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Abstract

The distribution of Megacrania tsudai Shiraki, a threatened stick insect species in Taiwan, is limited to the Hengchun Peninsula
and Green Island, with only a small population in each locality. Previous studies on this insect were mostly focused on its
morphology and life history. In the present study, the 16S rDNA gene was used as a marker to study the genetic diversity,
phylogenetic relationships, and phylogeography of M. tsudai. Crude DNA was extracted from 46 samples of eggs or partial mid-leg
tarsi collected from three populations (Jioupeng, Kankau and Green Island). Sequence analyses of 16S rDNA, ~ 550 bp, from 23
successfully amplified samples showed no variation at all between and within populations. This result suggests that the populations
of M. tsudai in Taiwan may have either descended from a limited number of ancestors (founder effect), or have experienced a
bottleneck effect due to a small population size and restricted habitats. From a conservation point of view, the perfect genetic
homogeneity of the M. tsudai populations will have a negative impact on the long-term survival of this species in Taiwan. In
addition to enhancing their legal protection, it would also be helpful to conserve this species by preserving its habitats and
broaden its distribution range. It is also very important that we explore potential genetic variation and preserve it in the wild
populations.
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Table 1. Samples of Megacrania tsudai Shiraki used in this study

Sample Abbreviation Source Locality Date DNA Amplification’
Lyudaol-Lyudaol0 Leg Green Island, Taitung 22-09-2009 0]
Lyudaol5, Lyudaol7 Egg Green Island, Taitung 22-09-2009 0)
Lyudaol1l-Lyudaol4

Lyudaol6 Egg Green Island, Taitung 22-09-2009 X
Lyudao18-Lyudao20

Mts1-Mts3 Leg Kankau, Pingtung 29-11-2009 (0]
JiouPengl-JiouPeng8 Leg Jioupeng, Pingtung 29-11-2009 0]
JiouPeng9-JiouPeng23 Egg Jioupeng, Pingutng 29-11-2009 X

*0: amplification succeeded; X: amplification failed.
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GCCTGTTTAT CAAAAACATC TTTTCTTGTT TATTTATTTG AGATTTGACC TGCTCTATGA TTTATTTAAT GGCCGCGGTA ATTTGACCGT GCAAAGGTAG
CATAATCATT AGTCTATTAA TTGTGGACTT GTATGAATGG TTGGACGAAA TATTGACTGT CTCGTTATTA AATATTTAAT TTAAATTTTG AGTTAAAATG
CTTAAATGTT TTTATAGGAC GAGAAGACCC TTTAGATCTT AAATTATTTA TTTTTAATTT TATTTTAGTT ATTATTTATT TATTAGGATT ATTTATTTTT
TGTTGGGGTG ACATGGAGAT ATAATTAACT CTTTATAATT TTGTACAATT ATTTTTGTTT ATATGACCTT TTATTAATGT TATAAGATTT AGATACCTAA
GGGATAACAG CGTAATTTTT CTTGAGAGTT CGTATCGACA GGAGAGGTTG CGACCTCGAT GTTGGATTAA GATTATAGTT AGGTGTAGGT GCTTAATTAA
TAGGTCTGTT CGACCTTTAA ATTCTTACAT GATCTGAGTT CAGACCGG

B— ZEKKIEEE 16S (DNA 551 o

Fig. 1. Nucleotide sequence of the partial 16S rDNA gene of Megacrania tsudai.
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Fig. 2. A molecular phylogeny of the Megacrania tsudai populations from Green Island, Jioupeng, Kankau, and
Iriomote island. The tree was constructed using the neighbor-joining method based on 16S rDNA sequences,
and the scale represents the percentage variation per site. Entoria okinawaensis served as the outgroup.

