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Seasonal Adaptation in a Northernmost Population of
Epilachna admirabilis (Coleoptera: Coccinellidae)

I. Effect of Day-Length and Temperature on Growth
in Preimaginal Stages

Kazuo HOSHIKAWA

Faculty of Life and Environmental Science, Shimane University,
Matsue 6908504, Japan

Abstract. To understand how Epilachn& admirabilis Crotch adapt to local
climate of northern areas, beetles of Sapporo population were reared under
various day-length and temperature conditions. Short-day photoperiod ac-
celerated the growth for 1-st to 3-rd instar larvae, whereas strengthen winter
diapause for the final 4-th instar larvae. In both responses, day-length affected
quantitatively, and any critical day-length could not be determined. Due to
these photoperiodisms, the ladybird population should be assured their uni-
voltine cycle, to pass speedily younger larval stages in autumn and to enter
diapause in the final instar larvae. In egg and pupal stages, on the other hand,
no effect of day-length was observed, and threshold of development/thermal
constant were 8.4°C/223°C-days for the egg, and 7.3°C/157°C-days for the

pupa.
Key words: Epilachna admirabilis, Coccinellidae, voltinism, diapause,
photoperiod, thermal constant.

BT 53—t BROE i}, 7 OEFES OB L 2AA TRETEH
KEIELTWS (EK, 1974; G, 1988). BIZ ¥+ 7 F a ¥ Luehdorfia japonica \3FFITHK
HAPULT B & D, WTEKIEELKIEE4TS L (Ishii & Hidaka, 1979, 1982, 1983; 3,
1988), < A I/NF Osmia cornifrons Ci3RIHEH O FKIE & AR OKKIRIC X 0, HoOlt
BitEL T3 (Fim, 1978).

b & &7 v + U Epilachna admirabilis bEARKC GiBFHEO—(tHEETHY, Lo
LERE, ZOAFEHORICHENBEMSHAATATVE WIS hE. KB, BEA
ETRTOEHSRBETEELT S5 v + v s viodh AN, $hhiE i) TRLd
% (Takahashi, 1932; /%, 1934; Katakura, 1976; Hoshikawa, 1980, 1981; 7774 « FHKf, 1994).
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Fig. 1. Annual life cycle of Epilachna admirabilis and seasonal change in biomass of host
plants, Shizopepon bryoniaefolius and Gynostemma pentaphyllum, in Sapporo. The ladybird
hibernates by 4-th instar larvae ( * ), and emerges in late June. Occasionally a part of adults
hibernates (+) together with their offspring larvae, and oviposits again in the next summer.
Although the temperate species is basically univoltine, a plasticity in their life cycle due to
adult longevity may or may not be regarded as an initial state of bienvoltinism. E: eggs, L:
larvae, P: pupae, NA: newly emerged adults, HA: post-hibernated adults. Arrows indicate
oviposition.

ABRic B 2 FERER (Fig. 1) BUTO XS B 5. V9 —BTRA L REYHRIIE
BTBH LB EDOER ML c6 AL - hficiifbL, 6 ATH 7 A LAIE
FRBRTME, 7 AhEe S 8 B L - i THIZENERD, KICKEE TEE LiYR
RBRITAS., COR)D T RIS —(LHEEESICNA, SHOILRMEIcY 51T,
Lid Lid—Eorkdic & 2 BiK b8 S h 5 (Katakura, 1976; Hoshikawa, 1980, 1981). &
KX LTV AHOIPE/NERIRIC 35K corpus luteum H538% SWEEMTH 5 & Bbh 3B
(Hoshikawa, 1981), #Apk RIS b 5 Adic i3iBB 215, Hfid 6 R TEL SBUER
*BAtET 5.

COBRIBLZRAOEFORE, HK7 ~ v A VvRMNE LTV ZREBELOEBERE
N LT, BROBLOE L THETES255. Lil, RA—EohicZoo@%
BUFET AR ENTHY GEKR, 1974), THEEFORNR] %7 3EANSPRHEAOZEAL
REEST I ETHRREVEREALTIELGTES» LAY, BEEA TR, —#oK
SR ASBARTICEE - PUEL Bl S hTHE Y (TK « BN, 1994), ABOAERILH
YHTH 5. £IT, Y- Rz hEhicone, SEXTWOLAPLBERETT
A GLIRERZRE) 2HEEL, Bohiy—9%2 b LicEBROHBRERS . KRXT
B, Yidiic s o h s BTSRRIV THE T 5.

