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Abstract. The ladybird beetle Harmonia axyridis flies and gathers around light colored
objects on a warm day in late autumn. However, investigation has not yet been conducted
as to when the gathering flight occurs. Based on observation for nine years at two sites in
Chiba, Japan, I investigated environmental factor(s) which may be essential for triggering
this flight behavior. Neither exposure to shortening day-length nor single exposure to low
temperature seems to be effective. Here I suggest that accumulation of exposure to low
temperature below 14°C can be essential for inducing the flight. After ladybird beetles have
experienced enough coldness, i.e., accumulation of exposure to low temperature below 14°C
exceeds a critical point of 257.8 on my scale of low temperature exposure, they can be ready
to fly and gather on a warm day with the temperature more than 16.2°C at noon in late
autumn.
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MRELUFE

1. BZEEeT

1983 /0 5 1991 &0 9 FEfflic b - ¢, FEETETHNO DRI SEFROKREITHTET 57 3
7TV AU DEEREIT- /2. 19830 5 1985 4R 0 3 AERIF TR I AEEFFER (TEMRX I SET it
% 35°35.1" BHA% 140°12.4° #2595 m), 1986 FE~1991 FED 6 AERTIF TIEET REESER (TENEERS
FRHT  Jb#& 35°35.6" A% 140°12.5 55 55 m) ICB W TEIE L 72, Mgt 3 EAEERE T 10.5km BEN T
W3, Fi, MEFEFFREOINGTERBAORKRENSEREICS 3.

2. |[RF—4

Kim, EE, HEER, B3XUORK[BKIRTFENETR XD, 9H 1025 12 A LA ekt 3,
3B ZOMIEME QK 685, 9K, 120K, 158, 18Ky, 2185 2485 %57k, TR (TS
rhoeX et JhAR 35°36.17 R 140°06.2° FEE 4m) 75, TREEERIIFEEREA 18.5km, REEFR
3 9.3km ITALET 3.

3. FIFUIMIORERROER

FEROERE L 10 HTHLOASRP RO NG5 12 AWAE T, MAOHEZBRVWTEHIT-%. 1H
DHETE, JUEPLPDIED 2 1ME WS HMEXIED % 15K SWET, 30 43~50 43 EIE T
=T,

F 37V b UBELTERT AREOFRME L FEROBICB VT, ROEL OERIEELE ZEDZDHORK
KE» S, 2OHOEEOHREBEHTE L. LrL, -5 357 v by IR EEADMNB LB
BLU, EERSAY N 3REETHZDT, RRHMOHEEIZZT DEORRDOEMFKH 2T 2 HIITD
HiTo1cbDTHO, IEHESEERECZIAS»ICT Z2HMTIT- b TR,

4. REIKEE

F 17V b ORKESTHRELOERO—D L EX SN, TONBOMALRMEE L CREASRE
LTV EafElEN S 5. = TRIBABROEBP BRI TEIOMAEEM LB >TVWBEENELT, 5
BUHEREL T OREDREEFBRERES L, TERD 9 H LATRERESIEY 20C 255 2 &
FEAERL, FEARORLNE 11 B EATROC LTINS T &3, RRESTTENZ 11 A
mMPBIcH SN 5D T, LI EORERESRAE » S¥il LT, AEREZ 9°C~20C Dffficd 5 LIGE L 7.
EEEOERBIIRD X > icEBH L.

*9 A 1 HUBO 3B 2 0RKEE 1 & T 5.

L DEERE s T X I MERBAERINE L ET 5. Bibe $ TOREBREROEEE LR

BEEEL & LTRO LS ICEHT 5.

k= élmax (ts—t; 0)
kT AFIFUNYIE, 9B I BRI OB ORRYLHD 9 TOREARERT L L LT 5,
5. HRERBKE=S

EEORENF I 7 v b v ORABBORREFHICZ - TWE EFZ 5L, ORBBHIzI NI,
TRRICHE L 725R G GELC R [FHERBLUBE] TlNE) -t HICHREATEEI S &
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Table 1. Date of occurrence of flight for aggregation of Harmonia axyridis and its meteorological conditions.

