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Using Geometric Morphometry in Gentalia,
Dyar’s rule in Larvae, and molecular evidence
Investigate the Diversity of Mycalesis mineus
among populations
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Abstracts

Subtribe Mycalesina in Nyphalidae, Lepidoptera is considered to be
one of the most spectacular evolutionary radiations of butterflies in the
world. And arguably the most cosmopolitan and abundant group of
butterflies restricted to the old world tropics. There are 90 Mycalesis
species are distributed in the Oriental, Australian, and part of the
Palearctic, and 19 of 90 species are belong to mineus species group. Most
of them are comparatively endemism, only perseus and mineus
distributed wide. Most of the species in this species group are overlapping
distribution and their adults looks very similar, the seasonal change of
eyespot pattern let the species identification more difficult. The
appearance larva also difficult to identify until final-stage. Furthermore,
the male adult’s gentalia’s valva’s shape are vary even between same
species’ males. After observed the specimens accumulated for many
years in lab, had found visible difference between Taiwan’s and
Kinmen’s mineus specimens in gentalia’s valva. This research will collect
and use egg and larva stage data and use Dyar’s rule and calculate larva’s
Dyar’s constant, geometric morphometry methods to measure and
analysis the mineus from different place male gentalia’s valva’s value of
geometric morphometry, calculate the p-distance between mitochondria
DNA sequence’s data (cox1) from different place and construct
phylogenetic tree, establish the preliminary study on whether or not there
Is a significant difference in these aspects between different mineus-
group in Taiwan and those in the mainland of China and other Oriental
countries. The results showed that the egg diameter in the basic data of
the young period and the Dyar constant calculated using the width of the
head shell were significantly different between different large locations,
while the geometric pattern of the mating fixture did not show obvious
clustering. In the analysis of the genetic variability of the cox1 gene, it
was found that the samples produced in Thailand were 4% different from
the samples from Taiwan and Kinmen, and the variation between Taiwan
and Kinmen was only 0 to 1%. The kinship tree established by the
Maximum Likehood (ML) also supports this result. Therefore, Taiwan's
and Kinmen’s Mycalesis mineus population is still regarded as the same
species, while the population in Thailand suggest that after further
research in the future, they will be regarded as species different from the

eyebrows and raised to the species level.
Keywords: Geometric morphometry ~ Dyar’s rule ~ systematics ~ Mycalesis mineus
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/INEHRIGE(Mycalesis mineus(Linnaeus, 1758)) 2 AT BRI &Y I
ERH(Nyphalidae) iRk nif} (Satyrinae) f5 HR Ik i = (Subtribe Mycalesina)
[E R (Mycaleiss) iy fE 2 — » DA FERAR HE (IR > 2013) - H
Pt T ET (mineus-group) H Fif#tA 19 f#(Uemura, 1985) - 2% - J§
IRIsEE A 7 18 > 73 & 4 (EfEEE(Uemura, 1984) - TTijf&8 /)N EHR IR
(mineus-group) B H—3L5 3 f&E > 3 Al B/ NEIREE ~ U3 E IR
(Mycalesis zonata) - BUK HiBE/EIRIE(Mycalesis perseus) © [\ EHRILE
BB R AR (Mycalesis perseus)d » [EIFEEE R 2 SRRy 73 AT
i mPR(Uemura, 1985) o ZSFEEEH AL /P RIRYBE S0 RAH L - A
S S DU BT A N AR 7 A (RS - 0 ERR & 3l S IR R SR T

