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

II. Effect of day-length and temperature on the ovary development
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Abstract. Differing from southern populations in Tokyo, females of the
northernmost population of Epilachna admirabilis in Sapporo started ovary
development soon after emergence, and entered reproductive diapause under
short-day photoperiod <14.5 L in autumn. A part of adults hibernated occa-
sionally, and oviposited again from the next June. Oviposition by post-
hibernating females occurred in a range of day lengths >14 L and 15-27°C,
but their ovarioles developed up to halfway even under a short-day photoperi-
od, 10 L. Although velocity of the ovary development was slightly affected by
day length females exposed, threshold of the development was 7.9°C and
thermal constant was 219°C-days at 16 L condition. Mature ovary of newly
emerged females degenerated under day lengths <14 L, and repeatedly devel-
oped in long-day photoperiod conditions. .

Key words: Epilachna admirabilis, Coccinellidae, ovary development, vol-
tinism.

PRYTFYRIRT VY AYROBTREAANICYRTELT 5. FIERTRAEOILR
ISR VALIREERSRBS R TOBEAHEEICT 2 20, SHtdicB W THRICEN
RIS THRBEEELREG L Twa 28 L (BN, 2000). AR T, BRficsd
SN A EMBEISE U CIFRRE IcBE S 2L RE T 5. AELRBGEHTR7ALY
P L 2B B i IPE R B 2BS L T 7 A T » SEPLZBIBT 30 L, HR
BEETRS HOM» 582 » Bo&B L7 A LA» SERERY, 8 BitERE—7
WA 5 (T« BN, 1994). 2D & BEABO— (b0 EFEE 2 FIET 2 BEAR IHE &
LT, BERRBORHEHLEETHELERLTVWAS, KL, KEOEFERIIFENT
& b (Hoshikawa, 1981; 7T/ « 4, 1984; EJIl, 2000), *LREEBIcBVWTIREIREK-T

CBREO—HMHBBTEA L, BAEKIIEE S FMEEE %175 (Katakura, 1976; Hoshikawa,
1981).
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HAEDORWEEE7 ~ b ¥ & ¥ Epilachnini DAERKIER, ChETRKAA=Ya I ¥ kY
5 v b % Epilachna vigintioctomaculata (BiR, 1960; 125>, 1964; # « R, 1965) L% D
g8, =Y avvhvF Y Y Epilachna vigintioctopunctata (Kono, 1979, 1980) TH~XH
hTWwa, ThodF v b aviZBE - BEOAI S PHHEHI b RIG L THEMEKIRIA
ZIEMMONTEY, ¥z OKIBIZERENTH b BIEEB)ICH 5 » FEITHIE L TER
BEAZEC X % (Ohgushi, 1986, 1992), TOFRMEN b kv F v b T IEDONZDD,
FEEHOLNZONLE, %nmxﬁoéfﬁrk&mxom&ﬂ%%tbfméwm&m
HSRIREARRX TIREELIW.

BRBLUFE

FER Tt L7z b & ¥ F ¥ b Epilachna admirabilis Crotch GRS i3ALIRT M Lo dbAtmE i
OWERICBWT, BARKRE 1981 F5 Bic) & —Eh o, FRMLERIIRE 7 A SFEMEY,
I ¥ <=4 Y Shizopepon bryoniaefolius Maxim. & 7 < F % /' )V Gynostemma pentaphyllum
(Thumb.) » SERE L. FH 75X F » 7 A8 (100X65X28 mm) ZAW, I¥v=n
v OFFEL “SBE00” ERE) 2BHS5A. A vEax-5OBREREER &),
2000) EREMEICIT- 7. 72d, BAHBECRRELTEY, RRNERATICIBETFIEE
& h 3 (Hoshikawa, 1981; cf. Katakura, 1981; &, 1988).

1. DPEREER

EINER: REL ABARALAHEC—HEEL, HoOAFMERRICE 726 A 4HS

5, UToRE - BELETHE L. LDI6:8 (15°C, 18°C, 22°C, 24°C, 27°C, 31°C), LD15:
9 (18°C), LD14 : 10 (18°C), LD12: 12 (18°C), LD10: 14 (15°C, 18°C, 22°C, 27°C). BHEO
E®EF v L, 45 BREBELL.

