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Populations of the yellow-margined box turtle in Taiwan is threatened by increased
hunting pressure and habitat destruction. The number of confiscated turtles soared in recent
years has crowded rescue centers. This project aims to propose a conservation plan for the
speciesin order to restore natural populations and to seek methods to alleviate the conditions
in the rescue centers for the species. The contents of the project includes using molecular
technigues and multivariate morphometrics to understand the patterns of geographic
distribution and to identify turtles of unknown origins; employing geographic information
system (GIS) to predict the suitable habitats for restoration of populations; performing field
studies to understand the habitat requirements and activity patterns; and holding conference to
discuss the issues for the conservation of reptilesin general, and freshwater turtlesin
particular.

A western and an eastern geographic group was identified based on mitochondrial (mt)
DNA haplotypes, populationsin the northern part of the island (including I-lan, Taipsi,
Keelung, and Miaoli) probably represents introgression of the two geographic groups. Despite
the fixation index of 0.77 between the two groups, the low genetic distance (average 0.9%)
and even smaller nuclear DNA differentiation suggests the species can be treated asa single
population. Thirteen polymorphic mitosatellite loci were identified from popul ations
throughout the island and can be used for future population genetic studies and forensic
identification purposes.

Multivariate morphometrics on capapace and plastron measurements also revealed

two groups similar to mtDNA haplotype analysis, and would be useful to identify sources of

X



confiscated individuals.

The predictive distribution of the species using GIS based on 424 interview and
collecting records was best modelled by the slopes of the mountain, distance to river, distance
to water body, number of forest blocks, normalized difference vegetation index, total
precipitation in the warm season, and annual average temperature. Only less than 10 % of the
predicted range of the speciesisincluded in current protected areas.

The species was found to prefer forested areas with high canopy cover. April to
October is the active period and wintering takes place between November and March. The
turtleisan diurnal species, activities in the spring are concentrated between 06-09 hr; in
summer and fall the activities are splitted in two periods (0609 and 15-19 hr); during the
wintering months the few activity was recorded between 10-14 hr. Body temprature when
active is mainly between 23-27°C in the active periods and 18-21°C during the wintering
periods. Average moving distance and home range size do not differ between sexes, but are
significantly smaller during the wintering period.

A conference and workshop participated by 94 persons was held in 19 May, 2012,.
There were 10 invited speakers and the topics included reintroduction, restoration, rescue, and
basic biology of the yellow-margined box turtle. Based on results from the projects and the
summaries from the conference, a tentative restoration plan is proposed for Cuora

flavomarginata in Taiwan.

keywords: geographic information system, multivariate morphometrics, home range, activity

cycle, mtDNA, microsatellites, restoration, reintroduction
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B % 7 42:8 0.5ml & 7 4236 B 4848 £ e 1% (McArthur et al., 2004) - 25 R gt
9%& -KiFWE Y > T R F L kF-200C kY o 2T fRRED Gl s Dk R o T
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(Starkey et al., 2003; Spinks and Shaffer, 2005; Amato et al., 2008) - Honda et al. (2002) i *
16S F BB ksl S A 53 BL A A1~ E* 16rRNA P £ 447 o

d RS DNA @7 g2 B @F M > SEfER i B2 MGEH A ¥
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() B 60°C-kig B Flimwikd = 23 /% KigPFE 3minB= M 2 F -
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(5) 4r » 100 pl Proten Removal Buffer » &2 & {5 > E 3tk 5mine

(6) 12 16,000 rpm &~ 3min s & F-v FAMK o

()2t Fet 15ml g dgpa g @ o
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(9) %+ 1 ik is > e~ 300l 7TO%IFWHE i LT A
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ND4 % B
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16S ¥ &
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Denaturation: #- DNA g g3 F » 95°C » 30 sec »
Anneding: ¢ 31+ & DNA 2% & » 30sec -



Extension: DNA #£ # & J& » 72°C » 80 sec - (£ 48 Denaturation 2 Extension #
£ 353 40=t)

Final extension: 72°C » 80 sec

PCRF» faitdts » B=5ul ehPCR A4 4c + Ll en6X %4 2 0% o 3t 2.0%3% fin 5%
" (agarosegel ) EFRIAKF 0 L 140V TRE & 20min s 581 T oey k4 |
(Ethidium bromide, EtBr) £J2 30 min & » fz £ 100bp DNA ladder iF 5 &% » 38 % ¢ 41

BT o AT SRS o

4. DNA z_F&
Hitgng L PCRE piple ch3l 3 » 220 R T RS 2 5 R0 F /10 7
(Tri-I Biotech, Inc., Co., Ltd., Taiwan)i& {7 = & > p # % &k #% 5 ABI 3730 DNA

Analyzer -

5.DNA E 7|8 & = 5 2 47

12 Codoncode Aligner 3.7 #2 ;% (CodonCode, Dedham, MA, USA) #32 & i #7118 DNA
B 7| 14 » MEGA 50425 ¢ (Tamuraet d., 2011) 4 +7 2 * T4 5 2 12 12 Modeltest
3742 E ~ PAUPAZS @ o RPoBo i e i 0N 2 AP M Sl RS AR

#ti¢ * (Posadaand Crandall, 1998) - TCS 1.21 4% ;% 2 # 4k A% % 45 Bl (nested clade
network)(Clement et al, 2000) * *t 4 §% % & F1 4] 2. BF B % o

ARG E LA S RS {17 PAUP3L R B ] 902 (MP)2
S #H(Swofford, 1998) » 12 & 4§ 3 $% ;2 (Boostrap value):+ & MP L fens » L ¥ B & »
LAF = #ics 1000 =t 5 2 Mrbayes 3.1 P < ZL4 A#H(BI)(Huelsenbeck and Ronquist,
2001; Ronquist and Huelsenbeck, 2003) » 1 ¥ {4 ¥ & (posterior probabilities)&g -+ H £ & it
TR R o h A4 4 P B &40 & 53 A 7)(GenBank No. AY874540) -

s DNA & 7 en%h 3 5 & 8 B & 4 (Cuora aurocapitata; GenBank No. NC
009509.1) % 5 % 44 & (C. amboinensis; GenBank No. NC 014769.1) - +: DNA ~ {7 R] 12 &
#f B & 4 (C. aurocapitata; GenBank No. NC 009509.1) £7 ;% < fF # & (C. pani; GenBank
No. NC_014401.1) it & ¢k 3% o



T4 B EPREDNAERA L EH A7 S e DNARY 7445 o Jo % B
kR E A sk DNA 59 CR 3 £ -



AN ks =2 1 =4
R S e

1.8 2% 6 % A dic

EEEkp 12BKD £ 122802 BAY; ¢ 4538338 > P 38348 > 53029
g, 2gm268 (42) s 7 BHARAFZFTLER £E 1808 (£
T ) o

R HE PR -

73 ¢ 3 3 3 L3
v B K w3 [ s 2 £ A [F & [a
” 72 - S S S - - S G A O
¥A# 12 3 17 1 |1 12 19 2 |10 19 [13 13 [122
33 34 29 26

FPU - E AR A TSV AR - 0 FH P RS CR 4 BRI -

A &P #A 0 BRL A& g A L Ay
allis BB
%*‘i ~# 56 45 18 20 20 20 1 180
E 0 1 9 2 1 3 1 17

