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Influence of temperature and photoperiod on the development of
Ips typographus japonicus (Coleoptera, Curculionidae, Scolytinae)

Akira UEDA"" and Kenichi OZAKI"

Abstract

To evaluate the effects of temperature and photoperiod on the developmental of Ips typographus japonicus (Coleoptera,
Curculionidae, Scolytinae), we reared individuals in bolts of Picea jezoensis upon which eggs had been laid in the field in June
2010. Bolts were placed in the laboratory under six temperature regimes (16, 18, 20, 22, 24, 26°C) and with a photoperiod of
15:9 L:D (LD) and at 22°C with a photoperiod of 10:14 L:D (SD). We recorded the date of adult eclosion and emergence for
the first generation. The developmental zero and the effective cumulative temperatures under the LD regime estimated using
‘Tkemoto and Takai method’, were 5.1°C and 412.1 degree days from egg deposition to adult eclosion, 12.7°C and 141.0 degree
days from adult eclosion to adult emergence from the bolts, and 9.8°C and 481.9 degree days for the whole developmental
period (egg deposition to adult emergence). The developmental rates of the insects reared under 22°C were same between
LD and SD, indicating that photoperiod has no effect on the developmental period of the insects during the first generation.
Next, adults that had eclosed from the bolts at 22°C and under the two photoperiod regimes were allowed to deposit eggs on
new bolts so that we could assess development of the second generation reared under the same conditions as those from the
first generation. The developmental rates of the insects reared under LD regime did not differ between the first and second
generation. Of those reared under the SD regime, only 2 second-generation adults eclosed and none emerged, suggesting that
adults from the first generation had entered reproductive diapause and laid fewer eggs than those reared under the LD regime.

Key words : Diapause, Photoperiod, Developmental rate, Developmental zero, Ips typographus japonicus, Effective
cumulative temperature
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VY INF T A L (Ups typographus japonicus) DFEBEICH T ML L HEDRRZ PR B 12T,
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HE L 127°C, 141.0 HE T, @G 2WM GEINMSHH) TE9.8C. 4819 HETH > 7, 22
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W% (Berg et al., 2006), §&bbH, KOV A IHK
& <720 D. ruffipenis OMIFICHE LI ROBEED & X
oz & & (Bergetal., 2006), @IELIC XD, #EkRIE
2EUETE ST DD 1E LN ED D, HHHHEE

DECREMN 2 fFiCko T ENFEREEZ SN TY
% (Hansen and Bentz, 2003; Berg et al., 2006), F7z.
i E BRI KB HF FEORZEME . WEILKICE
LTS EEZSNTWS (Barber et al., 2000),

—FH. BOPETRERFIALVHERICK S RE K
EhHHEBMESEEEX. YYNFT ALY Ups
typographus japonicus) & XYYV INF T A L
Y (Ips subelongatus) \C X5 & DT, WMiHN MU b
H (YR Y, THZYRVRERE), BENAITY
M (ho=xy, JAx0RERE) ZHMESES (1hO
5,1963 ; /R, 1977, 1990 ; FH, 1986 ; 1l 5,
19915 B, 200672 &), YWY NF T A LVIEHE T~
21k, ATV YNFIALALVIEHFE L ~31LT, 1
FEOMRBEITIBOHEZSIFZLEZALNTVS (
EHH, 1986 ; /R, 1990), T eh B, 54, A
fBIC K > THAREDEMT 2 2 & T, #FOHITL
KWERENS, ThZETHT I, YYNRFIA
LIV INFIALALVOMBEERZ LB L
HRELXUREEMEREOHENLEL LS (W
7w %, 2010)

NG 2HOEMMN SOOI E TOFHE L 1 =R
EAMBEIREICOVWT, YYNRFIALIDI—F
VT REHRETHZ 2 AV TYYNFT ALY (Ips
typographus typographus) & 31 XY YV INF 7 A

VIEBVWT, EREIRICKZ@BHMTHONA TV
(Wermelinger and Seifert, 1998 ; #AK + 5 H , 1993),
LU, YINRFTALY BAVTTYINFT AL
ATV IYNFIALALVIE, WENBIEEL
o OMBANICHE > TEHBZITo O BT
7%, FHEEARKOHEICIZ, BEMM CRER R
WEEARDNSRHH S 2 £ TOHM) Zadz2RE MM
DHEXO R EANHERED T — 2N E LT 5,
ETAN. TNHOBEHBICOVWTER, 27U 7Y
YNFTALYD20°C E25°ClEBIZT7—2 Lk
W7z (Wermelinger and Seifert, 1998 © C D& Tl
HEBENME L 30°COT—ZDBRAETNTVS ),
BREHMBLULIEEHMORE Y n A L GHEER
EIETHTH %,