PREERER . LIUEEURERR L BHTL T, BNEORBRB AT b ic—MOEE LB L,
ZORGHRMEAEATEME T CEEL TR L. IIEOXEBERM I, BcIPR/NEAI
BETx 2EoM XYL, ROBEBI X DHEL K (Fig. 1):

St.O:  PPENEER 1 mm BE. HALSANCEEIBEEED SNE L,

St /INEER12mm BEFCKEA£t50 - 1 @EoMRsEVWIRE LTHRESh

5.

StIl:  /NEE IR 1.5 mm. B ORI, EZBKB LI 5 1IIBEY
oh5.

StIL /PNEERBINOHKEIC L 0 2.5 mm ISET 5. FE5EA L Oz 298, 53
PpsEH 5N 5.

StIV: [FUREICIIAED Sh 3, /NEI SLIL & 7213 St.II &[5 UREE.

StII: B(LUPEL. SPMRRQIZchic B ZERHS T X (Fig 1, II'a), KELKEE T2 ([
b). BB OERMR A nPREREOARBIBNY 53 A EROB L Z
3, .

PREDSEEE T 2 B TR/ NEORERE I—H TR, —IT, FHIC 18~21 K5 558

B/NED S bARIOK 6 AHSREZELTL 5. 20LDREEMOHEICEEL TI&ES £<
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Fig. 1. Ovary development in post-hibernating females of Epilachna admirabilis. Under suitable
conditions, several ovarioles develop within two weeks, passing stages I, II, III, which were
classified by number of oocytes recognizable in vitellarium. Then they enter stage IV in
which full-grown eggs are found in egg calyx. On the other hand, in unsuitable conditions,
the development delays in stages O to II, and ovaries fall to stage III’, ovary degeneration.
Oocytes in stage III’ are characterized by having a translucent vacuole (a) and/or
deforming to an amorphous mass (b).

HELINEIAZEY, BRORLZ/NENRET 2BSIPHERREE L, PR
IZSERRERDS 1 LA 72 WA SLII/IV EHE L o, BARBOPERBTERMEE, £0o&
FALSHRELHMTOEREL . HITHLRBOIPEAREREORIIC K 2BEIIT- TV

Z9'AR

II. BREBRILICPIT 2 HE
IFERRETHE L, EREERCTS L5 8-> Ptk sifz, SBOEE - BE
SricEL, ERNGSGET 215 0E2BE UL LEREU TR LIPRBELT- .
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I-1. FEBPERR

ZOEBRRICH T ZEIPIRA % Fig. 2A [cBE L 7. ERBIEE (6 A 4 H) & TEAHER
5C 2REEHCEEINTEY, PERTRIMLESATOE (St.0). BEL 45 HRETE
B8, THOLIPRRESBR I NAERXIS, BEHS 18~27C, BHER 4LLULOEHET
H ot 16L31°C X0 2 i3 h 2 h EERBAKS 2 B, 7 BRICFET L. 16L15CXTH
ERLEERE NI, - ot LED 6 BhaoBAKE (Bl) 2ZEET 5 &, 15C BIPE
REVMH S W ABRICGTFVEELZELIONS, BCRIEH LA Y +a -5 iF, ¥
BEHBIATOESRIBEAZ, BCELETTIHEIEMB 1. BCRIRBWLT
I310L+ 12L TIREEIF LA 743, 16L«15L« 14L TIREWLZ. Ui L, EBMRAE
2 14L TIHEBET 2EEICH Y, 16L 15L @ 214125 B, 21.5+2.0 BRI L, 14L
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Fig. 2. A: Days required for ovary development in post-hibernating females of Epilachna
admirabilis and threshold of the development under 16 L. The insects were kept in a
refrigerator until the experiment began on June 4, and reared under various photoperiod and
temperature conditions until the first oviposition was observed. Histograms depict number of
days required (upper abscissa) at given temperature. The threshold of 7.9°C was obtained by
regression of three mean velocities in ovary development (dots), given by 100V (lower
abscissa; 100/days required), excluding that under 27°C. To develop ovary the female
requires 18-27°C and a day-length>14 hours. No oviposition was observed until July 20
under the following conditions: 16 L 31°C, 16 L 15°C, 12L 18°C, and all in 10L at 15, 18,
22, 24, and 27°C. However, field data, which are not shown in the ﬁgure, suggest that
females can scarcely develop their ovaries near 15%C.