Lo 56 44 9 18 19 17 0 163

2. 45188 DNA B 7|4 45

CREZ|E & 5 6511 bpe 774 48 > 651bp¥ 7 625 =% @ %R > 26 B i
B RE AP 22357 3t 47e% B = (parsimony informative sites) » 122 & 7% 4
BRIV GFp S 160 AT BRI @EEde 0-31% 0 T35% 14% - ND4 ¥ g A 7
KRS 700bp-14ies 3 %8 27 10BSF A2 R ViFRL 13B AT
A BHEE e 0-09% L5955 04%- 16S F B AL A L 7T77bp 1135 %
Piepdsv a2 Pigss 10BARA] S MRS @RS 0-12% T5
503% (%£7) -

ZERPRMESEHGRE R S 2128bp 51 B R E =Y § BB LT AT R
o VRN 20BAFA Y MBHZ AT R 294730 5 7 - Hibag
F1A o i1 BAEA R @R L 0-1.5% > T355 0.7% -

10



A3~ DS Qs PRI R
kR RE vAbREE EmS B luEg T 497
mDNA 2128 51 43 0 0-15% 07% 29
CR 651 26 22 0 0-31% 14% 16
ND4 700 14 10 0 0-09% 04% 13
16s 777 1 0 0-12% 03% 10

48 0-0.1% 0
0 0
24 0-0.2% 0
48 0-08% 0.4%

NuDNA 2121 51
R35 1015 24
RELN 1106 27
mt+nu 4249 102

RlFroriR
N
=~

3. %2 DNA E 7|~ 45

R35 * BL& & % 1015bp- & 24 B ¥ R = > 325 B fe+ (heterozygous) - RELN 7
BEE R 5 1106bp E 27 B RE > HY 1RSI F AR 24B % 5 B e
F(RI)e E AT BER S 2121bp £ 51 BHE > IBLIFT AT HRE =48
B s RpF+(21)e

A, B A5
(1)#- 5 %8 DNA

ZEFSRHMDNA £ H - 30 B AT (77 BBMH) 2 k5% %R (nested
cladenetwork) (Bl- ) #3&a * ¥ (1 #Ffcl1#F) (1Fes 311 11ARA I EHe &
132 30AF A o 12X 7P RA L= )% (I-L,1-2,1-3) o 1-1& £ 45413 4 (8-
goalf R ) o BHY kP SKAALRLR 12242471512 8 (Hl- &=
iz d 2t ) o kP FEfe S LY L Lk LR 183 HAFA 93 11 (R- &=
% d fRT ) o Bk AR S S wEREE o NEY G2 #H (L1213, 11—
4) - -1¢ A %3 15-16% 20 (Bl- &= d1=1%) > BH kA 27 ~ T4k
L EE 28 AT 132 14 (Bl- E-hh x4 4=1) ;5 11-3 7 324 717 24
230 (B-g-diedfhr) » BHEpAR 2129 S ZH - EH58 08 28

F) o BHAp SeEEFLEOELE AL -
30 B 448 DNA (A F1 3] & MP 2 Bl B AP U A 523 BE 3% (B= -
w) o B RG RHEASITEE AR o S AR A a2 - K
de MPRLS AT nll#9 37 BA L 2t AL EEe? MATFE (Hap 12) €45
11



PETERTLE5% (B=z) 5 n ABl BEH ¢ RAFA S| AEFAE-Az 2
KEPN L HEB TG Y MPREGH e A X HF i GEEdE S 0.9% 0 o) 303F S
His b adElad | i BEd (£ ) c 0Bkt d | {olld x FFareds
dpdcs 077> Bmd ¥E e § A AT indgdes 007 & A HFAFHS

St
n-

E:)
“k

o A EP AP EFORFR SR 0-0082F (£-) > AL NG TN
A PIRR A AT o | A F P Z [ HF ehil DR A 0.3-04%F o I # ¢ che | #
B BEEg A 0.2-04%F > MR AR - A HEHFLBRO]) (FN) o B3 b X HOGERA
11-13%2 > & e Jledp e AT 8 4pTen | -BF o 11-23 (S8 %) 11z
|24c 143 (2%s=3) (B=) > Bd @E4su s 1% 12%- 3 2 ktd o
B4R AL s BT 130 112403 < 3

A B PRI - AR DNA M B BEEE -

o A% AAl AR R
E
Geoemyda spengleri  Cyt-b 1060 1.96—2.70% Gong et a, 2009
Chelonia mydas CR 384 0.3-10% Dethmers et al, 2006
Chrysemys picta CR 720 015-227% Starkey et a, 2003
Emys marmorata ND4 672 3.23% Spinks & Shaffer, 2005
Emys marmorata CR 630 3.34% Spinks & Shaffer, 2005
Glyptemysinsculpta CR 750 2% Amato et al, 2008

F B DNA FLPNE] FEpORREEEL PN RN 2255 MR (2 RS
PN feBle > o R ER RS [ ek

|—1 -2 183 112 1u-1 13 114

-1 003 002 001 001 001 001
|2 0.90 002 001 001 001 001
1-3 094 091 000 001 001 001
-2 097 097 098 005 006 0.05
-1 097 09 098 082 0.08 005
11-3 096 096 097 081 075 0.05
|1-4 097 09 098 084 084 084

12



* BEASGE DNA JEPNE] FE]osE e -
-1 12 1-3 =2 -1 1-3 114

-1

-2 0.4%

-3 0.3% 0.3%

-2 12% 12% 1.1%

-1 11% 11% 11% 0.2%

-3 12% 12% 12% 02% 0.2%

-4 13% 12% 12% 04% 04% 0.4%

ST G A FIY G A R LA K EEA ST A (FENAR) £
Bl R -FHE Zuw R e (vE o) B LR R (FFE S
L) 0% HIR oI L LRI R (pF 2R~ ER-Fs) BESFLS
Ao k) cnB > B E A2 BEAFEIRGBHATAY F ALY S
(24 ) od 523 HPPH 377 nBR > BT LI 24 - AR EF 05}
A AHER g o d e R R ER BT A s FIMIRT TR B2

SRR L L S LR R S ECL EA

(2)+> DNA
+2 DNA ¢ & BB 717 — R4 p]3#(incongruence length difference test; ILD
test)(Farriset al., 1994) k8 7+ = F & B B2 £ B (p=0.01) > & ;2 11 &~ f§ 72 (maximum
parsimony; MP):& 35 B Caet - % & * | X 4 7(Bayesian inference) 4 o Bl A
S RAE-122 € i[%%gﬁﬁéﬁ; Bk 21 EEET’?"&_FE— HRRORKEE T oM~ R
SHEEE S5 BLER T HRI0LEFL-H o L FHEREI RS LR A

MO » B DNAZ 2%k (BT )

13



11-1

|1-2

11-4

China

élﬁEIEE& A gt 35U DNA B3|V AP i (nested clade network) « C_au @ & PRfIRRA

am Ff{éfglgﬁ(a amboinensis) °

14

(C. aurocapitata) ;



11-1

[ ﬁ[’lﬂﬂﬁ'ﬂﬁi‘i?“ FUPNTRIY T B o (R AT 5
;ﬁ}i‘@@ A O [%P F,Eﬁh‘f&ﬁlﬁ@

15



100 C_am
C au
Hap 1
94 Hap 2
Hap 4
Hap 3
4 99 87 Hap 9
Hap 11
Hap 10
Hap 5
86 Hap 8
Hap 6
100 Hap 7
Hap 12
Hap 13
Hap 14
62 | Hap 15
I Hap 16
Hap 17
Hap 19
55 Hap 18
Hap 21
Hap 23
Hap 22
Hap 20
Hap 24
4' Hap 25
Hap 26
Hap 28
Hap 27
Hap 29
4' Hap 30

