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1ob8 o T, MEREBIHICH T 2R M RD50% 5 H
Hizv A4 3y ./ OB{fEHD 1~ 3 HEfcHL T3
DT, BIERIZR—HT 3 LHELTL v, Tt
FioB T 2RBRADS0%BILH I, VY A3/
D8 HSHAHTHIFITTHLDT, HUT
BELIDDVLEDEBHT DL TH S, ZRT
BRERELOREEIND Y A4 3Y/ OFETEA
ERAXHROE"RH S, BB X ZFD50%ERIA% T
T2 eBTAREETH I LEZ OGN,

AR ORI, 2 A8 L U3 HOWR



BHZVIEY A4 3Y/ DBTEE &b TEOBF
HBEBREND, IHIZRBOKEMER
OEYBHBESHEEL THE I LETRLT
V5, HiEE - LR (1985) wkhiE, 3~5°COR
BT 1 b AR L 7488 IARIR B ORIB I &
Moleds, 2 »HARNERLISSE I IKREROR
BICHoTz LMEL T3, AR (1984) i L hid,
KRIRHBERORTR A4 £LCTIEWETH 2 L8]
HELTw3, ChsDEERAWT, RRIZBIT 5K
RBEFINS L UASBEEE 2RO & 5> B A
Lo THE L. ETRUDIC, HERBBBAO
197945 51987 % TORRBHAGERICL - T, 10
AUEOEIFRB 5 CUAT I R > - A/ EHA T,
ZDHHEH40H, 5085 L 60HCEL-AH 2R
B (R—5), Rz, FRThOBHIZEL AL
BOBHDOFHKED 54.4CEELI I {H %50

R—5 RAMBHT 2H1E010A 1 B, EHOF
BSURHS 5 "CLAT iz & - 7 B #4340, 50, 600 iz

%l B THIAL, FWBHREO#EERAL
(R—6)o 19805E2 51986 & CORYBHBE
i3, FIHIBEEA 2 Hd 3108 LB O FREH 5°C
UTFick->7o~HBE (408, 50HB X U60H) i
Bk CIFREICHEETR L, & 2258, 198740
BHBIHBRETIX, 5°CUTOEHI40B DH/E I
1319804EH 5 19864F £ T & iZIRFEI A 2R L
feds, 2@ RFHB0A S &L 60R % 2 L ERRE
BEZHSHRZETLTW T, ZOERIE, 5°C
UTOEERD BEI40AMERL TBNIE, KD
BRERKENSHEBLTWAZLETRBLTWS,
D& RRESERENLFEREANE, BEA
E1ATHY, BHEBEOWEATL2HAIETH-
(R—5) Lo T, RKRTIF 2 AICAS ERkIX
RIRHEBORE b 3 LS hie, B, HE, MG
RABHICLIBEORHMARE X, ThTh1230
&, 920, 1sHECHE LitEs L (R—
6)o &F5 (1988), &EH (1992), SHIBATA (1986)
DIHEE L - BRI BB AL lTH o7, L

#L-H
TehioT, ZOfE, HBORHD
p W pre= pre= o\ {E ﬁtﬂEﬁE{& AR i )
e DB R YRR EETH B L H L 5
1980 28 98 2A19H 3A 1H
1981 1H18H  1H28H 2R 7H nz,
1982 1818H 18208 28 8H
1983 1B26H 28 760 2H17H B HATRGTOERY
1984 1RLIE  1A218  1A3IA FREOREOEINES, BEIBEH S b
1985 18158  1H2H 28 4H b .
1987 18308 28148 28268 ELT, 2HOAEEBER-bOE2E5 L, AFRG
F—6 KEUBEOFYRIBEOHEE
o ¥ @ 2+a
408 508 60H 40H S50H 60H  40H 508 60H
1980  110.1 110.1 108.5  89.8 89.8 88.2 98.8 98.8 97.2
1981 143.6 143.6 143.6  100.3 100.3 100.3 115.2 115.2 115.2
1982 134.5 133.1 133.1  104.1 102.8 102.8 106.6 105.2 105.2
1983 117.3 112.0 112.0  93.6 88.3 88.3 109.2 103.9 103.9
1984 115.3 115.3 115.3  67.7 67.7 67.7  94.5 94.5 94.5
1985 128.3 128.3 128.3  94.4 94.4 94.4 106.2 106.2 106.2
1986  117.3 117.3 117.3 S — S
1987 114.8 91.8 86.5 - - = R —
¥# 1227 118.9 118.1  91.7 90.6 90.3 105.1 104.0 103.7
SD 11.6 159 17.4 12.8 12.6 12.6 7.4 71 1.3