B: Changes in the ovarian stages (cf. Fig. 1) during the above experiment. Each symbol
represents one female dissected. Ovarian stages of post-hibernating females under field
condition are also given, based on supplemental samples collected at the study site, Mt.
Maruyama in Sapporo C.

NI | -El ectronic Library Service




The Entonol ogi cal Society of Japan

PR YTV by OIPERE 59

T3 250126 B Th - o, AL b REVD, MWL 2 EREEAMMUREIC L
D 16L<14L EHNI 2RI P=0036 THY, TOEFFETHS (ISL<H4LID
WTIRP=0.057). O LRYREBFOALSTREROEEF CBVTH, HESZOHE
RPREHLTOAIEERELTWVWS,

16 L @ 3 RESRE (18, 22, 24°C) OEFFRE» SREEELHET 5L, RERARE
137.9°C, BYEERRIZ 219 C LEashi. 2L 15C RIZERE T, 27C R3HEB
BIECIVHENLSBALLDOT, ThooEOEHEERTALIERLLW.

I-2. DPMERE

IEEBIEOMRE% Fig. 2B ITRL7c. COPERBERI LILOERNEROBERL LKHF
ALTVw3, FPEBLAHEEENI IOLISCX < 16L15CRicB8WVWTH, UPRLIL SLII £
TREBL, BEINIGBBREIVWEFI S SLIT TH- 7. StO~StIFHORBICH E
DS s LBLIEE B &5 TH 5. EINEREER, 16 L27°C RTRPPREIE
WS BHEHEEICDH - 1.

—%, BA»SHEL - BAHR B ORERNETIcREEL TV, 6 A 10 BIcEREL /i
13 St.O/1 TH - 128, 21 BiTi3 SLILICE L, 26 B IZEIFEIRE/IRETH - 12, T DR
OBAEL RFETBEB L Z 16~17C, BHEED 3043%2MA %2 LHEIZ 16 L 10D ITH
Y43,

II BRBLBILDERE

16 L 24°C THPRRRE L 7-#r P Lk it % 3 Bk 3> 18°C oFHEICHE L, 10 BRI
Lic. BRBIZ16L « 1SL TREBLLEFETH -7, 4L 120 TRE[ISHEZ - TH
D, FIRAICBEBEORLIINE > Tz, £/, FUEE (16 L 24°C THERB) Ol
Z16L15C IKANS & 3~7 HISERHIL 2 45, BUEREZED . TO X D ITHPHULRK
TR, BARBICBOTIIEABDEID Sht: 141 18°C LA TIEELARY oh, K
H, BARDCIRERBICES -1 16L15°C RETOERNMSEET I EhE (K
LaiRo 15°C ROBEE#HICER, MEAELMEBLIERT IEZHNDLIRELE0D
bl i, ThoFFTUEREBELEBLAKBOBVICL IO LOKEWVL, 4L
KOWTREELLOBESE,LS LW, ML XOIEFZEEEISCTHS 18Cic, IR
1BLIZ 24°C 5 18C IKBEERH L THESh .

16 L 27°C THRBAR L 723 PMLak i % 16 L 29°C ik L T bEESIRESE S h, 29°CF
KHRELREECREL. S5 s Bk oE%: 16L31°C IcBd &, S HMETER%:
ZiEL, CosBcETN: RIFRIEEDHH31C TFTT2TRLLEM -,

10L22°C TERZELELTOBEERBL . TMLERBROKEM %, 9H 23 HICT 16 L
22°Cicwha &, 31 B%, 10 A 24 Bic3EEEEL 2. #id L 8L R ORBTEE
ENEHTE 3 LRETIE, CORECTHERETICET 203K 16 BITH Y, T O
RERBKIBICA>TWEEI LN B,

z =
AR SR AV INRREER & FIULR SR 2 A O IRRER LB T IR RICE T OEE
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Fig. 3. A comparison of adult lifecycle in two populations of Epilachna admirabilis. Note
discrepancies in oviposition period (OVP) between the two populations. OD: ovary
development. Change in mean air temperature in Sapporo and that in Tokyo during recent
30 years (1961-1990; after Rika-Nenpyo in 1996) are shown by dotted lines. Day lengths are
shown by arrows and numerals, which include 30 minutes for twilight.

