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Abstract: We are interested in the evolutionary relationships and speciation processes
among butterflies of the genus Vanessa (Lepidoptera, Nymphalidae). We first showed that
experimental treatment of pupae with cold shock or tungstate, a protein-tyrosine
phosphatase inhibitor, produces a series of unique wing color-pattern modifications in adult
butterflies. We found that several Vanessa species can be arranged in a progressive series of
the systematic color-pattern differences similar to the tungstate-induced modifications. We
then investigated the phylogeny of Vanessa and its related butterflies in reference to DNA
sequences of the mitochondrial NADH dehydrogenase subunit 5 gene and cytochrome
oxidase subunit I gene that are known to be highly variable even between closely-related
species. Seven species that belong to the conventional Vanessa genus were separated into
two groups: Five species, V indica, V. samani, V. dejeanii, V. buana, and V. dilecta, formed an
independent clade with strong bootstrap support (“‘INDICA Group”), excluding V. atalanta
and V tameamea as separate species that formed a separate clade (“ATALANTA Group”).
Within the INDICA Group, V. buana and V. dilecta were shown to be sister taxa. They indeed
may be considered to be a single species. V. samani, V. dejeanii, V. dilecta, and V. buana
were shown to be a sister group of species in relation to V. indica. Thus, the INDICA Group
contains five species with various color-patterns including V. samani and V. dejeanii, which
occupy opposite ends of the progressive color-pattern series. Similarly, the ATALANTA
Group consists of two species, V. atalanta and V. tameamea, whose color-patterns are very
different from each other. Thus, our data argue for a speciation model in which Vanessa
tends to evolve “bi-directionally” to species with large or small orange areas on the
forewings beyond phylogenetic constraint and an opportunistic activity of the cold-shock
hormone physiologically, but not genetically, “links” ecological selection and color-pattern
development of Vanessa butterflies. This model also supports the notion that the
hypothetical molecular pathway sensitive to cold shock or tungstate was involved in the
speciation of Vanessa butterflies.

Keywords® Lepidoptera, Nymphalidae, Vanessa, color-pattern modification, molecular
phylogeny, speciation, cold shock

©Research Institute for Integrated Science, Kanagawa University



44 Science Journal of Kanagawa University Vol 17, 2006

5

Fa VHOMOGE 2 — 2 (Al 13IERICE
FRIEIZEATEBY . B4R, Z2< DA% BELE
HETET2, BT ZORIEME LT, 5HET
W DO FEEREY PR AN AR S TE
77 FKD RZ7 F g THEOBIZIN G R—Y N EE L
RO A, HE T PTEEO R SRR T AN
M POBEEEBO 2L LTy L AL Z—
T DS LT BARRIROBESIZZ ORERITH
HEWRD, L DOF a VOO HF — 1%,
A F~OEFT Y 7T e UTHERET 5100 T
R, HWEHEA~DER Y 7 E LT HOERET D
O, TNURBARRRICBT 2EERIFEDO—D2ThH
D2 EFRWERY, 20X, BAREROMEE
L LTERAHEINTE T a vDBOLEEMEIT, 4
WD BAIB 7R IEIERE ) 2 NI R LT B 8] & 2
HIENTEB,

By (FRICENY)) (1 IFEA HLAL L U CAERETR B 21T
VN, EEE E R OIRISHE LT, 2FE D,
HELOR/NENLIIESME TH D EBZEZ DT ENTE
Lo FMENEZD VD ZEE, BEOCEZZD
., REANCEBDEZDENHIZETHD, 4K
D ERNE, REMOEITEEFNOZEAZ K
Mg %, FiOMbIZ BT 2 B TR O Z iz DV T,
BAETHIREAERMBADOEETH LN, BIEDR
fig Clix, FEObICB W CIEE T 2MEY HEan b
WET 72 Y — vy MR TRE) OB O
ZALBFE LI B W CTEERERH AR L D &
EZHNTVWAY,

ZOY—Fy MEETREIE, BAEBRERICENT
BRET 5. Wb 2 TEREHGEE T8 ICHY T
bo TNHLOENIIRER T Th b, REMEIEY
LT B ORAMBRICE G T D8 E T RBL ¥ —
vEELSEDLZEN, L OEEIZBWTHESME
DOVEEMETHD EHRI ST D,

