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Assessment of attached organisms on a jetty in Yoshimi Bay, western
Yamaguchi Prefecture, Japan - Search for juvenile sea cucumber
Apostichopus japonicus (Stichopodidae)

Yusuke Yamana,' ”** " Tatsuo Hamano"' and Seiji Goshima?®

Abstract : In order to search for juvenile Apostichopus japonicus, the attached organisms were detached
from every 30 cm depth of two steel sheet piles in the framework of a jetty in 3 m depth of water in a shal-
low harbor area in Yoshimi Bay. A total of 103 species of benthic animals were observed attached to the
whole surface of the two steel sheets, and the most numerous 48 species of them were observed in the sec-
tion of 60—90 cm below the top of the sheet. The total amount of attached organisms was largest in this
section, where the oyster Crassostrea gigas was dominant. Two juveniles of A. japonicus of the green col-
ored type were separately collected from the section of 210 —240 cm and 240—270 ¢cm, where the bivalve
Chama japonica was dominant. They were very hidden in the attached organisms and were considered to

belong to 1-year age group settled on the sheet piles.
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Introduction

The Japanese sea cucumber Apostichopus japonicus
(Selenka, 1867) is distributed widely throughout Japan
from Hokkaido to Kagoshima.'’ Although it is a commer-
cially important species, information on its basic ecology is
rare, and it is difficult to make an effective strategy for
conservation and propagation of its resources. Especially,
information on the population growth is required. However,
in the investigation of the population growth and the dis-
tribution pattern, preliminary research on juvenile habitat
requirements is essential. Recently, and the juvenile dis-
tribution on rocky shores has been partially clarified since
there are some reports of juvenile habitats.”* On the
other hand, in Japan there usually can be observed few or
many individuals of adult A. japonicus on the sea bed and
structures of artificial ports and harbors, where no in-

formation on juveniles has been reported. In the present

study, to clarify whether the juvenile A. japonicus distri-
buted or not on the structure of artificial ports, and to in-
vestigate the benthic biota of the habitat that may be im-
portant factors for the local distribution of juvenile A. japo-
nicus, we conducted a survey by detaching the biota
attached to steel sheet piles in a small harbor in Yoshimi

Bay, western Yamaguchi Prefecture.

Materials and methods

Study site

Present study was carried out in the small harbor near
the front gate of National Fisheries University in
Nagata-Honmachi located at Yoshimi Bay, western Yama-
guchi Prefecture (Fig. 1). There are many adult Aposticho-
pus japonicus around the harbor, where sediment conditions
are not rocky bottom but mainly sandy to soft muddy bot-

tom, however that is considered not to be the preferred
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Fig. 1 . Location of Yoshimi Bay. Star denotes the study
site. NFU, National Fisheries University.

habitat for juveniles.® The harbor has the distance round
of approximately 230 m and the water depth O0—4 m under
the chart datum level. It is composed of a quay excavated
parallel to coastline and a jetty projected perpendicularly
from the quay (Fig. 2), and constructed by double sheet
pile quay wall in which the framework of steel sheet piles
supports the concrete blocks (Fig. 3). In the quay, the
concrete block is extends out over the water by about 40
cm from the steel sheet pile and forms an overhang, and
the top of the framework is in about 0.5 m below the chart
datum level. In the jetty, such a structure of overhang was
not used, and the top of the framework is in about 1.0m
above the chart datum level (Fig. 3). In all year round,
every steel sheet pile in either part are covered with com-
mon oyster Crassostrea gigas and other attached organisms,
and seasonally covered with the annual kelp Undaria pinna-

tifida (Phaeophyceae) from January to June.

Methods

To search for juvenile Apostichopus japonicus and to in-
vestigate the benthic biota, the attached organisms were
detached from the steel sheet pile in the framework by us-
ing SCUBA within five days from September 23to 27,

2004. This period was selected as it is the aestivating sea-

Fig. 2 . Map showing the study site. Star denotes the posi-
tion of sheet piles used for the detaching survey.
H.W.L., the mean monthly-highest water level;
C.D.L., the chart datum level.

son in which the dynamics of A. japonicus show minimal
activity and the survey was considered not to significantly
affect them. In the aestivating season, A. japonicus is at ex-
cessively low activity condition and stops eating with its
digestive tract involuted,”’ then the effects of detaching a
part of habitat in this season was seemingly low upon A.
japonicus in the growth. We selected a site for detaching
the biota in consideration of a site where waves action was
minimal and the turbid water followed by detaching easily
decreased, thus enabling the divers’ work to be carried out
more easily and safely (Fig. 2). At the present study site,
the framework was designed so that its cross section may
represents a waveform by combining the U-shaped steel
sheet pile, therefore two adjacent sheets were chosen as
the subject of the survey (Fig. 4). The detaching was car-
ried out every 30 ¢cm depth on the procedure that one sur-
veyor detached the attached organisms by using stripping
knife and the other one positioned below hold a filter bag
with mesh size 1 mm and caught the falling organisms. In
addition to this, we collected the surface sediment, which
were approximately bcm in thickness and contained orga-
nisms, at the foot of the two sheets by using a dustpan and
a filter bag with mesh size 1 mm. The collected organisms

were sorted in the living condition or after being fixed in
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Fig. 4 . Form and dimensions of the steel sheet-pile.

70% alcohol, and then all the species were counted by num-
ber and weighed the total wet weight. If A. japonicus was
collected, the body size was calculated from measurement
of simultaneous body length and breadth by using the for-
mula of Yamana & Hamano,”’ and it was dissected after the
fixing. The diversity index of the collected organisms in
every water depth ranges were calculated as the Morisita
modified Shannon-Wiener's H*.®” And the similarities in
the species composition of the collected organisms in every
water depth ranges were calculated as Pianka's Q-index,
that were applied for cluster analysis by using nearest
neighbor method.

