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Long-term fluctuations in stock abundance of the asari clam, Ruditapes philippinarum, in the

no-fishing area in the southern part of [se Bay, Japan

KAZUHIRO HANYU

F-U—R 7YY, HEE EEHEE, HEEER BKE A

The abundance of Ruditapes philippinarum in the no-fishing area in the southern part of Ise Bay, Japan, was investigated
during 1954-2000 by the Mie Prefectural Fisheries Institute. The present study analyzed the abundance of R. philippinarum
during 1957-2000. Annual fluctuations in the small clam abundance (abundance of individuals with a shell length of 2-7 mm) in
the no-fishing area were large. The maximum small clam abundance in each decade showed a decreasing trend from the 1960s,
and the stock abundance (abundance of individuals with a shell length =20 mm) decreased markedly after the 1970s. The stock
abundance in the no-fishing area was maintained by a few cohorts with a high abundance of small clams.

The present study examined the effects of small clam abundance, precipitation, and sediment on the probability of cohorts
recruiting to the stock in the no-fishing area during 1959-2000. Small clam abundance and precipitation influenced the probability
of cohorts successfully recruiting to the stock. The precipitation selected by using logistic regression analysis was the maximum
monthly total precipitation for 3 months after a mean month when small clams were observed in each cohort. Although heavy rain

and river flood influenced the probability of cohorts successfully recruiting to the stock in the no-fishing area, the decline in stock

after the 1970s was primarily caused by a decrease in abundance of small clams after the 1960s.
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Fig. 1. Location of the no-fishing area in the southern part of Ise Bay,
Japan, and sampling stations in the no-fishing area (Modified from
Mie prefecture (1958-2001)).
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Fig. 2. Density contours, small clam abundance, and stock abundance of Ruditapes philippinarum in the no-fishing area during 1957-1978. (a)
Density contours in shell length of R. phzhppmarum during 1957- 1978 Class interval of shell length, 1 mm. Numbers in figure, cohort names.

Cohorts were identified by masses of density (=10*°

individuals/m’) and temporal continuity of these masses. Cohorts 57 and 58 during 1957 and

1958 were unable to be divided because of low quality data; cohorts 65 and 66 during 1965-1966 were unable to be divided because the densities
during 1965-1966 formed a single mass. (b) Small clam abundance (abundance of individuals with a shell length of 2-7 mm) in each cohort of R.
phzhppmarum during 1959-1978. The cohorts were identified based on Fig. 2a. Dotted line, the median (163 individuals/m?) of small clam abundance
in 34 cohorts during 1959-2000; numbers in figure, cohort names; number in parentheses, the abundance in cohort 59. (c¢) Stock abundance
(abundance of individuals with a shell length of =20 mm) during 1959-1978. Dotted line, the median (355 individuals/m’ ) of stock abundance during
1959-2000; numbers in figures, cohort names. The cohorts were identified based on Fig. 2a.
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Fig. 3. Density contours, small clam abundance, and stock abundance of Ruditapes philippinarum in the no-fishing area during 1979-2000. (a)

Density contours in shell length of R. philippinarum during 1979-2000. (b) Sm.

all clam abundance (abundance of individuals with a shell length of 2-

7 mm) in each cohort of R. philippinarum during 1979-2000. (c) Stock abundance (abundance of individuals with a shell length =20 mm) during

1979-2000. For symbols and descriptions, see the Fig. 2 legend.
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Lboesial T, ThFEhak—k68, 70, 71, 73
74, 81, 86, 89, 91, 95 & U7z, F7z, 1961 4F, 1963 1F,
1964 13 E 3 mm LA FAIRBEITH - 7248, ThEha
F—h61, 63, 64& L7z, LEKD, AR THREL
72— REEH40 aR—FTHo 7z,