=~ 88 fR9E (Maximum parsimony)EAEY ¢ WIRLES & rEg AT EUE DNA B4

50.0

il

e 53 PTERE | R RN TINIHIAG » % L2 A = 0.2916 C
=0.2109~G =0.1729~T = 0.3246

) =

(Boostrap value)® i Vi

l

I

ﬁﬁiﬁﬁﬁﬁ%’ﬂgﬁmﬁg

% o Cau: Pl (C. aurocapitata)
C_am : Fu#§4(C. amboinensis) e

16



1 C am

| C au
Hap 1
1-Hap 2
Hap 4
] Hap 3
Hap 9
Hap 11
0,67 Hap 10
0.81 Hap 5
[ Hap 8§
Hap 6
Hap 7
036 yap 12
Hap 24
{ Hap 25
.o 11226
— Hap 28
r Hap 27

Hap 29
0.52 _E{ap—”
[ — Hap 13
{Hap_l 4
Hap 15
{ Hap 16

- Hap 20

Hap 17
1 ~|; Hap 19
Hap 18

- Hap 21
- Hap 23
“Hap 22

0.0080

B [N%*\E'JCJJ#’?(Bayesmn inference; BI) EAZY 71MFLES S Qfbgsi s DNA
#l,ﬁ% [ [;J:Lp@ﬁ;ﬂjr“ » I’ ZJ&.&JE?}*(posterlor probabilities) &r
R f‘l °C au : PRI (C. aurocapitata) ; C_am: 9 A8%(C.
ambomensm)

17



Ao~ {IMELEE B A RO DNA £ 5P IR -

FSaED % o 22 1B RE B

5o

-1 Hap 1 1: 54 (D)
Hap_2 1: 54D
Hap_3 70 5 4%(7)
Hap 4 1: 24

-2 Hap 5 1: 3 (1)
Hap 6 2: (2
Hap 7 8: EHE(M) -~ 5 4(D)
Hap 8 3: FER)

1-3 Hap 9 1: 3 (D)
Hap 10  20: M (9) ~ 24 (1) ~ w 4 (10)
Hap 11  1: 5#(1)
Hap 12 1: ¢ (1)

E

-1 Hap 15 6: =23 () 212 ¢ 3 (2
Hap 16 1: 53 (1)
Hap 20 1: 53(1)

-2 Hap 13 7: % %(7)
Hap 14 1: ® # (1)

-3 Hap 17 1: B % (1)
Hap 18 13: B4 (11)~ ~ 4 (2
Hap 19 1: &4 (1)
Hap 21 1: B4 (1)
Hap 22 5: 53 (D)~ &% (4)
Hap 23 1: B4 (1)

-4 Hap 24 2: % &(1)~ ~ 5 (D)
Hap 25 1: 5& (1)
Hap 26 2 2 (1)~ £&(1)
Hap 27 30: AH Q) s# (1)~ #¢ (D)~ 53(8) > 21(16) > ¢ 3 (2
Hap 28 1: 53(1)
Hap 29 1: & (1)
Hap 30 1: Z#(1)

5. ivf‘ l/[ﬂ; *ﬁa‘ﬂv ’fi}vﬁ':;%\ j\/}}‘%

i #2508 DNA # thCR ¥ £6n16 B 4 F1 Q)2 4 + R4 (B> ~ §- ) >
SRR BRI DNA & B AR ApR S AFA 1 6Bk p v R 5

(v E s AR

LT R (S¢ s Rk EE S A8 HEELE (BLAR)

s R L R (FFES L) AR T 16k P 4

18



PAMCRYELZE A RRE S - £ 7% Ry RpHER - AP
180 & 4§ fch BAELIF S 6 h16 B AT - A2 4F (R ~FN) - B s
CE(TEREHA RS SRR PG 17 R AF e B He 163 L3Ry
—HE (PR LRE REESEE) (1) RTINS RDY 5 I8 R TER S
Bk oo} BAEY REWELE- E i E RRCERMEL R S A3 L
t‘[&]@?l)\ o

‘}‘

A~ FIMELES QPR RA B PTG SR AR

%l EAENE JE O RS 3l Y (%Eﬁ AR Eﬁ'%‘i‘?ﬁ’lﬁ[ [BrE 0 PR S iy
il R (W) q*lﬂ‘%ﬁgﬁ% °

#F w0 kR iﬂf"]{%‘

FoE | Rk REHZ BHEK Bl BEFRP AR BWE

Hap_1 9 5%(9) 3 A4

Hap_2 1 5%

Hap_4 1 #K@Q) 1 ##()

Hap_5 20 A®O-~ @0~ v %10

Hap_6 1 240

Hap_3 14 FHE(13)~ £ (D) 13 374 (3)~ F228(2) - # 243
(1) ~ &% (6) g\(1)

¥

Hap_9 7 2@ Z2H#HQ - 230 45 e (3)~ &7 (14) ~ B 2 (2)

Hap 16 | 1 3 3:(1) B B3 i(Z) EA
21

Hap_7 7 wa(7) 60 i ((4))\ (A7)~ B 2B )

Hap 14 | 33 HAK@) -~ 54 (1)~ %4509 ~ B 5 5-(13) - F 13- 4

250D o= F (20)
(2~ Z @17

Hap 15 | 1  := (1)

Hap 11 | 1 53 (1) 25 #7(5)~ B2k (5) B i

Hap 12 | 7 & (1)~ &% (6) ARRER NSRS C))

Hap_8 1 3 #(Q) 13 #7+(13)

Hap 10 | 15 & & (13)~ 5 4 (2) S AT ()~ F EBIH(L)

Hap 13 | 3 £50)- 53(2 15 374 (1)~ % 22£(8) ~ £ F (6)

19



C_pani
P Cau

0.57

0.88

antou_chen1
— Kenting_17826
Kmmngj 6687
Chiayi_13194

n
— Yunlin, 10472

[— Yunlin_15699
— Tai 01
—— Miaoli_10033

0.76

0
—— Miaoli 00961
—— Miaoli_10415

_16888

I— Pingtung_chu
[— Tainan_chen2
in_10715

0.63

—— Miaoli_10162

0.97

— Taitung 1713
Tagﬁungj 1277

Yunlin_06100
Yunlin_17231

B > MBREIIN ST T (Bayesian
%fﬂﬁ‘ 5

-~
° Er7Zd

ing_11934
ing_2nd02032

ainan_17992

inference; BI) @%J/f}ﬁﬁ,ﬂ“? K fkgsty DNA Hiag
¥ BT R > TJE E#SR (posterior probabilities) BV

Fr l’ﬁ@ ° C_au * £ PAHIRE4% (C. aurocapitata) ; C_pani : 355%%&53(0

pani) °

20



100 C_au

C am
Hap 1
Hap 2
93 Hap 3
Hap 4
Hap 6
100 Hap_5
China
Hap 7
Hap 13
59
Hap 15
Hap 14
Hap 16
Hap 9
Hap 10
Hap 11
Hap 8
Hap 12

40.0

A+ fiﬁﬂzﬂg‘éﬁ Akt CR A > IR (Maximum parsimony)ﬁ’?@?f‘%
ﬂfﬁlﬁ%iﬁfﬁ? ° ﬁ?ﬁﬁﬁfﬁﬁE'Jﬂfﬁﬁfﬁi =0 8% TPM1uf+1 ’fﬁﬁﬁliﬁﬁ*%@?:
A=0.3055~C=0.1927~G = 0.1506 ~ T = 0.3512 ° &5} FILJE?‘@["“?E: » I']
ErH#EF (Boos trap value )5V [%@ ° C_au : £ PFFlRA4H (C
aurocapitata) ; C_am : RV #§%(C. amboinensis)
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1 C au

