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Fig. 1-1. Location of the four fishery grounds (Kama, Nagasato, Kanesaki, Kanesakishinki) with
artificially introduced sand for the enhancement of yield of the Manila clam, in Konagai-cho, Isahaya
City, Nagasaki Prefecture, western Kyushu, Japan. The dotted line and the solid lines with numbers
indicate the range of fishery grounds and the contours representing 5-m water depth changes,

respectively.
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Fig. 1-2. Sampling stations for the regular survey of the density of the Manila clam and sediment
conditions. The number under each station number indicates the elevation above the chart datum
level (CDL) recorded at Oura Harbor tide gauge station run by the Meteorological Agency, Japan
(Fig. 1-1). MLWS : mean low water at spring tide level. MLWN: mean low water at neap tide

level.

MLWS: 35cm above CDL

Nagasato fishery ground

Kanasaki fishery ground
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4000 1 A Newly Settled Juvenile St 17 (+65am)

30000 | -o-St. 37 (+103¢m)

20,000 | -+St. 5" (+141cm)
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40,000

30,000 -
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20,000

Number of individuals/m

20,000

10,000 |
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Fig. 1-3. Change in individual densities of five shell-length groups of the Manila clam at three

sampling station in the Kama fishery grounds (Fig. 1-2) during the period from May 2005 to
September 2007. The shell-length range for five clam stages are 0.20-0.29 mm (Newly Settled
Juvenile), 0.30-0.99 mm (Early Juvenile stage I), 1.00-1.99 mm (Early Juvenile stage IT), 2.0-4.9 mm
(juvenile stage I) and 5.0 - 14.9 mm (juvenile stage IT). The number on the right each station number
indicates the elevation above the chart datum level (CDL) recorded at Qura Harbor tide gauge station

run by the Meteorological Agency, Japan (Fig. 1-1).
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Fig. 1-4.  Monthly shell size distributions of the Manila clam at Stn 3~ in the Kama fishery ground
(Fig. 1-2) from May 2005 to September 2006. Alphabet letters indicate cohorts. n denotes the
sample size.

A, Collected in a 5 cm square frame-depth 1 cm and using a 0.125 mm mesh sieve, repeated four times;
B, Collected in a 5 cm square frame-depth 3 cm and using a 0.1 mm mesh sieve, repeated four times;

C, Collected in a 20 cm square frame-depth 10 cm and using a 0.2 mm mesh sieve, repeated three times.
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Fig. 1-5. Growth curves of the Manila clam at Stn 3 in the Kama fishery ground (Fig. 1-2) from May

2005 to September 2006. Vertical bars indicate standard deviation. Alphabet letters indicate the
cohort number (Fig. 1-4).
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Fig. 1-6. Monthly shell size distribution of the Manila clam at the Kanesakishinki fishery ground (Fig.
1-2) from January 2006 to July 2007. Alphabet letters indicate cohorts. n denotes the sample size.
A, Collected in a 5 cm square frame-depth 1 cm and using a 0.125 mm mesh sieve, repeated four times;
B, Collected in a 5 cm square frame-depth 3 cm and using a 0.1 mm mesh sieve, repeated four times;

C, Collected in a 20 cm square frame-depth 10 cm and using a 0.2 mm mesh sieve, repeated three times.
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Fig. 1-7. Growth curves of the Manila clam at the Kanesakishinki fishery ground (Fig. 1-1) from May
2006 to July 2007. Vertical bars indicate standard deviation. Alphabet letters indicate the cohort
number (Fig. 1-6).
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Fig. 1-8. Growth curves and survival rate of the Manila clam at the Kanesakishinki fishery ground
(Fig. 1-2) from May 2006 to July 2007. @, Shell length; O, Survival rate. Vertical bars indicate
standard deviation. Alphabet letter indicates cohort b (see Fig. 1-7).
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14.9 mm); M, early-stage adults (15.0-24.9 mm); M, full-grown adults (25.0-34.9 mm) .
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Fig. 2-1-1. Location of fishery grounds (rectangular area at Kama) for the Manila clam in Konagai-
cho, [sahaya City, Nagasaki Prefecture, western Kyushu,Japan. The dotted line and the solid lines
with figures indicate the range of intertidal flats and the contours representing 5-m water depth
changes, respectively. In the inset panel for Kama fishery ground, the figure (cm) under each of 10
sampling stations for adult Manila clams indicates the elevation above the chart datum level (CDL)
recorded at Oura Harbor tide gauge station run by the Meteorological Agency. MLWS,mean low

water at spring tide level; MLWN,mean low water at neap tide level.
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Fig. 2-1-2. Temporal change in shell-length-frequency distributions of the Manila clam at 10 sampling
stations inclusive in Kama fishery ground (Fig. 2-2-1, inset panel) from July to September, 2008.The
shell-length ranges for four clam stages are 2.0-4.9 mm (uvenile stage I), 5.0-14.9 mm (juvenile stage
ID), 15.0-24.9 mm (early-stage adults) and 25.0-44.9 mm (full-grown adults).The arrow designates the

individual growth from juvenile stage I to juvenile stage II.
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Fig. 2-1-8. Temporal change in shell-length-frequency distributions of the Manila clam at Stn 3" in
Kama fishery ground (Fig. 2-1-1, inset panel) from July to September, 2008. The shell-length ranges
for four clam stages are 2.0-4.9 mm Guvenile stage I), 5.0-14.9 mm (juvenile stage II), 15.0-24.9 mm
(early-stage adults) and 25.0-44.9 mm (full-grown adults). The arrow designates the individual

growth from juvenile stage II to early-stage adults.
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Table 2-1-1. One—way analysis of variance for differences
in population density of the Manila clam among three months

in 2008 at 10 stations inclusive in Kama fisheryground (Fig.
2-1-1)

Source df MS F p Multiple comparison test
Group 1 Group 2

Juvenile clam stage |
Date 2 2646 212 13
Error 117 1250

Juvenile clam stage II July
Date 2 109.61 1054 00 August
Error 117 10.40 September
Early—stage adults July
Date 2 9.63 13.71 00 August
Error 117 .10 September
Full-grown adults July
Date 2 3330 1536 .00 August
Error 117 2.17 September

Four different growth stages of clams were tested separately.
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Table 2-1-2. One—way analysis of variance for differences
in population density of the Manila clam among three
months in 2008 at Stn. 3' in Kama fishery ground (Fig.
3-1)

Multiple comparison test

Source df MS F P
Group 1 Group 2

Juvenile clam stage I September
Date 2 31344 797 .02 August August
Error 6 39.33 July

Early—stage adults
Date 2 4044 219 19
Error 6 18.44

Full-grown adults
Date 2 43233 288 .13
Error 6 150.22

Three different growth stases of clams were tested
separately.
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7= 20 FREIZ T, WAL 358 cm, PEALFE DR, 13. 4 m/s,
K 24 ecnk 720, LU THAM S I~BE L
727 B 16 BRZIZEEROE 1.5 n/s, & 10 cn
Lo,

U b&o, KREROBERZNTI A 6 B 12 KF
—17kg& LTz, 77, 9 H 4 H—7 BOHBKEK
B 125 mm, 1 FFMH7 0 OFKEEAKEIL 16
mTH Y, BEKEIIEL Rh o,

06 4E 13 S-O@BF 9 /] 15 B 3 W/ ZIT, M
WO 5.2 m/s, IE 2 cnTH-o7=2%, 16 A 2
RAZIXBIR DA 8.3 m/s, B3 cn& 720, 17
A2 BRI 5.7 n/s, FE2amThot-

(Figs. 2-2-3E, 2-2-3F), =D, JAMIXRFE
EY CEL, BROFLNERRS ZBEE R
Ficdoi- 17 B 16 BHTIIMENT 314 cm, HFGH
DR 24.9 m/s, IE 4lcank 720 16 FRIZ I
AL 368 cm, BRFEAIROOM 33.2 w/s, & 86 cn
~EAER U, ARMERTT~ L7 18
REZ I, HEEINT 414 cm, FARE B ODJEL 24. 7 m/s,
RO EDOERETH D 185cm 1T LT,
Z D%, BROFNE, AERA~BE LT, Jth
ML~ & B8 L7z 21 BRCi, BTEOE
14.7m/s, JE 39 em& 700, AARMES H~EHB
B L7 18 H O BRCIZFE DA 8.3 m/s, Wim 14
&R olz,

UEXY, REROBEERZITI A 17 8 14
RF—21 WeL L7z, E£72, 9 H 156 H—18 HO#
ek Bl 33 mm, 1 B H 72 0 DR RFBIK RN 12
mTH Y, BEKEIDRIST,

T BmERL

BRI L 2 EHEOEER 0544 14 5L 06
13 BOEBAZICET 2 73 U BEOAR
EER CORLEWGH] - ERERRIZ, Th
ZFI Fig. 2-2-4 & Fig. 2-2-5Z7"%, ¥£7,
T b O tBRE S BT ORUERS R % Table
2-2-1 \ToRT,

05 £ 14 B O@BRFOBERL SifhoMHR

I T, fAER E BREGEBRTHEO A& DR
HEMB® Y, RROPETHEENTRERD
fERE 2ol (Fig. 2-2-40), METERT LI
WA OVEEE (EE/ o) Zhd 5 &,
St. 4TI 3,600 235 6,000 ~L WBEBICAE
WA L7223, & OO E LT 700-
3,100 75 500-1, 700 ~ LA L=y, AEE
W7otz SEI, WBIRET & @K% &2
TMEEROEE Z T2 &, @iEand 1 4
(Sts. 4 vs. 5) THEZENH ST, BIRERIZ
LSt 4 LOEREEARM CRIEEE NS -
7=, MOPFHEESEICIIABRER R T,
MERIL T, AiAEER & B RImRAIE% O BT &
DREAEHN 2L, HEERBOEER LU
TR OBEIC b EEEN R o1 Fig. 2-2-
4B) , FIHIECH CiL, JAEROMEIL St. 30
J7H St B KO HBEICRE o728, B REIEAT
BOBEITIE, BEEN hofz (Fig. 2-2-
40), HREVL, VHEEMEL, BEERET - %
DO (A nd) 1%, St. 3 Tik 50 & 130,
St. 5" TIX30 & 20 Thol (Fig. 2-2-4C),
A E R ODEEILSt. 3SDFARSt. LV EHL
S, AEKEERETHEREZEIT 2L
(P = 0.06), REBEABOBEICLERE
MBI oTz,

SIS OME 1 T, WEERLE BEEA
AR D AT & ORBAERIZ 2 3o 1= (Fig. 2-2-
4D), WEERMOBEIIIAEEN 2D 2T
2, BEGEEEICIRENAREICED Lz, F
RO T, fiaEREsdmaiEo e
REVERANH -7 (Fig. 2-2-4F), sHECAT
CITRIBRIROBEEZRKT D L, FHEE
(fA{A/ o) A3 Sts.  1~3 T 8, 200-13, 000 7>
b 2,200-6,200 ~&L HFEITHA L72AS, St. 4
T 4,600 75 2,700 ~EWAD LI=boD, A
BRI RN Tz, ©FIZ, BROERR] L @R
BT, HEERT & DBEE TS
L, BIBENL 248{ (Sts. 2 vs. 4), (Sts. 3
vs. 4) | TTHEEBEENRD -T2, BRBIZERHE
ERENCHBZENRL R, BETEKETY



KA BEE T Y U BERREITIT 5 RE LRI T TR

—fLEhr,
06 4F 13 BFOBMBRFOMERL B TIXA
BB & % & T, AIWEE RO

(A o) 1, FEH T TiX 100-12, 500 2> 5 200~
1,300 ~(Fig. 2-2-5A), #tH I CiX 300-22, 900
mo 100—4,600 ~LPE L7z (Fig. 2-2-5B),
MR T - T, #EEAR L AREEF%O A
H&@*Eﬁ%#%otoﬁﬁmm_&_L@
A OFEEZ 45 &, #H 1 Tik Sts. 1~
3, MEH I CiX Sts. 12 TEENEECHES
L, MEH D St. 3 TIHABKERITCTHEZE
Dotz (P=0.07), XIC, @B E @R
%& I, REERIT & OBER KT 5
WIEFTIHER T TiX 5 #A{ (Sts. 1 vs. 3~
5%(&& 4-5) } , HAITIXTH
{ (Sts. 1 vs. 2~5), (Sts. 2 vs. 3~5) }C
BEENRD ST, BREEHAT - I & bHiZ
A EREOBEINIFTEEN RS ol T
7pb, FEEEDSEN MR S O E S TE R
DIEE BB IR L, FHEE O E R
TIHEEEO E AT, 2FEESTRE
(=&

UL

2 vs.

