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Construction of the Habitats for the Rocky Benthic Organisms
with Using Artificial Coastal Structures”

- A Case Study at Southwest Coast of Hokkaido -
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Abstract : Many cases have been reported about that the coastal structure such as breakwaters of the fishery
ports work as habitats of benthic marine organisms. I have looked for optimal structures that have function
of natural habitats for benthic fishery resources such as sea urchin. At first, distribution patterns of
Strongylocentrotus nudus (sea urchin) and secaweeds on the breakwaters of a power plant were studied in
relation with wave forces. And it was found that sea urchin distributed abundantly on the breakwaters, but
their gonads were suppressed by the lack of seaweeds as the prey of them. Then two investigation sites
were set up on natural field, one in the community of kelp with sea urchin, and the other on the coralline
flat without kelp, and environmental conditions of two sites were compared. And it was found that the
grazing pressure of the sea urchin was suppressed by the roughness of the bottom feature and heavy waves
whereby allowing the kelp to grow there again. Further, I tried to create the kelp bed artificially using an
electric barrier to control grazing of sea urchins. Simultaneously, | examined some environmental factors
that could be controlled by artificial structures for creating kelp communities. Based on these results, I
propose new types of coastal structure designed to create kelp communities.
1. Distribution Patterns of the Sea Urchin on the Coastal Structures

Distribution patterns of the sea urchin were studied on the breakwaters of a power plant sited at
southwest coast of Hokkaido. To estimate the wave effects at different stations set along breakwaters and
on rocky beds, hemispherical plaster blocks were set at several depths at each station and the rate of plaster
weight loss due to wave action was measured. Density of sea urchin and cover of seaweeds were
investigated at the same time on vertical and bottom surfaces of each station. Sea urchin distributed
abundantly but covers of the seaweeds were extremely low on the breakwaters, so gonadal development of
the sea urchin was suppressed by the lack of seaweeds as the prey of them. Density of sea urchin on each
station fluctuated corresponding to seasonal changes of wave condition. On exposed side of the northern
breakwater, where the wave condition was the hardest and the cover of seaweeds was relatively high, the
sea urchin densities on the upper part of vertical surface (the depth were ranged from 0 to 5 m) were low.
They became extremely low on every vertical surface especially in stormy season from fall to winter. On
sheltered side of the breakwaters under relatively calm conditions, seaweeds covered only shallow parts
where sea urchins swarmed throughout seasons.
2. Mechanism of the Formation of the Kelp Bed on Coralline Flats

Studies were conducted to clarify the factors causing formation of locally formed kelp beds of
Laminaria religiosa in Sakazuki area on the coralline flats prevailing southwest Hokkaido. Seasonal
distribution patterns of the sea urchin, S. nudus and environmental conditions were compared with those in
neighboring Tomari area dominated by coralline flats. No detectable differences were observed in
temperature, salinity, nutrients and light condition between the two areas. But, wave action in Sakazuki
was stronger than in Tomari, and increased from fall to winter, which was the season for kelp recruitment.
Kelp developed on mounds dotted on the seabed of rough topography in Sakazuki. The density of the sea
urchin on the mounds rose from spring to summer as the kelp beds grew. Within the kelp bed, sea urchin
density declined as wave strength increased from fall to winter, and few sea urchins were seen on the
mound from winter to spring. By contrast, its density outside the kelp beds remained high throughout the
year. Similarly high and stable levels of density were confirmed for the sea urchins distributed over the
coralline flats in Tomari. It is concluded that sea urchin density on mounds remains low when zoospores
of the kelp are released and thus seasonally reduced grazing pressure by sea urchins on young sporophytes
allows kelp beds to persist in Sakazuki area.
3. Culturing Experiment of Kelp with Using Electric Barrier

i. Field Experiment

As the next step, I tried to grow the kelp bed artificially by controlling the sea urchin density. An
experiment site was set up at the depth of 4 m in a cove of Tomari, dominated with coralline flat.
Experimental artificial reef was composed of a flat square concrete plate (SmX5mX0.3 m) with a slip
shaped titanium electrode (anode) fixed around the edge. The electrode was connected to the output of 5
V of DC. A thin, acid layer was generated on the surface of this anode by electrolysis. Sea urchin disliked
the acid layer and were expected not to cross the electrode. As a control, a similar plate without electrode
was placed in the neighborhood. The movement of the sea urchin from inside to outside occurred easily,
not in the reverse direction. The kelp in the control plate were completely destroyed owing to the invasion
of the sea urchin. On the other hand, in the facility with electrode, seaweeds including the kelp grew so
thick, and sorus of the kelp were observed. Finally the control square plate was almost barren and many
sea urchins were staying there. While the plate with electrode at a corresponding time, seaweeds including
the kelp grew thick in this plate. These results led us to the idea that it might be possible to build the kelp
bed by controlling the sea urchin as grazers even in areas where usually the kelp could not grow.