HEARLER
AAFTHEL 2G40 aF— DD 5, BE3ImmEL
TOEEEEINMEE R /=08 —  57/58, RETH-
7= — k60, 61, 62, 63, 64 BERN/ZET34 OFK— b
WDOWTHIBRAERZEH L/ (Fig. 2b, 3b; Table 1).
MERARIZ, B/NBIFR—F7302 indm’, &KRH3
T— b 59 @ 6408 indin’, FHLEAS 163 indm’ TH -7z (Table
Do R EERo R~ bOFEIX 1960 FR L

1980 ERITEM o /248, 1970 £/ E 1990 ERITH L,
FREEBITFEDH D WIIHMT B &0 ZEANER
S5IaMnolz (Table . —F, MEREERORAMHEIL
EREEBIETL T/ (Table 1),

BEMRY A XOERE S MARKRTHE

19594 1 A5 2001 3 AETORMOEES S
A OBEFERO T HRAENL 355 indm* TH > 7 (Fig. 2¢, 3c).
BEFFETHRELZIF—bDDB, Ik—b 00 &0
7239 dR—RMZDWTMADKEEHEL 2. BFRE
MHMELL e -72aFR—F, TRbBMAICKSL
Jmak—hE, F3FK—bOBE20 mm L EoHEEE
# (Fig. 2a, 3a) ICEDOWTEEL #HERIT Fig. 2¢, 3c,
BELUTable 2IZRLEZBD ThHho/z. £, SFERD

Table 1. Small clam abundance of Ruditapes philippinarum cohorts in the no-fishing area in each decade

Small clam abundance

Cohort number over

Decade n ) (individuals/m?)
the median (%)
Maximum Minimum

1950 1 1 (100) 6408 6408
1960 4 1 (2% 1120 38
1970 8 4 (50) 644 2
1980 10 3 (30) 514 21
1990 10 7 (70) 332 22
2000 1 1 (100) 331 331

n, number of cohorts identified in the present study; small clam abundance, abundance of individuals with a
shell length 2-7 mm in each cohort; median, 163 individuals/m’.

Table 2. Rate of Ruditapes philippinarum cohorts successfully recruiting to the stock in the no-fishing area

in each decade

Cohort recruitment

Decade Success rate (%)
Success Failure
1950 57/58, 59 None 100
1960 60, 62, 65/66 61,63, 64, 67, 68, 69 33
1970 72,75 70,71,73,74,78,79 25
1980 80, 83, 85, 87 81, 82, 84, 86, 88, 89 40
1990 92,94, 99 90, 91, 93, 95, 96, 97, 98 30
2000 — — —

Success, stock abundance (abundance of individuals with a shell length of =20 mm) in each cohort was higher
than the median (355 individuals/mz); failure, stock abundance in each cohort was never higher than the

median; see Fig. 2¢, 3c.
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FEBRHMOFREKEICBITZ T BERREORMES

MABRINER Z Table 212 R L 72, MARRIIEIZERL /-
JR— OB 1950 ERZRFIE, 19704
RI1225% EETRMADZHDOD, FOMDOERIT 30-
40% TH Y, FRETRERZEIFDSNEA D7 (Table
2).

Fig. 2c¢ & 3c &0, MARKEIH L7z aF— b O
G414 XOBRENTREEZBAZERTIIFR—F 92
M14EM, aFR—b59, 60, 85A124R, IH— b 8o,
83, 9483 4ER, JIFR—h72&L87A4FM, aKR—b
62 &£ 65/66 M SHEMTH >z, IFR—57/58, 75, 99
Fak—-rOHBENSHEEFTOLTORIMZRE CE
Binoleie®, BMERIITHTH /2,

RENRYA XOEREE

SR XOBREEDFELH % Fig. 42 lTRL T,
F7=, Fig. 4b1TIF 1950 M5 2010 FRETO=Z&EIR
BELIUFBHIIBIZ7HURBRO R (BHKE
#1957-2014, HHEEK)D 1965-2014), EEHRY 1 XD
BRERIZ 1973 FED 6.5 kgm ZE—VIZABL, F0O