BB —b STz, FIFIRA T, WHETA
OBEEIIIABEN o128, BEER
DOEEITFRICEA Lz (Fig. 2-2-50C), mﬁ
W, RAER T & OEEIX St IOFBNAEEICHE
N7z (Fig. 2-2-5C), & /EEIBE] '/’;%@Ilii'}j
B (A nt) 1Z, St. 3 Tid 800 7>5 600 ~,
St. 5"CIEL 300 235 200 ~E D Lz, HE
=T hoTe,
FRHEBBOMR 1 CRIHEE S & B REIE
AR D AT & DR EAERNH o7z, KlEER
DO RGREIEATZIZI T DB ([EE/m) 1%
St. 1 Tl 3,500 25 800 ~, St. 2 TiX 2, 500
5 900 ~EZNENAEITED L1223, St. 3
T 600 225 1,900 ~EHEICHINL, St. 4
TIIAEEN 2D o7 (Fig. 2-2-5D), o X|Z,
AT & Bk & 20T T, REER I E0E
FEA LTS b, @A 4 #{ (Sts.
3+4), (Sts. 2 vs. 3+4) ) CEEIZABTEN
ooy, BRRICITHEER T L OBEICH

1 wvs.

BENRL o7, MBI T, BREBRIO
PR (/o) 1%, Sts. 1+2 Ti3, 100-
4,600 TIH-7=73, Sts. 3+4 T 500-900 T,
AR &V (KRS O EE R CTEENE
Motz (Fig. 2-2-5E), AR & B RIBIEAT
BO B EOREERITRL, REESMOE
FEWZIX 28 (Sts. 1 vs. 3+4) THEERD
Y, BIRREOEEIIIAREEN RIS T,

SRFHRAGICBWNTE, #AL - D&, A

ER & B RGBIRAIR D B & DR BEERN 7
hotz (Figs. 2-2-5F, 2-2-5C), #EH 1 Tid,
B EGERATOVFEE (EA/nd) 1%, Sts. 1-
2 TIiX 1,000 T 7223, &ss-ymimmo
Thy, mHiE L IKHEEOMEE LT
Molz, 72121, Zok XH|EES ﬁeﬁ@&.r
IR EAKEEL THEEEN Do T2 (P=0.05)
28, 1B OEEITAREICHED Lic, #EELT
L, EERZ L OBEITIIERENRL, B
JEE I DRI ORI b B EEZNR Do
77,
BRHFOBER LRBICETOHAEL - 3]
HWEE - BREENEILOEEE (EiE/nd) %
BrEt L2 fEIL, 05 4E 14 S25@IEA1% D 2005 4E
8 An5 10 Ai2i 9,500-12,900 THEE L, X
X REENIAR DN D o7z (Fig. 2-2-6), 2005
£10 H22 6 11 B IZMIl~OBHER T, Z
AU O EREE DA FHEII - 72 A 3, 000 ~ & T3k
D UTz, D%, VHEEDOEFHENL, 2006 4
9 B 6 HICIX 9,900 & 725773, 06 4F 13 B0
RO 9 B 21 BIZIE 3,200 ~& 3P L7z,
R B PRI D@ AT & A% ORI, HE
HIA 4,000 & 1,100 , #EEN 5,100 &
1,600 , E2Y800 & 600 THY, HEL L4
A TREL B LT, 2014,

10 A A6 11 APACEE Tk, 11
A 5 BOEEEOEFHEIL, 3,300 &7z
2, 11 AR, ME T OMARD 2L,
2008 4 7 A ECHEBHHBEOAFHEIL 1, 200~
4,100 DAE/KAETHERE L T2,
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EEREOR
ﬁlﬁ“ﬁi&ﬁﬁﬁ AEEER#IZ BT DGR - i
R DIEE ORI A Fig. 2-2-TI1Z7R$,
05 E 14 5 & 06 45 13 B2 OEiBRI#% T
BRI X oy DB A B R EIL -
T
05 £E 14 B-OEBEF 05 4F 14 B3k R~
B2 1258 ONW T, & TIERFoBENC
HECESBT—B LR A LR oT,
LA, St. 1 CIEHIEE - Mk O3 & H -
FRP ORI, St. VAR - AR O &
MR - PROOWMNAA LN, Fiz, Sts. 2+
4 TIMRE~H 3B U, RS - JIRSS M
L7243, St. 3 TrImig~Hnd Mofab 3R <)
OHERIL Sts. 2 -4 DFNEHTHoT (Fig.
2-2-Th), &G TIE, £ TOREE R TH
R« WHRRD A L7223, Sts.  1~3 Crliig
~HE OB L, TROWA, St. 4 TIEHR
ORI &R - FRoEMAEAH LTz (Fig. 2-
2-7TB), AEBBRIEIZIIT IR ROEMIL
M ORKIETYH 0.3% ThH 0, BEELEFE
DOHEFEITE = BTz,
06 4 13 BB 06 £ 13 S 2VRIEEM L~
B2 I- B OWTE, &G T Sts. 1~4
T  MRHLEE 23D L, PRSI LTz (Fig.
2-2-7C), St. b TILHERE - MAD SN L, b
~RAED LTz, RERGE T, SEERT
FRARAD - JE DM M HERE S iz (Fig. 2-2-TE),
72, Sts. 1 -4 TITBEE~EBBEAS L, F
T MIRAHEI L7228, Sts. 23 TRENLD
DECER LTz, @l TiE, Sts. 1+

2 CHIBED B U, R - ML 253800 U 7= (Fig.

2-2-TD), Sts. 3«4 TiXMBE N L, ARABRD -
JERENM LTz, LEDZ Link, 064 13 5D
BBV 5 2 7= 828, CDL | 120 cm
BOHAE, T72bbLEMLTILSts. 4-5, &
Wi Tl Sts. 2 - 3 ORI AEEIC LT, (KR

TR/ L, iR CIhiR s R b
T HEME R Lz, RRIRG CIIROEMNA T
BENTD, JROEIME L5%LLTFTHY, B

I BROHREIY 2o T,
WEE (L) HFREEEATRICBT 2GR -
IEE SR D IL OF{b% Fig. 2-2-8, ViR
L DN BB B O R % Table 2-
2 IZENENRT,
05 4F 14 BOWmRF £fSIZBWT, AT
SO IL (%) 121, 4#8{ (Sts. 1 vs. 5),
(Sts.2 vs. 4+5), (Sts.3 vs. 5) | CAEE
NH 0, (EHVES X0 SHEE e OREE RO
BEVMEZ R L. (Fig. 2-2-80), —7, &R
BiEFi#%O IL OfENE, Sts. 1~4 TiX2.4-4.3
16 2.1-3.9~EIKTL, St. 5 TIX4.5756
5.1 ~& ERUEEN, AEEI R 2T, &IF
BT, REEARO IL ITITFEE
372 <, BEVEERTE DAY, 3. 2-4. 1 22D 2.7
3.3 ~EIET LR, FEEF R (Fig
2-2-8C),
06 £ 13 BBl S ok, WEERRM
O ILIZITHEENRL, Aﬂujﬁ?&@ IL
EIE, 2.6-3.7 205 1.9-2.4 ~LBARIZIETL
7= (Fig. 2-2-8A), EHfE L &laY% Tl
A ERED ILIIHBEN RN T (Figs. 2-
2-8B, 2-2-8C), HEUEIBRTERO IL OEIX, W
MG L BICHEBEZEN o T2, EREE T
2.7-3.6 M5 3.6-5.8 ~L LR L, &iFifLET
LSt 1 T370h5H4.2~LEHL, Sts.2~4
T2.3-3.1 005 1.8-2.3 ~L{KTF L7z,
FRERMERR L RBREER (AVS-S) VR EERT]
BRI DIRGER) - FEE B AVS-S HED
ZEAv%& Fig. 2-2-9, #0 R L OV _JthEdE Sy
BT ORER % Table 2-2-3 IZFNFIRT,
05 4% 14 B i@k A ARIEATHER O AVS-S &
B (me/File g) OEIE, £SO Sts. 1~4 T
iE 0.01-0. 04 7% 0.01-0.03 ~&L{KFL, St.
5 TiX0.01 25 0,02~k ERF L7 (Fig. 2-2-
94), &IRfIED Sts. 1~4 Ti 0. 04-0. 15 7>
5 0.02-0.06 ~&{KF L7 (Fig. 2-2-9C),
2L, Mg & Yb ﬂﬂﬁﬁ Fﬁﬁj;ockU\Aﬂl_Jﬂ
A% D AVS-S & BICITABE AT 2o T,
06 £E 13 %@iﬁ@ﬁ WD AVS-S SED



KAIE= : W 7 ) BRIRIBICR T D LEAEICAIT T2hF5E

Y, [ OEMAEER(St. 3 &R T
0.04-0. 10 5> 0. 02-0. 03 ~ & X F L (Fig. 2-
2-9A), REMIB D Sts. 1~3 T 0. 08-0. 12 7
5 0.07-0.08 ~L{KF L7 (Fig. 2-2-9B), L
2L, MmifsE e b, EE AR L OEREA

AR D AVS-S G RBICIIAEZN o= —F

SR I, RAEEAMT, 24 {(Sts. 1 vs.
2), (Sts. 1vs. 4)} ICHEE DY, BEWE
BHTHE OfEIE, Sts. 1~4 TIX0.06-0. 11 75
0.02-0. 10 ~: BEEIZIET L7z (Fig. 2-2-9C),

% £

REGTHREBRIPTIZI T DMK R 05 4
14 5 & 06 4F 13 5 TENALI 125 nm& 33 mm
THY, VRVWHEBETHoT, INEHETETIC
ERE IR &G, EE RO
THRA UL S 4, Wi~ Lz k&0t
R LT, 7TV U DO~WIE (FaK - /B
1987) M5 & Z Iz AlRErEIRW, 22T,
ABEIDZS>DEROB@EIC L > TT VU 235
T BRI OVTIE, RIC & D JERERELICK
STHREMT 5, XU, BEIC X 2HIRAE
JERNZ BZE U s & B EI R KR TRt
T 5, DEIZ, WIROVKLERRIZ G % -+
BROLIEEDOWE LT 5, SbIT, BB
FEBNZ T 5 Y OEBEN B RN LT RS
R BIEEEEK & LD A T 2%, 7Y
U B & R OBENT DTt R & &
5o WZRIC, BRENRT Y EROEEHERE L
THROEEZFHET R, ARSELBREA~
b7 BT IEORIE Z T 5,

EEOBEIRMNKE FEOERARENEZTO
KRBEDEEITE ThREMNT, JEEOBEIRAK
BIZEVRHMEcE %, 22T, KEOXREEH
LU, WIERB OHEREM NI OEST H I &R
PNCRIR SN B BE %, £z, TEBE &K
RECOHABRICHEN D I1ECBER BT Z2 RS
Box 3T (B 1998),