ii. Laboratory Experiments

From the field experiment, I found that the sea urchin migrated from inside to surrounding areas, but

a reverse migration did not occur. Thus, a state without sea urchin appeared inside the artificial reef and
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a kelp bed could be established. Then, I made a small experimental reef model equipped with an electric
fence and observed the sea urchin's behavior in laboratory. I studied the effectiveness of the defense
mechanism against the invasion of the sea urchin to the mound surrounded by the electric fence and the
manner of the escape of the sea urchin from the mound. During the invading experiment with non-
energizing condition, sea urchins arranged at the bottom of the aquarium got over the fence and invaded
the mound within a few hours. However, in the same experiment with an energizing condition, the sea
urchins' invasion was completely prevented for the entire two weeks of the experimental period. In the
escape experiments, although a current was supplied, sea urchins tried to escape from the mound surrounded
by the fence to the lower bottom. And sea urchins reached the mound edge in an average of forty seconds,
trying to move to the bottom without avoiding the fence. But sea urchins were not able to attach
themselves to the fence (cathode), and soon fell to the bottom under their own weight. The average time
from release to falling down was 98 second. From these results, the artificial reef equipped with electric
fence was proven to result in only one-way migration of the sea urchin from inside to surroundings.
4. Coastal Structure Design Based on Sea Urchins Ecology

I started thinking about methods to employ the coastal structures for more suitable habitats of sea
urchin based on these results. I picked up some environmental factors which might affect the seaweeds and
herbivorous in rocky shores, and selected controllable factors by contriving the coastal structures. As for
biological factors, seaweeds and animals affect each other. And the state of the benthic community is
defined by physical and chemical factors that affect more suitably whether seaweeds or animals. In case of
coralline flats, the states of environmental conditions shift more suitable for animals. And in this case, it
is needed to separate the habitats of seaweeds from animals to prevent from overgrazing by animals such
as sea urchin. The next, physical and chemical factors that can be controlled by contriving the coastal
structures may be light, wave, and substratum. But, obviously, control of salinity, nutrients, and turbidity are
thought to be pretty difficult. I propose two types of coastal structure designs that have functions of sea
urchin coexisting with kelp based on these results.

i. Composite Breakwater with a Detached Submerged Mound

[ arrange the "Composite breakwater with a detached submerged mound" to the habitat of the kelp and
sea urchin. This breakwater system has been originally designed to move the concrete armor blocks of usual
composite breakwater offshore and make them into submersed mounds, not only for suppressing wave
pressure but also for utilizing the space between breakwater and submerged mound as the nursery ground
for fin and shell fishes. But, it may be easily noticed that the top of the submerged mound is more suitable
for the growing of the seaweeds than this space. At the top of submerged mound, shallow and level space
is formed. And growth of the seaweeds is expected due to improve the light condition and increase of
settling space. Wave condition gets harder because that depth of the bottom is reduced. Thus, algal bed
formed on the submerged mound is protected from grazing of the sea urchin by the hard wave. Seaweeds
isolated from this algal bed may become drifting algae. They are accumulated on calm area formed between
breakwater and submerged mound, and become the food of the sea urchin. This calm space will be used
for habitats of the sea urchin. This space may shift to coralline flat because of deep, dark, and calm
conditions, but it is already known the state of coralline flat never has a bad influence to the settlement
of the sea urchins larvae. Conversely, coralline algae induce the larval settlement and metamorphosis of sca
urchin. An upper half of breakwater is cut off to make a shallow space (Platform). Even in coralline flat
dominated area, seaweeds community grew near the water surface of breakwater. And increased production
of seaweeds may be expected with such a reformation for extension of shallow space.

ii. Habitat Separating Breakwater System with Electrodes

I propose a new breakwater system that keeps separation of the habitats of sea urchin from kelp more
effectively by using electrode. In the system, consisting of two steps for growing places of seaweeds and
animals, the upper step backed by breakwater itself is enclosed by the anode and used for the growth of
the kelp and the lower step backed by the upper is used for the rearing place of the sea urchin. On the
upper step, the kelp are protected from the invasion of the sea urchin by the anode, and growth of the kelp
is prompted due to improved light and wave conditions because of shallow depth there. Besides, the kelp
grown up well are torn off the substrate to become drifting algae, and they are accumulated on the lower
step, thus contributing to the food of the sea urchin. Moreover, even if the sea urchin would exist on the
upper step from the larval settlement or possible invasion at accidental stop of the electricity, they seem to
lose the sticking power and fall down to the lower step when they come to touch the electrode. So, the
condition of the upper step may be kept free from sea urchin with little maintenance. This breakwater
system is examined only from the point of biology, and never tries to study about the tolerance to the wave
or cost calculation of the system. As a next step, it will be necessary to have examinations from the points
of civil engineering and economy. '

Keywords : Coastal structure, Coralline flat, Strongylocentrotus nudus, Laminaria religiosa, Electric barrier
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Fig. 1 Map showing a power plant and investigated
stations. NR; Northern rocky station, NE; Exposed
side of northern breakwater, N ; Sheltered side of
northern break water, SS; Sheltered side of southern

breakwater, SE; Exposed side of southern
breakwater, SR ; Southern rocky station (Dotsu et
al., 1997).
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Fig. 2 Schematic diagram of investigated breakwaters
(Dotsu et al., 1997).
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Fig. 3 Schematic diagram of investigated rocky stations
(Dotsu et al., 1997).
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Fig. 4 Schematic diagram of hemispherical plaster block
for measurement of wave forces (Dotsu et al., 1997).
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Table 1 Schedule of investigation (Dotsu er al., 1997)

