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Assessment of fishery resources enhanced by bamboo reefs on a tidal flat
Tatsuo Hamano' ", Yoshimi Yanai' and Yusuke Yamana®

Abstract : Bamboo reefs were set on a tidal flat in the western part of the Seto Inland Sea on May 27,
2006. To examine the propagation effect, various experiments were carried out. From inside the bamboo
reef, animals were monitored using an underwater CCD camera during spring tides in August, September,
November 2006, January, April, and May 2007. A total of 5,640 individuals were observed (22 fish spe-
cies and 2 cephalopod species). And fishes are feeding plankton inside bamboo reefs, sessile organisms
on the bamboo branches and epifauna, infauna in sand bottom. A total of 3,731 individuals were observed
by SCUBA diving around the bamboo reefs (26 fish species, 2 mollusk species, 2 arthropod species, and
4 cephalopod species). Also Sepia lycidas eggs on branches of bamboo in June 2006. Previously Aposticho-
pus japonicus had not existed in the study area. These are observed on March 2007 and collected 457 indi-
viduals (95% interval estimation is 1,763 to 2,560 individuals) on May 2007. Mean standard body length of

143—163 (2009)

Apostichopus japonicus of green type was 59.3 mm and black type was 57.5 mm.
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Fig. 1. Study area and location in Hirao Bay. Star de-
notes the experimental site on the tidal flat. TMBL
: Tana Marine Biological Laboratory of National
Fisheries University.
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Fig. 2 . Design drawings of six bamboo reefs as viewed
from top. White circles indicate steel piles and
bamboos. Small squares of B are concrete blocks.
All reefs are composed of 16 piles and 32 bamboos.
Shaded area denotes the tidal flat affecting by
bamboo branches. Number of the blocks in B1, B
2, and B 3 are, 120, 240, and 120, respectively.
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Fig. 3 . Arrangement of bamboo reefs. A1, 1 m-grid
type; A2, 2m-grid type; A3, 1 m-squear type.
B1l,B2 and B3 areequalto A1, A2 and A3
with concrete blocks, respectively. Stars I and O
den())te the sites of underwater CCD camera (see
text).
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Fig. 4 . Animals observed using an underwater CCD
camera. a, juveniles of black rockfish Sebastes in-
ermis ; b, Schlegel’s black rock fish Sebastes
schlegelii ; ¢, Japanese sea bass perch Lateolabrax
japonicus ; d, school of Japanese jack mackerel
Trachurus japonicus ; e, school of black sea bream
Acanthopagrus schlegelii; f, surf perch Ditrema
temmincki ; g, school of rudder fish Girella puncta-
ta ; h, thread-sail filefish Stephanolepis cirrhifer.



SR O A Wy s B A 147

& b WA D% Do 788X 7 0 A Acanthopagrus schlegelii
T, WHBMEAED8.2% % w7z, oMz, vy
F I Ditrema temmincki (18.0%), 751% 27 F A4 77 ¥ Engraulis
japonicus (9.4%), * I F Girella punctata (8.5%), <7
Y (1.2%) BENEH o, BB, 200744 JiZv
%2 Octopus vulgaris, 20074E 5 FZT F 1) 4 7 Sepioteuthis
lessoniana DMEE S Tz ONBIGHE S & ORI

20064F 11 IZ 14481, 726 M@K, 20074F 1 712 3 FES2E 4 &
%olze TNHOMB L OHEEOT— 7 oitH s
7ML AR RS EL'Y Shannon-Wiener's H'I&, fEAKIRINIC

S kil idR & < 2 22 R L7 (Fig. 5).

/KR I3 20064F 8 J11228.9T,  fReEokiRIZ20074F 1 12
9.8CARLER S, L HRILIX20064F 9 I IR KEH =

30 -
S 20
~
= 10-
0
@
(4]
=
<
L
el
k=
(=}
Z
w
3 15
2
& 10 I
o 5 4
Z
0
2|
.% 4
= 2
= 1 &
o
5 0
]
=
wn

Aug. Sept. Nov. Jan. Apr. May
2006 2007

Fig. 5. Monthly changes of surface water temperature,
abundance of animals, abundance of animal spe-
cies, and Shannon-Wiener function (H'). Water
temperature was measured at high tide in the
morning. Stars denote the values obtained at the
site of star O of Fig. 3.
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Animals observed by diving survey. a, juveniles
of black rockfish Sebastes inermis; b, school of
Japanese jack mackerel Trachurus japonicus ; c,
striped beakperch Oplegnathus fasciatus ; d, school
of rudder fish Girella punctata ; e, shore swimming
crab Charybdis japonica ; f, minor octopus Octopus
minor; g, egg sacs of Asian rapa whelk Rapana
venosa ; h, eggs of cuttlefish Sepia lycidas.