05 4F 14 OB TH 5 9 A 6 B 12—
17 BF ORIV, o> & 1 4 R ClRiii~m) 5>
IBRFTHY, BTHRETHD 16 FFOBEINLIT
CDL I 151 emTh o7, &Eifals & GRFRSE O
AEMIL DL _E 65-146 cnD#FEICH Y (Fig.
2-2-2), &I D St. 4 T 16 FrOKIIL 6
awThoTo, WRBEKEL R L9 A 6 H 12
R, St. A (Fig. 2-2-1; CDL F 220 cm)
KBIL CDL F 654 cm, AFRBEFEEL ( 7) %
FNEN142 ecm & 4.9 s ThoTz, HRKE
%3746 m (51.56X 7% ), HOuhiREA LM
BDSts. 1+ 2DFEHETH 2 0.45 mm& L7z
56, EEORBHEIRAKRIL 899 cn, 54
BENRA KLY 524 cm EHEEEND (B H
(1998) DX 6.22), EHHRZ(SHET DIRITAK
BROPDN LS THEENET D GRAKER),
B2 WA L2356, 6 H 12 RZkIT 5 St.
A OWREEITFRBEBERR & e eBEIRA DM
Iz, [EREZITOD 2 SO DKL CDL
1 285-347 cmDEFICH Y, EEITIIRICL D
BIRBEI O E LT FIREMER H D,

06 4 13 FOmERFAI TH 5 9 A 17 B 14 Ik
—21 RE DR VL, T ORI % & T~
MOBPTHY, BHHEFTHD 18 B 1 KD
WINLIX CDL E 215 emTH Y, KR ORMATE
T bR FCh o7, BENIRER)HE
TSR L, BRGEBERED 20 RO,
CDL |- 505 emlZ#E L7 (Figs. 2-2-3D-3F), Z
FUZiE, HEKOR E TR &l o\ BT
R (Bl 2006) DFLIHELZ S D, ERER
BXRMEZRLZ9A 17 B I8 KRATIE, &ifEOD
St. B (Fig. 2-2-2;CDL I 75 cm) /K% CDL
F339cm, EFMEEHERAY ( 7)) XEnFh
185 cm & 6.5 s Tholr, MEHEES 65.91 m
(=1.56 X 7?), FRRBEZEWRED Sts.
12 DFHEMETH D 0.45 mm& L7BHE, FE
BERFKIRIL 1, 450 cm, 5ERBEIRAUKIEX
791 cm EHEE IND, BAKETEE EH L2555,
18 IF#{Z St. B ¥/ (CDL k339 cm) 13584
BEIRUCEL TWEEEBZOND, 2, £
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WG D St. BICERE L Emrt BB S TR
D, ZoLE, FEEICEOMORETYH
JEE IR X 2L A S T - TREMED R,
PLEXY, 054F 14 5L 06 4F 13 T K A
RITBEEICE TREL QW iR & <,
EEIIRALEZ T s RN,

EEOEZE ARG OMBOEEIL, 7,
RGO ED HALRANIE Th 5, Eifs
i, ALED O R R, B O rE AT
(RN 8 2 28, FREE D & AN I IBG
HFEET, BRI TRROFELZITH,
FRGE ORISR 6 HAEE
BT B2 B 0, FEA> B VERITE AR
EL, SLICHZTERERH 2, FHALE»S
RN P XS A AAE RS, AR Z JRRO
BB Z 5 (Fig. 2-2-1),
BRNEEIC G % T8k Jn -« JBGE - R
BLOHIBREGERA LT, EEOREOM
DHRRETT 5, 06 4F 14 Bi@daio 9 H 4 B 22
BEN5 6 H 11 BFE TIIEILIOM, 13. 6-20. 4
m/s THoT=M, BRF 6 B 12 BHIIXRALER
D 16.8 m/s & 720, [T < @t o 13-17 kg
WX ~FITE D 8.0-15.4 mw/s THY, @@
%o 6 B 18 Hvh 7 B 3 BRI ALTE &
7.8-16.0 m/s Tdh -7 (Fig. 2-2-3B), HHRK
FiX9 H 6 B 12 FRHIHKRT, 142 ThoTz
(Fig. 2-2-3C), &35 Cik, FEthic kv, B
AR~HOBEDEENRTID LA, PO RN
DORDEEN 1 KFERTH-oT-720, HEE
AT E F iR FOBENZ B L
BB Z B 2o Te etk b 5 (Fig. 2-2-
78, —F, &G T, RGBT AE
WORDOFEL, FEI L OBERERORDE
PPIRZE S UCTo bR, MO « ks 23Kty
BETH D Sts. 1~3 THEM, T2 LM - iR
HWPBAL TEAREENH D (Fig. 2-2-
7B),

06 4F 13 S@BATL, 9 A 15 B 0 B 17
B 0 RFZIIRE RN HE A DO 0. 8-8.7 m/s T

bolehd, FORHK, WEAIO 17 H 1-13 FRZiX
WOR 5.7-17.3 m/s EKFBIZHRL 722D, H#Eild
> 17 B 14-21 BRZIIHEFEHED S E O/
14.7-33.2 m/s &72 0, ERED 22 G 18
H 6 KR IX PRI A HWEALTE O 6. 8-13. 2 m/s
Lol (Fig. 2-2-3E), BHEMEIX9 A 17 A
I8 RFHZEHE AN T 185 emTH -7 (Fig. 2-2-3F),
R B O e B 78 OO JR D R % 52 1T T2 RIS

LV, KO- RHEDIE, RIS TIISts. 1~4
TR, St. 5 THIIN (Fig. 2-2-7C), 4l
WG Sts. 12 T, Sts. 3+4 ¢H#0 (Fig.
2-2-10), T 72 bIKHE D O & &~
M OBEI R S, BRERETIL, By
IXERE R S TN U723, R - ot
EILIZRE WS ODOFEE SR IT— Ebt
ﬂHWﬁEﬂ&#ot(thﬂﬂD EHEf
BT, fhod 2 Jfs5 K Y IR OB M AE
HLUTZRREMNE 2 bivsd, UEXy, BEE

FHUZHRMR HEE A~ & M & 28 h S
DRNBRERBIRAEZ LICRER, %W%T
HEMEDREEY 2 2 5 R X 2 KERELAHER S
toéﬁ,&%ﬁ%kﬁiﬁ%fiﬁwgﬁﬁ
TNIAKEREL, BTN 57280, e
P75 5 FE T O EOFBENTID S, HIROFE
DEWRB LV LR T ONZARRERS 26
iz,

THVEEOBE LR# TV UHEL - D0
BN, S - KM L b IR O E S
DHEBREVERIZH Y, BROERIZLY, &
BN IR HE O A E A & R HA O E
ﬁ@%ﬁﬁﬁ*ﬁfﬁ—%énfwt(m%
2-2-4, 2-2-5 ; Table 2-2-1), W, BRO
ﬁﬁ%%m;aﬁ%-ﬁ%ﬁ-%ﬁ&%ﬁ_
7Y UERORE) & mBUZ DV TRETT 5,
054F: 14 Fri@i s O I, S OHHR T,
SIFRIGOMA T - 1 CIRAEEBEICED L,
MG OMET - ¥R - B TITAEEEN
2o 7z (Table 2-2-1) , A ESBNZHD &,
LGB AHER 1 Tk, Sts. 1~3 T



KHEEZ  WREE 7Y ) BOREICRIT 5 ZEEREI R 2R

L, St. 4 T L7 (Fig. 2-2-4A), Sts. 1
~3 ORHGL, BRAI~BEIL TSt. 4 ORE
B L ORERGEN ~DOBRBIZ el o7
EHREIND, GIFRE T, BEE(ELP/NE
Dot St 2 OHEE 1 #kR< &, 2REERT
MR T - TOBEERRAD LTHY (Figs. 2-2-
4D, 2-2-4E), WA BEE L= AR D KER S 1
W~ L T2, JEE ORI St
ClceHgEansd, UEED, aRCXD%
BITRWS LV SIFRGO N KRENoT2 L
Ezbhd, 064 13 SiEiE®%OEEIL, £
LCIIHMAT - I, BLOWHIRE THEEICH
D UTR, A CIXEEEN 2D > 7z (Table 2-
2-1), REHS L &FRE T, HE LIIFE
WD Lz, RO CidaEENRRL, #A
[ DEEOFN LB Uiz (Table 2-2-1),
HIBHNCHEE R T L DEELEZLD &, Ll
TIHEREEMOSHEE S CHEENED L
TW= (Figs. 2-2-5A-5C), WA ridifasist~
W LTz, EEORBEIZ IR S BT L7
CHEREIN, RERIGOMAT - T Tl
RAMEVY Sts. 1 2 TEHENEA L, HgE»
VY Sts. 3+ 4 CTERENEML (Figs. 2-2-
5D, 2-2-5E), Sts. 1+2 O 43lE, Sts. 3 -
4 ~DOBENE LRGBS~ LT L HEE S
%, WS Tk, #E 11X Sts. 1~3 TR
L, St. 4 THEFOEMNERY (Figs. 2-2-5F,
2-2-5G), Wb LTe KEBAIZfGES~aB L7
2>, EEOERBIICHER ST L LHERS
N5, AT CIIHEECAM T—EB LZBER
BBOBEMR 72, HET X 0IEERICE 5K
IROFEP/NZ D EHERI STz,

XY, BRI X 2D BIRITERCHE H ORFE
ER LR 0EBDZ ERHALMNI R T,

7 U Bk & I B8 LREoEE TE
B otk & 179 VEEROBE) & ki) 720,
BEGERIC LY, RIEERAR & HE RS Eb
HBIT, BEZ, BEMBOZEILT, RF—ikE
NOBET 28 OMEE R TR —E L

ToHERN A DT, 06 & 14 Bk O&IFf]
%, 06 4E 13 B@lg 0SS cIL, fEEE
DWW INBEETH -1z, I T, BEBERETH
BT MO EREEDE L HEEED
2L OXHIEBUR AR D,

T U OHEITHRE 4mTR 1.4 THY (i
B 2006b), AHHWEOUFER L0 LhFHEIX
2.5-2.8 THs (U6 1978), HHITFOLE
2.6 LT5L, KR 2me 4mOR FEREIT
0.01 g20.09 g TH5D, 7V Ok —HEHE
#E (B - BIREF 2010) LY, 0.01 g &
0.09 g IIFET3.5m& 7. 3mmlIMYS T 5, #
BEORAT 2Pl 4R TH Y, HEHOR
Ri¥ 2.0-14.9 mnCTH 25 DT, MR I RE
I LEENHRICHY T 2858 H5, £2T
F9, 5 - LR - A ERNCTO (1) X
v, #AI - TiET2EEORME, (2)
&0 M B D2 LR 2R, S 6
BERIEDT—4Ey hEHWT, (1) & (2)
OFEERE ( r ) Zk¥iz (Table 2-2-4),

AT - TOBERE (%) ={ GEBEGHE—

RS EBEE X100 (1)

MO BRI R (%) ={ GEBkE R —

TERATE RS | miRETERAEE X 100 (2)

FHBEFREE, fEH 1 oA LR L O E bR
M-0.59< r <0.95 (2006 FEEIRIEOHEB
I Z2BR<), HER I DOERE ORI
0.42< r <0.41 Th o7, FAEHREOHHE
W, MEHO LY, HE T OBFPEVEEZR LT,
ZZT, MR IHBEICFERTL L, 6FE 145
BRI LY, LT Sts. 1~3 TREAL,
St. 4 THIMUL7=A, &S criisisdetals
U7z (Figs. 2-2-4A, 2-2-4D), FHEERERITEE
M35 Cld-0.59 TROHEBZR L7, 2Rk
HTiX 0.92 TIEDOFEZR LTz, AOFEED
FIANE, 2B cidst. 1 THA I BEORY
RO EBAHE OBIN, St. 4 THE [ HE
DI & MO BERBEORD, T72b5, M
A E o FOBE EHA T OEBITIT
—RERER B IRl EEZ BID, 06 F
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13 BiRiEtkzidseifiss, REIAG, &IEEE T
HEE T OB ENE L E#) L7z (Figs. 2-2-5A,