C am
0.98[ Hap_1
Hap 2

0995 | a3

Hap 4

Hap 6
Hap 5
- Hap 12
— Hap_8
— Hap 11

— Hap 10

1 Hap 16
{Hap_9

- Hap 14

— Hap 15

— Hap 13

—Hap 7

L— China

0.0090

B~ i RELER S Qs CR A B > [MEI NS0 #r(Bayesian inference; BI) #
ﬁ—[xgj;@%fﬂﬁ— %;}igﬁﬁrﬁ » I'JE1 83 (posterior probabilities)
PHYE RS - C au EPARIRE (C. aurocapitata) ; C_am* R 9Hig4(C.

ambomeHSJ s) e

22



I_Ks_2_16107

L ——) km 35668
I_Km_35679
1_Tp_10195

1_Tp_13381
I_Tp_15853

ﬁ‘i‘ﬂ‘ r PJRAS S A
gt s - p
EI'X 5T (Bayesian
inference; BI) ;ﬁi’f‘ﬁ"fﬁﬁﬁ
(R8T [|7J—‘I’§'T@l*‘$‘ r'iE

B (posterior
e probabilities) Bl V' 5

% - Hap ¥4 Haplotype ﬁl[*l__{J
(—4: LY 3L PSR CR M
}T[Eﬁr‘ -~ EEITEQT;FI %l["d
_—1-Jm iEFFT ffl ° Tp * Frf*E-E.
'[ﬁ' Iﬁ" Pt el

: ~»F'FJ DT Ks 1
FI'J'Z%EF ‘KS 23F§f§’[§§ﬁi
C_au * £PHFflE% (Cuora
aurocapitata) ; C_am * Fu 0
£%(Cuora amboinensis)

China

23
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Foh o Ga A AIAE SR ERT A

Gt KR 200787 2 20119 " HBEPp2E-FORNUNTEAHREZLT
4BA EHEL40E o HBHEE 21 B & AP EN S AR A AR
ﬁ~%%ﬂ~aﬁmﬁrewm,$%ééﬁT*‘éﬁ%‘@+hw~$ ERi o~ ¢

ARk o BB VAR G B QAN JEE S HHAK R L T
k% 534 (Chen,1998) - & #¥ - 2 -k > Fpwf s UpHFERF - > T§
B A e HEZ G0 > SRS ATARTHE BRI T BPAES 0 R M
e e st BAL S Ao p R TR LN P s fo a1 o £ 40100 & MR A

d ** MANOVA % DAm/’a\%‘?%iiéﬁﬁ;ﬁ%%%m/} LR AR R
Bo(4t-) o maE (F4) - T ¥ TEL-E2-N~S- P, 743
PCA% DA® ¥ 4cr»- <2 INE~SP 2zt »H2¢ INE, A4 ¢ 3
B2, =%z %- A H > NZMIEHE> EIHE24 45 W3NG - HELINE - 3
'SP, "4 & 3 TS P, - #H2 5% -+ ¥ Sidait%¥FE PLiELFLY

WIS ppie Y Bl R THEL L L - o

1.2 R FF ] & g 2w o 50

G B R RCRAR 0 0 RN ME s PR AR RIEF LB T 2R
P T A3 B (TR S REA TR (R /F T R R > CE K
fv\%j&rl CPL*sg? 3£ ;14.CCL# 7 3£ ; 15, ACCW + # 7 35 % ; 16. CCCW ¥
FO38F ;17 PCCWHH 758 % > g 2 pE X6 8= 1lmme 2 e8Eup ¥
PPERE RIS E = 01mm) (R )

(1) "z ® 3£ (CPL: curved carapace length),

(2) *F15 & (GL: gular length),

(3) *= ' & (HL: humeral length),

(4) 73 5 % (PeL: pectoral length),

(5) *% a & (AL: abdominal length),

(6) % § & (FL: femoral length),

25



(7) 'z 5 % (AnL: anal length),

(8 iR (BL: bridge length),

(9) *F1A ®(GW: gular width),

(10) #= 5 % (HW: humeral width),

(11) #3 5 % (PeW: pectoral width),

(12) #2 5 % (AW: abdominal width),

(13) "= 5 & (FW: femora width),

(14) # @ 3n & (CCL: curved carapace length),

(15) = 4 @ 33 % (ACCW: anterior curved carapace width),
(16) ¥ # = 31 g (CCCW: center curved carapace width),
(17) s 4 2 335 (PCCW: posterior curved carapace width),
(18) # 7 & (CL: carapace length),

(19) &~ # ? 7 (MCW: maximum carapace width),

(20) 52 ‘5 & (CeL: cervical length),

(21) % - 25 & (VIL: 1st vertebra length),
(22) % = &5 & (V2L: 2nd vertebral length),
(23) % = 12 5 & (V3L: 3rd vertebral length),

(24) % = 12 5 & (VAL: 4th vertebral length),
(25) % 7 {2
(26) &t 4% A & (MIL: last marginal length),

% (V5L: 5th vertebral length),

(27) =+ % 7 F (ACW: anterior carapace width),

(28) * # ¥ F (CCW: center carapace width),

(29) s % 7 F (PCW: posterior carapace width),

(30) 57 7 % (CeW: cervical width),

(31) % - #& 5 & (VIW: 1st vertebra width),

(32) ¥ = 125 & (V2W: 2nd vertebral width),

(33) % = #& 5 & (V3W: 3rd vertebral width),

(34) % = 427 & (VAW: 4th vertebral width),

(35) % I &5 & (VSW: 5th vertebral width),

(36) & ts + % ‘A & (MIRW: last right marginal width),

26



(37) % - +** 5 & (PIAIRW: 1st right pleural width),

(38) % - +** 4 & (PIIRL: 1st right pleural length),

(39) % = +** 5 & (PI2RL: 2nd right pleural length),

(40) % = +** 5 & (PI3RL: 3rdright pleural length),

(41) % = + 4 5 & (PI4RL: 4thright pleural length),

(42) % I 127 + & 5% & (VSRBEW:. 5th vertebral right back edge width),
(43) 3% (SH: shell height) -

\

A= FIIR AL WRER R SRR B -

B B B e Bl FIELE R S
R i s (g ) MEL (KA %)

1 fEs 2 5 8 =1 9

2 TiEE: 1

3 SAR 1 0 1

4 L4 3 6 9 E2 9

5 #ps 1 0 2 N 23

6 Fras 1

7 ABW 4 5 9

8 wam 2 1 12

9 w#F 6 3

10 5@ 1 0 1 S 50

11 sz 1 6

12 &35 3 2

13 ZHgk 25 7 39

14 Z 4+ 6 1

15 :fafh 4 0 4

16 Big: 1 2 8 P 9

17 B 45k 1

18 B % %k 1

19 B4Rk 1

20 Bip 2

21 S4E: O 1 1

BE(les]) 64 36 100
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FA T S (AR B R BT IR (L) -

lt}_ E,|J
#1240 %n(FM) Female Male
X *=SD X *=SD
min — max min — max
E1l (3,6) 162.22 +4.14 145.73 +14.12
157.45 —164.72 128.10 — 170.95
E2 (3,6) 142.33 +6.43 142.33 +14.03
135.00 — 147.00 129.60 — 161.00
N (14,9) 157.51 +11.82 144.12 + 10.66
144.00 — 182.50 130.90 - 161.50
S (40,10) 160.97 + 8.46 153.35 +9.83
143.10 — 178.70 132.65 — 167.66
P (45) 163.53 +7.90 154.46 + 14.15

152.00 —169.20

135.80 — 168.00
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W#‘*ﬁﬁ@%@ﬂﬁ%ﬁ%ﬁ

a
[ ]e]
P2 LA ST
BB T
JNE
12 | B 2
Es ¥
NE SP
5|
E El S
E2 P
N
]

