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Miniaturization of lymantriid moths of /vela auripes (Lepidoptera) breaking out
in the garden of the Institute for Nature Study, Tokyo

Mamoru Owada*, Shoji Hamao**, Makoto Yano** and Kayami Kuwahara**
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AFEIZ20004E - A F TlE, ZXNTHY»7-54A1370<, 1996-20004F0 & & D AFHFAEIC B0
THERES TR CRFIEIED, 2000), ZOFHEHEF, BABERTD AREBRFERE
731998-20004E7 1T, AFEDIRAR T 51999455 H 28 H L 20004E5 H 26 B D 1-# | 2B O IR
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HEH22HT, (RO BICEEDBIERZRAT2008EShiz) & LTRERFREDLIIIN
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o7, UL, 20054EI21%6 8 1 A IS TR &k LS CAROBRA R bz, L <IZENoTeD
THCHE L T oo TR, EESENE O JOERERE T, K EESECIIREEET D RBERIC T TTH -
7, O X, HREBEEOMEEL O O1IHNIE S ETMCARELZREL, 165992652 L
MNTE CKFIHIED, 2006),

2001465 A I A RHBEE TRAENBD LNI=ZXT L R H1L, 20024 L 20034FICHFEAE LD, %
HRFAE LT & 13380 He oz, 20044R121F, I AFOEE RO LGy, KEICAD»L
ey, HAREEEORSE SICSEETY, BUERDPLRKBENE V) FFN TR, & HIT20054
i3, BIELLEORAERD Y, £ OIXXPALEICRY, BWERD TEHEOHRBHLD~
L arDORTGUFRENICETRAL, BBROMOEENRHDIZE 7T, 200247 520054FE TD
ERTT, ENOD I X 1,369EEKD 5 H100EE, K7.3%0HEE L T\D (REF « 5, 2005), 2006
EOAFEORARIIT, KFHA5 A 26 B ICHBHE 21T 2R TIX, 20060, Tz h
El->TnD LKL b,
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20054F D% HIFEAEINC & OFRED R MAMRETE 57y, KFIHDSEILIE LK & BURERFR B
W= AR AL & HIC5H28A1Z9 1 0023517 : 00F THiZ Az & 25, Hit4 18TEKZIRE
Txfm, TOLE, IR /INIOEIENZEIRALTND Z EAHBA L 720 T, BRI ME (F
FIE7E1F) L SEAS A TL266EAAREL, 209 b, FZEMNE LCTSICRE LY T
1833109, MEIEZ o, BEMICHE FELE LTWz18fEEEZ BN L TEHllZ1T o7, 7ed, 6H2H
IR OBERITIZE A LIE Y, BRNICE SR E PO ROMEE LG LR Rh -T2,
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REHT, WEI--ATRETEARICANERESE, BET»OBEE CTE ) FAHDWITEH
FRWTL mmBACCEHIIL, IMNUGERUTFEIETA L, 728, ZOFHIEZITo-BREERL &
BOXT Y N7 AOZAHFEAE, X TENAV SRR TSI RE L Th D,

F7-, HREBFEANORAEMEL R D720, 2006453 KF1HOMERLE & 13RS, FEN THETRE
ITHo TV 5B,

¥ ]

20064EIZ 31T %, BHREEETOXF T K7 HORENE#Table 11Z7 LTz, RANBIAS T
DIF5H24 0 T, YYNIHEDORIE N ERIHNC L) T, £72, MEITHEL VIEFNTRVWE IR AT,

Table 1. Daily occurrence of /. auripes at Institute for Nature Study (INS), 2006.
(R X7 ROHOBREBRICE 1T HREEER, 20064F)

Date AH 5/24 5/25 5/26 5/30 5/31 6/1 6/2 6/3 6/4 6/6 6/7 Total
Male & 49 77 204 191 139 315 62 104 97 261 13 1,909
Female £ 4 5 17 80 37 102 53 122 124 263 11 920
Total &&t 53 82 221 301 228 417 115 226 221 524 24 20829

Number of moths collected in flight (5/24-5/26) ; number of moths dead on ground (5/30-6/7).