MEBLURE

F k¥ F ¥ b Epilachna admirabilis Crotch #A&ARKH % 1981 £ 5 A icALRAT I L OLH
B OMREKD» SIREL, ABEIC—EBEEL B, HIBAFOREICES 6 HEahofEEL
fo. TOBHEP 67T BICEARNEFRTEERICHE L. HRoHiIc 7 AKRIUEHO I ¥
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<=7 Y Schizopepon bryoniaefolius Maxim. & 7 <F + V)V Gynostemma pentaphyllum
(Thunb.) 2> SIRE U e FIERRASEEA 7250 & —EOEBRITMER L. Yl 1 @S-, &5
B AEEB N TS RF v I RE (1~3 8 75X50X 18 mm, 4 i 100X 65X 28 mm) THH
BL, BHIY==AY ) OFMBELEZI 5L L bic, BEEBER L. 2L, 7
5 O—ici, F—&ATHICERAT L T Bk R EEEE I BA TEERL ida
BEEhTV 3, '

FEEELAELHRDTOEEBY TH B, LDI6:8 (15T, 18, 22°C, 24°C, 27),
LDI15: 9 (18°C), LD14 : 10 (18°C, 22°C), LD12 : 12 (18°C), LD10 : 14 (15°C, 18°C, 22°C, 27°C).
SRR AN 18 W BORIT O S cH L, {EEEORIENEE (REIRIBHIER)
i3, 15°C XT3 £2.0C TH » 1o, X CRFERE £1.0CLUATH 1.

= £

1. BPHARY

EH&M (16L) &S (10L) OFBE BT 2PMHZ LR L CHERTENEY
SNBh-7DT, BEXEOHCEBLTF -4 28B L. R, RERABE
8.4°C  HIEEEE 223 H°C T& - 1= (Fig. 2A). —F, HKBOEAKIS 18°C « 22°C
TENEN 233110 HE (EEfltsd; n=10), 162*1.1 H% (n=10) icFMLL DT,
HRETCh SO ER TV EHEh 5.

10 ,7':.39 S5 10

p-cn

100V

100V

Fig. 2. Duration in days required for development of egg (A) and of pupa (B) in Epilachna
admirabilis under various temperatures. Velocities of development (=1/days; V) are
overlaid, and the threshold/ thermal constant is 8.4°C/223°C-day for eggs and 7.3°C/157°C-
day for pupae. No effect of day-length was observed for the development of eggs and pupae.
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1.

—EBREHT TCORTEE

BERETTORBHK%Z Table 1 BB, SWOESIE, —#IiC LISL3>1L2 T
Hotz, ThooghhRL 16L TlEL, 10L TREFICE»-7-. EHBREKHT TR

HEBIEHFED 51,
27C KT bR D S h i,

ZOBA, SRIPEOESIILISL2<LI -k,
18C ROBHERHORBHE BT 5 L, Hdidd

Z O 16L/

Bt LEMICRIELTWAZ &b 3 (10L:22.5 HfE, 1201 :25.3, 14L:29.7, 15L : 33.5,
16L : 40.5; Table 1), 22°C RicBWWTid, 10L T 19.2 HORESHREIIcX L, 16L Tid 304 H
MIZEL, BETRIOERIVERAITLERATOIREZIEEL:. CokHic, A&

DERYEBHRICFIG L THRBEELH/H L WA LRBHLIH,TH 3.

Table

1. Developmental times in days for 1-st to 3-rd instar larvae of Epilachna admirabilis
under various temperature and day-length conditions, reared with leaves of Schizopepon
bryoniaefolius. The duration is longer as day-length longer, and prolonged in both

temperatures higher or lower than 22°C. Given in mean*s.d.