i ) Number of Wind Temperature (°C)
*
Site Year Flight™ Date . dividuals (X 100) velocity (m/s) at 12: 00
Toke High School
1983 Main Nov. 11 400~500 0.4 174
1984 Pre Nov. 5 20~30 2.8 16.7
Main Nov. 17 200 0.5 16.2
1985 Pre Nov. 21 5 1.7 14.0
Main Nov. 22 50~60 0.3 17.1
Izumi High School
1986 Pre Nov. 10 5 4.2 17.6
Main Nov. 14 200 2.5 17.2
1987 Pre Nov. 11 5 2.5 17.3
Main Nov. 19 50~60 5.3 9.6
1988 Pre Nov. 7 5 3.5 17.4
Pre Nov. 10 10 6.5 19.8
Pre Nov. 12 20 2.5 4.6
Main Nov. 13 100 7.3 18.1
Post Nov. 14 30~40 3.9 19.2
1989 Pre Nov. 21 5 3.0 15.2
Pre Nov. 23 2 2.8 15.7
Pre Dec. 2 3 1.0 12.8
Main Dec. 3 20~30 2.0 16.4
1990 Pre Nov. 14 20~30 2.3 19.0
Pre Nov. 17 5 3.1 18.2
Pre Nov. 25 20 0.9 15.0
Main Nov. 26 100 1.5 15.0
1991 Main Nov. 19 30~40 38 16.5
Post Nov. 23 10 0.4 7.2
Post Nov. 29 10 1.9 8.8

* Main, main-flight (bold face); Pre, pre-flight; Post, post-flight.

i85, 95 &, BREEESH I NIBRICTFNCAERSREUEPR OGS, FHBICRRPEI5H
FTORBEREDEE, FHEB4E (RERBERER) X0 dRENI0EELH L. £ T, R
RICHE L - K5REMOHD S B, ERBRICARSEMSIEC 2LIHTOBEROFHEH 2B #EHE L, COHET
DRBEREESHEH L CHE L. 5 37 v v RAIBR O & ¢ 2 AEZRRER L, EAkFEH
FCTORBIKERE L EBICACRSR I - B TORBREBEORICH 5 T LT85,

ERELUBE

1. FeRKR

OEMDF I 7 v b v OMKIRILE Table 1 IR L7, FICHEIOFCRESHBE S W), SELLL
D55 1 [EE CEOMOFERIC AN TREEESEEY - TEL, Thir AR Thba LML 4
AFSKLIFIOTRK 2 RITRK °, AFCRLIROTERZE Bk & L, KT TRk oL H%:
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Fig. 1. Relationship between average temperatures of November and main-flight days observed in 1983 to

1991.
a7z,

BAED 11 A OVVKIE EARKROIIH OR%E% Fig. 1 IcRx Lz, SEEKENS WET ISk OB H
BB ERBS - 72,

2. AREHOIREM

AFKHOKREHE LT, UToRERSFOoNE, RARBENLSLVREEYTHE L&, JEH
oWV TIE, 9FEROARFKHD 12 O EBEOKEAMEIR 73m/s TH Y, TLRAKPLEBEEREROEH
(i) WiGTe SN TV BRI OO THRERPRE SN - 2 H (1989 F 11 A 28 H; Fig. 2-G) ® 12 B
DJEIED 8.1 m/s (AN 5,8.0m/s~10.7m/s) TH >z &b, [IEFTORESIER TR 4 (5.5m/s~7.9
m/s) LT TH 2 ENFEHTH L EEZ S,

TURITDWVWTIE, 737V vORERYIEE AR VIV TG T -l s, REBOR
mZafetE L Lz, 2D 9EFDOARTCEE T, 12 RO ORI 15.0°C (1990 ) TH -7, LaL,
1990 FEDAFACK (FMDFEDAFER & 1FFES D, TGO 13 K30 0E, S5 LB h -7, ZORR
SURD ERPEB - 7208, RFLBGEIZERL, 13FICE17.0°CITELE. ThoD I &SRO
FHICFTRERED LAPLETH Y, 15.0CTRIESMEVWEEZEZ S, 1990 FED 7 — & 2B < &,
AREDSROSNIHD 12 BEOKEOREMII 162°C (1984 4F) ThHo-7z. Lo &ns, 11 Hhall
BT, 12BOSUEN 162°CLLEOH A ASRIFEH & B L.

3. RIBIEORHREM

Fig. 2 iid 11 A o%iRE (12 FROSUR & BRESIRE) OHER S RCRIRILE X OASRIEH, = oI BEIK
BEAE, IEMOFEINITR L., TFERIIBWTHFIF Yy, 11 1 HDBIORRITFEHSES - TH
M UBRAIL 7ob I TR - 72 (Fig. 2). WINOFEIIBOL TS, AFSRBELATC SASRICEL 28
BEH b S -7k, F 37V hvOFRIEE BRonisud, FERIED - 7o & LT HAFSROMEIARE S
NBEEBLZFI00D1LTTH -7 GIHER.