2-2-5D, 2-2-5F), Z D& = OFHEMREIL, Sifa

WA 0.95, EEPIEMN 0.76 LEVWEER LK

(éﬁ%ﬁin = 3 RUREERY ., BLb X
RN I VPEERGE, HHET S

@@é%iﬁﬁ%%_%ot&ﬁ%ém5o

7Y U RIRA~OKE 06 4F 13 SEBREKIC

%EH-@%WE-WE@aﬁ&Eiﬁ&L,
2006 4F- 11 H LAKe, HEE T OFFRIAD D72 <,
BAEBRIEKECTHER L Fig. 2-2-6), AW
ORI O O TR TR, ZCHEEEhOHER
TET IS EE R CREICIENR L 20, B
KAENOREEITIE & A EBEDORMR &I

72TV (RYJ15 2008), £z, WEBET
TH VAR, 5 ANG 12 HICHEBLL, 6 AT
AZHIRE— 27 33D B, 10 AT H /I E
RE—I RO LN (UARDL 2004), R
TOWIE TR G RERAEREOATREMEN B 5 28,
K@"Té?%U@FW%%%EMA%*
B L Cidt+oemRAniad, A%t/

VEE &5, 06 4E 13 SiEiA%Ic, %‘?ﬁ‘i&%f
FRCHER T OBEEABIR L7z (Figs. 2-2-5A,
2-2-5D, 2-2-5F) , BERAMNHAL LiroTc
REHALS, R & B & AN E 7R 5 KA R

W2 L, TOBEOEINCLY, BEEN
DERENPATHAREMDRH D, £z, s

CHRELZ D BRICHEE LT, TV YR
HOIMAMEARAET 2 FRBIRT D &, Rkry
ZIREAFE~ADKENN T, EEOBDEK
EIRBH T LR EINT,

EEXEOTRYE CROBEEET IL &
AVS-S EENHEIZHA L7z0ig, IL Tl 06 4
DEWIRDOIHTH Y AVS-S TIX 06 4E 13 5D &
R OB TH oM, IL & AVS-S GRICBIL
T, LG L SRRSO T -2 ERA LT,
VIRL DRV IR BE MO 2 T o7& 2
A, BROBEEATET, MELH 0BE4FT

TAEBERHED LN -7, 06 4F 13 5T
IYAEEICHED LTz (Table 2-2-5), 06 4E 13 &
DEEFFITIE, EEOEEBEIRAKEIZEL
TRV, £WIGHORIEEMARIE, AIMEHERRD MK
HAEOFEE LT L, BHEOREERT
WML, $7bb, EEICRE 2MEL84ET
TIEEBRENELL, IL & AVS-S DIfib~o72
Mol L RIND, ZD XD 2EERTILITT
FUHEERBSE S 5T, BGRELUE
THRBEGRZTEEZEZ N, &ZAT, £
B TIL, 06 4F 13 B@mtéic AVS-S B &I
BMERZR L2, ILIEEREE S THINL
Too TN E LT, D220 6 HiRm O
MBREFE LT Z E R I (Fig. 2-2-
7E).

2005 4F- & 2006 FED% 9 AR EBILEOE
B U IR RIS & D BELA ST T2, A
2E, TORBERONITERED, THUE
L KBRS LB OTH S, 05 4F 14
TR T2y (58 &), MR
s (&) TEENRENENERILED L,
06 4F 13 5Tk, MR IIX3 s (- RH -
W), MERI - FIIREIT 1 I35 (38 OHE
ﬂ%ﬂ%nﬁﬁ:ﬁ&btobwb % H O

WELSZ T ieh oz, AT, RO

_iétg®§ﬁ@ﬁﬂﬁﬁgi%6#
Kﬁ%&#otﬁ,T%UﬁﬁEK&ofﬁ@
RENEL 725 (ATX 1957) ERVRE D V)
MEIFERROEENPRKRENEDEEZ L LN
Tzo ETz, WHIC X AHEERILOBE WL, Hil
WIRICH T HDWBORMEXIC L - THELESE
2 BTz, 06 4F 13 Bidiaikiz i) 52y ¢
DEEDOHELIZ LY, 79 U HEOIMADMEK
HEIRAE T 2 Rl < &, TRRMICIREAEICA

DFENH T, FEORDERE 125 Z LR
DI, —F, BEED S 6 IL & AVS-S & B
EROBRZICHAER N AL, BRI XKD
R CHEGREORENREIN >DH &
bR I,
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Fig. 2-2-1. Location of three fishery grounds (Kama, Nagasato, Kanasaki) with artificially introduced
sand for the enhancement of yield of the Manila clam and two typhoon passage routes (a, no. 14

(September 2005) ; b, no. 13 (September 2006)). The dotted line and the solid lines with figures
indicate the range of fishery grounds and the contours representing 5-m water depth changes,

respectively.
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Fig. 2-2-2. Sampling stations for regular survey for the density of the Manila clam and sediment
conditions. The figure under each station number indicates the elevation above the chart datum level
(CDL) recorded at Oura Harbor tide gauge station run by the Meteorological Agency, Japan (Fig. 2-
2-1). In Kama fishery ground, a wave-height gauge was installed at St. B, and two pairs of stations
(Sts. 3 and 3’ and Sts. 5 and 5') were established at an equal distance from the mean low water at

spring tide level (MLWS) for each. MLWN: mean low water at neap tide level.
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Fig. 2-2-3. Changes in tidal height (A, D), wind velocity (B, E), and significant wave height (C, F)
during the passage of Typhoons no. 14 in 2005 and no. 13 in 2006. The tidal height was derived
from data recorded at Oura Harbor tide gauge station (Fig. 2-2-1). The tidal heights in the dotted
rectangular area in 2006 come from the estimates from water depths recorded with a wave height
gauge installed at St. B in Kama fishery ground (Fig. 2-2-2), which was due to the lack of tidal height
data at the tide gauge station during the period from 18:00 to 23:00 on 17 September. Wind
velocities come from data recorded at Unzen-dake observatory run by the Meteorological Agency,
Japan (Fig. 2-2-1). The arrows indicate the landing of Typhoon no. 14 at Isahaya City and that of
Typhoon no. 13 at Sasebo City.
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Fig. 2-2-4. Change in individual densities of the Manila clam, at each sampling station in Kama and
Kanasaki fishery grounds before (4 September ; dotted lines) and after (21 September ; solid lines)
the passage of Typhoon no. 14 in 2005 (mean + SD, n = 4 (juvenile stages I and II) or n = 3 (early-
stage and full-grown adult clams)). The shell-length ranges for four clam stages are 2.0-4.9 mm
(uvenile stage I), 5.0-14.9 mm Guvenile stage II), 15.0-24.9 mm (early-stage adults), and 25.0-44.9
mm (full-grown adults).
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Fig. 2-2-5. Change in individual densities of the Manila clam at each sampling station in Kama,
Nagasato, and Kanasaki fishery grounds before (6 September ; dotted lines) and after (21 September ;
solid lines) the passage of Typhoon no. 13 in 2006 (mean + SD, n= 4 (uvenile stages I and II) or n=
3 (early-stage and full-grown adults)). The shell-length ranges for the four clam stages are 2.0-4.9
mm (uvenile stage I), 5.0-14.9 mm (uvenile stage 1D, 15.0-24.9 mm (early-stage adults), and
25.0—-44.9 mm (full-grown adults).
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Fig. 2-2-6. Change in individual densities of three shell-length groups of the Manila clam, at St. 8 in

Kama fishery ground (Fig. 2-2-2) during the period from September 2005 to June 2008, with two

arrows Indicating the passage of Typhoons no. 14 in 2005 and no. 13 in 2006. [, juvenile stage II
(5.0-14.9 mm) ; , early-stage adults (15.0-24.9 mm) ; M, full-grown adults (25.0-34.9 mm).
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Fig. 2-2-8. Change in ignition loss (IL) of sediments at sampling stations in the three fishery grounds
before and after the passage of Typhoons no. 14 in 2005 and no. 13 in 2006. A, 4 September 2005 ;
A 15 September 2005 ; O, 6 September 2006 ; @, 21 September 2006.
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Fig. 2-2-9. Change in sulfur content of acid volatile sulfides (AVS-S) of sediments at sampling stations
in the three fishery grounds before and after the passage of Typhoons no. 14 in 2005 and no. 13 in
2006. A, 4 September 2005 ; A, 15 September 2005 ; O, 6 September 2006 ; @, 21 September 2006.
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Table 2-2-1. Two-factor analysis of variance with replication for the
change in individual density of the four shell-length groups of the Manila
clam, Ruditapes philippinarum, across sampling stations and dates
(before and after the passage of typhoons in 2005 and 2006) in the three

fishery grounds,
Source df MS F /4
2005, Kama fishery ground
Juvenile stage T
date 1 12.100 1.165 .289
station 4 126.650 12,197 000
date * station 4 36.350 3.501 .018
error 30 10.383
Juvenile stage 1T
date 1 .100 .006 .940
station 4 37.663 2.175 .096
date * station 4 12.538 724 .582
error 30 17.317
Early—stage adults
date 1 24.083 .032 .862
station 1 11102.083 14,786 .005
date * station 1 80.083 .107 752
error 8 750,833
Full-grown adults
date 1 5.333 1.164 312
station 1 21.333 4.655 .063
date * station 1 8,333 1.818 214
error 8 4.683
2005, Kanasaki fishery ground
Juvenile stage T
date 1 24.500 4,558 .043
station 3 7.750 1.442 .255
date * station 3 3.750 .698 .563
error 24 5.375
Juvenile stage 1T
date 1 1725.781 39.989 .000
station 3 311.365 7.215 .001
date * station 3 154,115 3.571 029
error 24 43.156
2006, Kama fishery ground
Juvenile stage 1
date 1 1288.225 45,994 .000
station 4 355.937 12.708 000
date * station 4 318.288 11.364 .000
error 30 28.008
Juvenile stage II
date 1 2250.000 38.560 .000
station 4 1582,037 27.113 .000
date * station 4 799.938 13.709 .000
error 30 58.350
Early—stage adults
date 1 51090.750 17.754 003
station 1 1518.760 .528 488
date * station 1 310.083 .108 751
error ] 2877.667
Full-grown adults
date 1 192.000 1.525 252
station 1 1045.333 8.302 020
date * station 1 27.000 214 656
error B 126.917
2006, Nagasato fishery ground
Juvenile stage I
date 1 22,781 9.151 .006
station 3 15,781 6.339 .003
date * station 3 40.865 16.414 .000
error 24 2,490
Juvenile stage 1T
date 1 36.125 2.291 .143
station 3 93.250 5.913 .004
date * station 3 217,708 1.757 182
error 24 15.771
2006, Kanasaki fishery ground
Juvenile stage I
date 1 8.000 5.333 .030
station 3 4.500 3.000 .050
date * station 3 3.333 2,222 112
error 24 1.500
Juvenile stage I
date 1 .500 312 .582
station 3 1.208 .763 531
date * station 3 3.083 1.922 .153
error 24 1.604
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Table 2-2-2. Two—factor analysis of variance without replication for
the change in ignition loss (IL) of sediments across sampling stations and
dates (before and after the passage of typhoons in 2005 and 2006) in
the three fishery grounds.

Source df MS F P
2005, Kama fishery ground
date 1 .014 113 .7154
station 4 2.366 18.464 .008
error 4 .128
2005, Kanasaki fishery ground
date 1 .800 5.606 .099
station 3 .055 .389 71
error 3 .143
2006, Kama fishery ground
date 1 3.600 34.286 .004
station 4 .105 1.000 .500
error 4 .105
2006, Nagasato fishery ground
date 1 2.880 6.496 .084
station 3 .688 1.553 .363
error 3 443
2006, Kanasaki fishery ground
date 1 211 .955 .401
station 3 1.395 6.303 .082
error 3 221
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Table 2-2-3. Two—factor analysis of variance without replication for the
change in sulfur content of acid volatile sulfides (AVS-S) of sediments
across sampling stations and dates (before and after the passage of

typhoons in 2005 an&ZO%) in the three fishery grounds.