THEEE DS 05 7= 10D 5 &, J&0KICkE L&
ERL ENDLHDI, %7V, ATVF, rus(, 125
A Oplegnathus fasciatus, 7 7/ A Sebastes schlegelii, 717
INF Stephanolepis cirrhifer D 6 FEiTdH - 72 (LR ZER
[FARLAFAEN S fAME) (Fig. 7). I o omBLEESR
(6 A~8 1) WIhEH, EFO#HbY»oHF (9 A~
1LH) OEOICHFTE=2 Lhot, 0%, 4% (12
H~2H) IZREBEALHBEINT, RKbhr—7Va x5
CEBE=Y ) Y 7ICE DAY OMBLE ARkOMET 2R L
720

F#ieF D BRAE

VHBED D B 1 o % D20064F 6 112139 T2, 7
HBLOEEMICSORAY T VY RPELEL TWEh,
WHED T A 3 F) A A OIIDERFT b Tz, &
7z, rORPRT F7 4 FHHERL, BTy 712
HEL TV @M 70y 7ORATE, 77400971,
A A Lunella coronata coreensis, & 7 AV 5 = Hemigapsus
sanguineus?s, 70 v 7L 70y 7 ORKTE, FaTE
BRIH AL B SN THICED L, fHHICK
B HAEL emfEEDO RS TEHERICHER S NE Lo
(Fig. 8)o FIROEII8H, 9 HHL WAL, KL
HICE A BT 58 b M F A H A Musculista senhousia D
V2R SHEEL L Tz 3 A, e &E R E S v
ADTVYRICYH, SEICLZBEEERPEHOND LD
Ko7z (Fig. 9). F72, TORMICIE, TEEmIZY
A Z H A Glossaulax didyma DIIYL (WSFHE), o £

10000
——MAAJL 7. japonicus
-0 MEJINA G. punctata
— e —— KURODAI A. schlegelii
b ~0- ISHIDAI 0. fasciatus
< 100 —=—KUROSOT . schlegelii
" & KAWAHAGI S. cirrhifer
z
10
1

May dJune dJuly Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr.

2006

2007

Fig. 7. Changes of number of individuals of six commercially important species.
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Fig. 9 . Predatory marks from fish grazing on barnacles
Balanus albicostalus on a bamboo in July 2006.

T =Y OYEDFEART STz, 1012, BT
0y 7 D2 R R DGR 4 7 ¥ Saccostrea kegaki?®H
WA &9 ek o7z 100~11AO—FEHICIE, &BAo T
He TEEIMIZ~ & b T Asterias amurensis DSag e L, 10
H 9 Ho®MIZIE, & N FFEAFT AT 2D Biggs
N7z TNHOTE b FIR2007F12F 1L EH L7z, 12
HURE, HM 70y 7 028 RKEmTiE, a9 ARy
Didemnum moseleyi, L7 LA RY Ciona savignyi, 1 %K
Y Batrylloides violaceus 7S $BIEE S 7z, 20074F 3 A0 5
i, ¥~ arEM T Oy s ORBBRTHR IS LI
o7z,

Pk DR & 7 5 7230 2D 7 9 ROFIGRIE
F13, 20064E 6 H122.2 mm, 8 H126.6 mm, 12J1127.6
mm, 20074FE5 H1217.9 mmF TR L7 (Fig.10), 2O
B, EBICBIT 2 AMOBE AL, ki 4 » ik
D9 Fiid, $5100% 12 L7z,