Pk EmD, 737 ¥ by BEKOFERITEE Ohy 6, H3FEDOHICEFRICHRREL TV A &

Fig. 2. Changes in temperature at 12: 00 (@), daily minimum temperature (H), and accumulate low
temperature (O) below 14°C (the best fit standard temperature estimated in Table 4) since September 1 in
November, with indication of flight-suitable days ( | ), observed flight day(s) (), observed main-flight
day (main), flight-suitable day immediately before the main-flight day (before), and the estimated threshold
lines of temperature (16.2° C) at 12:00 (----) and the accumulated low temperature (257.8) for
main-flight occurrence ( ), separately shown for each year, 1983 to 1991.
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s, 9005, Ak 2 HOKREUELSN S, TETTE QMBI D 12D S > OIS EE
PEEZAIEILE-T, COREDHMNRETESLLEZ .

ERNEEE LCE e I 7 v b, —FBIERET > THOWEBERED» S 1iE, JEERSEENSLAS
POIBORNIBAE 2T, TNWH I EORBZiI Lt J IS ORFARMBREINE LB 7 5 LEH
HITh 3. CORREH LB IRRERNE LT, HEBEHPKENSEZ SN D, AREMIIEHINICERE
THO, FEHIZBEUCMAICIERBERTH 50, IFEHOATCRA I, ZbF V1L H 1L A2 5K 6EL
12H3BX TRINICKRELGHEPH D, COERORE S, AEREZRATHOMAEO O OERLE
REEZEZ L EAEMICHIBTERWL., Z20TE, F 37 v Y RRIE FHOEEZME - TR 2
LTWaDREA D, UUT, ZhziEtd s

4. ERFREBRIOKERME
—ERELTOER

—D2DEZELT, HIHREUTOREBEEZERT 2 EAFTEINER SN S LW A[REH S 5. &4F
DATERBRIOERIESKIREE, HEL 2 IFH TR IIC~T4CEE o> X MNH -7z, ORI LcdiZ
3, 9FEHDTOREMETH S TACREBREBRIEEELSIEPTES. bLEZOUMBELLETNE,
BEICBOVTTACUTORBRIEAE0HE L 7 HUIEOFCRIFE B ICATRES I 21395 Th 5. Lol
FBAEE &, BHNCTACLLT OimiE %2508 U 75 OEE O FSRIFE B i 3 ARG C 5750 - 7 (Fig.
2-C,E,F). 51T, TACUI N2k L CHAOSAFCRH £ TOHMS —ETE B -7z (/N4 H, &K 25
H). b &pro, &5 —FERELU N OREEBRITIATEORFEO IO DEMTH 5 I LidEESN
5.

HEMOKBZER

BIDEZFE LT, EH L BB OERERSTRANTE 2 MH T 2 L VWO RIEEENE L Sh 5, &K
DAFCRHEIOKUR DR 25 5 &, AFCRAIOKHMIC, 4306 ZOFHICHBOTEL - KRS
FLIcbI T3 o7 (Fig. 22A, ). 72, ATCRH D 3~5 HANCTFEKRIFE O FEELLFESH D, TR
RIFE O 5 S AR A £ TORESZ NLFIORE L D EDDOFES H - 72 (Fig. 2-I). L1zhi-T, HHD
G U RIRRE P2 T 5 L O FRE b B/TE S 1 5.

RBEEE

11 AUBOSESEO EFERBR LD, [UBPEWEACKIENS T 05 (Fig. 1), (EIREESHS
ARICEE L TVATREENSWEEZZ DN, 22T, BEKEENS 2EELEZ /& 2 A TRAN
fEFRENLZOTEROAEEZ L, LT, BEKEEREEATCRE OBARIC> W THRET L 7.

T FIIHE » THEUEERE % 9°C~20°COHPHT 1ICEX XA ICHKE L T, REOAFCKH O ZRHKEE
AT L7 (Table2). L LA s, BEFEOARTERE £ CORBEREICIE, COBEEREEAVWTL»A
DDESDENH -7, THNIEZ—R, TOEFABEYRGOTRIIVWIEERTIEDOLSICEDLNS
28, BREEERENSEEELBAZ Td, HPOKEEEN > 37 v b v OFFNCE L 75l (PIAR, 125
DOLIRN 16.2°CLL L) %I BN IBWERAMBEI SR VAR EFING, 4T LEETIVINE
PisboThs ERMIETERE .

