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Laboratory Rearing and Developmental Traits of Olive Weevil, Pimelocerus perforatus {Coleoptera: Curculionidae),
Using an Artificial Diet. Kazuki Yosx-nDA,TT Hiroki MATsUDA and Makoto ToKUDA®  Faculty of Agriculture, Saga
University; Saga 840-8502, Japan. Jpn. J. Appl. Entomol. Zool. 62: 231-237 (2018)

Abstract: The olive weevil, Pimelocerus perforatus (Roelofs), is endemic to Japan and feeds on trees of Oleaceae.
Although this species is a serious pest of olive, its ecological and behavioral traits have not been intensively stud-
ied because of a lack of continuous laboratory rearing techniques. In this study, we established a continuous rearing
method for P. perforatus using an artificial diet for larvae and olive twigs for adults. Adult females were reared with
olive twigs and they oviposited into moistened cotton plugs wrapped at the base of the twigs. The eggs were placed on
moistened cotton plugs in microtubes until hatching. Larvae were individually reared in Petri dishes and fed an artifi-
cial diet of “Insecta F-1I” or “Insecta LFS” until pupation, and then the pupae were transferred to other Petri dishes
with a moistened Kimwipe. The pupal and total survival rates were higher when the weevils were reared with Insecta
LFS than with Insecta F-II. In addition, the larval duration of the weevils fed Insecta LFS was shorter than that of the
weevils fed Insecta F-11. Eggs were reared at 20, 25, 27, and 30°C to calculate the developmental zero and thermal con-
stant. Larvae and pupae were reared at 25°C, and the developmental zero and thermal constant were estimated using
the present results and data obtained from a previous study at 20, 27, and 30°C. In addition, adult prefeeding, precopu-
latory, and preoviposition duration were surveyed at 25°C.

Key words: Artificial diet; developmental trait; laboratory rearing; olive weevil; Pimelocerus perforatus

OIIEM OB N I ATEOF RPN § 5 BFEOZRIC
£B3DOTHBEHELZOLNT VD (FBIRS, 1957a).
HAEAIZBTS3A) —TOEME UTEFNED/N

##

F ) =T FF T F Y LY Pimelocerus perforatus (Roe-

(]

lofs) IZHADA ) — T Olea europaea L. DFRIZIZI5 1) 55
BEERTHD, REFABYUIE O FEOMRSKAE LR
BLINTEL BMIRG, 1957a; Wil - HH, 1991). A5
DOFHRITBIEROMERECEIB U, S U =g idBii T 4
ZALAFETS. THICKOBRBREAXE TG, 4
HOBENEHVEMIET IHE1H 5 IRS, 1957a).
AEIAAERETHD, V- TEALFNIZERDE
72 A BARETH B 2 X I EF Ligustrum japonicum Thunb.
R4 RE JF L obtusifolium Siebold et Zuce. #HFF & LT
WhekBEZLbN3M, INOMRFFICIERRD & 5 4%k
BIHIZEALHR T, £V = TIIBOTOANFEIZE
5L 5FLVIESRZT 6N D FRIR5, 1957a).
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YETE BRSNS e v 4 —

TENRLEATH B2 (5H, 2013), EFE, MEid
CHERADOEHTE Y —TORENRAS LTS (K
5,2012). ZHhET, £V —-T7F7XV YL DMHKR
EHBADILEARRHAOBALEELFERTHD,
A T B HRIFEMERR R Steinernema carpocapsae BFNOEATR
KITOBRIC X 2 @R (REIRITHETH D, B
BREAOTE R EisiEdz0) eI hTERZ (X,
1994; A, 2003; H4, 2009). L2 LAR5, [ERAA
) —TRERIZEWTA) T T T E Y L VOWEE
B 72T B REH TR0 B 2 L DESIH D R
LBEEINBZLhERL, KEOEERBEEZEIZIAN
XD ENNEIRFEBRORAEIEE TS,
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AV—=TF7FT7FISyLAVICEAL T, BIRS (1957,
b, 1958, 1959a, b), MR (1960), BB LV, WIS (1987,
1991a, b), T - FHH (1991) 2k b, B TOEER,
MEROEHABEICLIREREOHENERE I TSR
DO, KEFAEODEARRFATEIHELENTEST, K
HMOFHATE 2 £ ICB U TR Z R 2.