BOBKNMEIZ 1990 D 3.3 kg/m* TH -7 (Fig. 4a).
1973 FELART O /MBI 1962 D 1.0 kg/m’, 1973 4E KD
BOR/MEIL 1978 £D 0.5 kgm* TH - /= (Fig. 42).
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1980 DT EAEDHEIZBWT, WHIILEY
L1 &8RP RE (106 %) 28X/ (Fig. 5. T4
LA DERTIIR R E TR 2ENEN - T2,

fekE

19574 1 AN 5 2001 £ 3 H OHIRIC BT 2 ARKE
BIUOABRKER/KRZ Fig. 61ZR U7, F#/KEIZH
WTT7HVICEEE KT TRAKRIIHE TRV, F
EFEEABBUNRS % U T (MBS &722ARKK
Bl3500 mm L ETHD, FhEBAAOEE 1960
ERHTA5 %, 1970 A 2.5 %, 1980 FFERAT33 %,
1990 4-{XA35.8 %, 2000 €ELABE (2000 45 1 A2 5 2013
EDRAET HM1.8% Thoiz (2001 44 AL Fig.
6 IZITRL T,

z.g 8.0
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Fig. 4. Stock abundance of Ruditapes philippinarum in the no-fishing area during 1957-2000, and commercial catches of R. philippinarum in Mie
prefecture and Ise city during 1956-2013. (a) Stock abundance (abundance of individuals with a shell length =20 mm) estimated in the present study.
Dotted line, no data or low quality data. (b) Commercial catches based on Ministry of Agriculture, Forestry and Fisheries of Japan (1957-2014) and

Tokai Regional Agricultural Administration Office (1965-2014).

_27-



PIAEFO5h

30_ v v v
20—

10

'57 '60 '65 70 75

Weight of very fine sand, silt, and clay (%)
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Fig. 5. Weight of very fine sand, silt, and clay as a percentage of the total sediment weight in the no-fishing area during 1965-2000. Dotted line, the
median (10.6 %) during 1965-2000; number, the mean month was calculated from the average of serial dates (values in Microsoft Excel) when small
clams were observed in each cohort; open and solid triangles, cohorts successfully and unsuccessfully recruiting, respectively.
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Fig. 6. Precipitation in Toba during 1957-2000. Open bar, maximum daily precipitation in each month; solid bar, monthly total precipitation; number,
the mean month was calculated from the average of serial dates (values in Microsoft Excel) when small clams were observed in each cohort; open
and solid triangles, cohorts successfully and unsuccessfully recruiting, respectively. Precipitation based on data collected by the Japan Meteorological
Agency.

_28_



FEREETOREATICBTZ 7YY EEBOENES)

MEARLER BKE BLUEERSMABRDECRIET
-2

MEFRAR BAKE KE EED VNI LIEE
), BIUMARESSZy hTHSN/323F8—+%
MR, OPAT 1 v ZERMTICED, HARESR,
KR BLXUKESMARIBICKITTRZEEZTML
Jze TORR, AICHR/NERSTZOEIHERERELE
KEIZEBETFINTHo7 (Table 3, 4; Fig. 7)o, £DE
FICBTBHBAEIR “MAREALUZIDABOAR
KEHEKRME THO (Fig 7), SEROFRBUIMEETEE
B, BAKENAMETH -/~ (Tabled)., KEDOF—
FR/ENTWERWD, HARAR BKE BIUW
ABRENEy hTEHESNZ33TR—F, DEDREIKRD
2 OF—hZaF—h59ZMAEHDOERRIZ, HRA
RERBEBKEVDMARDRBIIRETEE S S LIZHE
R, AICRAMBOEFIERUEREDDBOTR/IE
o GERER). £/, IOEFNIBITHEER
DR DIEA (Table5) i, BHRETILDOZEI (Table 4)
E—H L7z, Table SOEFIIICEDNT, MEREEER

