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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 blocksinB1, 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.
B1,B2 and B3 areequalto Al, A2 and A3
with concrete blocks, respectively. Stars I and O
den)ote 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.
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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 Oclopus
minor; g, egg sacs of Asian rapa whelk Rapana
venosa ; h, eggs of cuttlefish Sepia lycidas.

THEEE DS 2o 7z L1009 b, ks ckELE
B INB{DE, TV, AVF, z0FA, AVF
A Oplegnathus fasciatus, 2 1 A Sebastes schlegelii, 717
INF Stephanolepis cirrhifer D 6 T TH o 72 (LB #ZER
FMAEFENLE #E) (Fig. 7). ThoOHBIES
(6 A~8H) AT Y, EF0O&XDbY 2 LFE (9 A~
118) DEDIIHATTE =y Ehhotz, Z0OMH%, &5 (12
A~2R) CREBEALBBRINT, Khr—TVAa 27
ICEBE=F ) v 7IC L BEY OB L FEOMER %R L
1z

T#ieF D BRAE

MR BEDRLE S S 1 » A D20064 6 F1213 3 TIZ,
BBLUOEBIICY AT 7YY RKPEEL TW2IED,
RO TEINA I F VA D OINHERIMITSEN TV, F
72, ORBICET FT7AYAHRL, BHM 7Oy 212b
EEL TV @7y JOFMTIE, 7740001,
A JI'A Lunella coronata coreensis, ¥ 7 A ¥ 5 = Hemigapsus
sanguineusHs, 70w 7 & 70y 7 ORETIE, Fa ¥
BFR T A NS BESNI, THICRDE, ASHICE
HEES cnBEORRSTHEFICHER S II LD
(Fig. 8)0 AIROBUI8 H, 9 FIcHFL AL, KL
HFIZERAERT 58 b b FAH A Musculista senhousia D
GBS SHEE L Cuizidd, HieEBiE®E) v o
AV TYYERICD, BEICIZEARNIE AOS99
o7z (Fig. 9). 7z, ToRICE, TREEICY
A Z I A Glossaulax didyma DINHE (ROFHE), 7o EFRIC

10000
—o— MAAJIL 7. japonicus
-0 MEJINA G. puncrata
- 1000 —— KURODAI A. schlegelii
+ ~o- ISHIDAI 0. fasciatus
-cé) 100 —8— KUROSOI 5. schiegelii
- <& KAWAHAGI S. cirrhifer
Z
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T I I 1 DL I
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2006
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Fig. 7. Changes of number of individuals of six commercially important species.
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Fig. 8 . Small hollows made by fishes in the tidal flat.

AR

Fig. 9. Predatory marks from fish grazing on barnacles
Balanus albicostatus on a bamboo in July 2006.

PEHTF SN Tz, 10, BT
Oy 7 DR ORI 7% Saccostrea kegaki 7¥H
fF &Ik odz, 10~11H O—FHHICIE, SBEMOT
R TBEFICY Y b7 Asterias amurensis et L, 10
BOHDOBEIE, &P P FRATAET2HRLBES
Nize INHDOTE FTIE2007F1ZA IIREEZH L7z, 12
ALK, BEHM 7oy 7 0BFAPKETE, Y7 AKRY
Didemmupm moseleyi, L7 LA R Ciona savignyi, 4 5%
X Batrylloides violaceus W ERE SNz, 20074 3 AH» 5
E, PR ANEM Ty S OMBTHRESNL LIS
AR

AL LORED & 2 0723 B AV 7 VY ROTFIGRIE
FAEIE, 20064 6 B 122.2 mm, 8 A126.6 mm, 12 127.6
mm, 20074E5 AIC17.9 mmT THEL . (Fig.10), =D
M, TERICBITAREOWEIIH AL, HREL A%
D9 FITIE, B100%ICEL 72,

TFIOADHEWTE

Y By~ (Fal, 268) &, B1 T67H
& (38K, 29f8{K), B2 T328MEM (208K, 120M8H),
B3 Ce2MEfR (32MHMk, 30MHME) DFH4sTEME (278K,
1791818) CTH o 7o, R4 X, FAEOREKIB2O
77.0 mm, FT/NAB 1 D42.4 mm, BBEIOFHKAH64.6 mm,
BB 2 047.2 mm, FHIEFBLAS.3 mm, BEB
57.5 mm TdH o7 (Fig.11), M L7288 @it 7o v
IOF— s, C—F—bEY XV EELEERE