A: In the northernmost Sapporo population, the beetles emerge in early July, and females
oviposit during late July to mid August. Ovary degenerates under day-length<14.5L, and
females enter reproductive diapause. Occasionally, a part of the adults hibernates again. The
post-hibernating females (HA) develop their ovaries and oviposit again from the next late
June. To develop ovaries, a thermal constant of 219 degree-days is required with a threshold
of development at 7.9°C (Fig. 2A) for post-hibernating females. These values are
hypothesized to be identical for newly emerged adults in both populations. Thermal constant
for pupa is given in Hoshikawa (2000).

B: For the southern Tokyo population (modified from Takeuchi and Tamura, 1994),
adults emerge in early May, whereas oviposition begins in July. This lag strongly suggests a
reproductive diapause during May to June. The oviposition continues until females die in
autumn, without ovary degeneration due to short-day photoperiod.
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BdHotehi, bk YT v b vHIREREOENRELRGRUTOL S ICE DB EHT
%5 BARETE, EPR 4LLULEOBR, 18~27C OREHATE TS S (/X LEF
NF—H o, KERBRRIZI5CFEEELONS). BHSLH (161« 15L) LML TR
REIZ AL TIEZL . EH (10L) £/ 3MER 15CH FETTHIRRE st kg T
WolK DERFLEN, SLHL £ TIRBESTBLL . FOMLRROIEERILIZ 14 L LT
DOHE, 3JICLLEOBRTHRES L. RBIIREZMRT 5 /.01Icid 15L UL LD BRSH
BEThot. £, RBEEIEZE GO 15°C THEREMEL /-, INEORF/BILIAH
HThh, BEOHELTHEERETE L.

BED, LorLBHETHAT 244 =Vavvhyry by BT S L, JhiE - Bt
WEOAA=Vavvdhvs v b oOERKEIIER 4L LLE, BE 18.6~28C THD
(iR, 1960; & 5, 1964; %  EIH, 1965), K BIFESRECH ISHMEZET S
(Kurihara, 1967) 5 &, 2k & L THEOABELEERLTVS, LbL, 44 =Yay
Y& vF Vb UOBRA, 5C OER%E 40 BRIV EEERR L MO RRSEHERS B R
B, 1965) Dizxtl, b& vy v by TREBKKETLHEIREG L TIRERETREEZEL
EHTVE, Fh, A4 =2Va9vFsvF Y boHFPERBRTREERETIRENILAL
B L7\ (Kurihara, 1967) 25, b & v 7 ¥ b 9 BARB OB IREH TH b 2EEIPHEY
RELK. LEL, bdvF v oFIHERESERRET, CORBEEE TIREEHE
IHBZDOPIRODVTRAXNSNTVAEY., 2A=VavvFhvT v+ v ORERILOBRER
Kurihara (1967, 1975, 1985) ic &  SElicBIRa h TV 3. 5[], EAFRME L ~VOBET
BH50, +RvF v boOBLIBRICA SN (Fig. 1LII) b, A4 =Yav k¥
FY o DOZhERROBRF LEEDONS.