i) 408, 50H, 608, RRBHEHE T SRIEDNI0A 1 ALk, HHOFHRES
5°CATiEZ->7DRBAE%ETT. SDi, HREZEETT,



WA 8 '95

TTHEZTo . TORBIZOVTHARS,
ZB, KR, TO—HIcowTRAER - FRE
(19832) TARLIL, 20RICERE L-RERE
RLumMATEHERH LD TH S,

1. BRI UFZ

FABEABICOVTIE, 1980FEOHETIEIS 7 7
vhy 7 (EEH12m, ESH5mDER) %, %
NS DOETIRAF O — L BOESE (BEH13cm,
HE8emDbD) BHEHALL, ESMBHRELT, A
HABOPIZEZE0mD A4 2 % Ahiz, i,
FZ2HOAMOT EEMIcET SR TS,
FAROBHICETSNTWARE VDo
PR, SR LT 1 BUIRORH %
WAL, %O T804 L 1981FEDHEHIZD
Tid, E#@% /¥ A ConBf CHIE L7z, 19824,
19854, 1988%EDEIRIIC OV T, KEEKUVA
TO0. 1mgHif % THIE L 12, Licdio ¢, BiHEED&E
BEBHE 1 BUROBES 2R T35, ERHO
FEIL, 19804F L 19814E1TIZIZEH, 19824 £ 1985
FERHAMET, 1988EIXEH, 4019 B»SFF
FTOME, ROIIBHERCE>TITo7% &7
o, ERNOEREHAN, ERSTOATHRE
BRI L BEBRM S XL CEMRERZ, K
bhEFHC 2 O A MEFETABCANL, BE
12, By bTOROANF S VK (19804, 19814,
19824EDTE) H 5 V> idok (19854 L 1988E D FFHE)
527, 1980, 19814F, 19824 DA TidMErE—
NTEGF LI, CORTABRTHMEEL T
LTS RBEPIAT 20N EESN:, LI 5,

R—7 @AFERETO 1L D OTFHEPY, Tk
¥ & UBRHR O P9k E

EESREK # & BN
REE e FPH+SD THESD THLSD

(81) (580 (g)
1980 30  97.3%42.4 31.2+11.7 0.258
1981 40 130.2%58.3 39.9%+13.6 0.307
1982 26 102.7+44.2 27.8+ 8.8 0.292+0.106
1985 26  83.3+39.7 35.1%+ 4.8 0.278+0.099
1988 17 99.5%39.7 37.2+ 8.6 0.310%0.081

) BHesoEEIE, Btk 1 BUROM/ETH 5, 1980
FEL1BIFEOBRHEFOKERTEL THRVWOT,
taDE s SR—-110BFRNIC X > THEL 2,
SDik, FNRZEERT,

9

HEfE— AT T 5 &, HE X > THEOHYINT &
naEESLELIERE s N, BFCERSHS
b LD T, 19854 L 1988EDTE Tl fnt
=L T3kwlik 4 HEEFL, ZoMCEZR
BETULREFLT, HEEFEH»OMOELT
BOHBFEETE L L,

B, 1980EDOTHETCRBEROB/NELAES
BHITERALLL, A2 EBLULTREL,
BEORBICH o1z, 22T, 18IELUBORET
EBER i, AEAROBCHSmDIES
BOREDF, FIIH6mDIEAELCYIY Lo
BiExHT, #L7—7TLomh LEEL, K
MsHEZVE I L, 86Kk, B2 LB
BRLETHHACHEESEL, ERSAIBNS
bot:DT, BOFEHCHIVI Ay TR %8
BABOLCZBLTEELL,

2. BBHIUHR

BEED L HEAO 1 47 0 OFYEREE,
SEig#n, BHEROFFEL L HRR—TIFT,
1 Y7 D OFESEINRIE, 80~130BLTH - 7z,
FEFEC L > ThEDDEBHBONI:DT, 1Y
1o D DESIBCOWT, REOEKE, FHETIH
HE EOHBEFRE R ThBBT L7 (R—8), &
B, 1980 L 1981 5EDFAE CIRBHERFOKELRHIEL
LoD T, AR > TEhFhOEEERK
R, BEROKED 2 IR EERIZOWTRH,
FELL: EOED 1 %V RV THEEZIEDEBEE
BEH SN, RHBEORROGENSEITLITENE
L, ERBES L 23 Hot, ZD& SR
FNX, L (1981), /S (1981a), fRiEE (1986),

£—8 MY D OEPHEBEFFOKE, Fink X
Uit B & OERIREK
EESRE & DB

HEF
FBLHERS D PR T # @ Biti B
1980  0.738+ +" 0.536+ + ~0.247
1981  0.640+ +" 0.313+ » —0.053
1982 0.680+ « 0.543+ » —0.263
1985  0.782+ « 0.076 0.004
1988  0.660+ * 0.304 —0.272