Z ZTARFRTIE, BFEITV AT LY Sphenophorus
venatus vestitus Chittenden (FHH 5, 1993), U AV F+H /'
I ¥ Rhabdoscelus similis (Chevrolat) (=Rhabdoscelus lineato-
collis Heller) (B 5, 2000) ZE D7 & HHRMEM S 3
F U 4 %H (7L, 2001; Nagamine et al., 2017) TEEHZED
HBENLERA Vv r 4 (HERELERRSHM) 2HNT
ROBANFATEOML A RATz. £z, ZOHEERNT
AEORBFHEHEFEL, BERCH) - THERNTE
i X M2z EROREDRR & R L 7.

AFRIZH 720, HAROREL S ICFIEN-=EH
HEKA2EB UYL THAHIBAMOBRE, XU,
FEOEAFEICH L CTHEAEREB - 2 EEEEL
EHAERETICRER L LT, ARBE, AV -7
BB 3 AR (EEAE - R A ) — TiREHS
AR 2013~2017 ) 1L DBONEDTH 3.

Rl KUk

1. £ =R

EERIZIE, 2016 3 AICRBEEFFHOLX Y -T2 5
BRE X8 20 HOBHRERDOIN A FH W=, 25°C, 16L :
SDDEUTTCREE TSI 2AF oy v BOBHAETES
(20.5cmX14cmX7cm) AR, £V -7 HE 5%
THERF L 72, UDDREICIE, EEARBETEATRE SN
TW5F)—7 (WfE: FF vy v —2) »6BWLAE
FE3mm BITOMFEEFER L. %72, AERHNTRE
BHER S N7z 3 HOMR RIZFEROBE S LOHERBGT
THETS XF v 758 (12emX12ecmX5¢cm) 121 88
DRL, [ICAE L2 Slfisdicik, hELP-TE
bEBilEMd B VIZF LT 7 (HABSK I LY TH
Rat) 240 - TOWHEOEFIENTES A, ERO
HAfhbb LT 24T L ICHERE L /2.

2. OREFTBEHSE LR LE

T ASEEIZ LD, MEPMITIXF v ¥ VN
DATER (i) RICEEHE L 256 03B ErnE
L&D 572 (7.1% 5 n=28) 7=, WL ZIEES €
7-HERERE A AN 1.5ml v 4 2 2 F 2 — TR THEL 7-.

w4 v aFa—TITRE L7200 20, 25, 27, 30°C, 16L :
8D D&M T Tl & Z 24 R T LI L, JROEHEH
B LELTEHL /-

B EFEBEHEOBGRERET SBRICIE, ENORREL
ZPHE, INEMEREICAE T 5720, £) TR

CHERBRABHH LWL DB L THRNL-. %
2, AVFaR-4—-AOBEITRETH—I12X D ERH
ELUTHFAEL /-,

3. WHRHABFCEL -ALFEOKRE
AIBOIOFEE THL L Sk 4 fFRBRICHEL, AT
ARt LTA vy 2 1FS (BUF, LFS) B&kU4 v &2
& F-I1 (LUF, F-II) (HABELEKRASH) 2H 8l
FOATLHERIE, FEHERIGBHNEhEZFzsoERaY
F o HOMBISELEY — -0 2 4 TOREBKERT
HY, BEIEFEFERHERMOKFEER 2 4 7 ORIk
Tbh5. '
LFSIXBEE 2mm BBEOWmYIDIZL, X 5I1C¢512Y)
Wi U CEABERICLA2d 0 (W14g) 2/NUT T 2XF 5 0
Ve—l (EES5cm, BE LSsem) IZARTEHRIZEZ /-
F-I1 13 2.5~3.0 f5 DK & H1 A THEGEH U, LFS & RRE
DEENITS2F 92> % - VIZHELTHAIL 20D
B, BRI X7