—h. RELPOREAMHEREDNICE, HED
BI59 2 RIRDOFEHE. FRIMARBICKEIEET S
(mﬁ B, 2010)e XAV TV YINFT A LR

ZMUETFTEE LRSS, A DKM RICKE
OT%FEH%L&b\T%HEGC]\éi ERFMENT NS
(Schopf, 1989), CDZ &h b, WAEDY YV INF S
ALTEATIRIVINFIALVE, BHTFTEE
SRR B ATREMED B %, £ T T ARWFETIE. YV

INF T A LY R RIRIRESM R TRE L. NS
Bl E CoOMl (=2REHM) OREBELOR LA
BEEREZL LD, £/, YYNFIALTE22C
EHEEHEA T TRREE L, FHEAKIKST 50E S
Mz DT,

2. /it
2.1 BRHARBROHE
YIYNETALVOEEFICIE, B THEINET T
KEH Wz, 2010 46 H 14 HICHEMER S dtiE
BXTERBMANOZY <Y 2K EL T, HRERT.2
~ 10.7cm. EX# 42cm OIKRZFER L. ¥Rz <
TeDICMiAROZIINT T 0 THoTz B6H15H, It
T8 RS FLR G FE AR B LB S N O T JBL 5tk 5267
MIEIC AR Z 3 E . 13 B 20 73 I HHTIRIC R & BT 72
(Fig. 1o H#iig FEOIKIC, EHETznEV 148
ZAHV Ry H—TEELE, £EHT7z0EVICE. 4
cm A DR Z ANTz 0.06mm [EDF + v 7 {f &K
U7l ralasic, (S)-cis-verbenol (& 97 % ,
Bedoukian Research Inc., Danbury, USA) & 2-methyl-
3-buten-2-ol ( i 98% , Alfa Aesar, Ward Hill, USA)
D1 ﬁ 100 BB W lec IEWVWEDSL, Fyv v o EER
BEHLEEDZH Wz, 10 7R THAKIREDOZE Lz
(E'Ji@“%t 2, 28D T7F—2ul— (KNTRF Y
—A. AT uruy) ZREAFA—)VHEALRD
RABRCTIVIFEZM O ZEEO NI ZNhZNhD
5L, AAKFREZELD2AKDK I, F—2aH—
DEEIN12mILEDEICEFNFNLLDDIT T, #
D%, 6 A21 H I3 FICARE T =2 H—ZEILL 7z,

Fig. 1. YYNFTA LI DLEARILEL TJ?)LL 6 ﬂ 15 EI ICEE LTz
AV
it EBIORKITEST 2 OBV DA S FoR—F 2 EE Uiz,
2010 /£ 6 1 21 HICHARZ, B4 GIE « HR&EMF FOE
maslc ki L,
Bolts set on 15 June to induce the attack of the beetles
A pheromone pouch was attached on the uppermost bolt. All
bolts were moved to the laboratory on 21 June 2010  and placed
into the incubators with various temperatures and photoperiods.
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2281 HAROREELHRE

AU U 72 ALK G I O AR A ZEA LT B
D, TNZHERBICBL, EARRZHLTIE -
HEOEREMSRIIHRE LT, YIYNFIALIZEHETL
720 BB ARMITIE. 46X31X12cm DFEH T 5 XA F v
U Rdae v, 7 23 EAIHICK 8 X 6em D& 2
HUF. 0.5mm A ¥ 2 DEMERICH - Tz, BRI
WKIRESEKEZHN 1em BIC#E, 20O EICALK
3ARZE UM Nz, [HIRISIZ X SANYO Growth Cabinet
HYS-3500 ZH W7z, COEREFEB4MmO 5> 5 31
MHTAEDICIZ>TNWT, AT AEDHIEITWHE
BAOCN 2 A ERETEHDN TV S, HAIKKIE37TW
EEHCA 2 3 HIh 5 1 ARTD (FF3AR) BH LK,
HEWEX., EH (159 L:D). %H (10:14 L:D) & L. &
EiZ. EH 16, 18, 20, 22, 24, 26°C. ®H?22C&
Lz, FHZ 22CZIFIC LEDX, S RIZRIED A it
THHNBZEHNHNTHSD D, ZHOREHRE
WARETHO, ZAV TV INFET ALY DT FEiR
TdH % 20 ~25°C (Wermelinger and Seifert, 1998) D
FEFEPRMEEANEC EICE D, BB, fHICHNE
FAREE, BEX3EA (WERHS 1D TH%,