T FTIDHEHE

Wy BF7eftr~a (Faf, Bef)) &, B1 6T
K (38MAfEK, 29MfK), B2 T328MEK (208K, 120ff1E),
B3 Te2ffk (32Mffk, 30MAMK) DFHASTMMA (278MHE1E,
179M14K) TdH o 720 YA 1L, FOEORKIB2 O
77.0 mm, I/NDSB 1 D42.4 mm, BEFOREAKH64.6 mm,
B/NHB 2 D47.2 mm, FIPIHFBHS59.3 mm, HMHE
57.5 mm CTd o7z (Fig.11), il L7288 M 711 v
TDF=5h, E—=F—tFEY 12X kg L 2ziEL R

February

Il ~ March

April

" May

10
June 2006
5
0_ T T T T
Jul
5 - w
0 - L2 S JR R O N 0 I T B T LI
August
|
0 1 L 7 R e e
- } September
5 . { October
2
g 01 AL
2 5. ovember
= -‘il
ﬂ 0- LIRSS MMM B0 B D e L o L S
> } December
S 51
S ,.L-
3 0 } I Ja;mar :2007
Sa] 5 v
=]
Z 0 4 T
b
0
5_
0
5
0
5
0

}‘_

=]

5] 10 15 20 25 30
Diameter of the base (mm)

Fig.10. Monthly size frequency distribution of 20 barnac-
les Balanus albicostatus sampled at random from a
branch. Arrows indicate average size.
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Green type Black type
40 40
] B1 ~=38(from 20 blocks) B1 ~N=29(from 20 blocks)
20 1 Max 75.3mm | 92() 1 Max 87.9 mm
] Min 9.3 mm | Min 18.9 mm
Ave 424 mm Ave 47.2 mm
'L'f) 0 -% LB ELIE BN S0 ) L B T S 0 M-I [T T T r [T r T T[T 11T
v
'_g 40 B2 N =208 (from 40 blocks) 0 ] B2 ~N=120 (from 40 blocks)
=1
5 20 1 Max 139.8 mm 20 1 Max 226.8 mm
'-g Min 14.3 mm i Min 15.6 mm
o=t Ave 77.0 mm M Ave 60.8 mm
o‘ 0 1 T H | T T T T I T T T T 0 T T T T I |-| LI | T T -l Ll
Z. 40 40
| B2 ~=32(from 8 blocks) | B1 ~N=30(from 8 blocks)
20 Max 158.3 mm | 20 ] Max 141.4 mm
4 Min 21.8 mm ) Min 18.6 mm
Ave 584 mm Ave 64.6 mm
0 ‘V_H‘F‘h‘ﬂ L B B B R B L 0 _H%FV_V_F'W_V_I_I_V_I_I_V_V_
0 50 100 150 200 250 0 50 100 150 200 250

Standard body length (mm)

Fig.11. Size frequency distribution of sea cucumber Apostichopus japonicus collected at the bamboo reef in

May 2007.

DEEEIIL, 763~2, 560k (95% EHIXE) TH o7,

FERENMF~an) b, BT Oy 7 OZEN L
M7y 7 MR T KD 76.6% h35 40 L Tz

(Tablel0) . B2 Ti&, MANIACE L7-HM 70 v 7128.6
W/ F e~ 313407295 B1TIE, 184K/
LMotz e, SHEOEM T T Y 7 1B OF-
BRAEE, B1 49341k, B2 255,51k, B3 »37.80H
RERY, &TPETL5.6MKTH -7, BB, FEBR
MWNZREE L7256 70 v 7 of 534804 (B 1 A81204,
B 2 752404, B3 AT1200) TdH » 725, FEERIK THFIZK
FHIEE LT 7Oy 2788 (B 1 I3 EL, B2 T334,
B3 T458) %I &, Kt EICHTWz40280% AR 7
0y 7 e UCRMREICH 72,

Table 10. Number of individuals of the sea cucumber Apostichopus japonicus observed

E =

Kikuchi'” 13, REEREO T < HB 2058 %,
JEMEE AR, FEEAE, —RRsRER, Bk 4 o0
TN— TN 72 WBEEEN BT B SUEEEEDS, Tho
LODT V=TI Lo THRINTWwD Z L, HFIC
ATH MR E S5, KENREM TR L,
JAEEEREL, 7 3 ANF Rudarius ercodes, /NRUNEHEIZ
RESN2MHT, KELEEHL SN2 b0E3EENE
Vo FEEEEREE, RERUNCESS A RIS S AN,
5 A Pagrus major, HINFx &, % OIKELEEMED
EEND, —WERIEREE, W% &R WATENHIP % FF
L, EICHEEELHMWE U ORISR IS8 1 ORET 5

(average)

from blocks of bamboo reefs. 20 blocks from B 1, 60 blocks from B2 and 8 blocks from B

3 were inspected.