5426 B I RFNHE DM EEFRE AT - 7228, TN & 3BT HERE Y OBRERELIT o7z, 5H24-26H D3
AR OFEIL, RAT2EEEZBCHET S HETHRELE, TO®RIAEZEWT, FEEKREITE
T« BEBERESLBIZUH-DOT, 5H0AMNSITEN S AR WED THEEEE S X 72, ZOBERE
THHENRE N -T2, 6A2BICE - Tl L MO T-S3%, 6H6H £ TIXHHREDRBIER L T
WS, 6ATRICIIRAMITIF & A LT e olz, BB PL L TIEEIT 2 HIMITK2EM TH > 7z,

20054E D BJE & B RHEER OMBAETZ OV CRTAR & T 5 &, ML b RETEIHEIE S,
HAHERE OB KE hoTz, HOFHRIEBEDLDOOEFNAREEFTEO LD LY bEL (Welch
OFEIZ X AtR7E: t=16.61, df=252, P<0.0001; Fig. 1), {EEROERIIBREETRERO TN RKE N7
(FRRZE : F=8.05, df,=75, df,=182, P<0.001), F7-, HEOFIARIX, EET28-31mmTHo=DITHL,
HARHERETIZ19-28 mmThH Y, HARHEBEEOMHIRFO/NMUMEL F UaEn i bE< (Fig 1,
HF OROBEVNIFHE LAEER LD TH -7 (WelchdFEIZ L AHRTE: t=11.00, df=33, P<0.0001),
£7-, BRBEEEROMORTRRIZEEOM L HEEMOERNKE L (Table 2), ZDEWITHEFT
FEBERLDTH-7- (FRE : F=6.27, df,=8, df,=27, P<0.001), LM»L, Mz~ % L, oA X
A2 FOEGRFE CEE L TS (Fig. 1,

HAREE RIS 1T 5 20054F & 20064 DRIAR # k32 &, HETIE TR (17 mm) 13ZEH 60D
DD20064E 1T/ NHEROEIE N EL 720, EAREEOERE;/NS S RDHEMMAR N7 (Fig. 1,
FEHIC D, WFEOR TEHME & S HUCENRD btz (WelchOFEIC K DURE: =5.41, df=263,
P<0.0001; FRE/E : F=1.66, df,=182, df,=521, P<0.001; Table 2), L72>L, MEDRTHARILMAED M T/l
2318 mmiZ72 Y, BAMEA30 mmE EROEATER LI2IE2NE, 1ZEAEERRONT (Fig 1),
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A: Imperial Palace, Tokyo, 2005, control, larvae grown

B: BRAHKEE (20055),

Table 2. Mean and SD in forewing length (mm) of /. auripes at Imperial Palace, Tokyo,

and Institute for Nature Study (INS).

(R2. ERLBREERICETDF7 L R HHBROTFELFERE)

Place, year Sex Mean SD N
15 RERE Ex%
Imperial Palace, 2005 Male 25.7 0.8 76
(2FF 2005) Female 29.8 1.1 9
INS, 2005 Male 22.5 2.3 183
(BRHEE 2005) Female 22.8 2.7 28
INS, 2006 Male 21.4 1.8 522
(BRHEE 2006) Female 23.5 2.5 132
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IE - 4yB e bR EAEERZEIR O e o7 (RIE: =1.34, df=158, NS; FRRE : F=1.16, df;=27,
df,=131, NS; Table 2)

WERER] CTHBE T 5 &, BIE TR RO & /oA R CR#E (28 mm) TH A X5MAICIZE A
CHER VN7 (Fig. 1), MEOEIHTH EAERELBOTHo72 (URE: =13.45, df=83, P<0.0001),
20054500 HARHE B IR BT F 3R 0 B/ SV H DO (Table 2), TDOEITDT T, #
H EEBERETRD bR o MRE: =0.72, df=209, NS), F£7-, 20064E0D HBREEFRTIL, HE
DJFHIME EEA~F BBV MEE2FR D BTz (WelchO R IEIZ X DURE: t=8.93, df=166, P<0.0001) ,