Erty PEAODTATEBO LRFREICELEE
D, TOESEYREFHBELZ. ZhoE2/NIT S 2
Fu oy —VNT2C, EREZHECHEBIEETL, 13H
TEIZASEEER L. 2O, SEIZEU TAREEKRD
BAEFLVLDICHBL 7. b s0 A BRI E
HIREeA2BE L, WO EEMREL 2.
FHEEEE, S, ¥y — VATOIRLRICIZTE A LI
BEES ZWEERNE L, THELRL2NBEEI N2, 1§
LU 7-ERIEIB OB /2% 294 TEEN DY v— LI
BEjx /1%, BHREBEHERL 2.

4. FEBEIrNHROEFERICRIITRE
FEONNTF S AFy sy v — L E RN EFRL 25°C,
ERFGTEEAEATYREATL, £HELFEL
2. ABIHLL 28R I1I~5STEER—-DT I 2AF v o
Yy —VUNICAR, 13 HRIZEFL W AR OME &
L7

5. RHEOHET & ERRTEE

PEHK 3 BB L 2@k 2 ad0 A TS 2+ v &
By FIZBE U, 25°C, 16L : 8D D4&MET ThA 5 HREUE
#, »BVIE, FEHEERT ERMANOA Y — T 44E
e I WGATHEL, BE2HBTLETORKREHRE
L7, EOBBRIHERIhAZRE, $)-ToWoRKES
2 CI1~2BRME L. 0%, HEEENO:-ZDEDH
BVIEHOREICEIER CIE#HL, FRICEE, ZEL
Tofliffifk & & S I RBAERFNTHE L. REH R
TERRTIIWBROATT S X F o s RBIIHL, PRIV
B 2 TR L 7=

6. MOREETABLUVEHEERENEN

20, 25, 27, 30°C TOMMDOFEEHRDOAUERRE & &1,
RELHOREEE REHROFEE) DR % BRI



AN =T TFT RS LY OEANRNKEE 233

L, AREOIMOREZE RS LOESEEEE 28U 7.
7. FHREMEG L ATEHEHARASEEOEH Y 1 XOLE
I ATER 252 TENGHT CHEE LI &7

BAOBROEY 4 INOEELFANL 280, BWIHRER

I L OF OWMRLIEIZ & 72 5 ATERHC & 2 SF R

DOBEHRERY 4 XA R U 7=, REBROER B & ORI EHRIE

ARG A4 ZOEEEL, FURLIEAEZHCTHIEL

7=.