Year Season Dates

1989 Fall Measurement of wave forces Sep.24-27
Biological surveys Sep.22,24,27-Oct.3

1989 Winter  Measurement of wave forces Dec.15-17
Biological surveys Dec.6,14-17

1990 Spring  Measurement of wave forces Apr.20-23
Biological surveys Apr.19-22,24

1990 Summer Measurement of wave forces July 6-9
Biological surveys July 5-7

Table 2 Wave conditions of investigated area (Dotsu et al., 1997)

Hard

Seasons  Fall «— Winter

Stations* NE +—

Depth Shallow

Calm

— Spring, Summer

SE«<— NR, SR NS, SS
Deep

* See Fig.1 for abbreviations for stations

_9_
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Fig. 5 Seasonal variations in the rate of plaster weight
loss at 2m depth at each station(a), and relative
weight loss of plaster at different depths at each
station(b). In the latter figure, each relative value
was obtained by dividing the average weight loss for
four seasons at each depth at each station by the
weight loss at 2m depth at Station"NE"(arranged
from Dotsu et al., 1997).
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Fig. 6 Relationships between total percentage coverage of
seaweeds and depth of each investigated station
(except coralline algae, Dotsu et al., 1997).
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Fig. 7 Seasonal changes of densities of the sea urchin,
Strongylocentrotus nudus in each area of the
investigated stations. At breakwater stations, each
station was divided into three areas (Dotsu er al.,
1997).
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Table 3 Gonad index of the sea urchin collected at the
breakwaters of Tomari power plant

Season Date Test diameter Gonad somatic index
Fall Oct.3,1989 53.6+8.5 5.95+4.24
Winter Dec.7,1989 45.6£11.0 3.88+2.93
Spring Apr.23,1990 44.1+9.7 5.28+2.69
Summer Jul.8,1990 44.9+15.7 7.54+2.53
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Fig. 8 Flow for realizing the optimal coastal structures
that have function of the habitats of benthic marine
organisms (Dotsu er al., 2002a).

D ERERL, EAERORREGHFEMESENOH
mYEE (RiE) &, R&EICHA Y A a U THE
ﬁ%ﬁéhfwékwﬁﬁﬁ%ﬁé’tﬁféto
ZIT, o 5T/x:/7ﬁﬁmw
FSCRAR 22 1] & Dl Tét . WS OBREE < AW
%#%%%ﬁﬁ%@%ﬁf%(ﬂ@ﬁ)&wvt
RNLE=HFY T ETHIZEE LI, E=4Y
I ERBMRT HICHTD, BEEICB T AR YA
A UTHEORAKELIET S L & bIT, £h
ORI 2AEMBIEABEESR GkAFFE
Fr) ORBHEOREZITo .

1) Ak

(1) EBEICHEITDHRYV AT TEREEDER

17

ﬁﬂ%@&ﬁﬁ(mw)'ﬁwf 199348 A
23~28HICMT TR Y A a L THEDOE BEOHR,
BLUOWEMEOBME HELZ AL L TR/ —
) TEKICE D BIREBIZERToT,

Q) EMBERAXKAARLHERDEE
FEBEERE L LI, FEI0A2~8RIZKY
A THEFEROUMMS (B OS-1, S-2) &
BeBE T2 (AR Y A 2 v TRETR S BT
LHEMWBIWOSIB I OBEMMP LI N TV BIA
@ﬁ@mnoﬁﬁﬂmﬁ%$%ﬁ$ﬁﬁﬂﬁtt
TEREL, EEOKIR, HSONESZRES
6&abk,amdm®mmﬁmﬁ% RE LT,
(3) £EMRE

BE SNI-BBAEHAIZE T, KAGEER
B, HPUCHER L8 o IR E 713
EARE L, £/, SHAOEEL Y 17~201H
B U =% RIELIZERRL, HILENEDE R
EL, AFREETNUNOEHGIZHBELT-R, £
NENEZ9OC T2RFMLL LR s &, tHEZHER
D%, UToRICk > TAEMBRIER (GS) 2&E
E L7,

ARRER (SRER)
#H(GSI) = 00
RS (OSD= = e mmEm)

2) #R

(1) K& -

KR - 3 @ﬁn_\ﬁEFglo_rij H(aRi:
WOT-1ZEBITAKIBIIRENO TEBET—ED
BT LT, R DS-1~S-3Tlx, KEFMIIET
RREHNL LN, AKFELSMUETIEI—E



S - i

Ly, HEMOELRELNLNSTZ, T-1 128
AR, KB ERERICREND TEET,
33.0~33 20 TIZIE -ETH o7z, S-1~8-3
DO HEIC R E TR, AKELSm{T I8
LI EN A LI, ERLRTIE33.9LT-1L09
HE < o Tz,