H) o id, 1BLV_AVTHEBTHSZ I LERT, Bt
RO, R 1 BURO/TH 5,3 LR
TWLTC%*T& 60
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SHIBATA (1987) KXo THRBDSN T3, Fr
IZ2WTiE, 19804, 19814, 198250 3 &EHIDHA
EHTIE, 1%V TERTIEOHBEZESZED S
hi:(R—8). ChOHDFEER, TRINFIVK
252 TRELLETDH 10 NFIVAEEZT
ERBORBE LT WG L LTI, /MESs (1981
a) & SuiBATA (1987) #3%H 3, RIZE T, Fhk
ES L oM ERE R IEORBEEFSED SR Tw
3, BETRERZELEL- OO, HEREK
130.406TH Y, B R L bl 213 CERED
B RBMEMIZH oIz, Lich>T, RBDOHFHH
o LRAEKTIE, NF 2 VKROBHEIZ & > THHE
N/ h, EREBS{koltbDLELIONS,
BHBE2W» T, WIhORESE b EIRSE O/
WHEE BRI Sh ¥ (R—8), RHEBOD
B X > T 1YY OEPABIEIEEShZWI L
BIRENIz, UEDZ s, ERHEFD 1 #EYT
D OFFEB A LN E (R—7T) i3, #HRBAD
Bl ERBEHROBRCBEL T EHL 603,

10+ 1980

20F 1981 .,
r=0.810

10r 1982
r=0.883

] L e 1 2
4 8 12 16 20

FH%E (C)

11 B/ D ORI & PITBOEIT
2LT, 1980FEDKERER— 41077, EIRBUL,
TBOBWHKES 2 3HABAS5hiz, 5H10H
D#&Th, [BOBVWHRERELS K 2 3EM%
mUTbs, ESNREERDEroTz, 22T, ENR

) ¥ 1§ L} ] 1 o
[3)
410 ~
: o B
= 4
% 10 B-
B J 30
e
S 5
Y
M
o] 0 2 1 G |
~ 10 20 30 10 20 30 9 H
g —a [ 6— 8
E—4 181 B4 OFERBOETL (T

&1 B4 ) oFRE L OBk (L&),

T 12 e 20
wH&E ()

R—5 HFAEAMO 16BN ) OFYETRE T OMOFHHRA L OB, rixiEK

RBETRT, *R5%LV LT,

s IRV, ERTHZZETT,
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BBALTOhIFE, T2bbEROY—7 O
FTENRE, EREAMO 181 ASYOFY
ENgE ZoMoEHRA L OBFE A (B—
5)o 1988SE 2B T IE, 1 %HB VIS5 BVRVTHE
BLRECHBNSED Shiz, Lizdio>T, [EHE
DRV CABOEINESRER 22D
BHomizitote, ZD& S L, kS (1981
b) RE->THBEBEENATVREEIATHS,
RO EFHRE, FCX>THEIOEN
BH5500D, FRAICKE Y —r2RLE (H
—6), Thbb, BiHE0BmEE COEERIE
DOFEETHIEBICHE L o728, ZORIZABICHE
PLtzo UL, 1981EOTE T, BHHES08 %
EALTH2u ) DEGEBEFLTED, BEOME
HHFEC L DEBIHEOEBR TH oz, ZOER
NFEYKEFASZTHELLD, NFIYKE
EXTRELMOETIR, KT EE5ELTHAEL
RELBRAU L 2EEHRERLLELD -,
LicdSoT, NFIVK, ThbbEREMELE
o EVwoT, HTFLLEFEGNEVS Z LiCizoR
BoERWEITHS, &8, HFABROEFHRE
—6)1, HEEHELILLTRDONI-HBDTH
3,

BIH EIBBHAOFREDEVHIESBENCER
£3. 2

BB\, BRHEFORBOKESL X USERD
BRI 1N ) DEIIBCKE LB EEX 5
rEBEsHII LI, FHE (1986) IXESRRES IS
ZREOMBEERCHEL, 18270 OER
BB BEB P16 DD, EIRAY S 2 -0
KELPBHENDLZLEHASHIILE, LI3T,
AEFEINCEL T, WMEEMIT 5 L5 0TI
<, BEOHNE CHBMRMOE L5 %%
U, BINEE2HE{ELAATENTS (hFH i
FIWFRHE, 1971), £ D7/, HHERORE, +72b
b ESBRR ORI EE T K E RS2
prifEflEang, 20X RES»SOWRE, H
L (1981) HSEFHBRTOBE VDS 1 HEL Tz D DEIIK
EEMDH AR ELEEX 3 LWL
L7:BshiE, BEEAETHTH %,