MENTEMARNELNE L, BAENELNIZERINE
MEW AR RS N /- (Fig. 8),

HAREBORK(E
MACER L7235 — N OHEFEERORANEIIER
EREEMNRD SNish o/ (Fig. 9, Table 6). — 4, Ml
AZERHL =3k — hOFNIZERE EBITED L (Fig

8, Table7), 104EHI/DHEIT 48.8% (={1-10°"'*""} X 100)
EHEZN, 190 FROHERRBREEDORAMITIMAIL

KL=k —bOENERKEETET L T (Fig
9),

zR

| MEEFAR S BENSRY 1 TREFEEDORHES

CERIIBILSHAEBEITI0ERIIE -V ETA
1990 FARICHEB L 7= (BHR/KBES 1957-2014; Fig. 4b).
X, HEHICBIT2EBED 1980 FIcE—7 2%,
1990 FRPSWMAD—g % E->7 RIBBEF 1965-

ERRIKEN S MARIIEE KD (Fig. 8).

MAREER

Table 3. Results of logistic regression analysis for the probability of Ruditapes philippinarum cohorts successfully
recruiting to the stock in the no-fishing area during 1965-2000

Variable Parameter SE z P
Intercept —7.24 4.04 -1.79 0.0733
Small clam abundance 3.17 1.46 2.18 0.0293
Precipitation —0.01095 0.00955 -1.15 0.2515
Sediment 0.166 0.200 0.83 0.4045

This model, full model in which the variables were small clam abundance precipitation, and sediment (see Fig. 7) small
clam abundance, ordinary log-transformed abundance (individuals/m’) of individuals with a shell length 2-7 mm in each
cohort; precipitation, maximum monthly total precipitation (mm) in Toba for 3 months after a mean month when small
clams were observed in each cohort; sediment, weight of very fine sand, silt, and clay as a percentage of the total sediment
weight. SE, standard error. Sample size, 32. AIC, 29.76. Precipitation based on data collected by the Japan Meteorological
Agency.

Table 4. Results of logistic regression analysis for the probability of Ruditapes philippinarum cohorts successfully
recruiting to the stock in the no-fishing area during 1965-2000

Variable Parameter SE z p
Intercept —6.22 3.69 -1.69 0.0916
Small clam abundance 3.33 1.44 231 0.0209
Precipitation —0.00881 0.00911 -0.97 0.3337

This model, the best model in which the variables were selected by Akalke s information criteria (AIC) (see Fig. 7) small
clam abundance, ordinary log-transformed abundance (mlelduals/m ) of individuals with a shell length 2-7 mm in each
cohort; precipitation, maximum monthly total precipitation (mm) in Toba for 3 months after a mean month when small
clams were observed in each cohort. SE, standard error. Sample size, 32. AIC, 29.55. Precipitation based on data collected
by the Japan Meteorological Agency.
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Fig. 7. Akaike's information criterion (AIC) in logistic regression analysis for the effects of small clam abundance, precipitation, and sediment on the
probability of Ruditapes philippinarum cohorts successfully recruiting to the stock in the no-fishing area during 1965-2000. (a) Relationship between
monthly maximum daily precipitation in Toba and AIC. (b) Relationship between maximum monthly total precipitation in Toba and AIC. Period, the
number of months during which the maximum precipitation was recorded, after the mean month when small clams were observed in each cohort (see
Fig. 5 and 6). Model (i), full model in which the variables were small clam abundance, precipitation, and sediment; Model (ii), 2-variable model in
which the variables were small clam abundance and precipitation; Model (iii), 2-variable model in which the variables were small clam abundance
and sediment; Model (iv), 2-variable model in which the variables were precipitation and sediment; Model (v), single-variable model in which the
variable was small clam abundance; Model (vi), single-variable model in which the variable was precipitation; Model (vii), single-variable model in
which the variable was sediment; Model (viii), null model. Dotted lines, models (iii), (v), (vii), and (viii); these models did not include precipitation.
Sample size in each model was 32. Precipitation based on data collected by the Japan Meteorological Agency.
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Fig. 8. Effect of small clam abundance and precipitation on the probability of Ruditapes philippinarum cohorts successfully recruiting to the stock in
the no-fishing area during 1959-2000. Small clam abundance, abundance of individuals with a shell length of 2-7 mm in each cohort; precipitation,
maximum monthly total precipitation in Toba during 3 months after a mean month when small clams were observed in each cohort. Open and solid
circles, cohorts successfully and unsuccessfully recruiting to the stock, respectively; solid line, probability of cohorts successfully recruiting to the
stock, as estimated by using logistic regression analysis (see Table 5). Numerals in parentheses, small clam abundance and precipitation in cohort 59.
Precipitation based on data collected by the Japan Meteorological Agency.
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Table 5. Results of logistic regression analysis for the probability of Ruditapes philippinarum cohorts successfully
recruiting to the stock in the no-fishing area during 1959-2000