73 Pradi g 4 T e e %\Iﬁﬂ%{&* R 1997, 1998, 2004, 2005; Lin et al., 2003;
(q%ﬂ': ) R PE (R TVAH > Entoria Lee et al., 2007, 2008) ; [fij = & {ifgh ! i
okinawaensis Shiraki) fFEFEL a5 [ 13 FEATN PR R P T iy B PV - 1%
puE-3) (AB477471) QJE‘?F’}@%E SR == e (Wang et al., 1999, 2004; Lee et al., 2004,
R - W‘L:ﬁ?%\] ?‘F‘]H i 16S rDNA jff\’F‘, Chen et al., 2006) - H 'SP T AT (R
W SSBEILS EE ST (Yeh of al,  FERR [0 168 rDNA BiFS 3 & 3~ Fyiors

100 wERE&HF =T _BFE—M



Il » Iy i9TT1% (homogeneity) » JE3i
P prge ﬁﬁ'é@i e (bottleneck
effect) » Y= f[ﬁ'ﬁiﬁi‘ﬁﬂi@ R FRTRREY
bR R S R H 35 (founder
effect) - f[ ’?ELI‘L s RFETE ;ﬁﬁ 67| ;FEIFJI
p@ﬁﬁﬂﬁ{ ﬂﬂ—ﬁ:ék jz;i:fgifg ﬁj Ao
ELE S %ﬁiﬁiﬁ%ﬂﬁ SR

ZARK AR Ei & T & SFERY BT AglE
Hsiung (2007) Elfiiﬁf, fF'IH'; RN
Megacrania $F] 12 7 » 3555 S g
el U PR R b i £ EAAL T E Iy
S AT RS AL WA
FEBh > (T8 R ARSRERE M. tsudai > BT
FLA Bl 5 55l (Kobayashi, 1994) - 25§
I?,d £y M. tsudai ﬂﬁ;@ﬁm@g&gwﬁ M }{ij’bjﬂ
e I = ¢ 5 5 (Ushirokita,
1998) = | #IBk 1Y M. tsudai 73 i
?ﬁﬁgﬁjffﬁ*ﬁ@ [ 3R R R AT
eI Y N #ﬁﬂvuﬁ‘E 'Q{EF"TQ‘V%&_ wE A
R ET R SR BT B R
9« APPSR XS
’Fiﬁ'ﬁfcfﬁ [P R L] A RS EH%T
SRR ehd > o 2 Megacrania FIi
P[P TR Fj:@tiﬂﬁﬁ'ﬂfféfmﬁﬁ o

INEZHARKERIEZRE

[“Elv*’h‘ BRI D R 2
O E 1 53 ) BT A R R T
HE [,{*EEJ TR A R ERV IR AR
55 o (S P A ) g
PSS PETATR, N T R 0 2
SRRl (BPEGh F B2 - F IS ) T
& o Tseng (1997) "”#’JL“ L'%ﬁﬁ\:ﬁ ﬁ%&:ﬁ
FoF Huﬁ Wﬂi%* [J;&,“‘Euﬁ\? FP[ e
AN gmiﬁfrjﬁl O FRIP

PRSI S A S
1) 35U PR AR & s s S
T~ A RCR B GRS LA B
WRRER PR - AT B Y ISR PR
o FONCEL SR 2 T AS R R
V& B AEFF (Liu and Yang, 2002) » B~
b R (LR PR 53 pT b
SR ) RS RRIERL o 9 i
PSIREER AR REED > PRIRIIAA pY DNA
IR » = i - FV TR - WA By
Ut E AR AT ] SEHPRE A (R Y
TR it 'rE'I—pE UEE"EJ@‘ﬁr (o ) ) R
- Hirf iy Tffé’ﬁ I
Ry T U*‘E} IE JJ@ Ay E [EOEAAVZR o
2) B 1P R E s
,~%ﬁ&wgl<€vﬁg ST 0
r{ TP FIE e [J|ﬁ€l§ R ’5[7‘([/
,,,,, BV PR U BT R S A
%@% I PG PR | (L2 RS S
TP B - Tl i B4
Bl h 5 0 SR ORREEST Jph b > S R
P A TOARARIER YR T E%‘él*’r%*"ﬁ l%k
V2 SR A L - 1 -
FiE DHEH:*:‘FZQ%IE% BRI R s
-~ giﬁ@ﬁwgﬁzg\ KRR TR
R T B ORI -
3) SP?{LQJE IR T ViR RN Sl
7 EERL G o [ AR R -
H‘;-ﬁzﬁ;guﬁ%?“ FRHED 55 m (E1 7 P E L E |
R /r:ﬁm# T k‘rg&mﬁﬁl%&
(Liu and Yang, 2002) - i%ﬂ%ﬁizﬁ T ft
PSS A TR AR B ] ﬂ;gfgﬁﬁl}ﬁ
W TR B 55 it BEReRl -
FEE) R R kI e s
(catastrophic) E1s (FIIIE BB ﬁ Jéﬁik N
LU ESZ S ijgﬂ%‘ﬁfl:[ PRIF=pr = flg‘éﬁi