9L » S YRAEI 2 LS IERIE(Uemura, 1985) -

FEB LA IR B ia#E o - Moore(1880)i Mycalesis J& 77/
22 fiil "type - ZAIMAERF FURARERHVRFECE Ty > T HAEI2 A
REFEVIREANEER - 55 > Evans(1932)1E% B EN KN YIIE #777
Fk 5 BE > &2 Talbot(1947) 5 5 26 a2 B HyPfEn R Ho o By 7 B > H
f& - Aoki etal.(1982)R1157 /% 5 BF » 12 =KV EFAEHEST TRt
WmIVTA » PLESTER LI E AT RE By AR © A SCHIbTFTE
S/ NEHRREE(Mycalesis mineus)—EL#ME Ry BRAVAFRME - #rE]—
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FEAVFRRIZRE R [E] /N - fF Aduse-Poku 55 A (2015) /A 2T HARY 73—+
Wz > iR Mycalesis Hilbner, 1818 i B—3EfY Cupala Moore,
1878 EAZK & #i &y Mydosama Moore, 1880 [ {& & #% 73 il #& 1

A+ B ) RIS B4 -

SEE A (Dyar’s rule) 288 H Dyar(1890) 5 Jefethivite: - 15
AR 2N Ea e AT BGHESS ER AL AYRE R (DI BE R B )R —
SATEREHRA - A EYIREE R R ERTE & > NI/ MEAE LY
2y A A e R A [RIP07E ) L (BRI Ry FTRE © 722K > Schmidt ZE it 1977
FRrH SR R — (Efa BRI E R e 1B W EE I E
PR BIR (B R A — R TT RS Rf&i [El— BB R4l 2y
BRIHL s sz e R B B RS RN EE AR — R 1R - (el
PR A HEEEEB -

EHRER B TR A R RS T as P RE B » A L UE A [RIFHAY
eSS - MBUREE L - RS ARt A A
IR A EE0A [F] (Uemura, 1985) - &CiEERH T 7E = RIRZ AR AVIRA
% HREZEABEHGIE FENNEIRGEEE N ZEEBURRE
hEAREE R EasfiasIPRe LEAZER (Fr > REFR) - mHEAM
i EE R R A R ws st R T R AT LAYz R - Bl Al H



SR ER T BB A am LT > R T SRS T A E BUE AIEL R (F]
HAEMESEAVEML - ARS8 EE a B ERISSEERL -
RSB HE S5 A A B Al B i R B Y SR MERE RE SR ) » (i

FHEEHIE 3T S s A R RIZS (a2 RERHVEREG HYEGE (Mutanen &
Kaitala 2006; Mutanen, Kaitala, and Monkkonen, 2006; Dapporto,
2008;Toth bv & Varga, 2011 ) -

AHHFEAELN A BREAE E > (8 A 3 At - iR 2 e dtd e &l 7y
{SEH 6 B A/ NE IR A - 15 St & Y R B 2B R AV IR R
W By [E—FE (Frustorfer, 1908; Evans, 1920) » 5§ #0154 NER H A 75
% (BT EHARGRIRE FHRET - BER A EEEEH
B4R DL 4% 8 {4 (Brakefield et al., 2010; Aduse-Poku et al.,
2015; Aduse-Poku et al., 2016) » &7 FEAELR YA ST hH4a HHIR
(Goonesekera et al., 2019; Morlor et al., 2018) - Hebert et al. (2003)3%.
Ry o HLERAGEEA] coxl J By (SR S AR 3% - w1 AR EY)
fi - Bt IR A RE B DUMEEAE R AR IE L (Braby et al., 2012;

Hsu et al., 2019) -
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AHFE B = (EE & T

(L) NE R ZIE & DL AT H B R PR ~ &%k 452
A K e R BB LG R B i U A T T2 5 70T (ANOVA) ~ &y
DN A2 BT (HSD) S ¥R A 7 A7 (Logistic Regression
Analysis) - ftil s SEEURE G IN RIEE 2 > NELEREER -