ISR iR S

F A Sy dﬁ;wfﬁ%@f ;@737}"?’3&5\'3[4'[ 'I_LBIEJJJ (:“F'JM
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an
(16Y28)
10
(A) (15)27) | (B) =
g
{<' (50} =
21) / o 2 /
* ¥ & j
3)
22) ? 2)
39) 4)
]4} 1
18) [23) — % \ 8)
1)
R . 5) ’
24) T ~—
) j&]
25) \ 35)
\ 7)
26) u
36
(17)(29) 1 =
(12)
1%

B~ AEERETE (A REP(B) SRS S B

2. % B
B AT At gl %0 A3BRIE R ERE T A T R 2 42
BBl P RERBEAITE > AR D Rl 100 RIS s
HEMAZ Ak P L B A S A SR H B A4E 0 Bl E T R LR
ZHATEEE LD NI AL o

3. fu;‘l‘ﬂs /é

(1) 2 %&£ %L &K~ 472 (Multivariate Analysis of Variance, MANOVA )
WA B E A e BN A2 B BTG Rk R ELEL 2R TFF
" MANOVA 247 > 27 f2 43 B R4s B8 Hcs B i s 2o 3Hs B FE F 4 F

&)

TR LE e PUPVELRIEERE S AR IO LA SR 2 2
Bk s B AT K20 PBRFVELBAERF L BfrELs

HRAAL A7 2 WA 472 B8 Bepzefi A 2 47 o

(2) a =& &~ 47:2 (Principle Component Analysis, PCA )
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B2Ad MANOVA Y Vi B A HF LA R 2 B 54 4 Bkt - eHdis 18X
ERFORFRACHP ELFFNLE R 27 A RHFFFI R A
PF o BB e 3 A H s e A I M R AR T g P
o Fpt v L RE AT FHen T 0 2 T MY RS R B T oo 1Y
A2 B EHBRPCA > X AI* A X A HE A BRRIE S A A X ke R Y
WALE D A A% PG P RET AR A A1 o # % il 5 SYSTAT 120

(3) #)u] & 47;# (Discriminant Analysis, DA )

DA 5 3 d0EEF G oound| B s HGERA] o MBS R S
TEVERELABRE LT AP £ - HE T LT R R R 2]
WEAl e ALY A RAER BB B 230 Fltdedl » 23842 B
HHs2 W EREITLIER S R DARSREIIEE o % E dopt o Pl
MANOVA ~ PCA A 47 ¢ #riE B4 ke it 5 DA P chp S (FERI%H) » up @
AETG RS (S eRi) o HEEZEEE DL SRl TR IR
Ry A L [ 3EE o % i 5 SPSS120-
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AN ks =2 1 =4
22X E 4%

1. MANOVA

MANOVA 4 % %% > Lo B %k Egkalds L3 8F (p
005) - MuFLZEMF2 R4-ERBEF 28 > AW 5T F 9B ~+97 _FHE
BREHIOB ~F7 4B ad o _“ a5 Hmipaatal (44
=)

PuF LR EEF 0 EREET 196 AR ST BB T _KHER
FHcOB ~F 7 MRS BET Y _ B3R o v RV ARG e
BARE R AT B R PR B (36) Emepihop vt o A

B Lepl At (2L 2)

2. PCA

742 B sl taM # PCA 150 N 11 BHAE A 15d o
PC1 5| PC5 # fici® A 5] 5 10.611 ~ 5.492 + 4.007 ~ 2.801 + 2.149 » # fc i& 4 4v &
25.060 » % A2 2% B 6] 5 59.68% -

Mtf hOPCL 1 vpdh AHA 2 AdEmaed 2 (F4-) »r k22l
GRS S EE S & EE LTS B R F SR R R X

S

PC1 (2527%0) —PC2 (1308%)
3 T T T T T T

PC2
o
I

1 —

Ll | SEx
X F
oM

-3

-3 4




= FIMAERY D P I SR PCA 2 5 [ ST R -
* T iRApEEP ‘%Y#ji%r%@ﬁs@&@m ol IR B B, e RU
B g (A Br100) -

il

TR EH (%) Bire 8 FiE Muptg st EgEHE FiE JERIREE 23
o 17 5nk CPL 22262 M F  RCPL 15481 M F
4395 £ Pel 11520 M F  R-PeL
5% £ AL 20844 M F  RAL 11603 M F
61 f £ AnL 23526 M F  RAnL 14236 M F
8 ifi & BL 26457 M F  RBL 12552 M F
10 5 5 % HW 13242 M F  RHW
115 4 % Pew 19404 M F  R-PeW
1255 % AW 19907 M F  RAW 11983 M F
1395 5 FW 11597 M F  RFW
FU gR 14 %9 5K ccL 18644 M F  R-CCL 13515 M F
15 + % 7 55 ACCW 32555 M F RACCW 27526 M F
16 ¢ 4 7 38 % CCCW 3696 M F RCCCW 36731 M F
17 16 % 55 PCCW 19948 M F RPCCW 9671 M F
1847 £ cL 11732 M F
19 g% 47 MCW 22545 M F RMCW 6204 M F
AT ACW 33044 M F  RACW
289 %0 g ccw 37293 M F  RCCW
29 % g PCW 23246 M F  R-PCW
43 %3 SH 39071 M F  RSH 36241 M F
£9 j1EL 2% vaL 23936 M F  RV2L 17541 M F
BHzfFE V3L 32765 M F  RV3L 26007 M F
245 uiafE vaL 17473 M F  RVAL
FO fEE RE-MEE V2w RV2W 21531 M F
BH=@EE V3W RV3W 2481 M F
B iLHEELT  MRW R-MIRW 8293 M F
2 %345 Li%% VSRBEW 6706 M F  R-VSRBEW
#9 wg 3 H-+LwFE  PIRW 18135 M F  RPIRW 6987 M F
BH- LB PI1RL 14813 M F  R-PIRL
9§ L EE PI2RL 31937 M F RP2RL 31959 M F
40 %z L EE PI3RL 24039 M F RPI3RL 19493 M F
4l % 4w f L PI4RL 10968 M F  R-PI4RL
Ty 28 19

p .01 p .001



3. DA

2 F EREs HEBZER THT BEAILFE (6) ~xEE (T) o
WA (12) ~mFH (13) ~ ¢ 7 5 (28) ~h+% %% (36) 2 52 4% %
£ (39) g r Huade (L2 ) o FBLL AN u Sk (21T )

EES S8 E S 4 g R A5 (7) 2R R (13) o
7B RFHY CREE (6) ~xER (7)) AR (12) ¢ F P E(28)
EHC LR R (39) Sy A REE (18) 2R F R (36) &
Hlu| S 5 fAR o d B EE AL A X NS d s E (Bl ) Tl L3
Wl BelE < 0 FRARIN G 0pd L KN IS BB ) 0 F R ALY
Ll oo Wo g aws2mEE (6) R (7)) AR (12) ~ ¢ AR
(28) 2 - L FE& (39) 7 B &P b £ mF T (13) 2 ki

-

B(36) ¥ BT A G BE o T ASEE D F 2R TR A o pup
Beh s Y BENG s KR R B AT T AR g R G &

TR e M wHA S B fhliched L o Hu| P aE 94% (£ L - ) o Foeb s #du] Sk
ST T B v A RN test o 50 R AR (6) 2R (13) b Rk
vEgF-LE (p 0001)