TR E P KRB AR 101



PRS0 UL AL SV (LD,
ﬁ;ﬁ‘[ [ ELE A 'T'Té{‘jﬁgﬁﬁlfjgﬁiij@% F)’T K “H
iy o AR -

4) J I§F{i ?JPB%I%?WU s RS IfEss
1% (%= Kobayashi (1994) SEFLHF 1S
W%ﬁ%nﬂﬂ%%ﬁﬁwmaﬁwa@

Foo (2 OB > (SR AR
ﬁuﬁzfﬁ ISP /H*‘ﬁé" PR
S BB PRI p M
PR R E R o Yang (1997)
#E R 5 4 £ AR 55 ¥ 2 (molecular
systematics) j%aﬁj?t Fg‘;}’&?ff [ERFa #Fﬁln
Hsiung (1991) (77 ﬁufajt f’%FJ‘J}",LI' —¢¥E‘ﬁ‘:ﬁ’
i M. alpheus (Westwood) » H|Fd/meiy
YR, M. wegneri Willemse =! ¢ it
JHE] > EUE S BEKE ) 2[5 1 - Hsiung
(2007) B3| FFT P A T S
Bl o3 ﬂ J}[Jiiw » ﬁgﬁ*ﬁg £ )@ng FUPRIE)
SR > R R AR )
P I L TR T (i

5) I FAE PO T [
P USSP TSI @5 F
SR A BRI > pLag [ g =
AR e o e
TR L]EIJ[Jé\:F'l |;E[ﬁ IE [M&‘EJ , l#FEEJIJé‘:E
WP == - R o R - AR f
R R qupﬁ%qj%w

%#?ﬁlﬁw%ﬁ&%’@ﬁ EL
o 2 - BRI T (B Wa et al.
(2010) ?‘F’[H‘ IRV ST AR IR
SV U > YRR AR R iR
FRFRLER! » = U BRI B8 R 1 Y
- 8 R R -

EpILL El It BREEE lﬂ?ﬁ@‘rul»‘» MERT B o
= J[@F{ﬁk? *ﬁ gu#ﬁ% =5 FL' SR

102 sEBE&HF =T _BFE M

g ¥ K1, 2o b B Ejf%{&/%ég Bﬁ?iﬁlj%f‘eﬁ S|

[ S BT Pl fo‘#ﬁgﬁHHé&
e

?ff"iiﬂ PP AR A
S (gu—j CEPI 8EFE1*J5F’JF§,“§;T~[-

#): FETREY S PR (e
[EKE 098700947 A TN ENSE o /] =
FUR RIS E EIDE g B BT [
LR HJ[?E"EZI‘* Fl e A ?FTE—W
T ﬁﬁ;qﬁiﬂ °

5| Ak

Ballard JWO, Rand DM. 2005. The
population biology of mitochondrial
DNA and its phylogenetic implications.
Ann Rev Ecol Evol Syst 36: 621-642.

Chen SF, Rossiter SJ, Faulkes CG, Jones
G. 2006. Population genetic structure
and demographic history of the
endemic Formosan lesser horseshoe
bat (Rhinolophus monoceros). Mol
Ecol 15: 1643-1656.

Chow YS, Lin YM. 1986. Actindine, a
defensive secretion of stick insect,
Megacrania Westwood
(Orthoptera: Phasmida). J Entomol
Seci 21: 97-101.

Chow YS, Tsai RS. 1987. Recent studies of
insect chemical communication in
Taiwan. Chinese J Entomol 7: 81-85.