Z T, RRIFEHORTARRHDERICH -2 HAERF#EHE L, COHE TCORBREBELE
HiL7., £LT, BiFEHEMHOSREGRHE s TwEY, BEEREEC>VWTRFIFT VY
DSTRFIITEN 2R 28 E L THBELE T 2REHEEZF LTV EZEZ L, UEDOXSITRET S
L, FIF U STREITE AR T ARG LI AAEREBEERE, ERIFEH E CORFEERERE SR
RkHE TORBREEBOMICH B3R TTHSE. T LTCIol EiF, ELrFEEHomEREER (EHI
IFEHE TORBRER AT CORRBEER) OMTLEROIIDEITHS. £ I T, HAEFEH
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Table 2. Accumulated low temperature below a standard temperature, set by 1°C from 9.0 to 20.0°C, from
September 1 up to the main-flight day in each year.

Assumed Year
standard
temperature 1983 1984 1985 1986 1987 1988 1989 1990 1991
9.0°C 14.3 18.6 30.3 10.6 9.0 21.8 61.4 23.3 7.8
10.0°C 31.0 41.6 63.3 28.8 24.5 41.7 111.6 44.1 22.6
11.0°C 56.5 81.3 109.7 63.6 59.0 74.8 182.8 74.0 49.0
12.0°C 103.4 145.7 172.4 118.3 108.3 122.4 285.0 113.7 95.7
13.0°C 177.8 236.9 258.2 201.2 173.2 187.8 422.3 170.6 165.9
14.0°C 282.9 357.0 376.9 313.0 270.3 273.0 590.3 257.8 263.5
15.0°C 415.2 520.5 526.6 458.5 403.3 388.8 791.3 379.7 394.9
16.0°C 583.3 731.2 712.4 638.2 578.1 537.4 1041.3 541.1 564.2
17.0°C 792.4 985.2 958.1 852.0 785.1 730.1 1337.6 744.0 776.1
18.0°C 1037.3 1276.1 1251.4 1098.9 1034.9 961.7 1682.9 985.9 1039.4
19.0°C 1330.5 1604.8 1595.2 1378.5 1331.5 1233.3 2075.2 1277.8 1366.0
20.0°C 1670.2 1976.9 1990.8 1694.6 1669.9 1547.9 2518.2 1616.7 1732.3
Table 3. The minimum of accumulated low temperature up to the main-flight day (ALTpan) and the

maximum of accumulated low temperature up to the flight-suitable day immediately before the main-flight
day (ALToefore) for the nine observed years, 1983 to 1991, calculated separately for each standard
temperature set by 1°C from 9.0 to 20.0°C.

Maximum
of ALThpesore (Year)

Minimum
of ALTnain (Year)

Assumed
Standard temperature

9.0°C 7.8 (1991) < 15.2 (1988)
10.0°C 22.6 (1991) < 30.2 (1988)
11.0°C 49.0 (1991) < 57.4 (1988)
12.0°C 95.7 (1991) < 97.5 (1988)
13.0°C 165.9 (1991) > 158.3 (1983)
14.0°C 257.8 (1990) > 250.2 (1983)
15.0°C 379.7 (1990) > 365.1 (1983)
16.0°C 537.4 (1988) > 526.1 (1984)
17.0°C 730.1 (1988) < 740.4 (1984)
18.0°C 961.7 (1988) < 991.3 (1984)
19.0°C 1233.3 (1988) < 1280.0 (1984)
20.0°C 1547.9 (1988) < 1612.1 (1984)

FTORBEERED IERTORSE LS, AFRE £ TORBEEED 9 FH TOREME % LEZ L 72 (Ta-
ble 3). BREEEBEK/- T T EHXRRESDOLMIZ LTI NIL, BERIFEH % TORRBERENSAFCR
HE CORBERELZ@EA T VIZTTH 5. BERE% 9.0°C~12.0°CH & T 17.0°C~20.0°C D EiPHIZEE
35 &, BEEFEHE CORBERENSATRO F TORBEEEEZBA TLE 55, HERRE 13.0°C~
16.0°COEPH T3 LEROFRIMH SN 3. LEh->T, 737 v viREEERERIAROEM &
LTWL3R 5, £OREREIZ 13.0CH 5 16.0°COMBICH B T LITri 5,

RIRIC, BEERRE (5) L EEREIES (SC) 0 SHE LA 5. RERBEER (SC) 2ACAA2TF
TEFCREAH (day) & L, EBEOAFRCKH (main) & DFEE, IO s OHEEER (13.0°C~16.0°C) % 1°C
EXATHE L. 72750, &is TDSCIE, 9EFD T — 4 5B N T (KFSRH £ ToBREI{K
RED 9 FERTOREM: SO £HV. &ts TOTFROBMAER, FRIOWIHERL (day=main DED
O EFHIEEFEAHO AREDEST (Slday —main|) TR L 72, T4 % Table4 12 &7z, day DI
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Table 4. Main-flight day expected from the “low temperature exposure accumulation” model under each
standard temperature set by 1°C in the possible range, 13.0 to 16.0°C, estimated in Table 3, and observed
main-flight day in each year.