(2) BEMF

I NZ Jehin L7 K BIEZ OFE R, Wy
TR A THEOGESHR LT, KV % a
CIRERIE, () EEETHEA LY~ T Rk

< f,;otfa%k'ﬁ, (b) Hiifr, (c) bl LC.EOTLJ
PSS Nz mic T TRk S T
(Fig.11), Z®D 55, (c) I\ TIESmX SmD i
HIHFE & MER CE DGR OB -T2 2 b,
£7-, ZFEOHHIC L W OBENC X - THATO
MO AEEMENR S D Z ENBZ N0, FEM
SN BERA LTz, R Aar TREEOMSE L L
T, (a) DS-1L(b) DS-2%& s L L T
L, BBETHIZS3ET-12RE LT, TREhD
i i A 7 EHEZFig 121, £z, #HiF
WA DL FIZR LT,

SAKAZUKI

w29 %

STUDIED
AREA

Hokkaido | TOMARI
©

0 1 2km

i : ; Monitoring point

of wave condition

Fig. 9 Location of investigated station of preliminary
survey. S-1 and S-2 were located as kelp bed
stations, S-3 and T-1 were located as barren stations
(Dotsu et al., 1998).

LA A SRR

@ RY A TERh S

1: RV A TREEONRE E L TRBKIC
&Ebtwﬁf,ﬁﬁﬁﬁwumﬁb,m%@
3.9~5.0mTd -7z, WEITRER (SmX5m) X
DHERLRREWIBCET, BELYELIRoTWY
e,

S-2 : S-21FS-1 L RIARIZH Y A a v TEH O
F L UTRE LT, S-10000 O KIES.
5~5.8mOFPH TH > 7=, MFEIT A & iia TR
RE Tz,

@ g (3

TR O BERE T I & L Tt E L7z AT,
sa;w%&%%mmﬁt,m@@4&42m?%o
7o WEIRITEHE TR STV D A3, RIIZITIE
WHIYS0ME, RERAZLIL, KERENPNS DY
%EW%OK%M%%LTVtO

CPEBE RO & LT IC R E LT

Water temperature('C) Salinity

16.5 17 17,56 18 185 32 32,5 33 335 34

O ™ 1 O 1 1
2 1 - 24
5 _ i
£ 4 - 4 -
< 1 {——0—T1
6 - - 6 —0—S-1 -
] —e—S-2
—a—S-3
8 T T T 8 T T T

Fig. 10 Vertical distributions of the temperature and
salinity at each station. Measuring date were as
follows, S-1 and S-2, Oct.3,1993; S-3, Oct.4, 1993;
T-1, Oct.7, 1993 (Dotsu et al., 1998).

(a) : The place swelled up like a
mound from the surroundings

4 Z

vl

o Y 75,
5/,."/}///, .

' 4%,
5, V// f"” ’//1"/,.// Yo

ok (b) : Boulder zone
ock
7 ///////%
2 R(’Ck% (c) : Isolated rock surrounded by
Sand (c) sandy bottom

Fig. 11 Schematic diagrams of the different places where
kelp beds were formed (arranged from Dotsu et
al., 1998).
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Tomari area, coralline flat,

1998)

Kelp bed Coralline flat

S-1 S-2 S-3 T-1
State of the seabed rock rock and boulder rock rock
Individual numbers of L.religiosa 1187 1808 not observed  not observed
Cover of the crustose coralline algae 78% 5% 100% 93%
Cover of Ralfsia sp. 14% 13% 1% 1%
No.of the algal species* 12 7 7 4
Individual numbers of S. intermedius* 22 16 18 1
Individual numbers of S.nudus* 30 3 175 412
Gonad somatic index of S.intermedius 13.6 17.0 16.2 3.9
Gonad somatic index of S.nudus 7.3 9.6 8.5 2.5
Individual numbers of H.amussitatum* 162 478 907 1201
Individual numbers of H.discus hannai* 53 30 9 4
Numbers of the benthic animal species* 24 15 21 21

*k each value shows the numbers in Smx5m area
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Table 5 Gonad index of the sea urchins collected at each station (arranged

from Dotsu et al., 1998)

S.intermedius S.nudus
Station n average SD n average SD
S-1 17 13.55 4.31 20 7.34 3.03
S-2 20 16.98 3.76 20 9.60 1.76
S-3 20 16.19 4.57 20 8.52 1.99
T-1 20 3.90 1.92 20 2.46 1.32

Table 6 Test for the significant differences of Gonad index of
the sea urchins collected at each station (Mann-Whiteney's
U-Test, arranged from Dotsu er al.,1998)

S.intermedius S.nudus
Station S-1 S-2 S-3 T-1 S-1 S-2 S-3 T-1
S-1 - s ns - s ns S
S-2 - - ns ns s
S-3 - - s
T-1

s:significant difference was observed, ns:not significant
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Table 7 Schedules for measurement of wave
conditions using electromagnetic flowmeter at
Sakazuki and Tomari (arranged from Dotsu er

al., 1999)
Area
Years Seasons
Sakazuki Tomari
1994 Fall Oct.10 - Oct.22 Oct.10 - Oct.22
1995 Winter Jan.22 - Feb.4 Jan.21 - Jan.28