Source df MS F P
2005, Kama fishery ground
date Il .000 1.000 374
station 4 .000 4.750 .080
error 4 .000
2005, Kanasaki fishery ground
date 1 .004 3.454 .160
station 3 .002 1.637 .348
error 3 .001
2006, Kama fishery ground
date 1 .003 5.565 078
station 4 .001 1.087 .469
error 4 .000
2006, Nagasato fishery ground
date 1 .001 1.960 .256
station 3 .001 2.067 .283
error 3 .000
2006, Kanasaki fishery ground
date 1 .002 13.444 .035
station 3 .002 14.630 .027
error 3 .000
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Table 2-2—4. Correlation coefficients between increase rate of individual density of the Manila clam juvenile stage I or II and that
of weight—frequency of sediment fine—granule fraction in the three fishery grounds.

Fishery grounds Kama Kanasaki Nagasato
Typhoon No. 14 in 2005 No. 13 in 2006 No. 14 in 2005 No. 13 in 2006 No, 13 in 2006
Juvenile 1°* -0.59 0.95 0.92 — 0.76

Juvenile 1™ -042 " -0.12 013 0.41 0.39

*Juvenile [ : 2,0-4.9 mm in shell-length.
**Juvenile I : 5.0~14.9 mm in shell-length.
*Excluded from analysis due to the lower sample number (7 = 3).

Table 2-2-5. Two—factor analysis of variance without replication
for the change in sulfur content of acid volatile sulfides (AVS-S)
and ignition loss (IL) of sediments across sampling stations and
dates (before and after the passage of typhoons in 2005 and
2006) for the combined Kama and Kanasaki fishery ground data.

Source df MS F P
2005, IL
date 1 467 2.836 131
station 8 1.222 1420 005
error 8 165
2006, IL
date 1 2.961 12.244 .008
station 8 576 2.383 120
error 8 242
Source df MS F P
2005, AVS-S
date 1 002 3.245 109
station 8 002 2.874 078
error 8 001
2006, AVS-S
date 1 004 14.721 005
station 8 001 4.293 027
error 8 .000
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DEETH D, [FETIX 2000 4ELIE, B4EE S
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DTV S T 2000 45 8 H & 2004 4E 8
TN HK 2E 6 T HHOIERIRMENE
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FAKBLOIEA (B - 1LA 2002 ; KEEFT 2008 ;
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2003 ; Kim et al. 2004) DRI X 2 arfethn
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DTV OERRIZRIETEELZRMNT T
W, 3ERIIX8HI3AEL9HA L BRI T%
R UTZREZRT, 612, &ip e alh ol
A O A E LT L7z, Uk
EELDLHE, BBRKIE, AT 2@%E 1fHE
LT, BRABRE AL IREERIC L > T, A K
(1.5m, 2ME), BX (1.5m, OFE]), CX (2.5
m 2[E), DX (2.5 m, 0[m) &L, &<k
A, BIX, BEFMTIZA, CKX, &R TIZA-DIX
BRI TEMLIZZ &2725 (Table 3-1),
TH Y ONNFEHE N T ~DHFEHD
AAERGUE, 1 @R EZ R 5B 8 A 8
H,8 A13H,8H20H,9HA1H,9A89R),
b T XD FICB X BiF TN,
BB AR R OB AT, A T ~DINEE
8,000 (g ) ZWHMEAHEE (g ) THRLTK
D, AR (%) 1L, LTORC L v FEH L,
AR (%) = ( GREBRAAFF OB — BR~U ERH)
/HERBRIARF OfEASL) X100
RE, T TONNEERIE, BOBEFTD
EEOIENC, M EE 2T, B LRVE
R L ORISR TRVMER E Lz,
THI~OHEEYOEER EFEOETA
fFENEMMICRD L, THIVEE~DT Y
REECHRVIELEOEAENEML, 79U DO~
A DOEINRL, R LBEOBRICEW ZBET S
BERIZRD EZBZ DN, £ZT, 7HIU~D
MEEYOFIELEZIHTILAKXTI A 10 A (42

AH) 10A2H (G4BAB), BEFMTIHAK
LCXTI0H 48 (66 HR), & CIZAK
CCXTI9H24RB (66 HH) IZENEM~
Teo HEAMOMEE (%) IFETORIZLY
HHL, Zo#B 68 T OB Z
ML,

BER (%) = ((HEREEREEE) X100
TIRBEHEG~DR LB
RLBHE ZETEELETYY 2 TEEME
~RTBANE, 00 KA) & KN) oA K
D2 HADB, FIEI 100 BT -7 200 {F
(KAELEL L, 100 TR0 a T F 5 2 (R
VLB #iE29.5 cm, 15 45. 5 cm, B X 13,5
om) ~NER, &My (LM%, KA1, KA-2 &R&
50 IIBEMR O St. 3, &5y (KN-1, KN-
2) 1345 D CDL 1 150 cnD#HSE~, i
FharyrrhaZ LR L Fig. 3-1),

R UBHY, &IR5 i 2008429 A 1 B
(7, SETES T 2008469 B 10 R LTz,
KLU EE DM ER RN T ) %
S, SEBR RV, EERAHRE L72 KA-1 T 25.5
+1.6 mn, KN-1T29.0+2. 3mm, KN-2 T 28.9
+2. Lmm, /NRUEARZ SR L CHH L KA-2 T
22.7+2. 1mTh-7,

B SFEEEICE LB L7Z KN-1 & KN-2
(ENZEh, &l KN) OARNPLEE) |
DONTIE, BEE H@9H25L@MLt@w

BAFHL, BRPERERDTZ, Tz, KN-1 & KN-

2B U2 I bid, 7Y 20 EfEE 9

A1 BICEEAE LT, RIFREE KRR

BOFEREIT, HiREAK (27.0C) T, 1 KFH

BIZEW LT B A G L TERZRD
77

TFREMBTOTH Y OBREFER ETHF
Rk A e L 7R R o FRBMIGICK T 5
TH VU OBRFRIEHR D708, EEEERED

PRE Y A 21T o 72, iiAI L 2008427 A 16 A,

8 A 18 A, 9 A 14 BOTHIRAZ, SRELD

St. 1 - St. 5RXSt. 1! - St. 5" CHEL
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7= (Fig. 3-1),

T YU OFEA RIS EBEMIC L ~>TC, #
H72% 1—15 mn, #AECE DY 15—25 mm, fEN
26 mPd | & EERIZX ST S Tnd (2ER
FHEIERAREHS 1997), 7=, HEIIRE
5 mnZ Bl U CEMENZE(L L (Watanabe et al.
2009), JEEZEio7 & FITTNVAWTHERITE
AHIEEIE, 1mBE AW CHRRE 2mll b, 2mHF
BVWTIEFHRE 5 mPl EE X Tnwad OKET
2008), “HHD T Lk, HEEFBEETA )
b, #E2.0—49mEHE T, 5K 5.0—14.9
mZFERD & L, AR 16.0—24.9 mm%
W E, &R 25.0—44.9 mZH & LTK
T LT LT,

7Y VIR E BRI ERET A0, 2 FEH
DAT  VABD R E R W, £7, A
I ~EIZOWTIE, 5 embFEFZ W TIEE
FRE3mET, 1 ENDHTZY 4 »FTT O
ELUTERIRL, A8 10 @R aEE%, LmH
BVDTNVA TENENZE > TREE LT,
THVEREEEBICESEBT LI IR
D, WHTREIIRE O 2 SRR D Z LA
bnTwg (A% 1957), £Z T, #IEIKE L
B DIRFREZFE L <RI 2720lz, #HEAT
~REIZ DWW TIIERFES O St. 3T, 20 ey
TR VW CEEZHES 10mE T 3 wHTY
OEE LT, 2m BAEWD T A Thi»> TR
Ble Lz, TNEND T NVA 15 T-REHT
0% PR v+ 0. 1% — AR H IV
WCIEE - Jufa LTk, EHlEiT-oT, #Ex
BIEL, BAKEHE L, BEXTOZL )
FRAT/MNEE 2METHBIL, MEILET
MEEHA LTz, 238, BRI ToRITLD
B LT,

Bl (%) = 8 AEKIX9 AOEKETE,

7 A OFEBRIAERFOEAIE) X 100

REHENT T TREE T, BRI L ALY
SAZHREIR, E AR & R TOKIER, A S AL
T SRR SR DR B % SR IR T T 5 1=

D, THVSNNEEFEICE L TRVIELDOH

D It E S BT 24T o0z, TH 16 Bk 9
14 RE TOFEREMEOT Y V2O T,
R BRI OB E S BT LT, oRLD
& D — Ul E T E AT o T, *ﬁﬁﬂ%q‘o‘i
U‘fnﬁﬂ%@/\ﬁ/\ﬁmﬁ% HEZEDHD
NGB, ZEHELE Tukey test IZXD
{Tofco :Iii@ﬁﬁ:%@th@i t—test IZLVITo
Teo BEAE (o) ITWNTNOREE TS 0.05
LT, 7B, fENTY 7 MiZiX, PASW SPSS
Statistics 17.0 (=R « B'— « =2 « = AR
=fh) BEER L,

fw R

#BTAEE
A T~DAEFEEYDOFERK 2008 4 7 A
30 H225H 9 A 24 BEC, &k (KN ; Fig. 3-
1) CTETFTXEEZITo2 A-D RICBIT B
A~DNEEYDFEERNE Fig. 3-2 1TRL
7oo 14 B BIZIX R a2 & AV EEMOE
ERB BRI, BR, DKTIX, 9418 (338
) (IXARYEE 7 OV REOELE bR DT
C®, 9H 24 0 (56 HB) IZITHRYERDOELEN
BRE L 2oT-, —, AKX, CRRTIE, #2 @M
T T RME L2202, B, D [XL:H:/\“
TNBEYOEERBIT Do T, KEBNIZ
AKX, BRE CK, D XD iﬁ%i%@%ﬁ
WIUZBRE R 2T A LR o T,
AR 200847 H 30 A5 9 A9 HORD
EHEREL, BRI, RFE M, &iE
MWENEIT93%, 93%, 94%, KEFNZIL 1.5
m, 2.5 mZILEIT 93%, 94%, FA TZZHAA]
Holizik 2 [\, 0EZENEIT 94%, 93% &1\
T bm@mm-o7- (Table 3-1),

BT OKEE & HLA IRBARHN, KR
1. 5m TOER (& - &) & Hh R
B, A IAZHESK 2 BITTOWEE (B -
) LKA, Zhe 3WETRTT, 7Y
U D~WIEBICH B2 720> o 7= (Table 3-2),



KEES  RRET Y ) BRBBICRIT 5 ZELE R PR

Tihbb, RBREFOBEBIARRIEL S
IR0z, HED 3 ERTE FRMFAEZIT-
Te R FIFRRX A S5 2 L A5 16 T,
INODOAFRRZEE)THE,8 H 13 BN 97%,
9 9 HMN B LT (Fig. 3-3), AERK
TROREHRENY, £ CT25.5+21.6 mn (n =
100) , &M 29.0 2.0 mm (# = 200) T
Y, ARERBHIEOHIHE DL R EICH B2
[ IH o Tz,

TH Y ~OMNBEHDOELER BHOAXTO
FERIE, 98 10 BITX 1% ThoTe, [FE4E
ME LT, 7OVRERRYHRERSIZFET
FIFERTREZR & ORI & HD TV, D&
FHELTe~ T EIBB CH B2 -T2, 10 A
2 BIZiX 35% & 7220, AyERENL, 7V
AL E DI LEES Ip o T, BRFHO AKX
& CKR T, 10 A 4 A COEARIT 5% L 29%
T, WITCZEDORFEN -T2, &RHDOAKXE
C XiX, 9 A 1 BRERCOMELEMITEETH
272205, 9 A 24 HIZIIKEEBI OB AR ZEN
<, EHITEET10%ITHIN L, bz &
b, EEFRL, WIS THET M
B RDIEEHML, EROKETERS TN
oo EZAT, ADXOTH VL, 9H9A (41
AE) CIIMEEMOFENEE TR, T8
G ~DR LBHELZ EETE, LML, B
EDXOTY VX 9H 24 B (56 HH) 1At
BAEMTIRO B CHIRR E 220, TH U %
FRBHIG~RET 2 LN TE < eo7= (Fig.
3-2)e