% =®

KB - 2 (2006) (X, HAHBEERMNIZH DMIEEZRLI0 cmlh EOFTRTO I XF1,269AK020054
DREEREZ TR L=, FRICED L, FTURIZAICEHRBEDORNLOMNIIA, —HREINR
DI H DMIAE, KAV AEINZHONI4AAE, T_RTERESNTZHDONBIATH -7,
PHRBEERE TR S TEPHZ S X RIDRIIT, TXTRESNEAL KESPREINIZART
Y, 2EOK40% TH DD, WEITRKKICARDIZEREWVEINDH S Z EAMERFINTEY, s
E51 ecmPl EORATIE, 60%L ECHRBREFELZZ T2 LIThoTnd, —F, dRXLE LT
FHRIC W BJRCEIT A I XX B LY = I XX OWERNIL, BENTEA L EIRIREE
ThHhol=DT, PIRPEERETRERY 52 Lidholzbo Bbhbd,

= e o o

Fig. 2. Ivela auripes; maximum male (a) (forewing length 28 mm) and female (b) (forewing length 31
mm, 145 mg), June 1, 2005, Imperial Palace, Tokyo; minimum male (c) (forewing length 17 mm)
and female (d) (forewing length 18 mm, 15 mg), May 28, 2006, Institute for Nature Study, Tokyo.

E2. ¥7> FOHORKER (a, #; b, i) (2F) L&/MERK (c i d ) (BRHER).
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B EOEEFEORTBE OE - EURZEL, 73 K27 H O MEEE TR RICH 5 I
BLELEOLDERTEEZLND, AIANR, MHEOY A X5MANTEALERST, MNIT
BHDNCKREVVER R E 5D THA 5 (Figs. 1-2), 20054ED HAREER D I XX O ERILN S
HERIT % &, ARHEBRE TIFB0% U EOKTHARESRI Y, X7 R TOHBRARNLREY &5
EERRN-TZHOEEPND, ZOHICE, WETEDIEEREL T RPo7b DB EEN TV
9T, DRV OSEMNHIE L2 L EBbND, £, HEAMETERLLELTYH, IRXFOHEL
FoCEBETE RS EERITEDS, UL LI LA ), BEOEFRREE CTRIETHRETIE
24 mm, WETIE28 mmd HATARKAS, 20054ED HAREE R TIIHETI3HR/ M7 mm, #ETIE19 mmTH
ST, 2006 DE/IMEIZHETIT mm, METIS mmE R->72, & OF/IMEIXIHERTEEZ2 T A XDLh
54 U BUAORTBEORR TH 2 ATHEMERS RV, —F, 200540 BREEE TS b - HEORTAE
DERE 27 mm) ¥, BEOKEKE 28 mm) (ZITWHLDOTH-o7z, HTH, BAREERERORKMHE
IR EOR/IMEK L B UTBE (28 mm) Thotz, 6D LiE, BREBRENT, BEOL
HEERRIC S XX DEL SERTEXZHBERNR D W Z L E2REL TS, BRATROXT
¥R HIE KRR~ Tl Tldde, FEL T LE 272 b D0DIENT, 7»AH 9 U TR L
T ANREE, L CHmIcER RS Z NI KR ERE TREENTWeEEA LIS,

HARBERIZIB T H20064ED I XX OMERIUTIREF « FF (2007) (ICFBR SN TWDAS, T
BE, 1,285MEKH, FIEEANSAR, TRTREINZLONTBIA, KESBAEEINIZHDN185
A, —HEENRBD LML DONRI8AE, BEDRNSTZEDNIATHoTz, ZORIUIAENN
SEIEATEZ L ERLTEY, TV RITOBEFHITIEOICELIZbDLEEZ HND, 20064
DOBERBERTIT, HORBEEEIZ2005E L0 b S blaha< ko7 (Fig 1), UL, BIMEZ
ZH 57 (17 mm), EEEFEN/NEL 25T (Table 2), YA A5/ INUAIZIERES B L 72>
77 TDZ E0E, 20064FICAESMEN S HIZE L L2 Z LA KM L TWA, ZIUTK LT, HORTARE
TREEME - B E B 20054 & 20064E TEVI R b Lied o fz, T OBEBEIARALES, SERRA~DME
ORISR T2 5 OATENCHEZED B D D b A2, WTHIZLTH, ML YRR T AD
TERIFEER A > TORWEFEORFEEICHYTHRE I THY, BREERNTHHAREE0MEDS
NAEENH -T2 L EREBL TN,