Total (N)

L1 L2 L3 Total (N) LI L2

16L8D 10L14D

27°C 10.2+0.8 10.8*1.1 14.0%+1.4
24°C  9.8%08 9.4+05 124*1.7
22°C 9.6+£0.9 9.4%+0.7 11.4+0.9
18°C 14.3%£1.0 12.3+0.5 14.0+1.2

350+22 (5) 63%05 55106 6.8+0.5 18.510.6 (4)
31.6+2.1 (5)

304%1.6 (8) 7.2+04 52704 68+0.4 192108 (5)
40.512.1 (4) 82108 68+08 7.5:0.5 22.5+0.5 (6)

15C 1

64109 140+0.7 16.0£1.4 46419 (5) 10 9

30 )

18°C
12L
14L 1
I5L 1

9.5+0.6 6.3+0.5 9.5+0.6 25.3%+1.0 (4)
0.7£0.5 7.9+0.9 11.1+0.9 29.7%1.1 (7)
2.0+0.8 8.8+0.5 12.80.5 33.5+1.3 (4)

DAYS O 16L 8D

121 ® 10L.14D
10
8-<
6-
4.
1-st 2-nd 3l—rd
1 [

Fig. 3. A comparison of developmental times for 1-st, 2-nd, and 3-rd instar larvae of Epilachna
admirabilis under 22°C with alternation of day-length (16L/10L). Younger instars are more

sensitive to day-length, and the effect continues to the following instar(s).
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2. {BHBTCEEERALEZORTEE

ZZTLEOEEERE A, BEATIRBLOFREOWER Y, oot
2RZLTVEDERBET 5201, BT EICEBHSME (16L) » LEHSEHE (10L) KT
KB 22°C TiT - 72 (Fig. 3). HlAid | B ERREEL, 2 - 32 EHTRELLCE
% LSS Wil 5 &, LLL (n=3) & LLS (2) OREFLHMIWIFh ¥ 30 HETH D SSS
3) TX 19 HHEIT, —ERRICBIAHEBERELEALCTH 7. LL, LSS (n=4) TiH2
AR A AR, 3 BIRIAE BT I 150, 2% 245 HRMTEB L 7. Fig. 3 »
S, REAMICHT IR IBE 2HCEDON, LY 1EKTIEIEETH, TOFK
BRIROBORBEHEICORET EMPHEAHN S,

REPBOZILC & TS RERBOHES 4 #ICE » L EROEFRETHR L. AER
EEUIDIT VA, LLL Tid 23.2, 23.8, 25.0 mg, SSS T3 19.7,20.5,209 mg TH - fz. WHSE
BT TOBEVEREINSBEEEZ 706 LY, ABRRFHRHESBDOLTHWEYL, 0
REPEORD IR, SBHcBI3ROES 45 LTV 2 aiEENSH 5. WMEHEICE
FINABREARLBROBAOERIZTNEREL TV, BEMBIE(ESROR
FBHETVIDWBIRTERL,

oI &l (48t

II-1. $H{EE

HARREIC BV TR, FEGRGKBHRTELKRIEIIAS. L LATHIERBSRNE
16L THRBE T 5 & 3L A L OREESEELL 7o (Fig. 4A). BERIKERICE > TH 5 150

%
100+ 30+
124/140

OC- el - - - o]

50+ 20
4-th instar larvae 16L8D
1/58 0/14
0 v 10- o
10U T2L 4L 6L 92°C 4 3 4
12D 10D 8D oy,

Fig. 4. A: Ratio of pupation under various day-lengths in Epilachna admirabilis. Results of
various temperatures are pooled. Under short-day condition almost all of 4-th instar larvae
examined entered diapause, while most of larvae pupated within 150 days under long-day
condition which is never realized in Sapporo. B: Fourth instar duration artificially produced
by long-day condition, 16L, gives a threshold of development at 9.2°C. Although a part of
larvae reared under 14L at 22°C pupated, the duration for 4-th instar was so long as 112+
15 days.
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BIfRk#SE L 7208, < ofifdic 12L XT3 1 Bk &L 4, 10L X Tt 142 HEIC 22°C
B 1 EED0A ML L . 14L/22°C XT3 20 Fikch 12 @{EH40L L 71208, £ okinghh
PRRELLEDL -7 (111L9£152 H)., 20 k5, BEHEHRKELERCEHEREEZZH
EERLTAHMBESED Shichs, Ko coRGbEERERBE:X6/.T, HREER
FHCYER U 7=,