FA P A LGS R f“a”ﬁ*ﬂﬂﬁ'ﬂb““f@ﬁﬁ?ﬁ]ﬁlﬁ?ﬁﬂ“ RIS 8~ &l
TEF‘F#EJI”E\T B Bl W B (e (A B100) -

Xy Canl
6 "% ’g £ R-FL 30.14
771 & R-AnL 67.73

12 %8 %5 N R-AW 19.16
137 & R-FW -54.27
28 ¢ ”b "R R-CCW 19.77
36 ﬁx%"‘ TSR AR R-MIRW -26.26
39 % = + v 'ﬁ £ R-PI2RL 42.85
W ﬁx -27.41
Eigenvalue 1.576
Canonical correlations 0.782
Cum proportion (%) 100.00
Wilks A 0.388
i 89.421

p .001
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FoA 2 2 AP B B BRI BRI S) et (I B R

l

e *“Jﬁ*ﬁ: Canl
G&ﬁm R-FL 0.36
7514 £ R-AnL 0.89
12 ”E a5 R R-AW 0.43
13 B"’ N R-FW -0.92
28 ¢ "b L R-CCW 0.53
36 B & + % ﬁ N R-MIRW -0.35
9FH - LHEE R-PI2RL 0.48
X
0 X
0 X X
00 XXXXXX X
00 XX XXXXX XX X Female O Male
0 00 XXXXXXKXXX
30 8 838 KKK
lo |o 08 09 o>odoo<§8§o<x§§x§xx K ¥ |
S X %5 4N Q9 N YD “ <
Canl
427 Iﬁﬁﬁrﬂwlﬁs’?ﬁ £ qE 37l il it o TENE e RIS 1711 ey el U € =
+8-100) o

SN R R )N S (L)

2TAL+0IA R FE v E) +6778 (P F £ iE) +1916 (FLF R ) -BA2ZT (R E R
W) 41977 (P AT R E) -6 (BTSRRI E) + A28 (- F R E)

Ppah 2 & R )] Ses ks ) ¢ -1501 - 4028
2edb 2 2 A5 gl B ) © 4645 — 0436

dE TR REAER  CRF RGNS BRI R R ARAET
fo d R AAT AR D A (RpE 6 R TCEE 2% A W

13) »vpdd MAATRG TR I A TARR »ae B F A S
®oo 31 Bepd B e T AR o F T b hl B PG ek hd T ¢ MEE
(¢ %

P
PR 28) cFZEHE (5 R 39 RETERUESE (RBESET
ﬁﬁ' _E_' ﬁfslbfpﬁ'& °
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A {IRA P R B I ARG A ) A A IR B R -

Fisher's &t |4 21| )] & e

"

b Female Mae
6 % ’p * R-FL 693.10 615.08
715 & R-AnL 1798.69  1623.33
12 %88 % R-AW 589.09 539.48
13 % ’ﬁ B R-FW -374.57 -234.06
28 ¢ # 7 F R-CCW 554.12 502.93
BEETHAH R-MIRW 466.43 534.43
PVF - P EE R-PI2RL 2276.83 2165.88
W -784.71 -715.26

LY OBBALHETRT L 24 3¢ 2T B RTA R

B = Fi AR AU JBGHY FIT
1w . L
tk~8K Mae Femde (%)
Femde 64 1 61  98.44
Male 3% 31 5 86.11
RIPPIEFEF=94.0% PressQ=70.56
p< .05

4.9 BAHTLE
(e PCA
64 Supd s 42 B BBz M FPCA R EBd 10 BEE 2 1
¢hi & > PCLl — PC5 4 #cie A 5 2 9.415- 6.888 ~ 4.116 ~ 2.601 ~ 2.455 » 44 i &
#fcs 25565 R A2 f2 R 5 5 60.87%
Jl* Fper B350 64 BRMAT BALI i S sl BUKGE

T BEREABEKS  BREFALFERGH (ML) cPC RZABAH

ppiu)

S (B-+e) o
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(a) PCl1 (2242%) —PC2 (1640%) (b) PCl (2242%) —PC3 (980%)

3 3 T T T T T

Groug
- n * E1
O E2
_ _ O N
AP
3 1 1 1 1 1 XS
-2 -1 0 1 2 3 4 4
PC1
(c) P2 (1640%) (980%)
3 T T T T T
2? -
1? -
m
9 or .
Groug
-1 N * E1
O E2
2+ - O N
AP
XS

B =~ 7 A e PR B i ﬁ‘}ﬁ}ﬁ}é’ﬁrfﬁqﬁ' °» PRRTRE
FRBEED  EL > BT 85 B2 - BfieT= #5: N> I P F HEES S » [Pipkhie -

38



(a) PCl1 (2242%) —PC2 (1640%) (b) PRCl (2242%) —PC3 (980%)

™m

£ ]

-1 —
oL Group
O NE
3 L L L L L X SP

3 -2 1 0 1 2 3

PC2

Group

O NE
X SP

i P 7 LR R B BT BT 553 5 17 5)

B < NE» I TS BRI B P 4 LM R
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(2¢¢s DA

64 Gupdh 1 4213 BB F BT FR DA L HEEZEZFE (10)
B AT (19) 2 %3 (43) 3 7 BpFguE » 2| uandic A4 3B B S 2
BHEEEA YL 70.30% - 16.21% ~ 13.49% > o kg ¥ k& (p .001) -

g R LA K n ST R 3BT BT > BF (43) & F - AN
# (Canl) So4ph > %2 % (10) ~ B < F 7 3 (19) 2 Canl ¥ 5 f 4P © A &
B (43) 254 %7 % (19) #Canl & 4oy - 2l sk (Can2) i
TAPME SR A AT E (19) 2 BF (43) » =z EE (10) g Can2 k fARM 5 A%
G (10) 2 4<% 7 % (19) #Can2 & § = SRR I = 3 I e )
S (Can3d) % 52 4ph + #9325 % (10) ¥ Can3 & = 4o

(a) Canl (7030%) —Ca (1621%) (b) Canl (70306%) —Cai3 (134%%)

0
Can2

B = _Igt‘ f ?\Tﬁ?ﬂﬂ‘;@ﬁlf&ﬁ SPR TR (ZEE) gy Al B I
773 rani- U
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d & BiA bl du dficnduSicr o FREA LD S X8 Sl B2 o
fh Canl Can2 BlP » & s 2R3 ~ AL 332 L g3 d > |
FoANME - HEAR-HR AR ZRFY (BT a) - & Canl Ca3z W
By zr>rc® (B-7 b) - & Can2 Cand3 z & ¢ L3 % -

¥ Frpamo (R47c) -
BB ST WU R Sl Glicho £ L o~ > |1k T h 84.4% 0 1L d
A FLFESF 100% 0 & 2 WL FESF 97.5% 0 ANFE LS 57.14% 0 L ET mF

25.00%8 M (4 L4 ) o

Bt Elro
8 Fisher's &4 1] %] & #ic
El E2 N S P
10%= 5 % R-HW  293.44 457.66 345.83 381.39 462.00
19 &~ ¥ ? % R-MCW 1077.57 988.54 1197.05 1206.92 1139.90
43 % F R-SH  819.17 755.55 669.03 558.86 690.20
¥ K -628.34 -614.96 -664.18 -638.00 -691.64

A o {IIR AL P T B BER T BEP TR A ek

BIEAE KW ) ) i % I FE
I%¥ kA& EL E2 N S P (%)
=4 3 3 0 0 0O 100.00
E2 3 0 3 0 0O 100.00
N 14 0O 0 8 6 0 57.14
S 40 0 0 1 39 0 97.50
P 4 0 1 1 1 1 25.00
R IR T FEF=84.4%  PressQ=165.77
Mo AR DA S HERZERT 4 BT BRI ZFE (3) CFIF Y
(9) ~%-Fk (22) 25efag & (24) &rHu ol FR¥EEE 100%
EEHFRE (p 001) (- L) od FRECLAHuSEGE (22— ) 7 F