8. HRETERT

CTRTDOFEHEMNIZ, R ver. 3.2.2 (R Core Team, 2016) {Z

SDEBL- FAEEEFEGTRICIRITIEEICEHLT

&, 1K & BEEEAEX & O R T Fisher D IEHEREER

EEEBL 2%, Hom Bk D pEAEL: #HeL

CTLFS £ 723 F-Il 2 AW R4 O FEOD LK % Fisher

O IETEMER M E, FREHIMO R % Welch O 2 124 ¢ E

IZX DT L 7=, BFSMEREMEA &L BNFEREEOKRIZE

J BT A XD E Welch O 2 18R r REIZL DB L

7=,

iR LUHE

25°C D& T Tk, IBHOETFEIT 87.5% (n=32) T
HD, 1051084 H CFHLE¥ERZ) TRLLZ. BRS
(1958) 1% 20, 27, 30, 32°C THE L =35 DXTEDOINEAR
EREL TS0, ZheD7F—4 L RHI%ED 25°C T
OREREEDCRELREEE L OBREERBEIRIZLD
BHL7=2Z 5, £L1220°C OF — 2 BEIFEH» 5K
EEBLL 2. 2 2T, 20,27,30°C 2B WA TH D
TONEE 4 388 LU 726558, 20°C 1231 5 JKIRS A3 ST ifZe
EREL BE ST (Fig 1), BBRERICH T 2MLELH
HIRE Table 1 DEBD TH 3. KR TH S N7z 20~30°C
DA4DODOBRBR COMICETEXEZRBLA-LZ S, B
L REREOERICERLERERARAD bhk (=
0.982; p<0.01) (Fig. 1). %k, AMFTHEL =MD
BHREL, REEXTEITMALID BENERE Lo 7.
ZOMEDREE UT, Aif38 (RiGEE) &ETHR (&
NIEREE) TR S h7-AFRFBOBREHZERIBELE L Ty
B2 LYBEIITELVD, HITHIFED 20°C Ik 250
WM ENEEOEOAICEH LT 3 BIRESR S 53
BEAAED 5N B 729 (Fig. 1), ThLUNOER G FE
LTWaeneEz6h3. FlAE, A TR
FREORB%FE U THRINL 72354, EINORELIZKD
MOEIAENS Z EMBE XN, ZOEEBRIZANS
&, URHAMIASR/NGTMG X h B A b 5. KRR T, |
BOX>i, BAEBPA Y —THEROBLIS LIk
D, ZOTEEMEHRL 72 LTEBRAFERL, -FEER
BEEElEL, BEICEELE ZOKE, BELREH
B & DR ICHELEREREED SR Z e h b, K

0.16

¥=10.0057x - 0.0505 V'S
R =0.982

0.14 |

e
S
= D

o, 0.06 |

'egg duration (day)

0 5 10 15 20 25 30 35
Temperature (1C)

Fig. 1. Relationship between temperature and developmental rate
(1/egg duration) for the egg of Pimelocerus perforatus. Open
symbols are data obtained in this study and filled ones are
those from a previous study (Matsuzawa et al., 1958) . Linear
regression was applied for open symbols.

Table 1. Egg duration and hatching rate of P. perforatus at differ-
ent temperatures with a 16L : 8D photoperiod

Temperature Duration Hatching rate
°c) n (day; mean=+SD) (%)
20 31 15.9+1.48 87.1
25 32 10.51+0.84 87.5
27 24 9.610.89 95.8
30 19 8.711.28 94.7

Table 2. Comparison of larval survival rate of P. perforatus until
13 days after hatching reared at different densities at 25°C
with a OL : 24D photoperiod

Density Survival rate

(No. of larvae per cage) (%) Replication
1 81 95.1 81
2 16 62.5™* 8
3 27 59.2%*
4 44 54.4** 11
5 30 433%* 6

** Significantly different from the isolated rearing treatment (density =
1) at 1% level (Fisher’s exact probability test; p values were cor-
rected by Holm’s method) .

RTHLNEIEEESEVEEL LIS,

B L 298 1~5 EHEE—DY v - VN THTE
L7288, 2~5S ERX T 13 HBEOETFES 1 RN
THREIZEA > 72 (Table 25 Holm ¥ & 0 p A #IE L 7=
Fisher D IEFEFERRTE). L7=H T, FEOLH %N
ERTHEHBEEAT L2554, HTEVIED A &L,
AR TRl & ADTHMRE L TNB I EARB IR, 2
ZTL#HOERTE, PRI TNTHEHMTATL .