B1 B2 B3
Shore*  Offshore* Shore* Center* Offshore*
Upper 10 (1.0) -0 - 12 (.6) 37 (1.9 24 (¥
Inside 24 (2.4) 14 (1.4) 19 (1.0 68 (3.4 86 (4.3) 24 3
Under and lateral 15 (1.5) 4 (0.4) 9 (05 39 (0 38 (1.9 10 (1.3
Between blocks - 0O -0 < 9 (5 11 (0.6 4 (0.5)
Total 49 (4.9) 18 (1.8) 28 (1.5) 128 (6.4) 172 (8.6) 62 (7.8

* Shore, center and offshore indicate the shoreward, central part and offshoreward scshons of

the reefs, respectively.
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fc, ruyA, w35 FT0OHM, <A Y FRhyn-
copelates oxyrhynchus, * A % 7L A Plewronichthys cornutus
T EKEE LEEMAEEND, 0, SHEICAEYAEET
DENIIHES L RADEEZLNTBY Y, s (1
NIbsRE), BREEZE(LICA 2R (REHERE), BEm o
G & 2 OIS (FERBGHERR), IR LS IR -
B (IR S0 &0 BRI iib 2720 L S b,

— IR T, S, SR, NS HEEZ &
A%, MR THERT L 725 4 SRA805 & B HE R > b
ADEETHY, HHOBELIE LT 5130, £
MmO B X OIS & LTRSS, A
TORER, HHEETIE, ANV, 70V, =79, 13
FA, ATF, AL FZHLA, HINE, zay4, 73
5> T, £ OKGE LEERARE L (Tablel ~9),
FDE FBEATH AV, S 5127 E Acanthogobius
fravimanusRT I ANF L EOBIEEEIND R E, Kikuchi™”
O 7 < ELHOMBROMR & BTz, F72, Hrisetro
TR I F VA A OIIRT I = OISR FEALF T H 1
THY, EIY L LChRE L Tz, DR, KiE
MHECCIE, PRI O RE e 2 L E X
b7z,

PRI IS 2 B o fl S, AR, TELRREOZE)
&, BEAKIROFHEB IS 72 (Fig. 5)o Z0 ) b
BizowTid, KROZEH I YV ERTIIHICE -2 %KL
72 BHOFTE T COBIFRE L, RARTOSAMERL D
SEWEZ RTINS 545, 70V A, ANV T20~
21C, X7, YU¥AT24~25C, K7, A5 4, &
TNFT21~28C, /0L, AXFT28~30T L5
NTVLY, Ihbilk->T, 8 HORMAEDIT L
IR SR L e SR S, FEE OB SEN S A
27 o7z d Lt v, fAREIZOWTIE, RIRDZE) &
D IENT20064E 11 IS I @ MEZ /R L7225, Zhids
YO FAT T VOMBESRELZZEICL S, F
72, W OBEREHIZHEREIY ) ALK TERY,
INSDMHANINA T ARG 2T DA REND 570,
BHF LT MR BCHIILZz2 0y 1 o mIERE &
Pk COBAATEIRIEICOWT, HEMBIC X 242
IIzE A, WIER LD S R vEn 2R L7z (Fig.12)
DL BN T A, MOEYOMEIZO VT D Ak
12, MHTEXBLLRLTHLEEZ LN,