AT, HE (198]) OFECHRLT, ERG
e LToiFREsRYE 2 2 DOHEERRALT,
ZORBOBERENCE R 2HBERELERIC
2S2WTih~r3,

1. #EBLUHE

ESERT L LT, AEERNCAE 2EANL
ZGDObLD (Llk, 2HEEES) L, AEFRARK
1O AEE AN, FOLRAFAK (HESEZIR
5T, BEBEFIR1cm) 2HELERTEHVLAEHOD
B, AEED) 2t BREHLLT, A
RNiZAHEELD b, BHEMTHL T3 (FHLE, 1981),
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R—9 FAHFRHTCRZZERNBHEREL THO AL 1 24 Y OTFIIEPE,

gk E OB it B & VR
& | thROFELR  EI%K & &
EORRT SRABH FHESD ¥+ SD ¥+ SD FHLSD
(g) (g) (1) (B %0
2 13 0.266:0.126 0.106+0.062 61.6+44.4 29.2+10.0
bl 12 0.249+0.101 0.123%0.067 103.0+60.4 30.9+ 9.9

) #EE, RE%1HUAROETHS, SDit, B EZERT,

R—10 EIUBATORVIC L - T 1 87 D OEIISC
ENH ZHLELICOVT ORI ORKEE

H LA B HSTHR OFE p

EIWBAT 13617 1 13617  9.13 0.006
B 2 32803 22 1491

KDL, AEMOBE Wi 2 D 2ED T &R,
AKROBECEAEENKDTEHICETEALTY
725

EIROBEICD>WTIZ, EFHEATE L THAD
Flombot-Z bk, ERNROFHN RN
PORCKRE TCOKEORENL biItFEHTbA
T2 #BFE, AIfiD1985%E L 1988ED HE L A
CAHER L > TfFo 7,

B, HERERHRE, 198841 AT AEEHRO
AXRER TR L #EARLD, 198944 H 8 H
ST THELALRRT, Biig1 BUA
OfEEEHERA Uz, Bl LR CHERE 2HmH
FIRBCIRY 20T, HERAOEE L SH
HVRUKDEREMCRAE LI 3B,
Teo HBKDOWTH, FIfiRICAETHEL A
BFAREEALL,

2. R

PR L SRR ORI O G E, BEDFY
B, FEHB X UTIIETIE R EIMERTRIC
R—ICRT, HHREOKE, FEOFE VRSB LU
HFROSVECRHE VERASNE M- 255,
17 D OPGEIRIIAADF N AHFL D b»
29Bholc, TORETIK, EIIHLBHEFEFOEK
HE oMz BER2EOHMBFEBED s hi: r=
0.613, p<0.05) #%, #Fdy & ORI IZHEEHHBIR
FREEHShieho7 (r=0.339, 0.05<p), ¥
T, BHHROREOKELHRL T, EIEHROR
WIZ Lo T 1N ) OEMNBCEBRREND 20

ED I EATIC & - TRE LTz, Bl
H RSB 2 BIRERO 28 L KO E ik
FACTH3 (F=1.90, 0.05<p) L#shiD
T, HERWEEHOERBICENDH L0 E > bER
ELT(R—10), HHFEFOEEISE U THRIEIA
TOEPROFVERCS I LHHEEL, ZDF
Bl (£95%EHERA) 13 2HEDIBE T59.080 (+
2281), AKOHETL05.8% (£23.281) THoz,
D& RHFOEKESREIC TS, 28D 1 MY
oD OERBRAKDOHEOHESL EbDHTEL
ETHD LWL,
FHEORHRERET2BMRLL, @FCIRA
BHAObDORERX BT, Liz>T, REDOR
HORBAYRERcL-oTwRLEIOND, 1
Ll b OERK L EFHRPOREOR R & DY
REA L3, EFSMBEICCHIIE, 2ETIR
AKRCHERTHEEOEAIRBKE WERI D -
(B—7)0% 2 T, BRSO 5B L TEEMh o&k
HOBA®R, TRbbIANFE—DEREEND
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R—11 EIBFORBVIC & > THOKREORVIIcE
BH50ENIZ OV T OHRFIUAIFTOEER

B R ¥4M BHaE VYAN FE p

EESRRAT  0.00521 1 0.00521 11.20 0.003

= #Z 0.01023 22 0.00046
a0
20 1
o-—»l-L-.. - - .
20+
0 - —a
20 l
pup— | '