LFS £ 723 F-Il 2 5 A TH R A2 BT L 258 DEF
BOWHEME Fig. 212 L7z EFRICEATEROENC
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X BEEZII D o7 (Fisher D ILFEFEZERIE; p>0.05).
WMk 52 H LIRS ROFETRE LSBT O MR L L O
B E TOEFRE Table 3 IR L 72 FII 2 5% -84,
IFEAR R OB ENFRICE K (Fisher O IETEHEEMRE ;
p<0.01), REETOEFRILLFS kD e HEIES, -7
(Fisher ) IFFEMER M p<0.05). F 7z, F-I THAHFL 7=
BAOYRYEL, LFS #5226 LD 8 FRICE» -
72 (Welch @ 2 BE K ¢ 8 %5 F=0.507, p<0.05 ; Table 4).
PEDOHRXD, AEOATIFAFICIEFII LD S LFS A
BLTWBEEZ N0, DBEOS R - IO
FEMTIZIZ LFS O F — & & /-,

K75 T LFS & HWT 25°C THITE L 72584 D% B
(CE#218SD) 12 67.0+£9.9 B [n=40] (#:65.6+11.8H [n=

100
8 ot ® D v —
2
8
:
g 80
1553
~
0
13 26 39 52
Days from hatching
Fig. 2. Survival rates of P. perforatus larvae reared on an artifi-

cial diet of “Insecta LFS” (open symbols, n=215) or “Insecta
F-I1” (filled symbols, n=81) until 13, 26, 39, and 52 days
after hatching. No significant differences were detected in the
survival rates between rearing with Insecta LFS and Insecta
F-1I (Fisher’s exact probability test; p>>0.05).

131, ME: 70.9+9.1 H [n=16], fili 11 ST MEFIEMER) T
Hotz. MRS (1958) IR ENTWBL Y — T O 488
ELTEZFEED20, 27, 30°C iICH 247/ (Zh
ZFh 147.45, 54.76, 47.00 B) IZHISOTRE L YHRORE
WL OMBEAZEEERL-E 5, AFEOREIZIO
ERFEHE? 5B L T kd o7 F-FHRIZ OV
g, MRS (1958) 12k 3 20, 27, 30°C TORREAZTTITR
BLREREOHMAERER L5, ARIZHT
3 25°C TOBREERER» HBBEL Thkh o/ Z
DT &, LFS #8HE LEBATE, AU —-TME8HEL
B AELABROBE THRELZIEEREL TS,

REZRAD LOCEPREERE IZOWTL, ARG E—E
BHEE—DOEEGTHE L B2 HNTERTRET
BB, HE-EHCBEL TR EOBRERE 2, A
ZR MRS (1958) OFFEEAHHE TERER L (Fig. 3,
4), BEME U TEN L7 (Table 5). IR H & OMHEHAD
HREZEMBOWTIE CCHTH 722, FIRIZ149°C L
Bt FHs (2010) I2khid, AELRET, ¥F
3 llicium anisatum L. B EEMET B0 A7 FT7H I T 4
> Pimelocerus hylobioides (Desbrochers) I LT&, &
WOREFERIZICCETHHDICHL, PHRDAKI15°C
PEEHBREBNZ 25, KBICHBEORHETH 5 TTHE
PEAEN,

BRI WAL # 115122 B (BE: 11.0+2.7 H [n=171,
M 11.742.0 H [n=18]) TH VY — TEZ -IIHOBED
BRERKBL . KERHRIZ 24~88 H (41.5+14.6 H,
M 4561177 H [n=17], Hf: 377199 H [n=18]), B
PRHIEARIZ 32~73 B (49.5+12.6 H) T& - 7z (Table 4).
R & BEINRTHARNICEE LTk, MIRS (1957b) i

Table 3. Survival rates (%) of P. perforatus from larval maturity (>>52 days old) and adult emergence reared on an artificial diet of “Insecta

LFS” and “Insecta F-1I” at 25°C with a OL:24D photoperiod

Diet Before pupation Pupae” Adult emergence Just after emergence Total survival rate®
LFS 93.7 (126)° 84.7** (118) 94.0 (100) 79.8 (94) 59.5*
F-II 81.8 (33) 59.3 (27) 93.7 (16) 80.0 (15) 36.4

ak gk

, ** Significantly different between rearing with Insecta LFS and Insecta F-II (Fisher’s exact probability test; * p<0.05; ** p<0.01).
® Numbers in parentheses are the number of individuals at the beginning of cach stage.