10 i
SL June 2006
O‘ ‘I" T L L L L
5 July
0 - I T R L
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, alkila
0 - T T T T T
- } September
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< ol m il
§ O‘ T T T T
‘g 5 | J November
S +ﬁ#‘ll
:S O' T T T T
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R
'g 0 1 L B L
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o
Z O— R ] L L DA
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0 1 ettt
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) I I
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57 i
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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
| B1 ~=38 (from 20 blocks) 40 B1 ~=29 (from 20 blocks)
20 1 Max 75.3mm | 90 A Max 87.9 mm
] Min 9.3 mm ] Min 189 mm
Ave 42.4mm Ave 47.2mm
w O 'm T T T T T T [ T T O “_r% T T T T T T
2z
® 40 40
_g B2 ~N=208 (from 40 blocks) | B2 ~N=120 (from 40 blocks)
o=
2 20 Max 139.8 mm 20 1 Max 226.8 mm
Fg Min 14.3 mm ] Min 15.6 mm
e Ave 77.0 mm }——M—' Ave 60.8 mm
o. 0 3 T I T 7 T T I T 17T ¢ T 0 T T fF T | T -l T T I T 1 _| T
Z. 40 40
B2 ~N=32 (from 8 blocks) |B1 ~=30 (from 8 blocks)
20 1 Max 158.3 mm 20 1 Max 141.4 mm
Min 21.8 mm ) Min 18.6 mm
Ave 584 mm Ave 64.6 mm
0 -ﬁ——*”—l‘-lﬁ{ L e s s e 0 _l_q—l%']_h"ﬁ_!_!_rﬁ_ﬁ_l_l—f

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.

DAERENEL, 763 ~2,560f81K (5% EHEME) TH -7z,

ERENMEFa0H 5, B TOy s 0ERNER
Moy s oBEC TEIZERDTE.6%2505MH LT\
(Tablel0), B2 T, MANCEIE L2EM 7Oy 2128.6
T/ EREF < ald %o 7205, B1 T, 1.8EMAR/MK
EXdrol, Tz, BHEOBM TRy 7 1B Y DF
EEEIE, B1 2534, B2 A5, B3 7.8
Ry, &@TFGHTLE6MBETHo7, LB, HEBR
LUNIHRE LB 70y 7 OFEI3480%L (B 1 A51204L,
B 2 %2408, B3 H%12080) TdH o 7278, EEBRHTHIOK
THICEELCeA 7Oy 278(B L IEEL, B2 T334,
B3 T4 xkrE, KELICHTW4028E B2 7
Ty e UCEMEICR 2,

=
S

Kikuchi” &, REBRED 7~ THICHBT 5 AT,
BlEE R, FHIEME, —HkElE, BRE0 4200
TN— TV T BRSBTS, Jhb
4ODT =TI Lo THR SN TWE Z L, R
ATH MW REmE SNbY, KENREETRS L,
FSEERIZ, 7 3 A F Rudarius ercodes, /NENEFEIC
EShLBET, KELEREHEL S OEEINE
Ve, FEIEEREL, SHEHICESERETL AN, <
% A Pagrus major, N ITNFE, % OKELEEED
BEND, —HISRERDL, BHTETEVITEI#HE L &
b, FILRETHE L ORHREHRICESIRET 5

Table 10. Number of individuals of the sea cucumber Apostichopus japonicus observed (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) - 0O - (- 12 (e 37 19 24 ©
Inside 24 2.4 14 (1.4 19 (1.0)0 68 (34 86 (4.3 24 (3
Under and lateral 15 (1.5) 4 (0.4 9 (05 39 (0O 38 (19 10 (1.3
Between blocks - () -0 Q] 9 (0.5 11 (0.6 4 (0.5)
Total 49 (4.9) 18 (1.8) 28 (1.5) 128 (6.4) 172 (86) 62 (7.8