DoAY RPN ey LK B RS fE R (22) 2R e R (24)
RIS 1o
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*= flﬁﬁfﬂ'ﬁ CEg PR B S VR PR3 A S A BT e
B~ T & AR R ROFRAE B W R AL -

Ty Canl
3 F £ R-HL 25.53
9+F)a & R-GW 31.00

22 % - {5 % R-V2L 64.05
24 5w f2 g & R-V4L 56.59
W -31.58
Eigenvalue 0.897
Canonical correlations 0.688
Cum proportion (%) 100.00
Wilks' A 0.527

> e 38.401

= = pIR AR E P R RS R ARG I A A B

FHB e -
BB Canl
3% % & R-HL 0.44
O¥FIE K R-GW 0.47
2% -ftFE  RV2 0.76
245w frf £ RVAL 0.59

¥ R PRFTIEFHEZE T e NFEe- ¥ (BLS)
X XX X SP O NE
XXX X X
XXX X XX
XXX X XXX X (oXe)
X XXX X XXX OO0 00
I XX X [X XA A XRX0XPD X Ol 00 |0 |
M e v e Q v v % ™
Canl
I‘I oo L A gy @F"%%ﬁ'n?ﬁ (= ANgE) P i) A B HH]
PR3 BER
BOIE A F D A FEH SN B Sk ke d - Lo 0 Hw| S i 85.9% (£ =
L) o F e EE L L EI S 9318%RF 0 AN - H L AINE - 32
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BAEG G T000%  HET HAOH S EE 0 2 AHI AIE - F L LE S ER

E- A HERESH WIS 0 T A AR T HY R

B2 - [P B BT IR (2 ) R R
BB (RAEr64) -

Fisher's & |4 21 %] & #c

%k
NE SP
3% % & R-HL 085.28 933.94
9"Fa % R-GW 1392.03 1329.71

2% -f#E+ RV 1877.58 1748.80
24 5w {2 h ’i + R-VAL 2004.92 1891.14
LK. S -567.93  -502.89

AT 2 A ﬁapl%&fﬁf’éﬁﬂuw (= NFE) PRy H] 53 A2 HI -
f]re} (FR1gro4) -

WA E R W H)w) 5 % it FE
- AFE A NE sp (%)
NE 20 14 6  70.00
SP 44 3 41 9318

BARPI T FEF=859%  PressQ=33.06

(3)z24% PCA

36 &aeah o 0 42 v B2 AP WM PCA» £ 5B 10 BHEpAcE <> 1
i 2> o FIPC6-PCLL 2 #ricimy <20 2 g R 6]y <5.0% > = 7] PCl-
PC5 ¢t % o PCL — PC5 $# it A %] 5 9.113 ~ 6.124 ~ 4722 ~ 3.588 ~ 2.612 » 4 it
Birs 26159 R AR R 65 62.28%-

I P B35 8 0 36 BRAAT B SR i S Adk BT E

IBEEELFERF & PCL PC2 43045 - HEAMG - FHL o A0~ d a3
L



(a) PC1(21.70%) -PC2 (14.58%) (b) PCL (21.70%) —PC3 (11.24%)

2

B = 7 AR R BT 551472 55 (953 5 B -



(a) PC1(21.70%) -PC2 (14.58%) (b) PC1 (21.70%) —PC3 (11.24%)
2 3

Group

O NE
X &P

Groug
O NE
X SP

PC2
B ™ A R BTG 5 TR 58 151 B e

(4)%24% DA

0.11% » &+ 33 2]% &t ¥ k& (p 005) -

437 RS > P REL (24) CBEHEE (26) ~HETE (27) 2%
~ 2uSdk (Canl) A0 4RM 0 33 (43) 22 Canl i f4pM 5 A bisi 5 & (26)
2T E(27) $ Canl &4 x4 o @ 2uadk (Can2) B AKX
SEEHEE (24) ~EEHEE (26) ~FFET T (27) 0 £F (43) & Can2 :
AR A Re R (24) $ Ca2f gt 4o %z Huade (Cand)

£



TARME SR G AR (26) 28F (43) > wefr ik (24) 29 %7 5 (27)
w2 Cand i f ARl kg E (26) 243 (43) ¢ Can3 & F fs T
B AT HA Canl Can2: LINA HEH U =2 HAH o F 5 ¥~ LN
HELEHELNR - BLrELR JREVHOERESFE (26) ~wF T 7
(27) 2 w5 £ (24) > foEs blengd (43) (R~
(R Lb) T e AIEE L LEE AN - FE AN o HEE e
AEEEReA B o i Can2 Can3 ¢ (B4 ©) » %71 Ktk - H ol w30

TIAREA -

(a) Canl (7955%) —Ca2 (1447%) (b) Canl (7955%) —Can3 (58M%6)

i T 7 MR T S BRI B TG A7 T BB B
qgﬁl °
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T OEB AN G R S A - Lo s Hu| LR T, 72.2% 1k
MY - 22 L IF - S 100%E B 0 7 4 WED LR 70.0% 0 L DR S
60.0% » A 8 I FES A444%5 3 (R Z LT ) o AN BRI B X I F G20

B R

HEANE - B0 s NEY BALEAR HIANERLfE L HH

.zag

R

AP A P I SRR R (2R eI AT AR E

FrEr et
45 Fisher's &4 2] %) & dic
El E2 N S P

24 %z ﬁ £ R-V4L 2854.15 254922 2875.97 2714.62 2882.29
26 B {8 % ﬁ £ R-MIL 4506.65 4163.34 4851.63 4848.44 4747.45
27 @ F v F R-ACW 2082.88 1978.18 2305.83 2302.41 2328.89
433 R-SH -313.52 -256.73 -477.68 -473.97 -552.06

¥ #ic -975.82 -858.80 -1063.58 -1034.74 -1036.04

A2 I {IR AR P I BT (28 TR A3 AT A
& o

2RSS 2] gy EIRNRE S I EE
I R¥ it Bl E2 N S P (%)

El 6 6 0 0 0 0 100.00

E2 6 0 6 0 0 0 100.00

N 9 2 0 4 3 0 44.44

S 10 0 0 2 7 1 70.00

P 5 0 0 1 1 3 60.00

BARPI T FEF=T722%  PressQ=61.36

Mo AHEHWADAYE HEHEZFERET 2B RS ELFTE (19) %2 %=
ff R (23) i 2 Sl 3 %¥ L E 5 100% A FkE (p 0001) - R
b A A e Sk > Rz gE (23) A u Sl AR B F TR

(19) & |u| S fic s fARRE > 29 & ‘fﬁﬁ-& (23) $2|w] Sl s § i+ 4

pRAFE-AFEAECLY (Fl= ) s < FHEFIJ £d LART 7012
Wl e A F o FRARMIRLAIE S AIE - FHE ARG - F- A H
F2o Al bE o FARHILELEZ T NEE A H
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fehu i) e i fcdo 4 2 -2 > HlRl 2 S 5 80.6% (& =

)
L) o AR - H L RIS R A REE- A FEL RS 8571%RKRE 0§ 9 N

A2 AS - DA PR BT (M) TR A AL

J*F[Q\"T{ B o
Fisher's & |4 2 %] 3 i
K 24
T NE SP
198+ 9 7 R-MCW 1126.16 1182.91
23% =& “ﬁ £ R-V3L 2048.99 1895.66
LR S -585.95 -595.07