DX D IRIAEEY TR, FTa oA
DEF B — TR T 5% < OBFER T4 T
X722, R, IRRACOE BRI S i gE S
T, 2ol (BR) DEEAAZ—TERRO
F—=HFI AT oA=L L TEINTNDZ &
B 72> TWNA3760, Lint, Fa vDOER
ZiEA =TT AT - v Z—ONE PR &
LTERHESNTWAREELE WD), Fa ol
FRZ — VIR BT 2K AF OBFFEM B 72 D, T2
L, A—HFATT v Z—L0WEND
EREZNTWDENT 47 DFEIRIZONTIEIAR
HOEEThHD,

ZOLEIT A—HFA T T v E—EDE

VT T IR — TR B B e B & R
LTWDEBEZDLNTNDN, TO—JT, ki
RNZIZEN T + 7 0 KT D 12D DR F- 13
FHLL TR T UL B, i x4 %€
VT F 7 DAEBEMEIL, BRVE CERRTOERIC
LoTEfiicshd EEZExXLNTNWD, =7 VAT H
A R REH Y a v V7 ARAVELREIZLHE
KNG — e, AVE AL DEALT T
EEDEIC L > TRZI D B2 LT 58712,

Foxld, FAERRICEIT 2RI L SEF R F —
VREA T = AL EZOFESE O RERIZ B A
FFoTWad, ZomsCTiE, (KA mHy a v 7k
NVEEFARROREFD, EAETFrY Y - T+ X
7y X—RHERTCHLY T AT BT N U A
RS — TR OISR 35 & Vanessa
indica (771 % 77N X Cynthia cardui (& A7
BT IN) DFNE— S D DT & E i)
\OR LTz, F7-. Vanessalg (7 X7/ Ng) \[Z&F
NoLiad &b 6 FICBN T, AR F—rDER
Rt A2 6 LI LT, BRI 2 — U RAE L
THHOEAENZ —BfREIRA D Z LN TEDHZ
LR Lle, DX RAEZE L DD, Vanessa
BB X OEOEFED 5> HbAFH 12 fIlconT, I b
2y RUT O NADH & Frord—E . #7=z2=">
;& (NDb) BinT L prm—2 - FF5—F -
Y 7z=x ;] (COI) Eln¥0 DNA B5 % xt5: &
L CHEMORMBMRZHA LT 5 2 L2k ATz, £
DFER, Vanessa JEWNTIX., Vsamani & V.dejeanii
D, S — BB TIEEH L E LT DI s
N LT ., REMITIEWN ERbhoTe, [FRERIZ,
Vatalanta & Vitameamea |3, A5/ 34 — KR E L
BABI2H00bbT, AWVNGIHBTHDL I LN
Mole, TNHOMREMZE L, Vanessa J& D L
IZOWTREIIICEZE LT,

W, A ElOBAAFZERERIT, ox FMEEICRR S
NHFPETHD, £7-. ZOWEEITHEN SN
BO—IETTICRRRINLTWVDH D11 22T
HEAERRDIZE ED D, FEMICO>VWTIX, £5
bEZINTZW,

FrEEE 5

EREY

TR I A E 52 CHRPAMVEREE S 7= V) indica DR
Z 25 CHIZE CRB L, 74 A7 7 X —EHEHTH
LR TAT T FY A (1.0M,2uL) % AL
B OO ES Lz, Z0tk, PUETHET
FIEROGME T CHRHE LT,