TFREWESE~DOR LB

RUBME 20094F3 A 12 BIZEBT D4R,
SAFESTILKA- 1 & KA-2 (X1 80%, &lffE
FEYECIE KN-1 & KN-2 (3574 88%, Miifats i
REVE)TDH L 84% ThH o7z, K LIBHHER] - %
DT BV EEHREL, ERMEE TIE KA-1 T
26.5mm& 26.1 mm THEETIRN-T, KA-2
THE 22,7 mmA> 5 26. 3 mm~ & A EITHE L7z,
IR T = 7 F 0 S OFEREI

29.0 mmA>5 31 1 mmETTHY, KN-1 T 29.0
mm?>5 31, 2mm, KN-2 ¢ 28.9 mm%>5 31. 0 mm~
L, FNENABEICHM LT (Table 3-3),
BR LIRS ~FK LA L7 KN-1 & KN-2
DOEWDHIT, WELH B% Tholz, BNT
DR TIL, BRPFIL 1 FFRHRIC 15% TH
277,

FIREMB TOT V) SABEOE THEE
VESE CERE LR EDTH 16 B, 8 H18 H, 9 H
14 B ORI, 670 (RA/nd), 280 (&
t&/nd), 75 (fEifk/nd) THo7= (Fig. 3-4), LA
EEY, REOBRITFRIL, TH S8 HETT42%,
TAMNGIHETTII% ThoT,

% %

Chattonella 7R & B AKBLDIAIRIT

Chattonella 7REIL 2008 427 H 26 A5 8
A 21 BETOMICKRBTHRAEL, mmMins
1% 8 A 16 RI/IEHEORENDH 0.5 mf3
T 34,900 cells/ml H#EH &4+, 10,000
cells/ml DL ED&EFERESHIL 0.5 mJg§TDH
R ST (RIREG/KERRYE 2009), F
B 5 (2010) (2 XX, 2008 458 H 11-15 HD
F[iGEOIKE T, 7Y OARICEERD D
L&D 0.5 mg/ I LT OEFEFEAIITW T
N EFT 36 B4 Lz, Zo & &, Xv MZ
WELETYY 100 EfEigE FIcEE, 8 A
156 HIZ 59% DAFLHR L Fiek LT,

Kim et al. (2004) (=& % &, Chattonella
marina N7 VY OAEKRICEEEZRITT LS
ZBEEELT 25,000 cells/ml LA b & & ST
Do AW TIE, 7YV OFE FRBEEKETLS
mEEL 2.5 mBIZ L= & C, Chattonella 7%
W ORE AR KO E LR CTX L
=%,

ETAHE L E LB
7YY ORE RERBIMEE, R LB IO
R UBMEZICRBIT 273 Y OWE#HRERL, 2R
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HET 2 D SIERFAL~OBE TIL 29. 3 mn,
29.0 Mm#FBLN3L. 1 mm Thotz, BFHIMET
ITRRICAEZEN 2, BRI 2wHE
R U, ZEMBIRE Z1T o 7o fER, [EREE
haEE L BAERT) vs. [BBfEfE] O/ —T X
o ENTe (Table 3-6), R DRRITEE T HIH
HITRRO b, BHERICHE BRI HERR S
Niz, LTAT, avTTRBOEILT VA7
TA b ANETFTRETHIETIE, 7 A»D
9 ALREORENERINTWVD (R
2008) , AHFZED HIECIIRBHEENE L, BE
EHOTOWARWESET, THIEZRESEDIC
HARMERBE ChoT B BN,
HATOFEHLETIFEBHM IV TADNE
At 14 B BiZidh SR CHEL LT
N, R LUBHE{T -7 41 H B OBZHBX T,
THUBHEEDCEDLDNLDIEEICETEML
ol FD%, BlE R L7 56 B H D
RHX G FAKRICREOL 6T, 7Y VIIAE
EMNCBDLITHIRRIZR Y, o7 %
B2 IR EIFSCTZENELS TR o2
(Fig. 3-2), —F, 7H U ~OFEEMDEE
T, BIEAEHANRELSRD EEHRY, 42
BHIZIZ X OEFENHR SN, BT 2L
NEREC o7, WRBTIE, ZHETITED
BRI NT TR BEMDORBLEZ DN DHE
JE~ ¥ DORE~ERRESNTEY (KE
5 2008), RIGRIREAEES REEE ¥ —
DFED HHBIBIRBIT B A5 LY O TR AR
HOBIIIFEESRH D Z LML TV S,
F T, A IO, FELEHOEARI
AHRLUCEBTI2MNELIH D, SEIORKR
DORWIEEORS S EZBT D LHEEY
WERAEL LEE® D 14 H BN TORBNEE
LW, $£7=, EBTEHTHEIE, EANIZE
Chattonella FREIRCAMETRKILDFEAIRIUZ X
STREESNDH, 7YV ~O~TXEMNEE
M DELRE B/NRICE D H121%, FTAKEX
AHEZRRR DR L, HiRiZ 1 » B UNOREE
ITHOMERHD EEZZ BN,

FREBEEBF~ORLBHEOEER #HHL
(2007) OENFERRIZL D L, BEFEOTY IO
ERORIT 1 BRI% T 90%, AHF9ETIX 75% T
Hol-, BTHESINLZTY VI, EURED
LAWK TERE SR TS, B TEIN
FROTH Y L0 2o FIREMDH Y, =
HXELEEMOEEZLY, BRIBEEIN
HTEMEBZOND, BATEINENE, BIR
(2 & o TG~ & BB S 1L D fElRMED & <
RBHZEMBZLND, FEx - JEE (2007) 13,
JEE D ORE X DRI %2 AL L TV D
EHELTWD, LIER-oT, EEFEOTH U~
VEERIR & LCE FRAAEEZEZRLT 255
Wi, B UBHEEZLEICERT D - DI EES
EFOBEE LT, 79U BED LAV R
LB T ZEBREE LY,

KBE~OERERMOTFRASOmE J|T
B ORBREES (7 H30 BH2»H9 A9 BE
T) OT VY OEFRRITFY 93% & EhoToi
(Fig. 3), {EiEWF UM OTEE L (7T A 16
A% 9 A 14 AET) TORFERIT 11% LK
<, BTEHB 7YY OEBRENEE T T,
AT DB IBIT DT H Y ORE~
WAL 8 A 10 Hx B 15 BORNCRAE L2 &
PEEINTEY CEEFS 2010), AREIOHKHR
IFZNEEMIT TNV, BEFIZ1 p AIZEET
FELETVHVIRIEEAESNNWELRNZ &
BHBEMNZ o T, EBIT, R LUBH% OYE
AR (9 A~3 A) 1X, £FFGOYHA T
X 80%, IFFRRESE DRE TIX 88% Th o7z,
B UBHE Uiz 73 U s I3 AR 2 2 72 3
AIZHEWAEREEZRL, BIERICEREDOEN
DBDH LN b, WE~NBERRTES2H0
EEZ DN, I ITERWEE 2T E
TEBIIFEEMZ B/ NRICED DBLED D,
TR A 1 v AURNOEMICRET D Z &
2L, BEEOKRE~VEXNERE LTEDRT
Bl BaZ ERALNIRS T,

SMEIE TV Chattonella 7RI & BEpFEKIE



KEET R T Y ) BORBICIT B RIEA AT 2 H5

DRAERFICONWTE=F Y  TRENMTD
NTEY, BREBRFBRREN 0.5 ng/l ZTES
O MEOBMBBNFEAT D REHIL,
Chattonella FRWIDOIAHAM L —FHK L TRV,
AT (BIEHRE S m/s Kii), BREOM
DRI 2T ANEDE A TH D EWE
ENTH5 (CEEF L 2010), F7z, Zhidss
XDOT—HIIZFESNTED, X ThT—&
DEBIVLETHDHZ LB EHEINLTNDE, &
% O OFREI DA T B2 & T, B
B ORI L ONE TR HREIZHINT T &, =
THIMZEMET 2 Z & T, b TOFHREES
TH I ~ONELEHDEORBARH OND &E
2 HLD,
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— reclimed S0
: areas A \ Vo Yo Shimabara
I Peninsula

Fig. 3-1. Location of two fishery grounds (rectangular areas at Kama and Kanasaki) for the Manila
clam in Konagai-cho, Isahaya City, Nagasaki Prefecture, western Kyushu, Japan and of three caging
experimental stations in the water column of Isahaya Bay in Ariake Sound (KA, N, KN). The dotted
line and the two solid lines with figures indicate the range of intertidal flats and the contours

representing 5-m water depth changes, respectively.
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138 Aug. (Day 14 from
startof experiment) 1 8ep. (Day 33) 98ep. (Day41) 24 Sep.(Day 56)

Day 8 from 1stexchange Day 23 from 2nd exct Water depth,
(1 Sep. :2nd exchange) = mandex

1.6m

Water d¢
Day 8 from 1st exchange Day 23 from 2nd exchange &2_;; eptl
(1 8ep. :2nd exchange)

Day 56

Day 33 Day 41
Fig. 3-2. Manila clams and fouling organisms in cages installed at Stn KN (Fig. 3-1) during 13

August to 24 September, 2008, showing differences between the 1.5- and 2.5-m water depths and
between the cages-exchanges conducted on 13 August and 1 September, 2008.
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Fig. 3-3. Temporal change in survival rates of the Manila clam from July to September, 2008, at

two caging experimental stations given in Fig. 3-1 inclusive ( mean + SD ; each n= 16; shell lengths

> 22 mm).
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Fig. 3-4. Change in individual densities of Manila clams ( mean + SD ; each n = 3 ) from July to
September, 2008, in Kama fishery ground (Fig. 3-1) . The shell-length range for the clam stage is
25.0-45.0 mm (full-grown adults).
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Table 3-1. Survival rates of the Manila clam for the experimental treatments with different water depths and
frequencies in cage exchanges at three offshore stations in Fig. 1 during 30 July to 9 September, 2008

Depth Frequency in cage

stations

(m) exchanges Plot name A " — Mean
15 2 A 949 91.5 92.7 90.3 95.5 95.1 93.3
0 B 90.2 94.3 = — 93.3 93.4 92.8
25 2 C = — 914 96.9 95.3 96.2 949
0 D = = = . 91.5 94.4 93.0
Mean 92.7 92.8 94.3 93.3
Bars indicate no data.
Table 3—2. Two—way analysis of variance for mortality rates of the Manila clam (water
depth vs. cage—exchange frequency; stn vs. cage—exchange frequency; stn vs. water
depth)
Source af MS F P
Water depth vs. cage—exchange frequency
Water depth 1 32 010 0.77
Cage—exchange frequency 1 1058 3.28 0.14
Water depth * cage—exchange frequency 1 50 0.16 0.71
Error 4 322.5
Stn vs. cage—exchange frequency
Stn 1 6.13 0.01 0.93
Cage—exchange frequency 1 78.13 0.11 0.76
Stn* cage—exchange frequency 1 276.13 0.39 0.57
Error 4 704.88
Stn vs. water depth
Stn 1 231.13 0.42 0.55
Water depth 1 595.13 1.09 0.36
Stn * water depth 1 136.13 0.25 0.64
Error 4 546.88
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Table 3-3. Temporal change in shell length ( mean, SD ) of the Manila
clam from termination of the offshore caging experiment at Stns KA
and KN to that of the back transplantation on Kama fishery ground (see
Fig. 3—1 for locations)

Cage number Date n Mean SD t aF P

10-Sep—-08 100 255 165 -1.925 145 .056

KA-T 12-Mar-09 86 26.1 245

KA=2 10-Sep—08 100 227 205 -10.482 145 .000
12—Mar-09 74 263 234

KN-1 10-Sep—08 100 290 226 -6.848 187 .000
12-Mar-09 89 312 207

KN=2 10-Sep—-08 100 289 172 -7.183 165 .000

12—Mar—09 86 31.0 2.08
Note that two cages were used at each station.