S (2005) 1%, AFE L [EERIC T T Fagus crenata R CRFEAEZBVIET Vv FHRabROTFT
Fx Faia Syntypistis punctatella T, SHERHRICKIEEE R LR TIIAEY A X (EE) 532
ENEE/NEL 2D, MOBIMIITEHTIERD TS E L, ZOE(UIEREIREIC XL HBEELR
BBELARFEETHDE Lz, ZHIMAT, 7TBRELZITTHEELELTE, BFEOEOEREH
ENMET LAV =VENENT S LT, 7774y FRahmORENPBEEINSZ L E2RL
(Kamata et al., 1996), ¥£7-, 7FT7F I ¥ FHRITBRESNTD, 70N D Z LITEFITDn
N, RELEDH L IRNFHTT T RERTHAZERRH D Z L 2ERML WD GkE, 199%),

X7V RIAORBEATARKTLARTL RO, BEMEE &V ), FHeshidREET o4
FITEBAL, FO%, I XXFDOITMHOEOMENKD T, 2R OEDCREMBBMGT 2EICERT
HOT, ERTNTERLBNTHIXAXBMNDZLIFEbOTHTHDLEEINTND (B,
1994), BARHABREICBNTIE, I AFEIFT U R TICEERBAIRLS S, $TXTOHERRTICRE
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D2 EZ BN THOEELZ B SE S, ZOMETIFENRICRESND Z LIZRVA, 20
REENSEHFE TR TR, BERL TS EZACHIFI LAVEHO IRENERENRH Y .k
T DI RFNEMLIZEEZBND,

XTYRIAN, BERTHLI XXV IZXFOEABNRLL, KEDOHENRAINSHED
TLDBZEIFELKBEINDZET (LR, 1987), 90\ ERERRILICE 7= L &, AEDhHR
T E LTV Thilk L, RBICRZ2MERH D b0 LBbinsd, BERRICHT 500
i, 77 ATy FRILERTHIEANICENS O L5, LR/ A XEHEE S
- (17 mm, M : 18 mm) 1%, BEEOVHME (M : 25.7 mm, # : 29.8 mm) (2% L CHET
66.1 %, MET60.4 % ThoTz, ZOMHEIRTHI L THRE (ER) ITHETI L, FIREICE-T
1E1%28.8 %lZ, MEF22.1 %l LIz Z 12725, EROMEORKME (31 mm) (XL, BAREER
DEEAREOH TR AL 72 o o HEOR/IME (18 mm) X, AR TH8.1 % THY, IR (EE)
IZHET 2 L19.6 %ITTER, MOERIE, EIOEH TIIKBIIERTT5EEZ2 01508, HAIL,
FLBE AR C RO (RT#R30-31 mm) SMEKOEREZFHAIT 5 L 78-145 mgT, “FHfEIF112
mgCTh-o7z, —7, HREERO/NVEME FTAE18-19 mm) MEAROERIT14-17 mgT, FHHEIT
153 mgTholz, ZNHDEENEDEREDR, FEINL THINIFAHTSH 22, MIMEEARTRK
fERIZH S, B TH13.7 %ICET/MULL TS Z IR Y, BEREMEEK (14 mg) 1R EEM
& (145 mg) 9.7 %I T TR\,