(2) ¥/ NEHRER 2 FE R A FE sl as e TR TP RE AT - &
SREFREHITEER > HE NEIRESE SRR R S5 e 24 TP ARG
HH > A IR BHEA RO AE

() A 7o A= Reflo 25 et /)N EHRIE AR SR AGESIN coxd #ETTER
B IRAHE YRR - S E E R NEIRERRER AR &
B % -



=~ BISEAMRER A
(1)/]NE RIS 4y A RS A R R [l B 0 A

1A INJE R B A b e DA 2 T 1 IS SR P B e R S
it (2B n=8, ©FIE n=3, REIE n=1 - 12 (EERERSTEERERS
FERFE ) 0 BERESEAFIRA (Leersia hexandra ) Ay A e
M (RxExEx=37 cmx23 cmx25cm (& L& ) ) EHZEDY - fFlif
4% 2 DN AR R A A AR & R EEAYONER T (5 A RO & OO
=% EHRE (AR AN ONAER] n=454) - SRR
% —ERE/NMIBRIEER (RXEXS*x=82mmx58mmx32mm )
DIRARPROKE (Oplismenus undulatifolius ) &% » &EEF—FRIK
EHFTEY) WKL E0 R ATrI IR e & (4R 25
H IS SRR - AU RR ARG &) » TR F2 1% B HYEER,
WsT o BRI IEZ IR MBI - &% Sl iiRs R0
A NI R E S (ST 4148388 & DLTER i
BB SEL—HMWEER TS SERE T I~ B S

RHNEREERFRE— = =) -

B Ly o SR AR RS REATERY S HUE 73 B E A
(Ln) > Y6 ARSI (B B Y (8 ~ 858 R X {8 > 7 Excel 2013



o T A A B D B I oy A B G A A2 > ELA R A\
&SR -
DU Foat ERH & Buria gk &7t -

Y (e HAR RS HE ) = A B0 * B B X (1)

LR = L E 23 B S 2Ry 1 7 fe

InY=InA+xInB

TR ST » IS ORI R LI DL IMP6 M7
537 (ANOVA) BTG4 TEBEE 72 B 5347 (HSD) M Aol (e n=3
DLEERE(TW) ~ :PI(K) BB o5 5 (P) 2 Pt T he: » OCsnacsss
SRR R n=324) » (BHEEHE  FRRSCATSHE A £
R LA D PRI A AR 2 (B (OTACLI R St 4
BAE ) 1A EERIEER 5T (logistic regression analysis) + s HIE A [F]
S e B -

(2)/NERR R YR A FE 2s i as BT RESTATT

HEEN=17) ~ £F1(n=19) ~ FEPE(N=2) - ER(n=1) ~ B E
(n=2) B8 &5 B (n=4) R B0 N EHRIGAY i B EHZ R AR > PR T
Jr MEETRABVE T IIAVKE @& binba/ Kz - EFIREE AR
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R o ERIBEREE N U AR T R R PR IR Y R BT R0
TG - PSS T ORG o Z1& o AR BR AR AN A T R BN AR
IR 1~ > T HU N8 (Zosgas n=45)341 0 - RetH 7 5% tpsDig2
A B Ss Y A RL A7 2 25 (M ORI RE D) - jieFRh_ b REAEERE
i VIE | S5fFRk TPS £ - FRFIESEREZE Ll PAST sUiGHEr T HIASURIT
BUERVERR R - (BT (cluster analysis)i A G ff - A
S EIRERA > DIAE sy BB S BRI RAR (DS - AR Ry oot
(Principal Component analysis, PCA) » HE =2 B st zs o EErY F Ak o7
(Jackson, 1993) - EA & {b/NEHRIEE S REEHHELR A FE a0 e RE A=

o DURCHAM NEIRERYITER A FE S5 f a5 Y 70 B -

FIBSETR B T B R A SRR R R =

(3)/INEHR IR 258 {252 S A M LR 4 T (A A

fréRAe DNA coxl FR8IlE & o FHAC Ry ] H ELaafiax Bel (R oo i
AR 2 — - AEFTEE - a% 7 B HET T4 - (EH] Purgene DNA
Isolation kit(Gentra Systems, Minnesota USA)z<H{ DNA - H{f5 DNA
e AR1% » 208 Caterino & Sperling(1999) LA &z Kandul et al.(2004)fr&%
i DNA 1T PCR 3§ - 37 AR VK AR MERD 22 B HIFY DNA B PCR