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

the reefs, respectively.
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BT, vusd, w5 FITOHEA, ¥4 YFRyn
copelates oxyrhynchus, A A 5 7 L A Plewrowichthys cornutus
REKELBEREESETNG, —F, BECAEYIIBET
PZERGEHLELZLEZONTEY Y, BRAEH (B
ke, WREEMIOET2RE REREE), #4Yo
S & = O ERS (BESER), IR tFRoRE -
B (EINFHRAE) SOLGVEEICED LD L S5,

—IBEES G, W, SHE, EBEHER Y
DL, MATHR LB % SRR & 3 5 HRHE~Y b
ANBETH), BREOEMBRE L BT ZES, £
BrEMOBNEB L UEMNSE LTHESSY, X
BORE, HHETIZ, A0, 7av4, <79, 4%
FA, AVF, AL EHVAL, AINE, yuy4, 73
YF Iy, B OKELEEESREL (Tablel ~9),
F 0% IEEATE E MV, B 512N Y Acanthogobius
FravimanusRT I ANF R ELEHEE NS % L, Kikuchi™
DT EHOHBEBORR LTl F72, ERPHO
BRI I TV A BOIIRT I = QIR ELT SR
THH, BIBE LTHHIEL T, D Eo#ER, KiE
AR AT, IR (T REE BT 2 L E L
Hiiz,

PAREEIC BT B e o ER, B, EEREOEEH
&, BRKROFHEHIE-7 (Fig. 5) 20 LFE
BizonwTid, KROEE LV EBLTINRIIE-7%RL
7o BEOREFET CORITFERER, RBRTOTABERLY
bEWEEZIRTEAL S 25, s0V A1, ANVT20~
21C, *T7 Y, YOFATU~2BT, I, 144, &
TNFTLT~28C, 7 2F 4, AXFT8~30T Lk s
NTwz?, ZhblzkoC, 8 HDARFEHRDIC LW
JRERSIEM L v &R SN, BROBINSEL S FH
Ko fzhd Lnzv, BEEEICSWTE, KEOED &
BN T20064E 1 B ISR IS WER R L7225, Zhids
FOFATVERTVOBBPREL/-ZLICL S, £
7o, BROBEREEIHERSHEW Y X2l TERY,
IS OMENINA T ARG Z TV AT ML H 5720,
BRZLESEEECHELy vy 4 OHBIERK L
VR TOBEFHEZIIZOVT, HERBICI AHELR
HRIzEZh, WEREEDLSL LWERZR LY (Fig.12),
IDEH LN T AR, fhoEYOEIRICOWT D FER
I, EHTELLANALTHLEEL SN,

VARV TV ROEMEE,SKTH DY, FEH
IKIEIE21~24CTH B 720%, RFAEHTIE 5 ~10H 128
BMADH2 LE2 505, RRET6 AIZBOLNLE

BoEEE, 5 AoMREOREERICHRIMALZLD
TH59, FHREERLIAMHEEO Y uRAY 7 VYR
DRERIL, 20064 9 HIZ2BICET LL.OIKEDE (B
A=), SOI10A L1IAL. 0% ) AALES (=4 F
ARE), i, Z OB O T OEETE RO
Zahs, BRILIIHAOEELEZ NS (Fig.13),
IR, YORAYT IV REECAEIC L ZEEENS
RoNBEICHo-BHELER L, SEARED S
(Fig.10), BEERFL mm DL Lo KEEMAE A L 722
EFHLPTHY, IALIERNCHEENRICRL I
BHEI NIz,
PHESSERSNAHF v}, WS F7—
2, BIERPERRVEET, FCEM T Oy 7 0%ER
MB L7y 7FELOBBICEA T (Table 10),
Y S 0, FHERCAREED S D KEEM T
ZIBY 252, SLUMHESEEL 2L LICE
T, BER YA F7—VORE LR % EYMOBIRRELT
KEBOAZEZHLPIILT VS, LT, DL 2H
FaOGHREDP O, ITHREICBIT A<~ oDl
ik, MREORRIIFIZRRD O0FEFRE N L2
WEhb, T/, KREHILUEZSD Lo THEF~a
DEBIAETHS & &N, ERTAHAMTECHIMHF <
0 MER/ M ORFEETOHTHICEBE P o7z, L
P LEBOS Y 577 5B TRI0EE/m L EOEBED
THRPBOLNTHE Y, KFETRDLNIZKEDY T
TIADFEOEB L LT, SRS O L) 2y

60

40 -

20 1

No. inds.

per day light hour per day light hour

80
60

40 A

920 - ‘//’
0 H T T T

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

No. pecking times

Fig.12. Monthly changes in number of individuals per day
light hour and number of pecking times per day
light hour for black sea bream Acanthopagrus
schlegelir.
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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.