Z DX D R N LT8R, 1372 L TIERIZARRE « BEIRT 2 Z EATHED L 2 NI ARAT
HHM, Vil L HEORIMTENL, BB OMER L T, AROEERE IZIETFLTWD
LiFRO N oTo L, INUOHENRRRE L TWDDEBETHZ L bl mnotz, £, KA
OMEDPRLHI A TR S = S 13D 720, AIVROMETIE, I TEE & SHHCR S > THRESN D
282, KEOHHIZHANBONIRIAI NS 5 X 2 ICR 27z, WO/, SRFEIEOKT
WZDRM DN, EBERLS 22 o7zsy, BEINIDLARMED BDEEZ LD,

AFELF L K7 TRNCBT D@ LED # A 2> R 77 Gyanephora rossii daisetsuzanaTi%, FRFFGES
MWEEDON D WDORZEOTENE L, RIS OB+ DTHE L BE T HMNREL TV D, 20
BOLTT, BE) LRV CRAELAT CHEEICHEINT DAL, FAHNLHOBFANCBE) L TV E
KEED, BUHEORMLUWEREOH T, fAREDBIEHHESMBRTHL Z ERXHEHIN TS
(Owada et al., 1994), FHITI XX/ </ IXFHEZHLEIZLTLEIFT ¥ R HIZBWTIE
RIS T A E LT, £, HoCELTWARWSRThimb L, IO & 722> Tk
HRIZORFT TN EDLO TH NI ENZETF LD, LT, ZHIMATH 5—>, /Mt
& o TIREPERL oo TmMEOBEBFRENNE T Y, HAROEFENSHH L TITEEEHERL LT
WBHLOLHEETE D,

WEOIUMKTIII AFRY v/ I AFTMHREIES T, INLLIc@mARD, BARD/NEL 2> TD
ZENE, FOXHRFEMTIE, TV R TOHRICEL > TENERIZAEVWRS ENTLE-
T, RO/ E & BB Y, BESERTIUEXT ¥ K HORFBETICRT 5 b
DLEbb, EFNWAIZ, AREIZE > TELZRVRLS SNEIXFNHIET D Z EIXTEA LN
DTHAH, X7 K7 HTOHEE, B, BEROEDOMERNE > TERY, BEEEAEINT &,
HEHTRAL VD L OICR A D, BREBROEMIL, T X TEMIBMYBEENTWHDT, 7
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R ADRARBER D SHN TROH LTV Z &i3db 7, £, MROHLZELTH, k&
AL RDLROWITRVDT, SEEOHAEERICEOCES>TLEY, SHICK2BEDKT LI
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ESERIA IR B RBERI, BXAESH &K ERIEIZE 7255020 hadF T, BEFN24
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IZE->TW5, AMEE2ICHEO e VIR TINL L, HEEEERICERE L T2 DO THIAR
IHERICAEBT L TVA EITVWLATY, ZORPNICI AXPRKEICHE LZZ L3, SEOFT 2R
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FoTWBHI ENEZ D,
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20014F7> 5 20034E £ TOMIZH 7 ¥ R7 HORAENBEITEML T o7 Z L2785, £ L T20044
DI, ZOFRAEN006EE T, SLITEML T2 E2E2D L, FEBRSTFENAT R EOMHE
FHEERR, BREOMAEFICLDFAECHTFITIHE VRN 2o LD LHEETE 5, MXKHNOE
NRERICEAICR Y EENLTO S BRHABETIE, ZhbOXEIC X 2HEOMHITS % b HFT
ERVHAL LR, 5T DL, UANARERR EOBIETREMET LARVIRY, BAOFT
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Summary

Ivela auripes is a well known lymantriid moth, sometimes defoliating Swida controversa and Cornus
brachypoda (Cornuceae) by outbreak. In the urban area of Tokyo, this moth was not recorded at the end of the
20th Century (Owada et al., 2000), and was discovered in 2001 at the Institute for Nature Study (INS) (Owada
et al., 2001). Occurrences of small colonies of I auripes were also recorded from such large green tracks as
Akaksaka Imperial Gardens and the Imperial Palace, in Tokyo, at the beginning of the 21st Century (Owada et
al., 2005, 2006) . In the garden of INS, defoliation of Swida controversa by I. auripes was not so serious in
2001-2003 (Yano & Kuwahara, 2006) . Since 2004, heavy defoliation by I. auripes had been observed there,

and many larvae roamed about the ground, fences and walls of buildings nearby INS. In 2005, we tried to collect
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adult moths as many as possible, and found that very small moths were flying among them. In 2006, the
defoliation was advanced more seriously, and 86 trees (ca. 7 % of Swida contorversa in the garden) were dead
(Yano & Kuwahara, 2007) . Moths began to fly on May 24, and the last moths were collected on June 7, 2006
(Table 1).