In the present study site for detaching, the tidal range
was about 1.5m, the water depth was about 2m below the

chart datum level, and the height of the steel sheet pile was

just 3m except for the foot buried in the ground. The sec-
tions of 0—30cm, 30—60cm, and 60—90 c¢cm below the top
of the pile were in the intertidal zone, and from 90—120 cm
to the sediment were in subtidal zone. The area of two
steel sheet piles was about 110X 300=233,000cm®, and the

area of each 30 cm depth sections was about 3,300 cm”.

Results

We observed 103 species sampled from the whole surface
of the two sheets, and the most numerous 48 species of
them were observed in the section of 60—90cm below the
top of the sheet (Table 1). On the other hand, we observed
the least numerous 12 species in both the section of 0—30
cm and in the sediment. The diversity index of the col-
lected organisms took the lowest value in the section of 0—
30cm (H*=0.3) and the highest value in the sediment (H*
=1.8). The similarities in the species composition were
calculated from the list of the collected organisms in every
water depth ranges, and applied for cluster analysis.
When the standard for judgment @=0.7 was chosen, the
analysis shows that there were four groups in these sec-
tions (Table 1, Fig. 5):0—60cm where the barnacles
were dominant, 60 —90cm where Crassostrea gigas was
dominant, 90—300cm where the bivalve Chama japonica
was dominant, and the sediment. The total amount of
attached organisms was largest in the section of 60—90 cm,
where C. gigas was dominant, and reached 4,483 g (13,585
g/m?®) including the amount of dead shells of C. gigas etc.

On the contrary in the section of 90—120 cm just below
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Fig. 5. Dendrogram illustrating this similarity of biotic
environment from the 11 sections of steel sheet-
pile wall from top to bottom, using nearest neigh-
bor method and Pianka’s @-index. Each section is
divided into an equal height of 30 cm.

this, where C. japonica was dominant, the amount was only
1874¢ (5679g/m*) and it was less than half of that
amount. Furthermore, in the section of 90—120 cm, there
was a difference in the thickness of the attached organisms
to approximately 10cm thickness, as the masses of C.
gigas were decreased sharply at the boundary of the low
tide line.

In this research, two Apostichopus japonicus of the green
colored type were separately collected from the section of
210—240 cm and 240—270cm. Their appearance was very
similar, and both were measured as 54 mm and in the state
of aestivating accompanied by the involution of their
alimentary canals. When these individuals were sampled,
they were very hidden in among the attached organisms
(including many dead shells of C. gigas etc.), and then
they were unexpectedly discovered during the sorting of

organisms.

Discussion

Through the detaching survey, it was revealed that the
benthic environment in the present study site changed in
roughly four classes with the depth of water (Fig. 5).
From the literatures, almost all the literatures in the stu-

dies of the habitats of Apostichopus japonicus, although they

were very few, mentioned to the closely relation between
the biotic environment and the density of sea cucumbers,
and also noted the commonness of the attached positions
among the individuals in these habitats, specifically among

REINN ]

the juveniles.” " When the information from these re-
ports are put together, in the most cases juvenile indi-
viduals were found around the rhizoid of Sargassum spe-
cies, under stones, and in cracks in rocks, and therefore it
could be considered that the attachment positions of juve-
nile A. japonicus are affected by the substrate type, surface
structure, and inclination, etc. In the present study site,
the steel sheet pile was originally smooth over the whole
surface structure, and the stratification of the attached
organisms added the obvious change in structural dif-
ferentiation to this structure. Furthermore, the amount of
attached organisms suddenly decreased below the chart
datum level, and it formed the difference in thickness of
the attached organisms as large as approximately 10cm
thickness. Considering the body size of A. japonicus, the
change was not simply in the surface structural scale. It is
quite possible that such a change in the biotic and abiotic
environment have some sort of effects upon the distribution
of the sea cucumber in the present study site.

There, two individuals of the green colored type A. japo-
nicus were collected. Both were measured as 54 mm and
they were in the state of aestivating. These individuals are
considered to be more than 1-year old, because this spe-
cies dose not aestivate in 0-year.”’ In the study of popula-
tion dynamics of juveniles A. japonicus in the Seto Inland
Sea of eastern Yamaguchi Prefecture near the present
study site,”’ the mode of 1-year age group was about 60 mm
at the same season to the aestivating of present study. The
present individuals were slightly smaller than this, and it
seems to be the most probable that the two individuals be-
long to the 1-year age group. Considering the origin of
these juveniles, the sediment condition of the harbor is not
preferred as a juvenile distribution,®’ furthermore, there is
a distance of about 80 m along the walls between the pre-
sent study site and the nearest rocky shore, and it can be
considered that these low-mobility juveniles are unlikely to
have migrated this 80 m distance. It is therefore most prob-
able that the present juveniles recruited onto the sheet

piles as planktonic larvae.
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Searching for small individuals was very difficult at the
present study site because of the enormous amount of the
attached organisms on the surface of the structure. Hamano
et al.”’ reported that they could not collect all juvenile A.
japonicus under 30 mm experimentally released in an inter-
tidal tide pool, and presumed that the visible body size to
reliably survey sea cucumbers would be even larger in sub-
tidal diving due to greater restrictions related to working
in the subtidal zone, as well as the greater abundance of
attached organisms. In addition to such a difficulty, the
green colored type of this species has the property that
their body color is difficult to observe as it allows a degree
of camouflage. It is difficult to research the juvenile A.
japonicus in an enormous amount of attached organisms in
artificial structure by using a diving survey, and it is
advisable to conduct survey in intertidal habitats rich in
juveniles such as the habitat in rocky shores reported by

Yamana ef al.”’
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