204

1 A4k oK
o35

-

S 10 18 20 25 30 35 40 45 50

Rit®o8 K

BN LTA 5 X TRELLHEOE
Btk 1 B/ b DEFHR DR, KENIZ, B
BECLALHETRLTW S,

B9 E D pEXRSEMTRI LI, B—7 OfWE
DEROWEESIFELCTHS (F=3.39, 0.05<p) &
s hiz0T, RERFABEROGREOEIcE
BHIME DI HERE L (E—11), 2 TOBKE
DEIRIAKTOERI D bERRELZ L
NrEh, ALCBOIEET LGS, 8Tl
HoBE R (£95%EHEMRA) 120.128g (£0.013
g) T, AKDHEE0.098g (£0.013g) TH-
Teo CORRPS, HLMOWEET T L0, 5
ETRAKLID VASHZHEL DI AN F— LT
Lice#zohd,

13

15 20 25 30 35 40 45 S50
BE&koB &
ESERE LTAKRES A THBLLBEDE

kD 1 B4 D OEIRMOZEL, KE, S
BELLIHERLTWS,

®—9

BHBROREEOEIARIC OWT, AR THE
LI BADEREM— 812, ATHBFLIBED
BREE—9WTFT, RKTRAHcHBLT, B
HE&D SENEHET 2 EESS a5 h, E
DH->7:BHbEERAER L. AATOEIHE
WMBOF (HEMREZE) 13, REE%2.7HH (£1.5
B Thot, ZHicL T, A TIRBHES.7H
B (£3.88) TH Y, AAOESREHEADHHEHS
PIELI L BH LN (1,=2.498, p<0.05),
%7z, EBCERDD - 7z BROFE (+EHEE)
2HTHBE, FKTIXI2.68 (£5.5H), T
126.28 (£3.08) Tho7z, BIETIE, BASHIZ
BEIVDLENO > LHRLERC S -1
(t,=3.476, p<0.01),

B0 18 1 B4 ) OFRSERHOELE,
SR L FHEEOEEL L b BB
E—10R7, &EED 1 B4 DERZOEL
ERELTCH(E—8, B—9), mEL bEHLE
BOWRELTwol, ZOLILREMIRHHTH,
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B—10 ERBAOFEESRE S RETICE T 5 HR
HOEFHIR (LR, HIFBEOL(LR (JE)
& 181 A7 ) OFHERHROEL (TER).
OR2#T, ORNKTHFLLERETRT,

AR CREHERD S ERHEMNIEE IS, To%k
BELCEY LT EmERLE, 2L T, Bl
BIBHELIc RS L, EIIEHLDTHRLE
2Twofe, CHERMLT, 2ETCEAKDESIZ
RHE®R» SSROWEET TS L%, &Y
CRAKD4AD1H2WE50D 1BETHY,
L3, BiH#%20BL%EICR > THL 22 EARS
Shiz, TOX I, EFEREL TWEH»ES
loT, BRAYYa2a—VZKERBODHZ T
EHBHBAL 2, MEOEIRR Y Y2 —VDBVWER
BRL T, REOBLHBIIOAERBVLIEDSN
7o (EA—100HER) ., A4 TIRBHIES S & BiH$20
A & TOZECRIR BN S VW, ZO®O10H
MOERESKE o Tz, AATRFEHEZOFEL
BRAREVY, ZOROELRBLICNESEoT
Wwol, BHEI0E» 5408 2 TCOmMBFOLELIZR
ELTBEY, ZDHREIRELCTCHo T, Zhid, B
PRRIE L A ERT LR LZR—BL Taiz (B

—8, H—9), 0HLBOE{EOK & (LI,
ZDERBETREDEENFET Loz, BE[O
EBELIZbOTH S, MEOEFBRICIE, K&
BENAZONEDoT (H—100 L),

ZE, HERBROLEFMR L EPHEEOELE
(B—100 L5 X UHhER) i Ht3R Rk & B Ry O P
WEBEREHIZ1I0ELT, ROohbDTH S,

3. B

HE (1981) DIEHED X 31z, EIUERTOFEY:
W&o T 1YY ORI L EROD - A
BODOHD ZENIOPETHEND SN, 5K
ESBBEPERA P2 — iz b BODH BT L
HBEL Y, 2O &I BOBRELLFERE, L
TCEET 5,

ANbkS (1981a) iz ki, FRHEZR DR
Fr O FEIRBIN I3 588, B ERERIIN X285
Tholzo /IMES (19812 ) DFAEIICHE S NI HER
HOFHEEIX0.259 g T, SEDOTEHRA LK
HOFHEE(BHTIX0.2662, HATIZ0.249g)
LIZRAICHETH 72, BHETO 1YY DY
EORSIL61.6RTH - 7o DT, BHEHRICHRFEL T
L3I I IZIR—B T %, TOT L, B
HRZRG L TR SE Rl 2 L 2L
Tw3, ZhiZHLT, AKTO 1LYz D OFY
EIRSUI103R TH - 72D T, S Mt BRHEROFE
IR IRE & B EKRERPINBDOAET LD bHw,
ZOX S LEER, REESCIHENEERTCE
FELTWizEBZME (Vks, 1981a) % THER
BMUTERSAEZ E2THRLT WS,