-2, $HELr-ERHBROREHM

EH 16L X THi{L U B okEbsh i % Fig. 4B iR L7z, BEPE S ERAND
ZORBERHRRETCRHEC VBLVHETH 0L URTHA 5. RERAAER
9.2°C, AEEREIZ402HC Thor. 7L, ORI 4 BRSO AEIFIBR
(RIEH) £28A TV, 4 BHRIEOBAHMIE, —EEREEL L BEIBUEGEYD
BBAELIVIERCHAET 20REETH - 7108, BLE2~3:BMTH 3. CoMHEIER
ZUTTREVERICH - 1208, B—RETHES>EHNKREL, BEL3Z/EKRET
349 N el

3E CEACTHB LB 48> SEHIB T EBLLEVOIRL, b S 48T
THEAFRT LA EEEE IR CERICE T L b L L. Bolf, Takeuchi 5
(1999) i34FE 4 B OKIEZ B3I L, SCENIZER% 4 BiER% 6.3~12.0 HE & R
ELTW3S, .

IV. W5HARD

Zh oo 161 XD Fig. 2B iR LRI PEL 2. HBRFEEIR 7.3C &oPE
{, BYRBEERIZ157HC Th-7. WELTTHCIKEERKIEB LTS, BIIXERK
OHBTILL 20T, BIEAMICKIELTWEWEEbh 3, BRIREOH (Fibb
4ITTRA LB OW) OREEE RO TV W, BATRAEEKEN 15~18°C 218
% 6 ARFICHHGBIE SN 30T, SHEERELETTO 15°C < 20.3 HRE, 18°C T 14.4 HFH
EVWSEREFELEY,

% -3

D EoHREMAEDET, BREEBEOEELEEZEBRLTA 5. HRHICOVWTIRA
Bt X D RERENE(T 20 CHIRHEELEE L V. SRIREE D /29I Fig. SA 2HE
L, TORTId Tablel D7 — %% b & i “SREPRR 2HE L, LROFEFEETE
EHE (BIHEEO 303%BML Tdh 3, BHRHER 1996 iR EMEma . AE[H+
ATRZVOTEHRRODREFSEBIEEECZ L, HRghoEgics  HEd
%5 8 Al 5 9 A LA, HROSBEEE T cERSHLS G - L bR RETE 5L
—B L7, XA 2 BRZMAEIc & - TEILd 52 & (Fig. 3) #BEL, LUTF0XS
KRR Lo FIAiE 6 B2S BicEE /U837 H 17 Bic{bd 54, Fig. SAH» 5T
OB R OFE RS HLIRIIH 30 B & AR S, L L, Mo#TE & b IcREMIZEL
30T, TO¥50H (15 8) 2MmA 8 A 1 HOHEMRZRkH 5 428 HE. £C
THEHEOPBENE 29 Hil%, TOBESOHESHEE L.

i, TOBEBEROFEMEY (3 v==HYY, 7<F+ NV PRHTELHERGE,
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DAY LENGTH

10L 12L 14L 16L HIBERNATION

30
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HIBERNATION
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Fig. 5. A: A presumed isogram of developmental duration for 1-st to 3-rd instar larvae of
Epilachna admirabilis on day-length/temperature dimensions. Numerals indicate days for
the development under given conditions (cf. Table 1). A seasonal change in air temperature
and day-length (add 30 min. for twilight) in Sapporo is shown by a sectionalized line, and
indicates that the season most young larvae in the Sapporo population actually passing
(middle August to early September) is the season in which they can develop fastest. B and
C: Reconstructed life cycles of E. admirabilis in an egg laid on June 25 (B) and that on
Avgust 15 (C). Duration for 1-st to 3-rd instar larva was approximated by Fig. 5A as
follows: e.g. in case of Fig. 5B, 1-Eggs laid on June 25 hatch on July 17 when the isogram
gives a period as 30 days. 2-Because day-length affects also in 2-nd instar (Fig. 3), another
period is estimated on the middle, August 1, as 28 days. 3—Averaging the both, 29 days is
the duration approximated for the case. Other periods for egg, 4-th instar larva, and pupa
are estimated based on Fig. 2A, Fig. 4B, and Fig. 2B, respectively.