As in Figure 1, miniaturization of INS I auripes is obvious in comparison with moths from the Imperial
Palace, Tokyo, where the defoliation of S. controversa and C. brachypoda was not observed. Mean forewing
length and SD of 1. auripes in the Imperial Palace 2005, INS 2005 and INS 2006 are shown in Table 2. Length of
forewings of Imperial Palace 2005 was significantly longer than those of INS 2005 both in males and females.
Variance of forewing lengths was significantly larger in the population of INS 2005 than in that of Imperial
Palace 2005. In comparing INS 2005 with INS 2006, miniaturization was progressed and variance was reduced
in males in 2006. On the other hand, such a significant miniaturization was not found in females in INS 2006. In
the control population of the Imperial Palace, the sizes of males and females were mostly not overlapped each
other, while in the population of INS 2005, they were not separated. On the contrary, the forewing length of
males was significantly shorter than that of females in INS 2006.

The garden of INS is ca. 20 ha, and all the trees of Swida controversa (10 cm over in diameter at breast
height) are recorded. In 2005, 1,269 trees of S. controversa were recognized in the garden. Among them, heavily
defoliated trees were 508 (ca. 40%), and the defoliation percentage increased to 60% within 51 cm over in DBH
trees (Yano & Kuwahara, 2006) . The high variance in the forewing length of moths from INS will be derived
from variable larvae, whether they faced starvation or not. Many larvae would be dead before pupation, and
some moths would be fully grown without starvation like those in the Imperial Palace, Tokyo.

It can be surmised that the minimum size of forewing length of I auripes is 17 mm in male and 18 mm in
female, and that smaller moths would be dead in their larval stages. Mean length of control population of the
Imperial Palace is 25.7 mm in male and 29.8 mm in female. The miniaturization progressed to 66.1 % in male
and 60.4 % in female in INS population, and in converting the percentages into cubic contents, they are
calculated 28.8 % and 22.1%. Weight of female must be markedly changed before and after oviposition.
Nevertheless, mean of the maximum female specimens (n = 5; forewing length: 30-31 mm, weight: 78-145
mg) is 112.0 mg, and mean of the minimum female specimens (n = 4; forewing length: 18-19 mm, weight: 14~
17 mg) is 15.3 mg, 13.7 % of the mean maximum weight. The minimum female (14 mg) is 9.7 % of the
maximum one (145 mg).

It is not clear whether such miniature females are able to copulate and lay eggs normally or not. At least,
however, small males fly as active as larger males, and sometimes we observed copulations of smaller males.
Larger females are not so active for flying, but smaller females are used to be collected in flight with males. It
can be surmised that flight activity of smaller females increases in accordance with decrease of weight, though
they may lay fewer eggs. This phenomenon is also considered adaptation to the heavy defoliation of the food
plants by 1. auripes.

There are two ways for the survival strategies in 1. auripes. Larvae can survive against shortage of food,
making very small pupae, and the small adults can leave their offspring. And, in addition to this, the ability of

dispersion increases in smaller females, which can migrate from their critical habitat to a new habitat.
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The Institute for Nature Study is completely surrounded by urban buildings and roads. Therefore, females,
which are going to fly outside INS, may return to INS, and have to lay eggs to trees in INS. During three years,
2002-2005, 100 trees (7.3 %) within 1,369 individuals of W. controversa were dead, and even in one year,
2005-2006, 86 trees (ca. 7 %) were dead. In INS, parasitoids and predators may not be able to control the

population size of I auripes. Trees of W. controversa might continue to be dead until this extraordinary outbreak
of I auripes comes to an end. '