Table 3—4. One—way analysis of variance for differences in shell length of the Manila clam
among “pre—caging (Pre—cage)”,” Pre—back—transplatation(Pre—trans)” and “Post—back—
transplantation(Post—trans)” in Kanasaki fishery ground and its offshore station, KN (Fig. 1)

Source 3 MS F P Multiple comparison test
Group 1 Group 2
Between groups 4 11155 27.64 .00 Pre—cage
Within groups 470 4.04 Pre—trans (KN-1)
Total 474 Pre-trans (KN-2)

Post—trans (KN-1)
Post—trans (KN-2)

Note that two cages were used at Stn KN.
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BAE WREORMERCET IS

4—1. FERBEOEEEH

INEREHHET L EH ERETFE T - R
1970 ERFBLICEDEZ LTIV U BREGE I E
HE A, 100 B R S B A 1T - T
% (BEHE - 1A 2003 ) AhdeOFRIIRE L
LW A2 H 0, 7 ) BIFESG OHERFO 7=
DI, BRI REFTIC L VEEEB SN
TWb, & ZAT, 7TH U EMAKRNEENIC
LB LWEBRTILTH L 720, KEREOWE
ZHIWrd B BRI, BRI E A ED 2RV R
TiZh b,

KPEFF (2008) TiX, Wb AKFEZBE LT Y
U ~OEFZENTHIN TN D, KEREE N
NRDFEO—DIT, BREEIZ K HEBERMYE
WiteiE (AVS-S) S ENH D, AVS-S BRITM
HE CHMEICAIE TE D2FETHY, KFEMK
FUETIL 0. 2mg/Fole ¢ T2 REMEESE LT
Do T DEIEENTIRETEY COEREREDH
BHFERE & L CEATE 320, RtERAT,

AT, Bn & B OFEHBEENR RS 3D
DG TIT o=, 1 DB OFRIGILEEAEC
s L BW A i, 2 0B OR BT 2005 £
5 H2>6 2007 4 12 A & THHz - BRORE T
Hol=hd, FOH 200841512 H, 2009 4
5 HIZifss 0B sy 3, 32 H D4R
B B TR R T oE L B &
Fh LT D,

kBl LU

AHESIY. &R 5 ER (St 1 ~St. ), &
B L IR Tk 4 JEMT, 2005 4E 5 B 7>
H 201046 HETHEME LK (Fig. 4-1; Fig
4-2),

HBHE, AT U L RBID 5 e FTERNOES
ERIENOERS 3anE TERELE, FHhizik
BHIRA L TRBIRY, officitd2ECc—
30 CORREIZIRAT LTz, Tk & fRim g,

BELTH L, BEaEE (BAKEGFR
itz 1980) 12XV AVS-S B EAHIE LT,

RRBLUEBE

3 MGZITRIT D AVS-S BEDAZE{L%E Fig.
4-3 1R LTz, dAEHIETO AVS-S S &%, £
35T 0.001-0.20 mg/Hile g, RHMET
0.011-0. 16 mg/HzlE g, @MY 0.001-0.17
mg/HJE ¢ THE LT, BEEFICASS &
OEEFE L 720, THUNRKESNNEE G| &
Z L7z 2008 4% 8 A D2&fad5C 0. 20 mg/FLlE g,
2007 4F- 8 H O KRBl ¢ 0. 16 mg/FLIE g, 2007
8 A OAIFRIET0. 17 ng/¥le g THoT-,
BAR « BfIE L HIT AVS-S ERITRNEAV IS
ARICEWVMEEZ TR LT, & ZAT, KRE~NE
FAEZ TS AVS-S &1 0. 16-0. 20 mg/FHLlE g
THO, KERKEYED 0.2 mg/H0E ¢ TIXif
S ORRIFI M 2 B9 720 OHIMrEEHE L L
TIEEEHTE v, BEFICRE~VERHAEL
TeAREBRAN LT, SEICRIT DR AVS-S &
BORKELZHTHDE, ST 0.04-
0.10 mg/¥zle, REMIGTIL0.10-0.12 mg/#
T, &R i, 0. 09-0. 16 mg/TIR TH - 77,
F 77, BB L7 RS MER X iz 2005
£ 8 AOEBRMIETO AVS-S & &1, 0.11 mg/
HR Cholz, B OB & WS Ok F A
DOBENHEZIT AVS-S G823, 0.10 mg/Hae
TR DG AT EORN KL EM+ 5 Z
ENEEND, £T7, AVS-S SEOEUEHIZH
WA R L VMR EEN D,

3ODWBITIIT B AVS-S & BED AL (Fig
4-3) b, FRGOEEREZHETH L, &
W TIL, 2008 E DR EAVEER AR EBRO T,
0.10 mg/#zife% Flal-> Tk Y, HEERfGEE
TN TN S LR SN,

G TIL, 20084F9 H & 2009 45 HIT
KB e 2 BhE LTc, ZORE, AVS-S &
1%, 2008 £ 8 D 0. 12 mg/H2IE g R4 9 B
(21X 0. 05 mg/FLlfe g ~ &2 L, 2009 4F- 5-6 A



Rk BAERBRIGHARE F435 201845

D 0. 02 mg/HIR g 75 2009 4= 8-9 H X 0.08-0. 1
mg/HiR g LiRoTr, &I AT, 2009 £ 8-9 A
D AVS-S E&iY, &G TiX0.06-0.10 mg/HE
Jeg Tho7tzid, @M TIL0.12-0.15 mg/
kg THY, RRESG CORBERREONED
RHEEINT,

SRR 2007 SEDEFEOKEA~WEFRA
DI, mAEEZRICIT 0. 10 mg/#iE ¢ & ERl-> T
BY, BKEREOBPHEINDG, ZOfs
TIIHEEORBEE LT L BNEL
Ez2 b,

SE, B0 EZmRFHRCRR T, B A
W AFECE LT, RFEICELRD ST,
WA, DI AFREE R E 22> THRY, &

WEERIZBI L T, RROHEBRORMBELED T,

SROBEREEND,

4—2., KRE~NNELETYVEE
INEFFHISE TN, MR D AF LTS &,
BNPEIETHON KBRS~ LT, T3
URFHETT> TS (S - LU 2003),
TV RIAIZKE R R 5 2 D KEASD
FiX, HFEEEMRICHET S Fig 1-9), FHF
(2010) T, WAFEAFRIEEEDS 0. 5mg/L LA T %
BpE L ER LT, Chattonella 7 9], EEeE
DOREGIF S, 79U OREA~WIEE ORER
Zigam LD, ZOWRETIAT VU OBE L
~UVWIBIZE T AT i e ST
VW, F7z, RIMSE CIEEREICEET 5570
BiECThD,
EFIIFEE TV AEERESE DL
DO - EEIToTRY, FO—EHELT,
THVHBE R E U EREEEIE 2T
X, ZOPRMETIE, 5 cnFFERNOEE %3
H2AHERS 3 enE THRIRLZHE, 1mBA|VO
TNA THio T, EELTWD, £ZAT, 7
FUIRHRE & & BICESEBR T X 512720,
BWREITRED 2 (5REIC/R D Z LR bI
TW5 (A% 1957) , $£7z, MEHMETOT
BV O A Xid 30 mPh ETH B, 5 em

PN OEE 2RI HIRS 3 emE THRAE L7z
BT 7% Y 0B ERHBAAAEL 723
ETER,

MERIAEE S OB FEEZHET D729,
20 em HIEH A LC, ZOMNOEE % F i
PHIRSE 10 cmE THET LA L 2006-2008
HF£07-9 HizgH 1RIFERL, 5 cifRTo
FERER L OXIGEREZF T, >ElL, Zo
KESBARD DEE A ERR L, WBERE R D
BEE (ke/m) ZHEE L, ZOBFEE A~
FeERZ U TEMR OMpH & OBIRN G, ~
VEE BT S T O D EBEEIZOWT, Tl
HIRRE & ATz,

MR L U5k

HEEZ k& L7zfis (HERHA L M50 11X
%, RE, @D 3 » Fois c#hiE L (Fig.
4-1), ERSE & ERBUE, EEREDRED
5T 10 A, RERST 48R, SRk
T4EME LT (Fig. 4-2) , F&IL, 2006 4F
-2008 D 7-9 AT, KEITHIFHZEA 1 B
Ehn s Uiz, dBHL 5 en iz VW TERE 3
em¥E CEE L, BERESRHT A0, 1 E
SUCDE 4 HFTT o VIR LU TERILZ1E, 1
mE &V T A TENENET>T, #AktE L
T2 TNAFRS T2 BHE, 10% MR~
V0 0. 1% 11— AU H VSR CEE « e Lz
%, FERETENE, BRIITIENIFAT
AN 2 N ECEHAIL, /NECGE 2 fr & DU R
L7,

LR #MERECE O -RESR L BT R
~EBRT HMEAREHG D70, SO St
(Fig. 4-2) T, 2006 ££-2008 4ED 7-9 A,
REITHIR O 1 R OME L5 Lz, JifF
BERENL, 20 o FEAAEAOIKE 2 RFDHIES
10cmE TEE L2, 2mmBEVWO 7 VA T
2T, INAFE-T2bDEREE Lz, 3k
ITEERRE A BT A2, 1 ESUIC2X 3 %
Frf o0 I U CEEE LTz, 7Aoo T2



AREIE= - B 7 Y ) BWIRE TR T 5 KEEE AT e it5

BHY, FHR= TR, R L BERERLIES
DNCHE LTz, BRRIIEEERET VHV ) X
T/ANECE 2 AL E TR L7, EEEEEHEA T
LB ETEME L 100 BikzmitL, 5
DHENFET/INEE 2 MR TENENELE LT,
Z D 100 EHR T DR & AR E B i BLR A
5, 7TrA M) —REPHEABIER LT

3 Mg Cc o AR L OSERE St. 3 To
BARNE CENLENLHIE LESRIX LiEo
A7 e A2 ) —XNTEKER~LZNLEN
EH LT, WG RIAEE SRIH BEE (ke/m)
& St. ITOHAFR (ke/md) IMAKREEDOEFH
iz 1 nd47= 0 I CHE L TEH L,

DX, MAWE L BARNENOFEL L
R (ke/nd) MIOXHGCERERRD 720, &
B St. 3T, 2006-2008 4ED 7-9 H iz 4 A 1[H],
A7 9B, Wi E EE Lz, MlA ToORH
HEE (ke/m) MNOBAREIERL, HEBEGRE
BAfRRE Rz, T OBMERZEHAWT, HEH
HETOWRGHIREE SAEE (ke/md) 2655
BIFREEABIBARE (ke/nl) ZHEE LT

2006-2008 4EIZBWT, T U KE~WIEIL
2007 4 8 Az R Bl - &ilfrifads, 2008 4 8 H
ICEMS T 8 QAlcENENRELE (Fig. 1-
9), KE~ELHGFRE (ke/m) & OBIRER
AT DD, KE~VFEREFHO7AH L 9 A
OBGEE (ke/m) DOLEELEZLLTOXTRD
7o, DEIL, EifELER - SRS ORE S
Bz, 7T AOBGFEE (ke/nl) & EELE THAM
B2 ERL LT,

HERE (%) =WEHIESR 0 ARER (ke/nd) /
IBBIE AR 7 AR (ke/nd)} X100

RRBLOEE

Zifr St 3T, HEHFIE L BFENREL T
HEE LT E (kg/m) OXHLBMRD G LT RS
FRADB G LI,

e (ke/ni)

= 8. 3786 X MR AL (ke/nd) + 1.2534

(Bl&453#F, r?=0.8118, ¢<0.05, Fig. 4-5)
ENFOBAMEDOREDRER, MARAERIZ IS
BRERDSRE D b7 T, MGERNZ Z ol
T, aEERDIHE AR (ke/nd) 22HMAE
ERBIBFRE (ke/nd) ZEH L,