Assumed standard temperature (zs)

Year observed day
13°C 14°C 15°C 16°C
1983 Nov. 9 Nov. 9 Nov. 9 Nov. 9 Nov. 11
1984 Nov. 14 Nov. 14 Nov. 13 Nov. 13 Nov. 17
1985 Nov. 18 Nov. 18 Nov. 18 Nov. 18 Nov. 22
1986 Nov. 12 Nov. 12 Nov. 12 Nov. 12 Nov. 14
1987 Nov. 19 Nov. 19 Nov. 18 Nov. 18 Nov. 19
1988 Nov. 11 Nov. 12 Nov. 12 Nov. 13 Nov. 13
1989 Nov. 22 Nov. 22 Nov. 22 Nov. 22 Dec. 3
1990 Nov. 26 Nov. 26 Nov. 26 Nov. 26 Nov. 26
1991 Nov. 19 Nov. 19 Nov. 19 Nov. 19 Nov. 19
Sum of error*® 24 23 25 24
Hit** 3 3 2 3

* Sum of difference in days between the estimated and observed days.
** The number of cases of correct estimation (shown in bold face).

A DS AR DD main & O ABELRE/NEKLEDIE, ts=140°COEETHY, TDEXDSC T 2578
Thote. 2% 0, [RREERE] K LA, TETEZCBWT, + 37 v v iEEkkic 14.0°C
KD EWEREZESZ L, £ORRBKEEN 257.8 2l A 1%, 1R2EFOKUEN 16.2°CLLLE, B4 ITOR
RPBEEOVDOHIC, TOFERRKOEMARERLI T L TFHlIN 3.

PG, SFEICBESNATRROENRE 11 HoKUESRE» 5 X <Y 5 (Fig. 2). HlZi3,
1990 % (Fig. 2-H) & 1991 £ (Fig. 2-1) 13, £Ho0&ES 11 AhaE Tt OFREIFEENGEEL TV
et b od, CNOOHIRRRBEONE LI ER, HIVERRND > TOERARERICESE
ot i3, BREEEENREEARSEr I ETHATE A, 7, ATRSEH IR, S84%
e O EROVEHETH - 72t b b S FAFSRP R S 1750 - 72 1988 42 11 A 10 B (Fig. 2-F; BB
12 BrO SR 19.8°C, JRUE 6.5 m/s) % 1991 4E 11 A 13 H (Fig. 2-I; Hhig, 12 B &R 16.7°C, FuE 2.2 m/
s) FTCORBEERIE, HESKAAEBREZEZ THTL,

Pk X sic, 9FEMDF I 7 v b v OWAGIEIACKE, RREEEVSFRABEGEORIHRERE LKL - T
WBEWIREICE - T, FEECHIAT LI EBTER,

1 3

F 37 v b BEEFKOENOHIZ, B3 WEORERICED > THRREST B EIE, —RIc X BERS
N5, Lhrl, RRESTIHECHSED LS CHRE 20ICEAL TR, ThETHLOLIZENTWVA
otz FTEHNO 2 ek % 9 EMOBIELRRE b &g, COMRKRESGZS|SEIITRESREEZR
Ll s, HEOEMD 2 VWIHEROOIHEERTRIAT N THE I b, Z2NEDIEBL
L5, HAEEEELDTOEREBCSSINIZERSBHELTILHT, COTEHNIERIEINS LHE
ANt BHOoNT— 8 EZ0 LIER, b- & bESMEND ZEAMEEE L 14.0°CT, ThUTORM
(EIEEEDY 257.8 2 82, X OICZDBOHSELMN (12BOKEN 16.2°CLLE, BH4LIT, BRKbH50
BEED) oI, FIFYMYORRESHEEZEZZ SN

NI | -El ectronic Library Service



The Entonol ogi cal Society of Japan

+ 37 v U OFRCRESEEA O T H) 167

AR OEMICH 72 0/ MARFRICEZ  O|MPEZ2TEV 2. AR KRR IEBECERRRETHD
fo. FRAHESEER ERERT) IK3@XOWM0 £ &oichinZ d OMPE£2HV .. Ins0
TR CFHOBERT 5.
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