HrE L, BEGEDERRENEFE 0L ER
b,

BlOWESB2 Tld, BMroy 78Ty, 1
a7y OFSEAEHILL SEFEPL Ak L PR 2
L, EMEHF v 0ERIFE L W EHHEE
Thole 72, THFT7AFIEDLNEM 7oy 70 1
HTE, 7TH74FTORBRICHEFTaprRAHENRsZ &0
HolzH, B WEM 7Oy 7o LHICRES NS Z
3 hot, WESW L, ML~V +40 em (CDL)
EARPERVEEL, "y 77 ER TV ENIEEL
TV BIGHTH, AREMELICBIT 5H T~ 2 OBHE i
ELTBY, INSOEEIARTHETEDS LR,
HEF~aDWEEIRTL720THAH, T/, vF<an
EEBFEWEBIIMATE AN ZALELT, BHRED

> anEER S, BELOWREDRE MEEI A
KHEAELTW I EPMBENTE YD, IHRETHE L
e abER, KRR T a&iREE LA
BRI NBEE LI bR,

EBHoay s ORESY 4 FINCHEF ~ 2 DRGSR B
T5E, HECEBICEVZBL TEREH 7Ty 7 1K
7o 0 3 4B, THREOPRITKTFIRICEVAB2 TIE5.5
&, HHREORIZEA LITB3 TRTSEATH - 72
(Table 10) o BEM 70 v 7 1 ) OEGEI B L L0 -
720, B3 THAH, B 7oy 2 2HALIT513 08
ned(, ERSY ORI T zoEE LTV
FRED BB, RICHF v %hoB2 TlE, Eflo
Ty rEIIERT A LS 6EKERDSE L, IHED
W BRI R N 2R . RHREETIREND
16RDERBMEREDHZFER L CVEL, 70y 2O
BuiRu%, 220, fr~vaofEEEfE=70y 271
M7z ) OFHEEEXER 70y 2 O, TEET S
&, B1 TiH408M4E, B2 Tid1,139M84K, B3 Tix585@
hEen, LY, SHROFERERI LI, #F~2OMEHE
HEPRLECEMN 7Oy 2 OBBI>B2 THHLELD
n7z.

—77, HOBEICL B2EIZDOVTIE, RFEEOERESS
EYHEIERICRECBE L EEILR, BEDOS A
THICHBET A LD b, EESY oBRELINHEDSR
BIEIEE T 2RETH S ), FRITWHELED
B2, 1m#F547 (A1) TEEBYNE, TEEE
BN A L C HERR1ED Z L HIRA DT L Y IR
BTHhb, ZhiE, FRIHLZT TR CEBROBEMIZLE
N5EEZLNDY, 1mERETRELLYOBIEET
Bz, BERA VT T AOEREIERT TS, 22T
SR I mBIR T2, AAZ 2 BTN AL T3
HEPEEBNTHA ), /2, v FvaBETHETS
DTHNE, TOL) ZREONHIEIL, B2 0 X5k
FRICEM Ty 7 2 HEBETLONEHNEELLND
(Fig.14), M 70 v 7 2 HET 2B, EWIcL2
BEOWREZZRE LT, HBICERCEEBT 2LE)ND
5, Lirl, BEPETLASEERBEOREL IR TS
5O T, FEBROB1 B2 (Fig. 2) LHEEZ, T
PH2—1 LEETADNBNESD, BEEHPELH B
EHPBEENDHE I, BRTESMBEETLIE2BEL
T3—2—1070y70REBELTLOLRVPS LE
W (Fig.14),
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Arrangements of the blocks

A 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.
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