YYNET A LVET AN TICH > T EVWhiE
ANAZAMASTRELIZDOB, X AH R NI EHIR
DORHLZH O EHE DB EI L, WL L 7sh R RHL
EHEETT AN RS2 O EH TS AR ZEET
%5 (LEH,20077%28 ), bbb, FASIIKEWEZE
RKEINENS 72D, BENMREEAT NS, TT
T, THILHIChY Z—F AT Z2ZHWTHZEASLIL
SOz TEIC, BENHTFEBRNKSICHE,
F1MARORBE RN ZBERE Lz, £ U THE®RT QIC,
FTEHEDDENENK DI ZITICR Ui, BlEE.
FEEASR TRAOTUE Frli ) WEZENS £ T
HiTW, ZOHZIMEH & Ulze TPHEHLIRRE, B
L ORFL) #zidi Lz, BRI ZRD 5ICIE. &
FNCPHE LU 7e Bk O i H 2 8589 2 0 W &b - ¢
ML BRI &2 7R T RIS MR R Z2 i O HE R TR N S
BRI Z7DHUEMNFE L. SO Z R E T
2DERHETH -T2, iz, —HAKRMSHTEYLHE
WCRZEERND 2728, BN D > TEFEH AN
I NTn ENE L RO MTbnlchZz
W 2 DN REETH > ZO L, BH L THITL
TV 2RO ZEMTIEFIEFET DI U 7oA AR
CHTHAD MDEUC-> T, 20°0C A EDWESMNTT
fAE LGa, HHASDN 10 L FOHD 3 ~ 8 Hi
Wicth, ZEORBHILY EIHMICE D LU TERKE 1.
B o R (Rl RIS N,
Tz, 16°C & 18C TR ZHDOMIH AL L T
ENBHIE G A, B 10 L BicE > 7z
HISBITHOF R ZYD TER LT &b, A
T HEILBED 10 Fick>HEBREH & Uiz,
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23E2HAROAFT LR

LCEHEFMATE LS 1 SRR Z B ICH
WL R E AR R SIE T 2 MR OBIE 2175 72,
£9, 200108 HS5 HICHAROE/NT T 4+ VTHE-
TV VALK ARZHE L, B8 H6HIZIWE22C
EHEEHTTOHE 1 HUHFRE U ALK DR 72 H
E. BN TORRERDZ U, O LR D S
B fESRICH 1 AR &l T & % 58 R R 20
AT OZERNAHOE £, BEETKREZRZ, H
BLIAWKZ 3RANTZE 1AM LR CHEARIC
MUz 2L T, 22CEAMNSL DR Z L 2B
B ELFE U 22CTERIICHE L zERERIC, 22°C
FHMD 5 O Z U 7o 7 aR1d 22°CRIF IS HilfE L 7z 18
BACERE Lz, 8 H29 HLM%, 1R EE T
heHE 2 MROFEERI B LEZzmHEIZE L, T
fEHEBHBZRE U, BE»S5 101 HED 11 A
15 HIZ 2 TOIKOMBEZHE, B FOKHRZE
CHEALEDTHA T, £z, KL SHH L., fF
RN TIHC LTV EBRE AT, EfFEAKZE2T
Rl U, IR O RED & MEREZ R Uiz, (B,
MG DWW T A D — T ERHIE N T E Rh >
7z
24 HRECXOREEWREREDESL

REXYOREAMBEREREOR I, EkiThN
TVWAHREHE GEEHBOMED LREOMGRE
B4R BT 3 % /i & lkemoto and Takai 7% (Ikemoto
and Takai, 2000, DL K Ikemoto i L #& 3 ) % H W 7z,
Ikemoto £ IFFEEHM L IWEORZ Y M. BE
H¥7z X 2L v, miFZ oM O EREGRZ M E
WETHET 28D THB, TOHETE. OFEHD
AR X B IR DO T — X O/ & . @ X il
ZRICIREN S DT — IR Zir5. L0 oit
KOFGEOMBEENIREENT VS, £z, HERE
CIREAEMRBERICEVT—XIZDOVWTIE, &7 — %
I Tkhl. EREFRZRIMIICOVTEHRELR
MEAMEEIREZEOHEE 21T > T2,