Table 4. Larval, pupal, and adult prefeeding, precopulatory, and preovipositional durations (days; mean+SD) of P. perforatus reared on an ar-

tificial diet of “Insecta LFS” and “Insecta F-II” at 25°C

Diet Larval duration™® Pupal duration® Adult prefeeding duration® Precopulatory duration®  Preovipositional duration®
LFS 67.019.9 (40)° 11.1+1.0 (41) 11.5+2.2 (50) 41.5+14.6 (35) 49.51+12.6 (17)
F-II 80.3*+16.7 (8) 11.410.7 (9) 10.9+2.4 (10) 46.4%7.6 (9) 51.8%10.9 (4)

* Reared at a OL: 24D photoperiod.

® *Significantly different between rearing with Insecta LFS and Insecta F-II (Welch’s ¢ test; p<0.05).

© Reared at a 16L : 8D photoperiod.
4 Number of samples are shown in parentheses.
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Fig. 3. Relationship between temperature and developmental
rate for the larva of P. perforatus. An open symbol is data
obtained in this study and filled ones are data from a previous
study (Matsuzawa et al., 1958). Linear regression was ap-
plied for all symbols.

0.16

»=0.0055x- 0.0463

04 1 R’ =0.994
Z 012 |
=
£ 0.10
3

0.08
2
< 006 |
5
£20.04
-

0.02

0
0 5 10 15 20 25 30 35

Temperature (C)

Fig. 4. Relationship between temperature and developmental
rate for the pupae of P. perforatus. An open symbol is data
obtained in this study and filled ones are data from a previous
study (Matsuzawa et al., 1958). Linear regression was ap-
plied for all symbols.

Table 5. Developmental zero (7;) and thermal constant (K) of
immature stages of P. perforatus reared with an artificial diet
of “Insecta LFS”

Egg Larva Pupa
T, (°C) 8.9 14.9 8.4
K (day-degrees) 179.6 676.7 184.3

Ty and K of egg were calculated from data obtained by this study
(egg duration at 20, 25, 27, and 30°C) . Those of larva and pupa were
calculated from combined data of this study (larval and pupal dura-
tions at 25°C) and a previous study (durations at 20, 27, and 30°C;
Matsuzawa et al., 1958) .

KODFINET 7~9 2L L =2 8dltkD 7 — 2 R & h
ThD, ThZh24~89 H, 41~110 HTH 7= F7=,
RS (1958) 13, ¥4FCoREINRTHIRIZ 50 HRli#2 T o
B LTS, AT ATEDR 2 W CEE L 22k
DRI ¥ X OREINRTHIRIE, Zho DBtk 3

6
*

5 -
4 SS
g == 5
E T FE=3]

1 L

0

wild Laboratory-reared wild Laboratory-reared
Head Pronotum

Fig. 5. Comparisons of adult head and pronotum widths of P.

perforatus between a wild population collected from olive
trees in Hirado City, Nagasaki (open box plots, n=32),
and its offspring reared on an artificial diet of “Insecta LFS”
(shaded box plots, n=15). Asterisks represent significant
differences between the wild and laboratory-reared adults
(Welch’s 7 test; ***p<0.001; *p<0,05),