WIESNRBR A5 L, KTRAEEIVH 3
HEL, EfDOH > IR TR SO 2 f5D12
H»513HTH o7, EFNDH -7 HEDOBWIZD
Wi, SEOHELIZRACEET CiTbhH
£ (1981) oFETHIHPEhTwE, Thdig,
FE (198]) 4 EDTHThLEERESRDOSL
7o Lpd, B—8 tE—9kTRT LS, KT
AL D bBRHED X ) RWER TS BOIINE
Tahi, £, BICHOMEET T 3D HE
N AINE-ZDO2VTHHSMCAKRIEAHE
Dudhhpol, TRHEDI L, AATIRZHEL
D LEMBERITTbh, BERTIEHREET 5
OREB L L ANF —DHENES Mz Shedho
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T L RFERL TV,

YEDz ens, AKX, THOLERZRIELT
X VTR T TR, BIHRHCRRFL Tl
ETRTCETLLREBBTHAZZANFE -0
TBD, IhoDIANF—EREFAIN L SRR/INVE
FIRC B B BHLIMECRV A 2 Z LB TE L
bIT, ERBSHL ko1 bDEHFEZLND, LT
2, AETIIAKCH~NTEIUEBRT L L TOF
BRI ZDT, WKDBED & 5 ES I EHR
BTET, ENFEFEERTILbrRYOLR
NE—ZHBL, BHRBCREL ol Rl e E
OBSE—RTholztErzoN D,

BHEoKBEOEARIE, B—10i2FRT &5 icE
AR ELLRBMLTWVS, ABBORRIZEREL
ZVOT, FACBLWTRBOEKERZHIET S &
Brahid, FAOEIAEEIEET 2 - & »0ahE
THIEHESLS,

WaE BACH U SEIBIEOME

FHCBIBETINR, 2y y—F470L5%
SEAYTIHME R TEIC I, BETI
LHTAEETH B (A, 1988), LU, ESHAED
E53LFETR, FROY VIV ERRRCHERS L
BRHLDT, HHDEADLS ZDHEC L > THE
THILRFEECHE LY, L2258, HFTRLL

15

&) KR ROFEEROELE LT NIE, FHOR
FH BT 5 ERHEOELEMENCINET 5L
BAHETH % LHEflsh 3,

ATk, HERBOGEET 2ELEOHBL
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X7 5.073 0.197 X7 0.098 0.227 -0.025 -0.145 0.192 -0.065 -0.010 1.000
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2 KLET 22.7 550 16
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4 KILET 25.8 500 34
5 ALET 21.4 550 12
6 S7ILET 20.4 200 83
7 SZILET 19.1 200 70
8 IZILET 20.9 200 87
9 it ] 21.8 100 61
10 I7ILET 18.4 250 47
11 SZLLET 17.9 250 28
12 ILLLET 19.2 250 40
13 J\RHT 32.1 200 88
14 AAR 22.7 250 80
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16 AL ET 22.0 450 7
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18 _ETIET 21.3 400 22
19 ETHET 20.0 400 6
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Studies on a Solution to the Mechanism
of Infestation by Sugi Bark Borers
( Semanotus japonicus (LACORDAIRE)) Occurring
in Japanese Cedar
( Cryptomeria japonica D. DoN) Plantations

Summary
The sugi bark borer is one of the worst of all insect pests damaging Japanese cedar
plantations in Toyama Prefecture. The borer reduces the commercial value of the timber
because of the rot or decay caused by the fungus invasion following larval feeding.
Therefore, it is very important to establish an efficient method for controlling the popula-
tion of these borers before severe infestation occurs in these plantations.

Four investigations were carried out from 1980 to 1991 to find a solution to this problem.
First, adult emergence, ability for oviposition, and survivorship curve were investigated to
find out how borers grow and live. Second, pupal chambers of the borers and annual
ring-widths of trees were investigated regarding the damaged trees cut down in the
plantations. From these investigations, the relationships between annual fluctuations in
the number of both borers and the trees damaged by them in the planations and the radial
growth of the trees were analyzed. Third, the parameters of the adult population living
in the plantations were estimated so as to analyze the relationships between the parameters
and phases in the fluctuation pattern. Finally, surveys on the plantations damaged by the
borers were carried out to determine the factors related to the damage occurring in the
plantations.