3. H5H

3.1 EINHDO#TE

BN ALRZGE LTV iz R 0&IRDZ L% Fig.
21CR UTc, AAREZBHZED £/21&H T, 6 H
17THETIEIEEAE20CLLFCHERB LI, 6 H18H
R TRIEMD EA D, 8 HERE K LT 20CEI#E
Tzo 6 719 HE MK T 10 B EfE LT 20°C &
Alzo KK 6 H20-21 HEIKWEMN EHA ST, WHZ
EBLEFHAIRIEZT—20 4 —17T16.0C, ali—
2TI15.6CTHoTz. YIYNFT A LT DIRIE 20
ChRBZTIREN —ERFRIL Lkl T 2 4T3 (8

< EHH, 1982), TOT END, 6 H 18 HIT. Wl
DA ADZEANET, 6 H 19 HIZ, IO R ZADLEA -



46 UEDA, A. and OZAKI, K.

35 &y
. — AH—1 logger 1
o 30| Offi—2logger2 [
g— 25
(5]
T 20
=
~ 15
e
pg 107 s SN
- e g

6/15 6/16 6/17 6/18 6/19 6/20 6/21
H{t Date

Fig. 2. WpANTIURZ kA Ui O kURZE L
Changes in air temperature while the bolts were set in the field

RENECTEHIM Uiz, 24V TV YNFT ALY
DA ZXDLEALFEINZ UG 5 X TOWMIZ. 15CT
T 21 H, 20CF T 1.0H, 25CFTIWE13HT
& % (Wermelinger and Seifert, 1999), TD T &M 5,
RADOEINE6 H19 NS 2 H%ZD 6 H 21 HICET
Tz &I L7z,

B2 RIS DV TR, 22CHEIRIKEETH B Z b,
MEEHNA ZADZEEAN, BHNAZXDEA - LK. TD
FHZRAOMEINH & Uz,

B32VYNFIOALYDREE

EHTFTOHE 1 RO EIMN S PMEE TOBR I,
REOEFICEE > TIFIEFERMICELIZD., K
BETOFELVWHEERILEXH 5 NEMN - (Fig. 3 /£
L) ZOORERE LIREDOMICEREGRNH 5
N7 (Fig. 3 /1) ERMHRICK2FEEL T AIE 4.6
C. HXNBEEIEE & 424.4 HEE. lkemoto (£ X % ¥¢
BEORIES51C, AUBEEIREZI4121IHETH->
7z (Table 1), 22°CIC BT B FEIRH 5 P F TD AR
. AR EHEEHICEDD AL, 2THUTH-
7z (Fig. 3 /£ F)o

EHTTOH 1 HROBEHMIE., I8CLLFTHL
WIBEN A SNz, 20CL ETRIEEICK S EVD
FEAEGEDN T (Fig. 3R E), 2D, HER
fELIREDOMICERBEGRENH 5N -7z (Fig. 3/
RH ) ERMEIRICEZ2HEEERAZ9.7C. ARH
HUREZ 193.2 HE, Tkemoto IEIC X2 HEL O HIZ
127°C, BXHEERE 141.0 HE T®H > 7z (Table
Do LML, HELWHEEBENALNT 16, 18CD
T—=RERVEEEICE,. WThOHETEHELD
RIS AF AR BRI RIEICEML 72
(Table 1), 22 CEHEMBICBT 2B EHMIE, FiH
MASNIEh > 28 2 BROEHEMAF T 2R &0 H
Ell, MABICEEAEENTRD - (Fig. 3 R

)

B1MAEH FOREHMIE. BERAM & MRIC
ISCUUL N THBEBIENH SNIZT28 (Fig. 34 L), 5
BHEELREOMRMVHEZERICEEZS ANk
(Fig. 3A T ) EAZMHTOERAENIC X ZHEL D
M 7.8°C, AEFEAEIRE X 572.7 H &, Tkemoto i%
KX ZREELOEIX9.8°C. ARIFEBEEIZ 481.9 1
BETHo7- (Table 1), LA L., 16, 18CHOTF—X%
PR Eicid. aiM e FERic, WINDOFIET
EREXLIINEAFAICAD, ARREREE I KE
WIS U 7z (Table 1), i A B NInh - 72588 2 R
DOFHEGTUND 22CEHERHICB T 227 EH
flic, ZEAEEWVWIE RNz (Fig. 3461 ),