1995  Spring Apr.14 - Apr.27
1995  Summer  July 9 -July 24

Apr.13 - Apr.22
July 9 -July 24
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Fig. 14 Mosaic photographs showing the bottom feature and vegetation in permanent quadrates at
Sakazuki and Tomari stations. a, Sakazuki (Jun. 1994); b,Sakazuki (Jan.1995); ¢, Tomari (Jun.1994)

(arranged from Dotsu e al., 2002a).
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Fig. 16 Seasonal changes in water temperature (a),
salinity (b) and dissolved inorganic nitrogen (c) at
0.5 m above the seabed in the two investigated sites
for the period from June 1994 to December 1996
(Dotsu er al., 2002a).
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Fig. 17 Seasonal changes in estimated underwater
irradiance (PAR = photosynthetically active radiation)
at depths of 0 m (Io), and 4 m of each station and
at 6.2 m in Sakazuki site for the period from June
1994 to May 1995 (Dotsu et al., 2002a).
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Fig. 18 Secasonal changes in water movement induced by
wave action (daily averages of significant value of
velocities=V1/3) at 0.25 m above the seabed in each
site. for the period from June 1994 to December
1996.  Arrows indicate  periods  when  the
electromagnetic flowmeters were used (Dotsu et al.,
2002a).
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Fig. 19 Scasonal changes in the appearance rates of
S.nudus in which new ring were forming and right
after formed on the genital plates (Dotsu er al.,
2004).
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al., 2004).
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Table 8 Ages and test diameters of Strongylocentrotus nudus collected from Sakazuki and Tomari (Dotsu et al., 2004)

Ages 1 2 3 4 5 6
Month after hatching 11-13 23-25 35-37 42-53 54-65 66-77
Area”’ T S T S T S T S T S T S
No. of samples 67 10 29 42 37 74 56 172 78 35 48 22
Average test diameter (mm) 12.35 18.49 23.20 28.64 2520 3448 33.20 38.01 36.55 46.43 40.55 45.84
Standard deviation 1.92 2.79 2.82 344 2.81 534 542 5.96 5.08 7.31 5.03 3.82
Significant difference * % * % * % * % * % * %
Ages 7 8 9 10 11-

Month after hatching 78-89 90-101 102-113 114-125 126-206

Area” T S T S T S T S T S

No. of samples 26 25 32 20 57 34 62 38 69 40

Average test diameter (mm) 4249 46.63 4582  48.36 49.03 48.18 51.04 51.28 53.63 5494

Standard deviation 3.07 3.25 4.32 3.20 5.37 4.05 4.75 5.43 5.13 5.81

Significant difference * * * ns ns ns

*1:T = Tomari, S = Sakazuki,

**p <0.01, *p <0.05, ns: no significance (with using 7-test).

For the one to three years old groups, samples data collected from September to November were used, and for the over four years old groups, to
replenish the samples for statistical analysis, data from June to May were used.
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Fig. 21 Seasonal changes in gonad index of sea urchin
at both sites. Vertical bars show the standard
deviation (n=30)(Nomura et al., 2006).
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Fig. 22 Seasonal changes in ignition loss of the gut
contents of S.nudus at both sites. Vertical bars show
the standard deviation (n = 20) (Dotsu er al., 2004).
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Fig. 23 Seasonal changes in the densities of S.nudus
inside and outside of the permanent quadrates at
Sakazuki and Tomari for the period from June 1994
to December 1996 (Dotsu er al., 1999).
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Fig. 24 Seasonal changes in the density of S.nudus and
cover of Laminaria religiosa inside of the permanent
quadrate at Sakazuki for the period from June 1994
to December 1996 (arranged from Dotsu er al.,
1999).
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Fig. 25 Schematic illustration for the mechanism of the
formation of kelp beds at Sakazuki area (Dotsu et
al., 2002a).
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Fig. 28 Number of S.nudus having migrated from test
facility to surrounding or surrounding to the facility.
In September and October 1997, 250 individuals of
the sea urchin (10 ind./m2) were released on the
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in the surrounding was arranged to 10 ind./m* (B).
Positive numbers indicate sea urchin migration from
the facility to surrounding, and negative ones from
surrounding to facility (Dotsu et al., 2002a).

L, BENERTCY=0TEI 285 L, EMIZ
X250 =R ABGIER, &R TH E L7 BN
MEDT =D A B = X LE ZSNW TS L=
GEHE: - 22 AR, 2005),

1) M EAE

(1) EREZEDHME

fi 5% OMEE & Fig 31 R Uiz, @ik, B
(DSE#EM), HHe#ot+H, &EfokEmy v
SN TED, b EFERIC00LOFRPAFEHN
(CRRIE L 7=, BRI IR 75mm oD T [ [/ 0 5 3 0O Fx
ERSLEENMTHON TR Y, = OmEE f O PEERh
WARET 5, B AKIL B L D200/ THAKS
U, Al & KBS R OB ORI lem D BRI 28 1 |
AKIEEmOH L Y HEH S5, iR & 2T —
T KV EREREE B STV D, BT
BIFEEIC L > T, 0~1ADHFPHOLEDOHIZE