Ths 6 A LEPS 10 At « THETTHY, 20HAFRIE 8 AcaBucEmy 5 (Fig.
1;cf. BFKS, 1981). I¥<==v )ii5 B LEICRET EH, REMSEL, BERHI
X 2EATRE S ATA. ABREBRIHEFESREET ZHRICERT 2 DRELRIIRE
REDELL, 2L LTRFR IP==F9 YV EKEL TS, 1T « HfRF (1994) 137 =
F ¥ YV TABERFAEGREZEE LI5S, REPRGEFCERT 2 LERLITH S,
BROBRIE I Y~=Av ) TOFEBERICESY, AMEERBRT<F + VbR DF
ALTVWEDT, HIRTHLEEMEC 205, OEYMOFAZEEEOBCEICER
BEELEITWARTTH 3.

HABRKBETHEISN - L bRVBKMIc X BENII6 A 25H, b & bBVER
BRI A 15BRDT, 2hoDETEHZEHRL c8R% Fig. 5B CitiRLk, 6AH
25 HEE hooBRiz 8 A 15 Hickificis (50 HRED 9 A LA BB%2EEd 5. £EDLED
HER ULLTTH O KRBYRIBLRTE2HKIEBICAS. L6 I6LEHTOX S IR
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BEINIE I OMEE 11 B 1 BicPHbd 55 (Fig. 5B), dRPHEBHEL TBHREATX
TRECT 2RI TH 5. BLARBRIFEPIEED 2.5% BEO ML o—22ERLT
B Y (Hoshikawa, 1981), FULEOBEMZIFhITZDERIAARETHA 5. —H, 8 15
HIETENAIIIA 28 HickkiwE S h (43 BRED, 25 5 U THRBIHOBAEZKZ TI10
HTHICBBLICA S (Fig. 5C). £BE, BATOBLYROEEER I DIXS5>E (362
+84mg;n=23), 22 mg FRD/NEBKREKOFTh TS, TONSREEBTIULTE 50
ESPRHERSIhTVIEVS, 7TALATOREMLL TOROVYRBEEShZ &85
3. BRSEEERESRA L 9 Arhickiicis 3 T & LRET NI, 3 8 A 16 BLIRTICEEDN
LB SREWT &I 3, 1B Fig. 5B+ C RBMLEATH Y, < oEEBOKTIO
SiRATRO X 31 8 Ahfh S 9 A LA I~MI BB LTV 3,
TO&Sii, FIRTRGBBRIC X ZE-LOEFEBIVLARTHS. bLIRIK, 6 H25H
DRSS, %EH 10L& EE U HR% 20 HREEETEAT s L ThiE, Kiids A LA
DISLOAREERT 3 Lichiy, BAKESREEICKE 3. #ic, HEICED > FE#H
P40 ML EL T80, 81 BEThOWNSKIRICZ3DIE9IA26HEY,
F RO BRSERPRII 7 Atk 2 BEEECERs N3, thYwi, EER0o2%
U CHERPOREIRBNIEELERE > TVWS,
COEBHBORHEIGE, LHbOoERVTENLTELDTHA > >—RHTOREEL
BDlp, ThéEbEHTORERED,? HESHDO/¥Y ~ (Hoshikawa, 1980) id, AEH
BREE> OBEHICARELT TELILEZRBLTWVWS, TOLE, PRy FYFIRT
FHEYMOETESRD S 0FH (ROEAHE) TtL T, BRAZATTOREREE W IHES
FLLERLEDTHAS. #ic, —(tHERRHT2DIERHETORBEESRIRE O
EVWIHIRAEBEEEL S LIV, UL, A& 2 » BREL, 5 BicFRkB»s I 2 R
ODEFEHTHZOERY -7 3R EE L 8 A LARi#% TH Y (Takahashi, 1932; F[EF,
1934; 779 « HIN, 1994), BEEICBY 2ELOFEIR, F& L TRROEIGBE &K
S OBAKIETITOh TW3 EEL SN 3.
AR AR R OFHEEOBFHIIRO L O CBEHTE 3!
1) Y@L SR EE LR AFIET 2 - DB ERRMSEKT 2 v U EHEY
KRELIAER, BLOFVY v LavERTD, HRBKOETEREBIRL /2 (cf
Fig. 1). ¥igshdUEEEETL O BWKIRICA 5 (Fig. 4).