51 AR RO RER% 101 HHORKREE., EH
Tk 178 ik, % H TE 22 {fi{&TdH - 7= (Table 2),
COHBEH, BHOZNZEN 20 AT AR LU ZH
1R THB B, BEHTIEH 2 HARDA 158
R EINTzOICH L, BH T 2 k720 Th-
feo MEHIBICEIMEAIC X BT, ZIEL 0 1 TH
o> 7z (Table 2)o EH T, LA T T 52
L AURHVT 19 ik, GFF 71 A TH > FzDicxf L,
HHTIEAKRIMC 1 AR S NI721 TH o 7z (Table
2), HHTIE, FEAEDMEAIPBELILEEDNSE A
HAZRGDEAICER L T s,

4. BE

£9. EINMSIHLE TCORELY O EAEMBEER
JEIZDWTHATHDIE, ZAV IV INFITALYT
. BEzZ7 7V IVIRTHAREE RS ZHNT., &
MADHEZEEBET 5 & T, BRREIFICXK 25
BYORCAMMEEREN., ZNEN8.3°C. 3342 H
fEEEHEN TS (Wermelinger and Seifert, 1998),
FUEBTETHIY Y YNTE T A LY 2 EHEEE
L7zthzecid, 11.3CE 2433 HETH o7 (FK -
S, 1993), SE DY Y NF 7 A L DFE CHIR O
FELOREINS XD KL, BOMEEREE <
olz (4.6CL 4244 HE ), REREZHATHD L,
ZAN)TYINFIALTIE, 15CT0.021, 20CT
0.035. 25°CC 0.051 (Wermelinger and Seifert, 1998).
HIIYVVYINFIT ALY TIE16CT0.021, 19°C
T 0.024, 22°C T 0.043, 25°C T 0.044 (&K - &5 H
, 1993), SEDOY Y IINF T A LTl 16°CT 0.027,
18°C € 0.030, 20°C € 0.037, 22°C T 0.042, 24°CT
0.045, 26°CT0.050 THh-7ze TNEDMBZEZHSB
EL20CAETERAV Y YNETI ALY, ATR
VYINFIT AL ESBIOYYNFET AL LYORT
FREHEICKEZ A2 ZND, 20°C A ORI T
SRIOYYINFT A LY DHERENHNT EHbH
%, —fKIC, RROFEFIFMBEEO M EREKI D E
HHEORE S DEMNRKEW (A - &, 2001), ZDik
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Fig.3. BHE LA AE (FBX) BXUHRERE (FEX) OB
AL IIMRER 59 LD). FlL s 5 1 HREIH (10:14 LD), B=f 2 REH. B=M 2 U8R, 52 N
FCEEHD TN T2,
Relationships between temperature and duration of development (upper figures) and developmental rate (lower figures)
Black circles: the first generation at LD (15:9 L:D); open circle: the first generation at SD (10:14 L:D); black triangle: the second generation at
LD; and open triangle: the second generation at SD. No adults of the second generation emerged from bolts at SD.
Table ] EHFH 1 HRORELOR (T0) LAMEEIRE K
Developmental zero (T0) and effective cummulative temperature (K) of the first generation at LD
. . Ikemoto and Takai £
E‘\'\ =!
JELBRIET) linear regression Ikemoto and Takai method
K (H ) K (HEE)
H[E]) Stage TO (degree TO (degree
(C) days) R’ (C) days) R’
PEIR~P{t Egg - adult eclosion 4.63 424.37 0.99 5.09 412.08 0.92
% (PHMb~MiH) Adult eclosion - adult emergence
47— 4 All data 9.69 193.17 0.83 12.65 140.97 0.98
16, 18°C % % < Exclude data at 16 and 18°C -23.55 650.00 0.90 -23.70 652.24 0.64
2 (FEII~iH) Egg - adult emergence
27 —4 All data 7.80 572.72 0.94 9.83 481.92 0.95
16, 18°C % % < Exclude data at 16 and 18°C -2.83 955.00 0.99 -3.60 983.72 0.51
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Table 2 5 2 HACFHATAEFUEIFAR O HL

Number of adults in- and outside of bolts for the second

generation
KHLD %iHSD
582 7 under bark”
7 A male 46 10
A A female 55 11
M54 sex unknown 6 0
1 dead 52
FLAAIFEL dead outside of bolts 19 1
& total” 178 22

TRHBERA LGN DS EEZLNS,
Thrh U 1 IR OB 20 A E EN D,
"Beetles reentered into bolts might be included.