K, WA M T HITAROEE T — NER & RENT 45

£ 1. HSHRBERICET ST —4

BREFA ND5 corl
T A ID PRAEM (date (GenBank | (GenBank
(species, taxon) | (specimen ID) (locality) caught Accession | Accession
in the field) | Number) Number)
V. Indica JMO0001(KU) | Kanagawa, Japan Jun 2004 | DQ028749 | DQ385858
V. buana JMO00002(KU) | Sulawesi, Indonesia Aug 2002 | DQ028750 | DQ385867
V. dejeanii JMO0003(KU) | Mt. Lawu, Central Java, Indonesia | Oct 2000 DQO028751 | DQ385862
V. tameamea JMO0004(KU) | Kauai, Hawaii May 2000 | DQ028752 | DQ385861
V. samani JMO0005(KU) | Sumatra, Indonesia unknown | DQ028753 | DQ385863
V. dilecta JMO0006(KU) | Mt. Mutis, Timor unknown | DQO028754 | DQ385864
V. atalanta JMO00007(KU) | Slovakia Aug 2000 | DQO028755 | DQ385860
B. itea JMO0008(KU) | Melbourne, Australia Feb 1996 | DQ028756 | DQ385859
B. gonerilla JMO0009(KU) | Auckland, New Zealand Feb 2003 DQ028757 | DQ385865
C. cardui JMO00010(KU) | Kanagawa, Japan Dec 2004 | DQ028758 | DQ385856
C. myrinna JMO0011(KU) | Huallega, Peru Mar 2001 | DQ028759 | DQ385857
C. braziliensis JMO0012(KU) | Tingo mana, Paru Jan 2003 | DQ028760 | DQ385866
J. westermanni | JMO0013(KU) | Bangui, Central Africa Jul 1981 | DQ028761 | DQ385855
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ATALANTA/TAMEAMEA GROUP

3905600

V.samani V. tameamea V. indica V. dilecta V. buana V. atalanta V. dejeanii

ORANGE TYPE INTERMEDIATE TYPE BLACK TYPE
INDICA GROUP

5. Vanessa DG /NZ — LRI RFEE D
B{%. INDICA 7 /L —7" & ATALANTA 7 )L — 712K
L pFonsd.

ALY K<HEETE D (¥5),

% D ATALANTA 7'V —7"Tld, —FIZEVE
BRI 2 R ofg o % A 7 (V. tameamea) . O —F&
IR Z RO B X 1 7 (V atalanta) T
HD, DFV., MR EICL b BT, AR
BRI II R & < e > T\ 5, Ji#E @ INDICA 7
=7 ClE, RIEB 2R AR A £ V indica (P
M2A7) Mo 4 FELMiskBEREZEK L T 5,
INGO AT, By A7, Btax 7
BAT DT RTHFET D, DFED | WD Tl T
HHIZH 059, INDICA 7 v—7AHNTH,
S EAMEIREICIIRERABRERS L VWS 2%
HIRL TS,

S B2, V indica DR R EABNICET 5 H
B ORELIZONT S, ZNEND 7L — 71T
MIZRO LD Z EITERICET S, ZoaERD
FE A BB L, A L oD i foe ) R € R 23 S (D
F O FHHB AR K E W) FECTH D V. samani
& V tameamea |\ZB W THRICRD LND, 2D
EEFBETIUE, XA T ERT 3 HEOFTYH,
V. dilecta 13 L 0 #8a% A 7\ZiE< . V. buanald X
DREK A TN EHERITE B, Vindical$E S
WZEOHRBIMEBRZ R L, ARTO—HN, M
Tl 50, PR EEz 2L WD,

I mEE(l

Vanessa & DL DOIEL #HE T H7-0i12, 22T
I%. Vanessa J@ILE OAB) 05X, V indica
\CTERER « BRI D> T ERE L TH D, D
BT FO@EY Th 5, H—I2. V indica I3HTF:
X L OIRAEXIZIA L 4340 L, Field (1971) 10 (2 X
WiE, R O% (V indica buana & V. indica
vulcania & C 5 difil) t Vanessa BN T K
Thbd, TNHDOFEX, Vindica HHkx 7R EREEIC
ST DRENEWMDTVWDL L EERT L EEZD

Modification
Degree

V. dilecta
0 I >
Substitutions
V. buana
Imaginary
Prototype

Similar to
V. indica?

V. atalanta

=
v @

V. dejeanii

B
L

6. Vanessa J& D — (. V indica \ZFEMIL T
W R 70 s &% A 7 h 5, ATALANTA 71—
M. WRREG A EREI A R0 L ) ISk Lz, [RIERIC,
INDICA 7 V—FIZBW T, iR 72 16 o ik % Ff
SHLORHE b,

Nz, %12, Vindica 130/ % — 2 RINZEB N
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Migration to the high altitude areas

The primary selection
Physiological selection: Cold-shock resistance

v

Color—pattern modifications as a side—effect
* Color-pattern diversification

The secondary selection

Behavioral selection: Assortative mating
|
v Positive feedback

A stable new species
with new physiological and morphological traits
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