Emerson BC. 2002. Evolution on oceanic

alpheus

islands: molecular phylogenetic



approaches to understanding pattern
and process. Mol Ecol 11: 951-966.

Frankam R, Ballou JD, Barisco DA. 2002.
Introduction to conservation genetics.
New York: Cambridge Inc. 617 pp.

Hall TA. 1999. Bioedit: a user—friendly
biological sequences alignment editor
and analysis program for Windows
95/98/NT. Nucleic Acid Symp Ser 41:
95-98.

Ho HY, Chow YS. 1993. Chemical
identification of defensive secretion of
stick insect, tsudai
Shiraki. J Chem Ecol 19: 39-46.

Hsiung CC, Yang JT. 2000. Systematic

study of Megacrania species of

Megacrania

Australia (Cheleutoptera: Phasmatidae).

J Orth Res 8: 71-75.

Hsiung CC. 1991. The identity of Megacrania
species of Taiwan (Cheleutoptera:
Phasmatidae). Orient Ins 25: 171-177.

Hsiung CC. 2001. Megacrania species in
Indonesia (Cheleutoptera: Phasmatidae).
J Orth Res 10: 293-301.

Hsiung CC. 2003. Two new species of
Megacrania Kaup (Cheleutoptera:
Phasmatidae) from the Admiralty
Islands. J Orth Res 12: 31-35.

Hsiung CC. 2007. Revision of the genus
Megacrania Kaup (Cheleutoptera:
Phasmatidae). J Orth Res 16:
207-221.

Kobayashi J. 1994. Tsudai stick insect.
Tama Zool Garden 1994: 31.

Lee HC, Yang MM, Li F, Yeh WB. 2007.
Genetic

variation of Cacopsylla

chinensis (Hemiptera: Psyllidae) in
Taiwan based on mitochondrial 16S
rDNA sequence. Formosan Entomol
27:157-168. (in Chinese)
Lee HC, Yang MM, Yeh WB. 2008.
Identification of two invasive Cacopsylla
Psyllidae)

lineages based on two mitochondrial

chinensis  (Hemiptera:
sequences and restriction fragment
length polymorphism of COI amplicon.
J Econ Entomol 101: 1152-1157.

Lee JW, Jiang L, Su YC, Tso IM. 2004. Is
Central Mountain Range a geographic
barrier to the giant wood spider Nephila
pilipes (Araneae: Tetragnathidae) in
Taiwan? A population genetic approach.
Zool. Stud. 43: 112-122.

Lin JS, Wang CL, Yeh WB. 2003.
Molecular identification of multiplex-
PCR and PCR-RFLP for quarantine
pest, Frankliniella occidentalis (Pergande).
Formosan Entomol 23: 353-366.

Liu HC, Yang JT. 2002. Field survey on
spatial distribution, life history and
feeding behavior of Tsudai stick
insects, Megacrania tsudai Shiraki
(Phasmatodea: Phasmatidae), in Taiwan
(thesis). Taichung: National Chung
Hsing University. 36 pp. (in Chinese)

Nakata S. 1961. Some notes on the
occurrence of Phasmatodea in Oceania.
Pacific Ins Monogr 2: 107-121.

Tamura K, Dudley J, Nei M, Kumar S.
2007. MEGA4: Molecular evolutionary
genetics analysis (MEGA) software
version 4.0. Mol Biol Evol 24: 1596-

TR E ) KRR AR 103



1599.

Tseng Y. 1997. Tsuda phasmid (Megacrania
tsudai Shiraki)-a rare and valuable
insect. Nature Conservation 17: 38-40.
(in Chinese)

Ushirokita M. 1998. Eggs of stick insects
drifting in the wake of screw pine’s
seed. Insectarium 4: 108-115.

Wan QH, Wu H, Fujihara T, Fang SG. 2004.

Which genetic marker for which

conservation genetics issue.
Electrophoresis 25: 2165-2176.

Wang CH, Chu YI. 1982. The morphological
study of the egg shell of the Tsuda’s
giant stick insect Megacrania alpheus
Westwood.  Phytopathologist and
Entomologist (National
University) 9: 98-109.