A solution to the mechanism of infestation by the borers occurring in the planations was
obtained from the results of these investigations. Useful techniques for control of the
borers were proposed based on the results of these studies. The results are summarized as
follows:

Life history of the borer

1. The time of adults emerging from host trees was investigated using logs of infested
Japanese cedar trees at Toyama Forest Experiment Station. The aduits of the borers
emerged from late March or early Spring to late April or early May. The time of 50%
adult emergence had a high negative correlation with the mean temperature from
February 1 to March 20, and was nearly equal to the time when Yoshino cherry trees
(Prunus yedoensis MATUMURA) flower. From the above results, the time of 509 adult
emergence can be predicted with great accuracy. Effective cumulative temperature
above 4.4°C after releasing the diapause of the adults was estimated to be 105 day-
degrees.
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2. Investigations for the oviposition of the borers were carried out under room conditions.
The total number of eggs per female depended upon the weight at the time when the
females emerged from host trees, the suitability of the oviposition site, and the amount
of nutrients the females could get. The borer oviposited more actively as the tempera-
ture became higher.

3. The difference in the oviposition site influenced the borers’ oviposition schedule and
the total number of eggs per female. Under suitable conditions, most females started to
oviposit soon after adult emergence, and each female laid an average of 103 eggs mainly
in the early time after adult emergence. Under unsuitable conditions, most females
started to oviposit much later after adult emergence, as compared with those under
suitable conditions. Each female laid an average of 62 eggs with constant oviposition.
Oviposition was observed to be more frequent under suitable conditions than under
unsuitable ones. These differences are due to the fact that the latter consumes more
energy in searching for an oviposition site than the former.

4. Decrease in the weight of the females after adult emergence was closely related to
seasonal changes in the number of eggs because the borer did not eat during the adult
stage. Oviposition schedules of the borers under field conditions were estimated using
the above relationship. The results indicate that oviposition schedules under field
conditions are similar to those under room conditions.

5. The borers’ survivorship curves were investigated after putting hatched larvae on
9-year-old Japanese cedar trees (tateyama-sugi (seedlings) and boka-sugi (cuttings)) that
are local cultivars of Toyama Prefecture. Most of the larvae put on the former died
when they fed on the inner bark and sapwood, but about 259 emerged as adults. On the
other hand, all larvae put on the latter died before they could bore into the sapwood to
make pupal chambers. This indicates that boka-sugi has a certain mechanism capable
of resisting the borers and resin flow was thought to play an important role in this
resistance.

6. Borers have a 1 or 2-year life cycle. Based on an investigation of the damaged trees
cut down in the planatations, the percentage of individuals having a 2-year life cycle was
estimated to be about 409% on and after the peak phase.

Properties of infestation by the borers in the plantations
1. Borers colonized in the planations at the time when radial growth at breast height

(1.3 m above the ground level) in them was greatly prompted. The time of the borers’
colonization became earlier as the stem diameters in the plantation became larger.



2. After colonization, the borers had an annual fluctuation in number, in which four
phases could be identified : build-up, peak, decline, and low-dentity. Their peak occur-
red in plantations where the mean stem diameter at breast height in them was 12-13 cm.
Most of the trees were infested with the borers during the build-up and peak phase,
coincidentally when the mean stem diameter at a breast height in plantations was 8-14
cm.

3. Trees with larger stem diameters in the plantations were easily infested with the borers
during the build-up and peak phase.

4. The uppermost part of the infested stem moved up vertically as the stand age increased.
This is because the outher bark of the stem with increased radial growth (being suitable
for oviposition sites) moved up vertically as the stand age increased.

5. Annual and cumulative pattern of the vertical distribution of pupal chambers showed
that they decreased in number as the height levels within the stems became higher.
However, pupal chambers tended to occur equally over the stem above 1.0 meter in
height after the peak phase.

Population dynamics of the borers

1. Adult populations of the borers in 9 plantations at and near Toyama Forest Experiment
Station were studied from 1982 to 1990. The capturing of adults was carried out using
a modified band-trapping method. Adult population parameters of the borers were
estimated using the Jolly-Seber method. Adults in number, residence rate, sex ratio, and
sampling ratio were compared between two sexes from the results of 1983 and 1985.
Based on the fact that no difference was observed between the parameters of the two
sexes, the parameters estimated in two sexes together could be the representative values
of adult populations in these plantations.

2. From the mean size of stem diameters at breast height in the plantations, it could be
determined which phase in the annual fluctuation pattern the adult population belonged
to. Furthermore, the relationship between population density of the borers and its
growth rates was analyzed for all phases. Equilibrium density of the borers decreased
in order of the build-up phase including the peak phase, the decline phase, and the
low-denisity phase. These results show that the environment for the borers becomes
worse after the peak phase.