FEVIHTRRE BRI - FRE PCR ZEVIHEITIE Fr UEIRY] - 54l



Y& A Sequencher 4.10.1 #1243 EiH432(GeneCode, Boston,
USA){% » i MEGA6.0 DL MUSCLE EHECEAFRYIFS] » FHLLETEA
(]t [ R I 8 {8 22 1 (p-dlistance) (Tamura et al.,.2013) » f g

ELMFRETIER -

AHFZE (Y coxl B ES4EE B 941bp » —f2 1 Partitionfinder
v1.1.0(Lanfear et al., 2012) % =5 FL [N B A5 157 -EHY partition scheme
LUKz H: substitution model - ¥R EELAUHZE ~ &7 - 155
55 3 {EHhRL: 10 A A SRS E AT (Maximum
Likehood, ML) ARG B (A © 5270 sE ] raxmIGUI v
1.5(Silvestro, 2012) 71 FAY RAXML v 8.2.x(Stamatakis, 2014) 7%
ML & > {RIEZHE T34 partition scheme » substitution model HIZ% %
s GTRGAMMAL - Y8 = B0 ESR A ML+through algorithm > 3
H#E1T boostrap ] - EHEHIEE 500 X LASEIEHREHY & - THEH

P24 DS B Bl (Magority rule) e HE3kAs -
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AL S¢ ¥ LBl

{5 F URTE LR s i 2 e VR HET 152 5 70 T (ANOVA) Bl 7
DNIERE R M (HSD)IRR IR 837 » RHUESREIRIRTRLL R &%

El%

iaiEsde A T SRR (R =R ) - — (e F AR A

ErTIRBUR - ZE AR B addiE (p<0.05)HVSEHUE Bk
FEREAINE(RT) - M HEm SRS BEIL A KA FH -

FE—ZBET7 53T (ANOVA) LRy 21\ IR 72 FL51 AT (HSD)HY
GEER R o AR[EABEER SR/ ) FE R R 7 (R R U 22 e 42 T RO
HYORNTE > DURAE [EIERE B R MR R4 & N ie & » A [E
RUEER S A ERE AR - DUUNEAE - FTRVREEA  E5 5
WiRERE N - B T &R A s KEe R RGBS » MEEREHG
fEh o B MEARERE o RIS BiRHY B A AT
SR > A UNIE BB B R R = 2 (p<0.0001) - HEME:
B W THER RS B N Ry RHEEBHY AN [E] - (R RE e R S =

RENRRR P sl as ST R AT
FRIBIE/NERER A FEasttd & 45 (BB ARTERSE A (cluster
analysis)&iiR - S53R L AR AR S P2 # 0 O AURMHE L - 2



SRAABETER (I 11) - 10 RO 73T (PCA)ER VSR - ARTE R ENY
F RS A RTRE(E7S) - &R PAERST 1 BRI 2 By X il
Y GhEF () - SRR S PREERE B AT I HE B B A SR I SR

L &P MEBE i JRE R -

e FE g as AT ATERE (L (2 F o TR R IS HAVEE RAKE > f1
(BB RN A TR E 2R - ATRE e A Ryl T Ay /)N HR G
IR R as e I A E AP RE LR AR - ] Re 2 ARy
HSEREAL A 525 A HAEHE - RACH] RE 7R ZAE R AR FE (A At

YIRS HEI T E S BRI AE 24 EEH R A T T 04 -

/INEHRER R = R B G B

LLtr&RAG DNA BEEEEESKEERT) » &5 S EAYRIER
ANEL IR PN E IR AR B (= 2R 4% » MEE S
A (BEelT) BRIt ZFEVEEEZRERIEAE 0~1%2H - Bk
4fi DNA FPBIEE LAY R KB A (ML) R (it L (18N > 2=2/EE
I NEIRERGRERSAR o E—S2 % > TS SR/ NEIRESREE
AR SRR P i Ry R 22 B A R B Ry [ —ni A (Frustorfer, 1908;