250

~ 1501 ais

Test facil 7
'i-:)/ ility Length -
= —O— Density o
& =}
5 1004 F150 3
] 8
3 100 ;
< s0d 3 3 3 I 'z
. : Ty :
E Z 274 rso 2
g 2 A Z ) 2 i,

J FMAMIJ J A S OND

250

g 1501 Control facility A Length
= 3 200 =
‘a —O— Density =]
8 1001 SENR
. .
<
T 50 E K 3 P g
g 5 s 3 &
E £ i 2 - 50
§ 0 S e o 'z° T T T -2 T % T T 0

J F MA MIJ J A S OND

1998
Month

Fig. 29 Seasonal changes in the maximum blade length
(¢cm) and density (ind./m®) of L.religiosa at the
upper surface of facilities (Dotsu et al., 2002a).

s

Control facility T
Fig. 30 Mosaic photographs showing the upper surface
of both facilities at June 1998 (Dotsu et al., 2002a).



EHE RS XD A B R

WMOBRENFRETIH DA, A EIO@EERORERT
1%, 02A (0.67A/ m?) ([ZEMAHEL-, P

STFHTOIL, BREfMETLELE LI, D
MRS MIemDOE ERoOR A HEE L, LA
& KA I i O R i B K A HA D 7= 8 O B [ % il £
L7,

(2) E#H

AUBR (2132001428 H (ALl T AT Hh Je T ifa g <
Niex 227Xy, V=13 A%-
7251 T HE A5 O g AL b B FE AT I BB % L
fHfE OBIHKIR X 0 b5 CTIRWIHRTAK 2 i T
TKRETTT Z AL LTER L, TOE,
HTIS U ATHIRY 717 00 Vg A= F 2R A BR 35 0O i 5 K JRLE 78
U = O IRFFHN D20 CLL T & 72572 2 & A fife il
L7z, EiEBRG~BE L (20014:11H7H),
RBRBH A £ TS50LA S T A4 MARERNIZIHS VT
KEME T Ty =HEAATE (B ARRPE T3S
fREY, S IZ3 AR AL LT, RERBBET

110cm
le—— S0cm (=)(+)

\
\\
=

70cm

| INEENEREN

Fig. 31 Schematic diagram of the experimental apparatus
(Dotsu and Sasaki, 2005).

L L=, REBRBRIGHEIC T B 7 = DR I1E52.2
+6.3mm (14{EKRD ) L fEAEfF ) TH o7,

(3) HMA~DIELBHAY KB

PN ~DIRABS IR 2G5 Z L A HRY
E LT N A~DIT BN 0 3Bk | A2 9506 L7,
AR (IIEWERE, BERFENEIUIZOWNTITH 72,
MFE@EER O B0 iR 13, %k omER
ORBRICEB T HEMONEE BT D201,
BRI E LR WIGE I A2 A Bicimd 5 &
VNt E EETEBOEOICBEITS I LA HE
RETAHZEEEME Lz, £, TEEROZW
En iR 1, BREICEE LSS A +
BLRZEMLTHLY =05 EE TEEDEDIC
RBATHZ LI TERNWI L EFEIFTHZEAH
M L7,

FNENORERIZHT=> TIN T A hKFED
U = 14fER AR BOKEICE LB, ZHMOH W
BN T E L2, RBRETH £ TI1x, 20
210\l A 7 4 A TR EH A& bR 25 44 JES i | B Al
L7z, ABRBAGRIFICITREE 2 2 TEREL, &2To
BRSNS A A LTV D Z L2 iEROD D,
U =% T oI B0 RIS (A ES)
~ELEATELS0 g ZBLE L 7=, sBRBAMG DL, —iE
Rl iy =D EZBEET D L L bicking
VTRIZFEk L7, FE@EEFEORERIZ20014E12H 11
HEVI2H 128 £ T, @ERORERIT20024:1 4
10H X VW24H £ TOI4H B EfE L 7=,

(4) B~/ HRER

PPN FEEROFE R 2 517 C, EMITEEBEL-HE
(ZBWTH, TfH Rk L7y =28 E A~
THAREMENH Y 95 Z & 2 FEIET H - HICAR
B 9k Uiz, sBRBESAE TN T A FARMITE
#LI2U =% LEOPREIIC I~ 2 KT S L,
il (FEhg & OHR) F TORERMEB L OZE D
FORNEBET DL LB, V=D1TEIZVTR
\ReEk L7z, RBRIT@ER O L L, 20014E12H
27THIB LT, 20024E1H9OH~1H10HIZTTH
sF130a] (140EA) kR A ol L 7=,

2) WwBR

(1) EBERFDITLHMNY HREE

AR PR 46 1% O B BIZERE D ¥ = O 3 A R L % Fig.
32" LT, BRI o /kiRIX17.9-184CTH -
7=, BAGATZIREE B £ T, 2 TofEn K -
(2434 LT 722y (Fig.32a), 285 B IS 2fF &
PABER 2% 0 #h  (Fig.32b), 3BRR] B (i 14