3. The residence rate of adult populations was not related to the adult population density.
It was closely related to the growth rate of adult populations. There was a tendency in
which the growth rate became minus when residence rate was less than 0.84, and plus
when more than 0.9.
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4, Spatial distribution patterns of infested trees in the plantations until the peak phase
were very different from ones after the peak phase. The residence rates of adult
populations at the peak density were observed to be very low, compared with the rates
before and after the peak density. When more than 5 adults were captured in each tree
one year, the number of adults captured in it tended to decrease in the next year. The
results of these observations lead to the conclusion that the adults give up oviposition
because of severe deterioration of phloem and move to other trees or plantations.

5. The rate of movement between plantations was 7-25 % for females and 3-16 % for
males. Females tended to move between plantations much more than males. In most
cases, the rates of movement, however, showed no significant difference between the
sexes. Movement between the plantations occurred frequently on and after the peak in
the seasonal changes in the number of adults. The average distance of movement
between plantations was 50-80 m, with no significant difference being seen between the
sexes.

Factors related to infestation by the borers in the plantation

1. Four local cultivars of Toyama Prefecture, boka-sugi, masuyama-sugi, ryowa-sugi,
and kawaidani-sugi, were suggested to have a strong resistance against the borer.
These cultivars are propagated through cuttings.

2, In Toyama Prefecture, most of the plantations were developed from seedlings of
tateyama-sugi. The percentage of trees infested with the borers was remarkably
different among the plantations. To clarify the factors related to the borer infestation,
a quantification method was applied to the samples of 99 survey data obtained from all
over Toyama Prefecture. Heavy infestation by the borers occurred in the plantations
located at lower altitudes, with larger radial growth, and with older stand age. Percent-
age of damaged treees increased until the age of 30 years, and decreased slightly
thereafter. This tendency would be due to the fact that most of the trees did not die
from the borer infestation in Toyama Prefecture. Therefore, the altitude and degree of
radial growth in the plantations were considered to be important factors related to
infestation by the borers.

3. Relationship between infestation by the borers in the plantations and radial growth of
the stems at breast height was analyzed for 20 plantations that were developed from
seedlings of tateyama-sugi. The percentage of trees damaged in the plantation became
high with an increase in the ring-width formed for 5 years including 2 years before and
after the stand age of maximum radial groth. Altitude and the mean size of the stem
diameter at breast height in the 5-year-old plantations could be used to predict the
percentage of damaged trees when infestation by the borers was over.
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Mechanism of annual fluctuations of the borer populations in the plantations

Annual fluctuations of borer populations in the plantations are thought to depend on the
changes in the amount of trees available as oviposition sites. It can be determined by the
following two factors. One is the roughness of bark’s surface which changes as the
plantations develop. The other is change in quality of the inner bark, which is caused by
an increase in the resin-canals formed due to larval feeding. Annual fluctuations in the
number of the borers in the plantations could be explained as follows:

1) In young plantations, with a mean size of less than 12-13 cm in stem diameter at breast
height, many trees have a very rough outer bark surface (suitable for oviposition) caused
by the high increase in radial growth and presence of few resin-canals in the inner bark
(a fatality factor for larvae). Therefore, the borers can establish its population in this
type of plantation and increase in number, thus leading to a spread of infestation by the
borers in the plantation. This tendency is maintained until the peak phase, although
resin-canals are formed by the attack of the borers as they increase in number in the
inner bark.

2) At the peak phase, adults avoid egg deposition because of severe deterioration of the
inner bark caused by the numerous amount of resin-canals. After emergence, the adults
soon move to other plantations, hence the number of borers in the plantation decreases
rapidly after the peak phase.

3) The number of borers decreases in the decline phase because of a deterioration of the
inner bark, with new infestation rarely occurring in the plantations.

4) As the old inner bark gradually becomes the outer bark along with formation of new
inner bark, the layers of the inner bark with numerous amount of resin-canals disappear
during the low-density phase. Under this condition, the borer population is expected to
increase rapidly thereafter. However, the borer is maintained at vely low density and
never at a high density such as in the peak phase because the outer bark surface of many
trees becomes smooth (hence unsuitable for oviposition) with the decrease in radial
growth during the develpment of a plantation.

Methods for controlling the borer

1. Restriction of the radial growth of trees and codition of the inner bark during the peak
phase can prevent spread of borears infesting plantations. Pruning is one way of
achieving the above. It should be used for plantations in which the percentage of
damaged trees was few or low.
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2. It is also an important method to plant cuttings of Japanese cedars such as ryowa-sugi
and masuyama-sugi for cotrol the borers. This method, however, should be applied to
areas with an altitude of less than 200-300 m in Toyama Prefecture, because snow also
causes severe damage to plantations with cuttings.
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