Variable Parameter SE z p
Intercept -7.45 3.49 -2.13 0.0329
Small clam abundance 4.60 1.81 2.54 0.0111
Precipitation —0.00893 0.00491 —-1.82 0.0688

This model, the full and best model in which the variables were selected by Akaike's information criteria (AIC); small clam
abundance, ordinary log-transformed abundance (individuals/m®) of individuals with a shell length of 2-7 mm in each
cohort; precipitation, maximum monthly total precipitation (mm) in Toba for 3 months after a mean month when small
clams were observed in each cohort. SE, standard error. Sample size, 33 (including cohort 59). AIC, 29.59. Precipitation
based on data collected by the Japan Meteorological Agency.

10' o

65/66 Q)

Small clam abundance
(individuals/m?)
2,
|
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'50 '60 "70 '80 '90
Fig. 9. Relationship between decades and maximum of small clam abundance of Ruditapes philippinarum in the no-fishing area. Open and solid

circles, cohorts successfully and unsuccessfully recruiting to the stock, respectively; Solid and dotted lines, linear regression lines in cohorts
successfully and unsuccessfully recruiting to the stock, respectively (see Table 6 and 7). Numbers in figures, cohort names.

Table 6. Results of linear regression analysis for the maximum small clam abundance of Ruditapes philippinarum cohorts
unsuccessfully recruiting to the stock in the no-fishing area

Variable Parameter SE t p
Intercept 2.117 1.050 2.02 0.1814
Decade 0.00403 0.01385 0.29 0.7983

Small clam abundance, ordinary log-transformed abundance (individuals/m’) of individuals with a shell length of 2-7 mm
in each cohort; maximum small clam abundance, abundance in each decade; decade, 60, 70, 80, and 90. SE, standard error.
Sample size, 4. AIC in this model and the null model were 5.20 and 3.37, respectively. Intercept, SE, 7, and p in the null
model were 2.419, 0.129, 18.74, and 0.0003, respectively (See Fig. 9).

Table. 7. Results of linear regression analysis for the maximum small clam abundance of Ruditapes philippinarum cohorts
successfully recruiting to the stock in the no-fishing area

Variable Parameter SE t D
Intercept 5.015 0.512 9.79 0.0023
Decade -0.0291 0.00717 -4.06 0.0270