EE MRS KD A BSIER

NEMEFEVBZ, LA EEICERELL (Fig32
¢, £D%, FEEO Y =N HEEZROTLE LM
BT S XK 9127y (Figd32d-h), HKI32FfH %
Wi, 8fifko v =pEMmEmED L ILEBOA
MotH Em~MRAL (Fig32i), RBRER K
D, EMICEEZEMLRVIRECTHE2 & I
Tmd s o=ttt EE CEEDZDICBET
5T LRI,

(2) BEBOIZLHH Y HER

HERDR LA % DBLERIE D 7 = D 43 Hi kI % Fig.33,
34TR LTz, RBRBHAG%S H BIZiE, ALk 7=9,
2RO MR E AT L72CaCO: &0 L Y & 51
RIS, KFEE 2 1ZCaCO DMt 3 L OV
= XD PR SN2 CaCO BT AWV ENBIET D
Lo o7 (Fig34b), 6H HIZIX, LHEDE
B D BT v 7T BEENRH LT,
EBRRAE A THAHANMRATHZ LIETE Aotz
(Fig.33d, 34c), ZOHEEREDIIWH Y RERIZ
BWTIE, FBENLABRKETEOI4A B £ TEM
iz CtEE EEICEBAT A EEIZUERLBD
bivZeino7c (Figlla-g), MR THREBEELE
IELTHEEME L 25, KM% IE
BN LERRBCTEELZITORINBEIN:
(Fig.33h, 34e),

(3) EFEA~DRRHER

RERFE R & Table 9T R LT, FIEBORBRT
X, v=2fAk (-1, 1-2) 2B RICKEL
oM, 2R E b B ICAMAliz - TRE A

BtA L, Wi caE0Rn (BiL 08)
~EGEL, MEERE33REIC, b9 1ERIT340E%
WIXBIATET D ENTET, FOEEAM
JKEE TH T Lz, 2B HOREE (1-3) T, 30
BWTEEBRUETRELEZDY, TORBADOER
ZtEEHEICTESETEDL TR RELE Y,
ZOAREEN LIE D Mk L7k, mAIZIART D
BENTHELVEEN, 104 ICREBEOERN L
BN ORIV TKIEERE % T L1, TOH%RORER
Th, 14, 222D0FXFERRLRFBETZLED, K
R £ CTEEBO S BIZE T LTZ, B,
W E TOBIEFLEITEH408, BT £ TORERI
S TH o712 (1-4, 2-220FERE2R<L),
14D I HKFE% L6 LEE2 T v F AiZiEwv
Bl 721%, 612k EREOAIZEELR, 1o
10/0#%121%, BR+EAY L6 Emicfisd s
FEAOREFBICBELZ, 120320123 &K %D
BREN LR EHI VAN L2 b ST
L lid oz, L, BEEOBEASEHS N
BRI SN TE LT, ZOHAESICE A2
BESE WD Thotz, FDH%, 14550710%
WA O FTEEMmRIZSD TR o REEE 22D, ik
T 145324F0ICE T LTz, 2220 IT TR E %,
TEEEHICEREZED KSEEFIE LT, ZHRURE,
19RO ZEDEEDRETELBIHTHZ L7
SHERB LT7-To, LHEREETKEHEKL, V=
ERELE, SEORHRBRO/BER, FH1-4,
220855 DEE, BERAMASKIE LY =1%

Table 9 Results of escape experiments (Dotsu and Sasaki, 2005)

Date Time Individual Time to reach  Time to fall Note Temperature
number the edge (sec.) down (sec.) C)
Dec.27,2001  14:00 1-1 29 33 Two urchins were released 13.9
1-2 29 34 at the same time.
1-3 30 104
—_— 372 864 Urchin moved to the corner
of the mound
1-5 22 26
Jan.9,2002  14:10 2-1 70 180 13.9
Urchin was remaining in the
*2-2 center of the mound for
nineteen hours.
Jan.10,2002  11:00 3-1 24 31 14.8
3-2 42 155
3-3 43 123
34 35 149
3-5 45 65
3-6 67 216
3-7 48 56
Max 70 216 Excluding the case of *mark
Min 22 26 trials
Average 40 98
S.D. 16 66
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Fig. 32 Distribution of S.nmudus at the invading experiment in non-energizing (Dotsu and Sasaki, 2005).
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Fig. 34 Result of invading experiment in energizing. a : Experiment start, fed 50g
at the center of the mound. b : Five days after, sea urchin grazed CaCO;
generated from cathode. White excrements were scattered. ¢ : Six days after,
an urchin which tried to get over the electric fence. d : 14 days after,

experiment end electricity off. e :

14 days after, one sea urchin got over the

electric fence and fed on the mound (Dotsu and Sasaki, 2005).
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Table 10 Environmental factors that affect the condition of rocky benthic organisms and methods and difficulty
of the control of each factor by contriving artificial structures (Dotsu et al., 2002a)

