brevicuJa, Acanthochiton robrolineatus, Hyale
grandicomis, Jassa falcata and Hemigrapsis sanguineus, and 2 kinds of algae. Sargassum and Laurenda are shown. Chthamalus

challengeri are seen around the island

between patches and into the surrounding C. challen
geti areas as described by Tsuchiya (1984). If so, there
may be little possibility of the presence of Mytilus
island influencing the growth of limpets.

It must be noted that sampling was made at daytime
low tide. This means that the collected animals do not
always represent the entire fauna of the patch, e.g.
some animals were frequently observed to wander
about the Chthamalus challengeti areas around the
islands at high tide. These animals do not always
return to their original islands. DUring high tide,
exchange of inhabitants among patches may occur.
However, such inter-patch exchange may not be very
frequent because only 2 species, the amphipod Hyale
grandicornis and the isopod Dynoides dentisinus, were
seen around the patches at high tide. The latter is not
very abundant in the islands surveyed. but is fre
quently found in larger islands on the lower intertidal
(unpubl.). Large numbers of H grandicornis were
found among the Sargassum thunbergii which was
removed from the larger islands (A and B) before
scraping. Exchange of H grandicomis among islands
may occur frequently.
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