YOAT T VY ROEINIIEISRTH B, A5
KIRIE21~24CTdH % 7207, AKFEHTIZ 5 ~107 123
BUMAD S 5 L EZ OB, KT 6 JJITHRD SR

MoAEER, 5 HOMHEDREBEBZISHBIMA LS D
ThrH) FREERICL AN Lo oY 7YY R
DORFERIE, 20064 9 HICRMIIKTFLL.0IGED & (B
BT, 51210 L11121.0% 50 AAZEDS (w4 F
ARE), ZhuE, ZoMEBoYECOBEETE O
L Ehn, MHEICLAMEORELEZ 51D (Fig.13).
U, YOAT T VY REERICHEIC X 2 EAEDS
RoNDB L) Iho 2Bl bEL B, KRB S 1%
(Fig.10), #RICEPEL0 mm DL Lo KREVMEMARDSHRA L7z 2
ENHLATHY, TRHEERMICHEN R AL L
HHEZE S 7z,

Pttt S8R s zfEF~ a1k, Wy 14 K7 -
% &, WSR2 W, FRICEM T Ty 7 D2
WB L7y 7 ELOBBICHE A TWz (Table 10),
WIS O 0L, THFR I AREED & 1 2 KEATEM 71 v
ZIWBY EGZ, SHIHHESHELEZESLZ LICk-
T, IER YA R T = ViR LA AW OISR E LT
WCHOLZEZWLDICL TV, LoT, Tk %k
T AOGHRID S, HREEIC BT 2~ F~ T Ok
2, TIREED FHRMIEIR R oF SR E W LAt
Wahzd, F72, KRATBIINEZESY 12X > THEF <2
DERICAETH S & Sh, EHT2EABHFTOHEF~
0. VAR /m? ORKETHA T HIEBE o7z, L
P UEBED & v 77 5 TR0/ m? UL O @ HED
GRHBRDENTEBYNY, KL TRD LNz KDY )
~IDFAEOEM & LT, WAKEEDSEGO X9 %W ER IR

60

40 ~

20 A

No. inds.

per day light hour per day light hour

80

60

40

20 A /
0 T T

Aug. Sept. Nov. Jan. Apr. May
2006 2007

No. pecking times

=
=
@
—
[\S)

. Monthly changes in number of individuals per day
light hour and number of pecking times per day
light hour for black sea bream Acanthopagrus
schlegelii.
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Fig.13. Number of pecking bamboo branches per observed
fish, change of growth rate of barnacle Balanus
albicostatus, and change of the mean diameter of
the base of the barnacle.

TR L, FEDGEOFRMRER R 72720 L E 2
%o

Bl OWHI°B2 T, @7y 7 25iciEy, 1
a7z 0 OFHMAEELL. 8k L. 5k L D p o7z T
EWs, EIIHES Y I DEFRIIHFE L v EATHHH
Thotze 72, THTAFIEbDN M 7Oy 70 L
MTIE, 7H74boRICHESF~asilianhs 2 en
Holh, BbhhhwilH 7oy 7o LICABE NS
ENd ol BB AL, WLV +40 em (CDL)
WCHEEARIEAPFEL, K77 e 7 4T ESHE L
TWBEGHTAS, ARRAMEDIC B 2H)~ a2 OREE
ELTBY, NS OEUDPAHEECIEM S L7ziEE,
MeFr~a DB T > 72D THHH, T2, ¥F~<aD
HSELRDIGIMAT A AN AL E LT, BHLED

HeF~aOWELD S, FALOWIRE D WS ~ER D %
WCHEA L T ZEDPMBNTE D, MHREETHE L
ez a bk, RREICEs Thya s LTI
R s L EZ 5N D,

BT Ty 7 ORE S 4 7RIS~ 3 O E
5L, MHEEOEICE V2B 1 TlREM 7oy 7 1/
W70 3L AR, PAREED IR FIRICE VW /2B 2 TS5
PR, Pkt FIc R A BIF72B 3 CIE7.8MkTH - 72
(Table 10) o @M 71 v 7 1 K4 ) OMEEA D £ -
72DE, B3 THHH, M7y 7 2RA LTS3 L8
N, MEH ) OFESPWT-OME LTV EN
VR D B RICHET ~ I W% o72B2 TR, o
70y 7 EFICERT S ES. 6k RO L L, MHkEED
BRI AN A N 7 AT REVEATR Ve ATHRE TR e D
L6AD BB L 32RO ZE L T 2525, 70y 7 O/
BaRrz, 220, fr~aoftEMiig=70v 271
BB 720 OFEEE AR 71 v 7 oK, TS 2
&, B1 TI3408MH{K, B2 Tlx1,139M4K, B3 Tix5851H
ez, UEXD, SRIOMKREPSIE, HEF~ 2 R
EPRDEEM 7Oy 7 OREIB2 THHEEZD
n7z,