_Sma]l clam abundance, ordinary log-transformed abundance (individuals/m®) of individuals with a shell length of 2-7 mm
in each cohort;.maximum small clam abundance, abundance in each decade; decade, 50, 60, 70, 80, and 90. SE, standard
error. Sample size, 5. AIC in the model and null model were 2.80 and 10.14, respectively (see Fig. 9).
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DEFRBEEIT 1970 £ ER L (Fig. 4a), Fig. 4121
RLUTWARNWAS, KEF - Ful (2009) ASEAE L 218
IZB1T% CPUE (REKRY-DOT7HURER) 1970
FRIIE—INRDHN, TOBAFL Thie, b
DT EMSKE - LU (2009) AERE L/ CPUE 1358
BELVEOT7HVEREERWRLZBDITHEN EH#ERE
N, MRH D CPUE ICBWTHFRBEOEDIERMNED S
NEZEMS OKEF - AL 2009), ESBEHL THWS
L5z, FBBICRIFA7HUERECH DT 1970 F
RIZHBEE SR ETHONZYEEZL LN S,

AREICBNT, FOF—FOMAREEZE 1959 F
M5 2000 FXTOFRMBELBLZE IS, HARE
BRELENREL, FREEBITTREEBAZIF—
R D 2 E WS SRR S e o Fe, FE, DA
RIMBHITFE/R T LA EWDEMSIHER TN .
ZHI—RT 2L, MARERDETHERREXRDE
RTRIZWZIEEZRLTWENDOLDITHRAS. LML,
AFIZBNT 7 EROEE IR — F 2L <HFHX
&2, BEOTHMEHE-S 23R — MIBEKEDOHE
REBZDOLLEOAF—NTHD, MAITH LA
JR— b OHERERDORAMEIZ 1960 FR5 5 EAE
MIZHBZEMNELMh LR, Thabb, REKMIZ
BUSHENEY 1 ZOEFERD 1970 ERIZZBL,
ZOHHEMEXR LU ZBRAFEIZ, 1970 ERLE, &
KEOH AR EREZ D >/ I5K— - 65/66, 2DE DL
HBERBSMEEAERE L BRI ERHDLEEX
HN5,

KEF - duil (2009) 13, 1980 ERO=ZERBIUHH
BHICB T AHEBROHEINIBESNIEOHINCLSD
DEHBELTWS, /-, TORBEHEOHEMIEAE
LEHIRZBEARDOTHD, ZhN—WERDFEED
BEREXZRVZEERL TWD, AFEORHRIET
NEFETHHOTIIRVA, HFEKE TIIERBMLK
B 1960 FEALITBNTH, MEAFEEREN 1980 £
1990 4F At D B AR K HE & RS £ THRE L L ESEFEL
T\, F72, 1960 48 & 1970 FAROHRFEKE TIE IR —
I 65/66 & T2 12k D ERERAEAL 22, Sz iud
ZD20EREOTN 2D IR — MIEENZA SN
TWiiz@ERhotk, LT, 1970 FRLUED
BRIz BT 57 YY) BREOHAITE, ELETMAT
T — b 6566 % T2 12 ILELY BREOMERFEEN 2P
FrEbRERPEERTLAARENSVEEZION