Evans, 1920) » GIEZBIGE (R TE 0%
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fi - GBS S HUIREE 2 N Ry i (B SRR (R 3% > {515 Fs[e]
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B PR BRIV B AR A [R5 & (lineage) - ARARAIWTFEH
TEMAE L EMAY NGRS A > LUSE 54T IR DNA 72
SR B o PR /NBIRERE — VI S R AR
LU R G B AR BRI -
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15L19 g/%*(TW) %ZﬂZ(CH) 180m
15L20 EE(TW) 8 {1(CH) 180m
16C33 EH(TW) W1H(CH) 180m
16C36 EE(TW) SEHR(YL) tom
15443 EH(TW) EF(CY) Pom
16M3 EH(TW) EE(CY) Pom
16K26 EH(TW) 4E(TN) >om
16122 E(TW) £(TN) >om
14Ke62 SFIK) SPIKM) Lrom
15H33 SFK) SFIKM) Lrom
16120 SFIK) SPIKM) Lrom
o921 mmwmam) | gEmsaaek) | O0M
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R /NEIRER S B SR 4l A R SR

HRER | REFRER BEEEEGER | HEAB®m
15L19 1.540951372 1.430322581 20
15L20 1.515582722 1.437204633 28
16C35 1.602556233 1.443253586 61
16C36 1.508325356 1.441090329 67
15A43 1.479345855 1.413402616 3
16M3 1.503356087 1.415241234 24
16K26 1.518161404 1.421055634 47
16L.22 1.535874614 1.425325202 54
14K62 1.486463784 1.451068236 53
15H33 1.553328426 1.441811054 4
16L20 1.560022119 1.451503622 16
16H92 1.599194396 1.474029784 70

st AR n DUSE]— s IR 4) s BRGS0 £
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R= /NEAREREROI FH e L ] 52 Fe us FH MR PR AR AT

2 55 (N:24.000201, E:120.601917)

i3 PR I R A S
\ ey ) , Vv
%2{F(N:24.000201, E:120.601917)

\ = . ) \Y%
EHk(N:23.691811, E:120.623290)

Vv e\ i \Y%
% 75(N:23.474420, E:120.489376)

\ = . . \Y4
Z75(N:23.016140, E:120.348127)

\ A . ) VvV
4:F9(N:24.456934, E:118.396644)

X e . ) \Y4
J& 6 (N:24.916005, E:110.305670)

X / . \Y
JE5176(N:23.900727, E:106.638861)

X - . . \Y
2 E5(N:24.000201, E:120.601917)

V* e . , \Y%

§E95,(N:18.377812, E:120.601917)
Vv V

* N R bbeles S VUL S 2 b - A RCA T -
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R0 ~ /N ERRER S A IR 5 oA B Ay N I RS 2 B T

x
Source  Degree Sum of Mean of  F ratio Prob>F
of squares(SS) squares(
freedo MS)
m(df)
Place 2 0.1644690 0.08223 27.4697 P<0.0001*
5
Error 321 0.9609593 0.00299
4

C. Total 323 1.1254293

/INEHRERDIEE HSD &5 5%

K A 1.0737899
TW B 1.0125652
P C 0.9889456

RIL - NERERS RN A 23 BE RV D HTELRICH AT

Source  Degree Sum of Mean of  F ratio Prob>F
of squares(SS) squares(
freedo MS)
m(df)
2 4441063 222.053 46.9788 P<0.0001*
R EG

Error 321 1517.2610  4.727
C. Total 323 1961.3673

/NEIRERS o4l zdfa & HSD 4554

P A 34.927018
TW B 32.833420
K C 30.488056
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vawy  xamm P P
e " 16.67 <0.0001*
FEH R

e et s AL 1594 <0.0001*
S AL 5

g 6.96 0.0083
i Y
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