**Including 20 released beetles of the first generation.

. RERBEDRWEKOMZ H W25 EIOY Y N F
A4 LY Tl 20CRIGORIEK TH 2 1% & FEE»
Stz T—2EH N TWEEEZ DN, TN TY
izl N2 A IV INF T LT ETIYYY
NFIALVEDEREYOLEEKL L, GRHEER
rmdliztEZbN5,

i, EHBEE2REHMICOWVWTHTH
e, SmE. EIWNDDL P TOMM TIEH
NGNS KR TCORERIEN B TA LN,
CTHUCPEIS U T RFEE M T &K T OHERIED
£tz (Fig. 3)o YYNF T ALY EFEETICRICHE
9 % Ips calligraphus Tld. F ADZE A5 KA
HETOMMARARSNTWT, Sal & Ak K5
TORBEENDHEIN TS (Wagner et al., 1987),
COXIBFMMRIKTORBEEILEN T2 16°CL 18°C
DT —=2ZRN LT, BEMRE XC2REE R OF
BEORZRD DB L. SREIERE R E Ikemoto % & &
<A F AL %57 (Table 1), HAMEORH, 2=,
MEORBEL O AUCHET 55 600 flOMEZ X L
M7 (1997) lc & B &, EELEORDY A F A& BB
BNT, 775LY, BZDH5Bb0FNTN1HED
T, HHRTEHD WV, £, ThOHEXATADHE
Yomid, ZNEFN-2.4C, -04°C, -08CTH-7zD
WU (Hie, 1997), S RO ERR A & Tkemoto I
LX5%BUIMORELOHIIZTNETN-23.6CL -23.7
CT. EHEWMORELHHBEETNZN-2.8CL -3.6
C (Table 1) &, ThETHEEINIMEIDEL K
Mmotz, 16°CE 18CHOT—RZFEN LGS, HEX
RN DX HEKIRICZ>T2DiE, 20CH 5 26°CD
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2007) YU NF T A LIICEBNT20CLL ETEEE
MAZIEE—TH oDk, EHEIRKADFBEN, 20
CULTHENDRE DR EZZ T RN 2m%T %,

—7J7. E#E & Tkemoto iEDEWICH Z A S
b, KRB TRBBLESASNI-HREHMN & 2REH
BHCDWT, 16°C L 18°CD T — R RN U Tz fEHTIC
X5 R HRE (R2) . EHEEETIEZNZH00.90
£ 099 THo7zh., Ikemoto IETIEZFNZN0.64 &
0.51 &7 b, ERREIFEX D & Ikemoto ED 7 HMEA -
7z (Table 1), CHUCx L, ETOFBIREDHZ ZT
T—RICDNWTHE LN R AREIE. ERE T 0.83
& 0.94, Tkemoto £ T 0.98 £ 0.95 & 7% O, Tkemoto
HEDFTHE L %> 72 (Table 1), Tkemoto i (ZEIREBD
HET— 2k AN EN TS (A - &)
, 2001) TS, RERENAONDZGEDOET —
2 7 F W T2 i #7 © 1 Tkemoto 70 J7 C R E008 & <
Toltt&EZAbN5B,

K, HEZHBEPHROENEFRBEIIDODWTHAT
HBH L., HEDEMNNSILE TOWMICHEL &
W ERRASVIYINFIALALYTHENTVS
(Dolezal and Sehnal, 2007), ChiZ. ZEDOY YV INF
TJALYERUTH- 7 (Fig. 3£ L), ZD R, ¥
I 5 PUE £ TOHMICIEHAARIC BN TE EN R
TEW, SRYDTHLENEE o7 (Fig. 3£ E). &
o, BBHME HE MR 5 DO@EEREZ TN
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2007) TD FE. AUz —FT YOMAEKEETIX. 20°C
I8L THARIRT BT &R /RL, MELHAAORICHE
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