%

2. MARRTIRICEE S T TER

ARETIREIFT— FOMARIRICKITERE L
T, MARAER, BKE BIOEEZRD EY, #A
REREBEKENMARFIIREREEL2RITT L
ZEHSMZ LTz, £, BAKEIZDWTIE, HARE4AA
D3 AR ARKERRENEET S 2B,
2Lz, MEFEAERIZSALS 10 BOBICED 5,
BIZ X REKE THRINZIAF—FD5 5, 195948
HicHBEL/Zak—1+59, 1972&F 6 AiCHBEL =ak—
k72, 19839 HICHBELzak— k8313, HMKE
23500 mm ZHEZHDEMICESI NN, INS5IET0H%
HAEXWEY, MARKIL TR, ZhoORBEREEE
BTN HHREZBEATBY, ZOXLDIKHENREX
BECHEDSHEAELEZIR—RTE, AABEICXDEM -
FNHAKICBRENTHMAICRINT 2HRBE N EE X
5N %, HRBCaHE TIIHEREENMERL, W)
HANZFNIZEWTE 20 280 EESEHEATY
5 (HFEK 1957, BE 1998, B 2002, Toba 2004 &
2007). AARDOHKRERZINEZFTLHHOTHD, Z
SN AOHEBIE, BREHEAE LW E O 5
D7 HVERICBWT—HEIICAEL TS O S HERIE
N5,
AFETIEESMARRICRITTEEERE L,
B 7 LA ESERNEN 2 1980 FREZN
D > 7= 1990 L & TR — b DINARINER 2 [b ik
L7h, FRETREREZHD N>, Kz,
ERATIC BN T EHRBEEOFEE RIS I EMNT
Elamotz, LEA- T, REKETIIEES AL
RIZEE T L-agEERENEEZ 5N S, L,
IR LA OBEIMIEOREICH L TEREE R
TIESHENTNS (BHS 2014), £/=, FHEMME
MEE c BHOBKEDL23MHICIETH > HERFE
EBEEEN, REAEICBTZ2EEOHAEREISH6 2
Hiz1EEDRL, ZOBEQES TR D ERITICS
WTEEBARUTERL > ETHREDSETERN., &
517, EENEEICEALZ 1978 EEOREKEHE
HERTIIEBEELICK D 79 AL L RIS
BahTho, ZOFECHBELZIFR—HI8I3HERE
ABRNPREEZKBICEZ THEIRBAMD ST IMAI
BB LT, TOMARBICIIHEERERD 9 A OB
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AR BN S,

LHHERABICHEERTIER

AFFETIE, REKEIZBWTHERERORKNEN
1960 ERDIBELXET LTSI &, HERERNM
ABRBICREREEZRIEFTZE2BESMIILE, &
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EERE2 mmICETHI &, KR — MDA E
WEZDIFR—hDORE20 mm U LEOBERHSFIEE
EEZZEEFERUIZ, FEBEIRICAIE T D EER)
FOBTY YU OHENMAERZFHEL /= Miyawaki and
Sekiguchi (1999, 2000) HBIUEH - BEO (2000) 123
FHHER (£ 0.3-1.0mm) EMARE (EHEBRELS
Imm A EIZETEZE) OFERBIAREODOLERER
275, LUTFTIE, #5OKREER GRE lmm LA EOEE)
ERMEICBTDHALHEHABAT, REKEOHEH
ARICKITTERIIDWTERT S,

o OFAEIL 1991 £n S 1996 FOMICITThN . £
T LB EHEEFEAERIIRE Imm RiG O EENERO
HEBILIDVBETAEINEINIERESN, BilEHERE
HEARERELOEHEIIAD SNh2/mE03, UL,
EODLGHANKERELZ 1992 F L 1994 D IK—
MIREOHESRGHRED SN F—-FTHD, Zh
50aF— MR- TERASHARA BT ES LDt
MEICE>THEINTWEEWD, —F, (PRSI
DREKEIZHB T D ERERIIZVEN SIEIZ 1992 4,
1994 ££, 1993, 1996 F, 19954, 1991 £ TH D,
1992 4F & 1994 FITHRRERD SN o E NS HAIT
FRBET GERR)ND i (R#&KkmE) T—RLT
Wiz, AWIZETIE, REKEO 7 U ) BHFEASKAEIT 1[E
REFRELEHAEICZASNTOWAZEZHS ML
W, ZOREBRENFBBERO SO L FARICERESE
DREBREILZBDTHoETBHE, RBKEHDHFE
PEERICBIT 2 THYREBORDIL, TOBRES
DREEIZE B HDTRAWATREMEASHTL 5, Tiabs
ZHIXRDESIBBDTH 3,

REH, =Mis, AHEIIBT5 75U 0D RN
DAFHORBROZNITEWER THED SN D Z &8
2\ (BRH - %8& 2002, H14 2003a, 2003b, FEHE 5 2011).
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RS 20000, L7zAioT, BEEBIISVWTHEES
EVNBEETHE - BEL, 702 NELTHRET S0
REMEEWwEEASh, FRBEREEROT Y &R
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