Wang HY, Tsai MP, Yu MJ, Lee SC. 1999.

Influence of glaciation on divergence

Taiwan

patterns of the endemic minnow,
Zacco pachycephalus, in Taiwan. Mol.
Ecol. 8: 1879-1888.

Wang JP, Lin HD, Huang S, Pan CH, Chen
XL, Chiang TY. 2004. Phylogeography
of Varicorhinus barbatulus (Cyprinidae)
in Taiwan based on nucleotide
variation of mtDNA and allozymes.
Mol Phylogenet Evol 31: 1143-1156.

Wu IH, Yang PS, Liu CY, Yeh WB. 2010.
Genetic differentiation of Troides
aeacus  formosanus  (Lepidoptera:

Papilionidae), based on cytochrome

oxidase I sequences and amplified

fragment length polymorphism. Ann

Entomol Soc Am 103: 1018-1024.

104 wEBEHF=T_BFE—M

Yamasaki T. 1991. Occurrence of Megacrania
alpheus (Cheleutoptera: Phasmatidae)
in Iriomote—jima Island, the Ryukyus.
Proc Jap Soc Syst 44: 49-56.

Yang JT. 1997. Tsuda’s big-headed stick
insect and its relatives. Taiwan
Natural Science 16: 74-77. (in Chinese)

Yeh WB, Chang YL, Lin JS, Wu FS, Yang
JT. 2004. Genetic differentiation of
Loxoblemmus appendicularis complex
(Orthoptera: Gryllidae): speciation
through vicariant and glaciation
events. Ann Entomol Soc Am 97:
613-623.

Yeh WB, Yang CT, Hui CF 1998.
Phylogenetic relationships of the
Tropiduchidae-group (Homoptera:
Fulgoroidea) of planthoppers inferred
through nucleotide sequences. Zool
Stud 37: 45-55.

Yeh WB, Yang CT, Hui CF. 2005. A
molecular phylogeny of planthoppers
(Homoptera: Fulgoroidea) inferred
from  mitochondrial 16S rDNA
sequences. Zool stud 44: 337-353.

Yeh WB, Yang CT, Kang SC. 1997.
Identification of two sibling species,
Ephemera formosana and E. sauteri
(Ephemeroptera: Ephemeridae), based
on mitochondrial DNA sequence
analysis. Chinese J Entomol 17:
257-268.

WHEE 201228 9H
BmZHE 2012533 H



Lack of Genetic Variation Shows the Urgency of Conservation
for Megacrania tsudai Shiraki (Phasmatodea: Phasmatidae)

I-Hsin Wu', Yu-Yen Chen?, Ping-Shih Yang® and Wen-Bin Yeh®'

! Animal Department, Taipei Zoo, Taipei City, Taiwan
% Department of Entomology, National Chung Hsing University, Taichung City, Taiwan
3 Department of Entomology, National Taiwan University, Taipei City, Taiwan

ABSTRACT

The distribution of Megacrania tsudai Shiraki, a threatened stick insect
species in Taiwan, is limited to the Hengchun Peninsula and Green Island,
with only a small population in each locality. Previous studies on this insect
were mostly focused on its morphology and life history. In the present study,
the 16S rDNA gene was used as a marker to study the genetic diversity,
phylogenetic relationships, and phylogeography of M. tsudai. Crude DNA was
extracted from 46 samples of eggs or partial mid-leg tarsi collected from three
populations (Jioupeng, Kankau and Green Island). Sequence analyses of 16S
rDNA, ~ 550 bp, from 23 successfully amplified samples showed no variation at
all between and within populations. This result suggests that the populations
of M. tsudai in Taiwan may have either descended from a limited number of
ancestors (founder effect), or have experienced a bottleneck effect due to a
small population size and restricted habitats. From a conservation point of
view, the perfect genetic homogeneity of the M. ¢tsudai populations will have a
negative impact on the long-term survival of this species in Taiwan. In addition
to enhancing their legal protection, it would also be helpful to conserve this
species by preserving its habitats and broaden its distribution range. It is also
very important that we explore potential genetic variation and preserve it in
the wild populations.
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