—7J7, ProOBLEIC & B8OV TIE, RFEEOHEREL,S
PRI RICRE S RB LW EEZ O, BEDS A
THNCHES 2 L0 b, EFS Y O L 22 R0 5
ISR E T 2 _&TH A ) o FRIIHIZIE % o
5121, 1wy 47 (A1) TRETE, FEEE
WEIn s 2 CHBEMES 2 LSk DT LY &R
HTHD, TAUE, FAIPHIZZT Tk < PR OFEERIC b 3
N%LEZLNDY, 1 mMECTHE LN OB THES
Bz, RERA YT Y ADEERIMK TS5, 22T,
AR T mEFE T 2T, NG 2 mBR T 22T
FENBEWTH A, T2, ~F a0z T+ 2
DTHIE, ZDL) LREOHHEED, B2 DX HITH
FRICEM 7Oy 7 Z2BESTL2OVEMEELEZLNS
(Fig.14) o @M 71 v 7 ZRET 28121, EIck 2
HWEOWREEZZRE L C, BEICEQTRET 2 L% D
5o LrL, BSOS EAEIIMIROBEZZITRT <
%BHDT, KREROBL B2 (Fig. 2) &FMkIZ, T
M52 —1ELRETLONENESL S, KL M
EPBESINDHLEIE, RTEPSEE T E2-EL
T3—2—107u0y 7ORELTIOH EVnrd Lk
W (Fig.14),
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® o 00 0 0 0

OO0l OO0

Entrance for
maintenance

B

Fig.14. Design drawings of an example of bamboo reef
proposed in present study. White circles indicate
steel piles and bamboos. Shaded area denotes the
tidal flat affecting by bamboo branches. Small
squares are concrete blocks, and its basic
arrangement is A or B.

&

IRt R, LTV SER [FIHLE HAT RS 3 & O
SFAENT s, AN, LRI EE RS, IR
KEMFIEY > 7 —PIEIFSERS,  (FR) #raEm |y 7 otk
STz, Mot L, IR IAT AR R
S UT AT DERRCTIRE W\, T 72, KEERFER
H 4 Bl SR IS 5 0 =R — I, [RE AT EE 05
HEOHRRIZE, HEEZTIICHZVERETR D2 H -
2o IKHLE 22 & O BIHOFFATEI OMHTIIE, [FRLED
HEFRL O B HEEHIZ 1 SHRE 22 720 7z, DL R
FCTEHT %,

ARWFFED—ERIZ, PRI EEAKEE KPR NP BB
X ONPIRL9AF Bt 2 16 L 72 BRMOKEERT 8 m E AL 5
EZELHE TR~ 3 o 720 OFTI I A EERAT O B
FES AT XD FERL 7,

L O

WA PEVE RO T2 20069 5 A27H 2, i S Ak %
PR L, F ORI A AT B 720 KR 4T o
720 200648 A, 9 H, 11H, 20074£1H, 4 H, 5 Ao
TR IS ARHE L RilE 3 2 D=5 1) v 7R K —
TNH AT T o7z, ZOfER, MUHIOR22ME, 5
JESH 2 BE 2 M, BFEFS, 640MEMARATHERE S, TBUSHA T
By, FAET BEY, Y oBNCTRET A, %
WHERE RS S 7z, F 72, 20064F 5 H A 5 20074F
4 A FT, KM ERRELITY, AE23R267E,
B 2 Fl2 1, HRedE 2 Fl 2 1, SFEJ2HH 3 Fl4 1, G513,
T3V ATHERE S 720 20064F 6 H 1A I A A OF
PRCTEBICEAT STz, ZOTEICIE, 20064F
FCVF Vv AFELMHREINLE D572, 2007453 Ah B~
F NS NED, 5 FIIZ4A57A (95 % X #HEEL, 763
~2,560fi1K) D~ F~a CPEEFRRIZHENS9.3 mm,
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