2) KEFEL: BREBFLSBBHENEMHELRLL E, FEOEFBICEHT -
¥, X G ERNTERPIR LGS 28 258 L /2 (Table 1, Fig. 3, Fig. 5A,
0).

3) JtPRTORRBEAEOBE: L L, RHERH T TOERPBEEEIZILLE, -
e (?7), RBEEEHICBVTREELASE LTS, BEARRICK ZRWERPC
& - THEEHL2EOZHBERLPHEET 5 < & 318 - 2 (Fig. 1, Fig. 5B).

—b L COREVEL S, BRFOAERERICEV TR, HRicisy 2RFHMO
HEIBES IALREABE L VBV ETFRIS 0 3. hhoRTFHM IEABIKET 2FE
Ko THORELETZ (TN - BN, 1994). KET 2FEEY OHBERORE S D,
BEFICBYT 2 XBEFHOEERORENS RIS S,
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Vav¥rvFr rvBOREHGRONM =a2—xYFEO VR, 30:11-18.

Hoshikawa, K. 1980. Notes on the larval hibernation of Epilachna admirablis (Coleoptera:
Coccinellidae). Low Temperature Science, Ser. B, (38): 69-75.

Hoshikawa, K. 1981. Notes on adult hibernation of Epilachna admirabilis, with special reference
to comparison with larval hibernation (Coleoptera: Coccinellidac). Low Temperature
Science, Ser. B, (39): 9-20.

A E, 1988 —~{tHBROFHE. (PHERE [EEE LT 66-108. Lfttt, X
=8

Ishii, M. & Hidaka, T. 1979. Influence of photoperiod on the adult differentiation in the pupae
of the univoltine papilionid, Luehdorfia japonica (Lepidoptera: Papilionidae). Applied
Entomology and Zoology, 14: 360-361.

Ishii, M. & Hidaka, T. 1982. Characteristics of pupal diapause in the univoltine papilionid,
Luehdorfia japonica (Lepidoptera: Papilionidae). Kontydl, Tokyo, 50: 610-620.

Ishii, M. & Hidaka, T. 1983. The second pupal diapause in the univoltine papilionid, Luehdorfia
japonica (Lepidoptera: Papilionidae). Applied Entomology and Zoology, 18: 456—463.

Katakura, H. 1976. On the life cycle of Epilachna admirabilis (Coleoptera: Coccinellidae) in
Sapporo, northern Japan, with special reference to its hibernation by adult stage. Kontyd,
Tokyo, 44: 334-336.

FIEFEER, 1934, TEMSOEFEH VT, Bl 8:138-152.

BN RXE (W), 1995 BERMER k8 4E. h#E, Wi, 1043pp.

RiFERA, 1978. HAEY v+ N FEOLBERPHHE, FicfehEnBRe L ToF
HEvx—Y2x v MicoW0WT, HILBERBRBETIE#RE, (57): 1221,

EAR#=, 1974, BRoEFESE Ll hRNRH, H5E, 208 pp.

Takahashi, T. 1932. Studies on Epilachna lady beetles in Japan. Journal of Tokyo Nogyo Daigaku,
(3): 1-115,

TPiHE - BREA, 1994 RUEZFIWWKET S b&v T ¥ b Y 2 BERBOERR.
BAISHEY R HFE, 38: 79-84.

Takeuchi, M., Shimizu, A., Ishihara, A. & Tamura, M. 1999. Larval diapause induction and
termination in a phytophagous lady beetle, Epilachna admirabilis Crotch (Coleoptera:
Coccinellidae). Applied Entomology and Zoology, 34: 475-479.

NI | -El ectronic Library Service