KEANVIE L BIfFR (ke/nd) & OBERERE
THRD, KRE~WERLERO7AOBRTE

(ke/nt) & B E CTHAN A ER L7 (Fig.
4-5), DT, 7TAOEAFE (ke/nd), EEM
Z U CHEBEFR Ok R & OBtk %2 LU T i
T D,

2006 4 8 HIZiX Chattonella FREANFEAL
TEHT (EWRKF 2007), 8 A 5-6 HDEM
SIS 1T D BT O BRI 16 KERE (7
6 2010) THY, £ ERE - SRRET
RENOIIRE LD -T2, T HEGFELE
BHOBGREARATHD L, LRGITHTE 6.8
ke/nd TEELL 120%, B FEEOHEMIEVER
R MERM A A2 Sl (Fig. 4-54), KH -
SHEIBAR 5 ke/miLI T CEHEITMR
100%LEL £, 5 ke/m &z 5 & EELIIHR
100%% F[al>7 (Fig. 4-5B),

2007 8 A ITVX Chattonel la fREINZA LT
LoD (EiAKR 2008), 8 A 23-26 B DEEE
5 O BB IS Tl 16 FERTH Y

(EEr 5 2010), G CREVIBIFRAEL
irote, T ABGFE L EEHOBGRE S TH
% &, LGB b5 ke/mi R CEEL
170%LA b, BIAfFE 5 ke/mfLl £ C 39-125% TH
-7 (Fig. 4-5D), —J7, &P (Fig. 4-1)
TO 10%LA T OWTFIERIE I RE T 84 e
M L, KEASWIERHAE L (F¥ 5 2008),
TABGFEEEELOBMRE A THL &, BR-
LIHIEIITIAF R 1.3 ke/nd CHEL 93%, H
FE 1.9-2.7 ke/mi CEHEM 47-66%, HFE
4.8-8.7 kg/m CEHEMN 14-27% Th-7= (Fig.
4-5D),

2008 & 8 AL Chattonella RN FAEL, 8
H 11-15 B OLREHT T 2 BB O RFEfksE
Reik 29 BER G5 2010) TH Y, KE~
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WEEDBHAE LT, T HBIfFE L BRI OBRE
HTHDE, BRBIIBRFR 3.1-5.6 ke/mi T
HEL 23-156%, HAFE7.4-10.2 kg/mi T 17-
50% Cdo7- (Fig. 4-5B), —F, RFET
D 10%2A N OVAFERRIEIIRE T 16 B0
M TH Y (CEBF 5 2008), KE~WIEILZA
Liginote, 7 ABGREERIOBMRE AT
H5 &, B - SIFRIGIIHTE 1. 3-1. 8 ke/ni
THEAM 90-166% TH->7- (Fig. 4-5F),
UbXy, 3Bk, BAERS ke/niailix
% L BB 100%LLT & 22 DN A5
Niz, £7z, 8 AITKEAWIENFAE LTz 2008
Y (Fig. 4-5E) A THhD L, BifFESD
ke/ M EBRICEEBORERMIETRA LN
s

T U O~VEFERICE U T, R AR
%\ (JUERD 2006), LAL, EFEOKE~N
OB Z X 5728, BifFEEZ 5 ke/milh| &
TFTBLZ X, AT RAERIZRD &35
ZH N, BEEORKEA~VRAERIC, |T
XEF MBI A~OBIEEATH 22, RFOT
P VEBEELZTTD LRNLEEND, KE~NIE
DOER, - FIEHIEERBEOT(LOTHER L b2
D, BRETE~OEBRbERFIINLS,

4—3. HRE AR LEERE
THYOERBENRTEDL L, BHOBA%E
WX, FAROIKTIEREBZZOND, Tz, T
T U OKARIIEBREOEELZITHZ &
DHRIND, #ZT, 7THIVOF AL TH
YDEEZ L TCIROEEL L Tr/ar 7y
vallfEEAWT, ZhoOBMRO PR
FERAT,

kbR KU E

FHobhE, LiEo st 3 (Fig. 4-2) T 2005
F9 A7 D 2009 R 7 HETHEA 1A, 20 cnks
RN OEE 2RI HIRS 10 cnF THREUL,
2mm HAEVWD T NVA THi> T, TNAIlFE->T=

bD L Lz, APHIBERZELZ BT D72
1mmu0%3w%?0@0ﬂbfﬁﬁbto
BAEREOWHEFEITAIEI 42 AL L L, ®
B ARORAEL, FR=ECEy)Enz74Y
BN G, Bk 25 mmll EOfE A% i
EAIC 30 AR LT, BRIIFVEV X
AT/ 2 AL ETERAIL, BEIXT VX VR
T/INEE 2 AL E TENENRE LTz, BIEZD
7 UAERNE, SRR &, IR oOR
DKy &+ BRNT, Ao ERS
BIE LTz, BRRERIE 105°C T 24 BRRALL ik S
¥ TFor—2—CRhE®, wRRETER
DRNEEIT oo, RSy AL, BBl & FRE
ERBORIEL LTUTORIC LV EH L,
EREAR (%) = (EREEHERe / BEEg+

Hr R A R g)) X100
KR Z7anm T )b a BEX, JUNEBSA
WMEIE DT A B4 (Fig. 4-1) TEBEL TV

BT —Z OH G, KR 1mBEFEHL
77
mRBIUVEE

2005 £ 9 A A5 2009 4E 7 J1 £ TOES B4
(Fig. 4-1) 1mJ8 i, /Kiki 8.5-28.6C,
Juawn7 4)va X 0.5-20. 7Tu g/L THE
L7z, & St. 3 (Fig. 4-2) TiX, HAF
£130.5-13. 0 ke/nd, Rzt A#13 3. 8-13. 0%
THR LTz (Fig. 4-6), #&HZ/LOBEIILL
TIZR LTz,

2006 4F 5-9 A i, /KR 18.8-28.6°C, 7 n 1
T4V a I 9.4-20. Tu g/l THERE L, [HI4E
5-8 A DOIFFERIL 8.9-10.5 ke/nf~ LML
77. 2006 FEH A 13 528 9 HICRIR IR 2 @il L
77, T EGEE OEE T, B RITEERN 8 A
7 10.5 kg/nd7> Hi@iE% 10 A D 3.2 ke/ni~
EHR LT, HLfRE AL 5-9 HITiX 4.9-
6. 3% THERS LT 228, 10 H 1T 10, 4% ~HEI
%, 11 AiCiX 5. 7% ~& W Lie, 10 Ao
na” )b a P 3. 2ug/L, BRAFEIX 3.2
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ke/mi T o7z, FIRE ANEOWEWIZIIEIND
5035 2 biviz,

2006 4 11 }H-2008 4E 3 %, /KiR 9.0-
28.0°C, Z7mu 7 )L alfE 0.5-13. 3 ug/L,
E720, [F45-8 HDBIFEIL 4.4-8. 3 ke/nd
F LT, FlRE AL 4.8-7. 8% CTHERE LTz,

2008 4E 4 H-2009 4 7 Hix, JKiE 10.0-
28.1C, 7uu 7 /) allfE 2.3-14. 2 g/L T
Hefe L7z, BAFEIE 2008 4F 4-7 JiiE 4.6-
5.4ke/md TH o708, 8 AITKEANNWIERSFEA
LT, 9AIZ0.5ke/md~EWW L7z, &0,
B BRI M 27~ L, 2009 4B 7 A
(\Z4% 5.3 ke/mi £ TR L7c, Ry AR
2008 4F 4 H-2009 4E 7 HIZ 6.1-3. 0% TR
L, 2008 45 AIZ9.6%, [F4F 9 RIZ9.4%%
LT 2009 4 3 2 13. 0%~ LML THY,
EIN~OBERE X bz,

BUIREEEHEZRFT 59 2T, BFREL
WM N DOBRE HTH D, 2005 4 9 H-
2008 - 7 H £ C, BIFEIL5 ke/ i & da L0
v, LB NI 8% LU T T o 7= (2006 4 10
A, 200845 A #Fr<), DFIZ, 2008 48 A
DREA~WFEFEERKR DD 2009 4F- 6 HETTH
THbHE, BIEFEEILS ke/tdflATTHY,
B AHRIE 2008 4E 9 H L 2009 4E 2-5 A2 8% %
kRElo7z (Fig. 4-5), BifFE 5 ke/miLl D
A, HoRE ANRIIAE 10% % LBlo Ty iz,

CTZAT, 2009FE3 Aixruaa T v ailE
X5ug/LCTHY, THIVEENSLke/mi, /KR
13Co & &, W AR 13% Tholz, 7TH
VEEMELS, 7 r a7 /b aRENREVES,
THVEARREL b L HEINTL, HAX
IKIBSCPEESR & DEMR b BV, BTS2
FILTERY, SR en T o va R, K
BEL IR LZEZANRH A TRIEITY, &7
AT T, X —BOEMREZBHELE
VY,

4—4. BERAEE~MITT
AR X 0/ NEHETHISE CiE, HiooERER

DR LYV TIRAEL, F0k, 1.5 END 24
T 30 A X720, YA X~
ATDHZERHLINC/RY, BIREED RN
VIAVIN RV g0y il

TYVEEORADERE LT, BEEORE~
FETIEELE LTHE, EROER TIIEICHR
MREREEEZITHZEERALN LT,

RKEA~VIERIR T, EHROENEEOA
P E R L, MEEBEORE CIIBREE OK
H RRER) OREDRELMER Lz, T b D
ik, THVHBESHRBEOBESHER I,
REAFESBNT TCERPBHIGF S5,

KB, BEEROE LD ELT, EF0D
AVS-S EEN 0.1 mg/Hile ¢ LN COEERE
DEBERET D, £lo, RE~WIEOER &
FANHER EOBENG, FICEFOEEIL b ke
/MU T COWBERERET D,
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Fig. 4-1. Location of the three fishery grounds (Kama, Nagasato, Kanesaki) with artificially
introduced sand for the enhancement of yield of the Manila clam, in Konagai-cho, Isahaya City,
Nagasaki Prefecture, western Kyushu, Japan. The dotted line and the solid lines with numbers
indicate the range of fishery grounds and the contours representing 5-m water depth changes,

respectively.
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Fig. 4-2.. Sampling stations for the regular survey of the density of the Manila clam and sediment
conditions. The number under each station number indicates the elevation above the chart datum
level (CDL) recorded at Oura Harbor tide gauge station run by the Meteorological Agency, Japan
(Fig. 4-1). MLWS: mean low water at spring tide level. MLWN: mean low water at neap tide level.
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Fig. 4-3. Change in AVS-S at each sampling station in Kama, Nagasato, and Kanasaki fishery

grounds during the period from May 2005 to May 2010. Vertical bars indicate standard deviation.

Kama fishery ground was a five-point survey, and Nagasato and Kanasaki fishery grounds were four-

point surveys. The survey was conducted once or twice a month.
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Fig. 4-4. Relationship between estimated density sampled using a 5 cm square frame-depth 3 cm
and estimated density using a 20 cm square frame-depth 10 cm of the Manila clam at sampling
station in the Kama fishery grounds St. 3' (Fig. 4-2) during the period from July to September
in the 2006-2008.
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Fig. 4-5. Relationship between density in July and weight ratio of the Manila clam at each
sampling station in Kama, Nagasato, and Kanasaki fishery grounds during July and September

in the 2006-2008.
Weight ratio (%) ={Density(ke/nf) in September,Density(ke/m) of July} X 100
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Fig. 4-6. Change in water temperature, chlorophyll a concentration, density and dry body rate
during the period from September 2005 to July 2009.Water Temperature and chlorophyll a
concentration observed at station B4 (Fig. 4-1) of the depth one meter. (Observation of Kyushu
Regional Agricultural Administration Office (Kumamoto)). Vertical bars indicate standard
deviation. Density and dry body rate samples were collected in Kama fishery grounds at St. 3'

(Fig. 4-2). Dry body rate samples were 30 individuals per month.

Dry body rate (%) = (Dry soft part weight/ (Shell weight+Dry soft part weight)) X100
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