Environmental
Effect on seaweeds

Effect on animals

Methods and difficulty of
control by contriving the

factors
structure*
animals . . .
. . . overgrazing - @ separation of habitats
Biological  (herbivorous)
factors seaweeds growth and
(prey) survival
. rowth and bottom up and addition of
light & . - @ oomuwp
maturation horizontal spaces
rowth o .
& . inhibition of grazing
wave (absorption of activi bottom up
Physical nutrients) v
and substratum supply of habitat  supply of habitat addition of new spaces
chemical  water rowth and rowth, survival and
& . g . . use of thermal effluents
factors temperature maturation grazing activity
. rowth and .
salinity g . growth and survival
survival
nutrients growth -
- rowth, maturation
turbidity &

and survival

*: @= capable A =slightly difficult X = difficult
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Fig. 35 Sampling station and classification of area of
investigation by similarity index (C Il ) of
macrobenthic community (I-1IT) of the sandy coastal
area of Futaba, Fukushima (Dotsu et al., 1992).
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Table 11 Diagnostic characters of species observed in each area at the sandy coastal area of

Fukushima (arranged from Dotsu er al.,1992)

Area and Depth Polychaeta Bivalvia Gammaridea
I Large Errantia, well-developed Suspended feeder Extremely rapid in sand-
(5.4-12.5m) in motive capacity burrowing movement
* Glycera rouxii * Spisula sachalinensis = Metaphoxus sp.
* Diopatra sugokai * Mactra crossei
* Nephtys sp.
I Comparativelly small Errantia Suspended feeder Rapid in sand-burrowing
(9.2-14.4m) and Sedentaria movement
* Goniada sp. + Siliqua alta *+ Urothe sp.
* Prionospio sp. * Synchelidium miraculum
* Haploscoloplos elongatus lenorostram
1 Making up mop-like bundles of ~ Deposit feeder Abundant in number of

(14.5-32.7m) tubes
* Spiophanes bombix
* Ampharete sp.
* Owenia fusiformis

species and individuals

+ Yoldia johanni

* Macoma plaetexta
* Alvenius ojianus
* Acila insignis

*S. miraculum lenorostram
* Eohaustorius sp.
* Many species of

Ampeliscidae and Isacidae

Inside of the port ~ Sedentaria
(6.1m) * Abarenicola pacifica
* Maldanidae

Deposit feeder

+ Yoldia johanni
* Macoma plaetexta
* Alvenius ojianus

Almost absent
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Fig. 36 A schematic diagram of composite breakwater
with detached submerged mounds (Dotsu et al.,

1996).
Inside of Outside of
the port the port
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Submerged mound
Migration of sea urchin
Fig. 37 A feasible application of composite breakwater
with detached submerged mounds as the culture
ground of the sea urchin (arranged from Dotsu et
al., 1996).



TEH - S X D ARG ISR

LY=L 2 51Fh, BEFOMBIRE L
THERET B,

(2) D—DEEG

Piite TBea v =0AEFLE LCRHAT 2, F
T TE  BEIRAEZR R Z & D, U=iTe o
TIAFE 2R BRI DT AL S 4L, VEREE O BRI T 11T
TERWVD, EEMLINEEE LTS h s =
YL ST, ZIWERT B T =fPEEREEAN
KEIND,

BB CTHENTa TERGIL, W< OO
=y MIXEINTEY (Fig40), 2 ChHh2=vy
MIJAFBEETLZELETH LN, —HiT)E
FWMEL, I TOlEETOMGBIRE L, KOO
oy 2 7RI R Lz R Gl A 2 1k
L, V=Z2RASEDLLEWI LI RFEHALELE
AoND, EOXIBRFENRLDEREND
ZLIZOWTIE, EHITHETTAMNEND S,

neeEs
HRIE DR RO B 7 & DM RS EY i,

U=, TUCEOHRAEMNLEELL T\ 5,
IO OBEEWIEL, KELEYMTH D, =
T EOWERBEOREAME L TOMEEAL
MR OBNLTE D MR/ LT, Wb
DOHBEBEIRREA SIS 23, TORE, Bl
FHARIZHE Y, MEHROAFEE IR TS5 2 &1/
2 WHSOAEFEEOE FOT-I121E, HERaE O
RERTENWI ZENEEL D,

A CiE, £9°, ALEEE AR EIT ORI
RICBIT DX X AT VX0 = LHEAD DA ERE
AL, FEBATBAIRICIIMBD TEHL O v =)E
BLTWDN, MEEATEH Ty =R L
THBNIRE Y A 3 7O KRBMERITIE L A Y5
ML TWRWNWZ &b, T3 EBHERNRERZIC
Lo T, AMEROREERH SN TND L, E

Platform

Fig. 38 A schematic diagram of platform as an attached
facility of culture ground of the sea urchin using
composite breakwater with detached submerged
mounds (Dotsu et al., 1996).
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Fig. 39 An unit of habitat separating breakwater system
with electrodes. a;culturing space for kelp, b;cathode
(substratum for kelp settlement) c;culturing space for
sea urchin, d;concrete armor blocks, e;trap of drift
algae, f;anode (inhibition of urchins invasion) (Dotsu
et al., 2002a).

7 f ' concrete armor blocks  culturing space for kelp

Fig. 40 Outline of habitat separating breakwater system
(Dotsu et al., 2002a).
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