FERLIFZITRM TH 726, AT L L
A, BIMEG L RSP T 5 Z Rk S B,
PR A R & 2 DR LIREIZ 5 7- 2 ATHPRHZ & %
F AR DB IR A 2% Jie U 726550, BEIE, [l
i & & IS RTE R DIE S A TEIZ A > 72 (Welch O 2 {5
A ME 5 BEIE F=12.97, p<0.001 ; ldlE F=6.72, p<0.05 ;
Fig. 5). ZOMEDFEK E LT, ALAROIES 34D —
THED SHFEMNZE > T B DK 4 TITHES KA
ZZEEBETELVY, MEMEOEKY 4 ZOL VY
TR IMEERDEY 4 ZDOL v PIZE 5> T 7= (Fig.
5). EHELO VMBS TIE, ALARTHRE L 2-H
Y IEFICZREL, WA HROEk & [mRkC, B 1~
HIZ 1 HFDDOX—- 2 TOEINMER SN TERY, KA
Z LIS ORERS B A TR R X R Tnan., 240
PNz, FEEROBEIZ L DR A ZTH5 ik 58
BRI 5N TH D (Atkinson, 1994; AJL, 2010),
U LAVRHIBW T ERBEE NEEHRY A THKEL &
% (Inward et al., 2012) & 3 W3/N&E < %3 (Pineau et al.,
2016) HHIBHENTWBZ M6, KFEIZHWT S Bt
PREAI TR & ALEPRHC K 2 BTE (AR O FEE R DU A3 H
AZICREEL T B LMl a5, AifRIZ T % 8E R
ROFREREOEE I TNT25°C TH 50, FWIHREMA
IZOWTIBAREORA 3 FI28 AR HFEGP, LB
PRI S TRE & S AR (BRIR S, 1959a) » 6, &AM
S RRER L 2o BE A e 5 Z L IWEETH 5. fHS
PFRMRE BATEDO R 4 I RIETHEDOMIIZEI L Tid
SHOBETH 5.
AFRIZED, V=T T7F7F 7 A IFALERA
VY A LFS #HWB L EWEGRTHHREMETE 3
ZENHEMIZEY, ) —=TUOFE AR EREE &
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Abt, B TARREEMRAITHEE - #5345 Z Lol
L7z, 5%, BEZIIC® & T34 LBNERBRED
RECHMIIRITTHELHAAT I LIC&D, KEOAE
R EOMIAR, k% RIE A - ARROBFHNDOHEK A
Hkahs, 4 ves 2 34 oHENE - HEERER
OFEIZRHEERNTHE D (Kudo et al., 2014; Kawakita et al.,
2016; Nakanishi et al,, 2017), FFED & 5 ICHEFEOHER
BREEL & D BNRREEESHEY ST AV RBREAN
DELA3EHI R FE NS,

] 3

V=TT FT7FIVILVEE A RERETEE T
ZAXERETH D, V) —THREBCk T 3RBERED
EHRTHB. AU TiE, EFOBEBERAMIZX 3%
HIBAER & RIS IS K 2 HIENBIR A EE S T 32,
BRAFRVEL. XN TOAEWY, FOEERTENCIL
KEHALRE B Z V. ZZTARIFERTIE, V-7
L RBAATLERA V22 & &R0 KEORREAEED
W AR A7 TORORIPIZB R -HIEmEE 452
i 3 &R HRIE 7 DERAHICEEIN L 7. RIS & ¥ 7= i
MLETHRL, Mbxek MEUSRizI s
LFS £7234 V2 2 PN #BRLCREFL, Wk N
LAHERRTE 7z, F22REIIMEA, 6 1~2 »ABICKE,
PR TE-. AV ZLFSEA VR I ZFID
HETIE, BIEDIE S BYREBAEL, Rl % TOETF
HEED o7z I 20,25,27 BX U 30°C THEH L, BE
BHEAWHEERE 8L L2 Sdhb XU 25°C T
HBEL, ) —THeEL L THE L-RITMED 20, 27
BLU30°COF— 2421, REZHLEADHERE
BHEE U2, X BI225°C TORBOBARHARM, <EM
HARS +5 & OSRESN A AR & T8k L 7=,

50 A X ®

Atkinson, D. (1994) Temperature and organism size: a biological law
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