BonhAR%E b & ABLREAEOEIEREERRK L 72 (Fig. 3A). HiRicBWVT
FRYF v hvid6 BTE~T LTS 3. —F, FPULREOERZ 7 At - TH
DOEEINS, COTERBEAREENIBEALEVEVEDIHOFABRICL-T, 1,
BARBESVRETRBEINW3PoAHIc L - THETEX 3. BLAREEZHAVWTEOIL
IR BOEMER (219 H °C, REEA 7.9C; Fig. 2A) » SHLIROBA coOF TR R D
IPRAFEETHART 1340 20 HRS (7 H 1 H~20 B; Fig. 3A) LFsh 20T, FPULERIITHE
B HICIERE LB L TWAEE L 505, EINEEN 8 HhE F Ttk 45, IR
BD304%E2MABEM145L £ 0EL 25 8 B 15 BLIE, BRBRIZEEKRIRICAS. 5D
SHERBIIMAT A LN FOFERTT B, Fitk > TREL ORAVEHELTS. &
KL RE, BELETEYOMmEOHEKINS 6 A Lol WL BEXEFLBETE
BV, BAERBOERIZ6 ATAr 0BT, BAMORTICL KT $5. BARADRE
UREOHMBMRREIATHRVYS, +RcEFOBSOEINEIENBEIIHLRE L
FEkEic 8 A 15 HEIRET NI, = OEIFIERTIA 50 AR & 723 @bk < it 25 BREE
EE, Fig. 3A).

AEHEEGFEOEFRIC>WTIE, T - BR (1994) itk bEL R hTwS, &
OB ESEORREE b &I, bk vF v b o HEREEGAE SALREEBEOR BB OEES %
H# U -, EREEBEOEINBE (Fig. 3B) i1Ti3, tLIREEEL 2 OB IB VW THELIEE
DBEHSNDG, BT, BEEZRIEHBL VIRV, EREERIZ S B LAEEL 2kic
HREKRIRICA S 5 LS, 7THPHESE CEMNKAOhEVL, 5B LAOEFROHER 1441
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TH, COREREREGRIC L > TEARER DL S LAV, BT, 7 HIIIRRET
25T ULEEREGRRGIE, BEN 145L L0E<37H 28 BUKRLGERZELET,
EAMNREX BT TEIET S, IO L RERAEZELS € IBBIEEL XVl %
FRLTEY, £4=YavviyF vy by OBKEMKROBE LERKIC, RE@GERO
SRR 13 5~6 B OERKIRIC L kb TWADO, S Lhikw., T OEREKIELGE
£ 51E, BEETAES—LEEMERET 2 DI RAAROBEIGETHA . KB 5L
1B AR D ICEBREEYSEE L » T TV A S LVLAISho 7 v b v AV THRESNT
W3 (BN - &TF, 1998). HREGRONEREEHEREHBOBLRRLE L LKET
hiZ, PREREBFRIERICBIIEEAM J5L) KBBEsh T2 EHES NS (Fig. 3B).

L L, FIREGE BAEREKIE & > THERRSH2EE L TRV VDT, RO
BALREHKIES, < TRESNAEROTULERERKIER, Mt sRRTRITVOHL
bLhiy, HEGEMEELTVWAFEMEMOREICLBERTILENSHZ (ITA,
D). HEEEEO 2 » Bicblc 3 TESFLEVIR] oIALGSRICHFEINS.

BBEREERCBVTE, WTh B TOREN S, KEMGEELLH BF0
BRI L) &, i cRAEFIENICTL 20 IRREL L BEENEEZIT-
PibEigEahTvwa (1T - BF, 1994).

B (R, 2000) LEHE, BEE GEOHFAOENE) »okEH GRECHBEORME)
~OATOIAEER B & %, FAHIE L TULSBNHEIRERS N TH5 . LR
IS VALIRORTEESRE I, SPEAREUC LB E RIE—BL T COAHIEROBE
TABOEES IHEEEEE 5 1 7o SHLREGEE S 1 7l Bb -t 39 ThH 5. LI
BERCIERELEEEAECL - TR- XD EFHL TV, FOEBFTTHAAEENR
ENEHETBL0 6, b URAHTRES SIIBMREFUERcENE, ZTRIETEIBER
Enzcticins, ZoRBIAIRBEEOEINMRIE Ko7, BRTR3 » Al S
5 < EESPRARSE, ALIRMEBETTULRROBA IR 1 » Biciifc iy, B R ORI I3
ChEDEVS LW, REBTEDHIF2 LI, ILLIRBEEERILREOBRARIES
KRELEBT 3. 20X, rdvF v olthEERICB Y 2ERERMOBRKIE, &
AR BEHHEIS 4 B 2 (Hoshikawa, 1981) & & bic, HHILBERET 2 ERE LTER
TH5.
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