VOB TR L S B A 3¢ 27 BAEMTLF
NE A 303 ~ A30% - 32 {3N% -3 SPLEHZ T a ItH

A ﬁﬁﬂiﬁ‘%‘ﬁéﬁ‘% P BT B (2 M) EEree I3 A A
FE}

BIA R HuE ok pS

- AFE fKkAE ONE sp (%)

NE 21 18 3 8.7

sP 15 4 11  73.33
MIEP|I T FEF=80.6% PressQ=13.44

§ 5 o X SP O NE

X X X O X0 OO0 O O
L X XX XX OXXOX000 O O |

-3 -2 -1 0 1 2 3
Canl

é ﬁﬁﬂﬂ‘%wp[%ﬁ%@nﬁi‘ (2 B Pl 3 A E 2
7“[ 753 BB R

d b L‘fu"‘:‘l‘k\’lﬁ'l‘é"% j(’% ’ ‘;/%J;l 2 %iﬁibxb“;ig’fbfl :_Av\%iﬁ']&g %Ilaﬁ:ﬁ'?]" t_,__;IL'
Bor g (AHANMY-#) PHE - H2 PLRRLIEF AL 1R A%
AT BETR (AT E19) 2T E BEETA (2F 1 10) o A -

AN
HEBEF - FIEERR TR m wERR S ANFoERR T T BERR
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SR GRS A FH AL Z Y A F IR

Dot aurd BRLVAERA D ESEREF 2 E&F M DAFEFRD
Ao FRENY G RAERLRA T4 (Chanleyetd, 2008) 0 #% F RS
& s B > 1) >3k %% %(Global Positioning System, GPS) @_iz » B* @ A+ * @ %
(facetoface)™ X » r1#f4c B ehw Je & (Whiteetal., 2005) » & 2 2+ B g5 £ 2 B 2 &
F g L& (practitioner) 3 3 B # (Gros, 1998) « 4 £ 440 4 i5 # 4 % | (Chen,
1998; unpublished data) - -

N

”

wOE SRR

TR R %?#oé%*iﬁﬁ?g
M A PRRETS AP FEME TP HRE AW
FookSidrk S o I EEPEFL PR IRLT

AR R L E R R -t B

AP KRR S SR I Y

1
2
JHAK AT FE SIS
4

Axpkirp@rfd f2i F  PHLIm B bl 2
FEAIE O BRKE B - kEF o

RIFERRX 23 F 0T Sdush - 8- AN qilicnb Bhs 20~ 0 i v 102
GRGR LR E S o LN 3 S8 S R F  RliE-

HER AT G ERETE ML -

XpEiaefidie RF o RAEEEBAG o MeSi RGNS -
CEpHirTa@sd  LiATHBLbIE B UL )y
ﬁg#—%ﬁ T RS et A LR IR %o Pledri | et
& o
D.XprH&ralfd  wAraapgd oz ) fope s o X

AR faanth L LB G $o Plledii B el o
E. &g ¢ LPFh B Pl ~ B a’w/f;‘r,?fg_,vwh oo

MR R B v 8d S LN RY > FITRETL G T
R (B LEaS ) o R Blw o AP R A SE S R R D

50



SER RS I BT E A a%cu’*waﬁ"ﬁ“ﬁf’?‘ﬁ SR UE el e
FRAE M TIEE Feh deoHwd LB AEE w3z Pengp
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;%'z SRR ARG E T R ek o
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FERI GRS L F > Al - & RBRTRGOFEERY > FF W ITF N LA
(geographic information system, GIS)#-& bt 86 2 £ gL x 2 Bl¥ » A F ~ B A ~ - 7
E N TR ERE - AR AR ERECEERBECEEME N
R B R B~ AR~ RRIER - 2 % ~ 3 B (Peterson, 2001) ~ & 3%
% & & k3 F)5 (Guisan and Thuiller, 2005; Raxworthy et a., 2003; Rotenberry and Johnson,
2006) » &2 Givsh A T P BT APt g 0 A 4T ST R L BLE TR T 2L B enip L
BB EE A S 2. BEBRAE O ERSEI VL S 23 T8 i o

& 7" MR R 07 FE 2t (uncertainty) » 324 R 2 * 3 & F R (presence-only data) s
g P 3 48 Genetic Algorithm for Rule-set Prediction (GARP) (Franklin and Miller, 2010)3¢
NI RAE BT S 2 BRBEFE 1 % 2 73w (absencedata) pF 0 7
7 3 4 (pseudo-absence data) i = ¥ B (Engleretal.,2004) - 34 & F4L® U F & 2
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- ERTORTE ORISR M (testing data) £ A A st ehd Fedd(accuracy) o SRR T2 A
Ay gL (cut-off point) & 5 F Sded i b B R it d 3 Ao A BE LR D

BAedF B MR- 5 2 (senditivity+specificity-1) o g iR 0 2. B & a2 iaf * ArcGIS
Desktop 10 (Geography Information System, GIS) -

G 30 6 g e 40 ) & 0.07-8.25 ha (Chen, 1998) &  + » F]pt £ * chp I F TR
FoR L Lkm? f245 R cop @) (& 3755248 ) o d WIS IoR R 5 DR Fp
PR foo R AP R A -

*ONTER A T TR TS R VL B e (<07) o @ F AEEER TS
PE o RIp R EE BET A T B N o & 2 4 ST RIRRIRBE F)F 0 BB AT
FRA FREFF LG - B APl (BRETREEL RSB T Bl ek
<~ EAsEE 14016, T32871+459) - 1\7‘)?’ B ATEERE (B frd* B W5 1r
10440 m > T 352041+ 1663 M) ~ fr-k 2 B EEEE (& ] fod * @4 6] 2 04 8000
m> T32363+£637m) ~ Fik®EHIP (S| frd* EA %5 04- 93 T35837+
1181) ~ F it X8 HE4 a‘%@: (B frd* E A% 5-1.04+1.0> +32032£015) -
BEFRERE (B frdk* @A %5 97543175 mm > T35 1686+490mm) ~ 112 &
Lo B () frdt EA B L 65042517 - T351956+413 ) (#= 2

B Je ST AT Y PR

73 % ik

F Climatic Atlas of Taiwan P HOT (71547 ) Bad
P_COLD1 F(+H-2Fz0) BAage -
P_COLD2 F(Frrz0 ) Rada s
P_Cv £ Tiaa %Rk (Coefficient of variation)
P_MEAN ETi05
P_RATIO FHags - frE Toa gt
P_RATIO2 FHAE2L - ok Tma
P_STD ETon PR L
P_TOTAL Fuad
P_WETH i FEga g
P_WETP ¥ Fegag
P_WETTOT £ na R
PMNWET 50
T cv Lo TioE g R Gk
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=SERE)

#3 kiR BRREK i
T_MAX =
T_MEAN »E &Y
T_MIN P ML =D ]
T_RANGE B 2R 3038 2 £ gE
T _STD ERREEL
T_TOTAL ER N
Ecoregion (H.J. Su, 1992) HJSU41 AHEF AT MR
HJISU8 dHEF AHEIB8EE
WARMTH H Edpdk (Warmthindex, & # & 7 F328 & 3+ 5
2 Bheit)
HUMIDITY we B
ER AU U.S. Geological Survey NDVI_MEAN ¥ i1 £ B 454 45 8T #5 (Mean of Normalized
Difference Vegetation Index )
NDVI_STD_D ¥R LR ik £ (Standard deviation of
Normalized Difference Vegetation Index )
Floraof Taiwan, 2™ FOR_PATCH Febk F S p
FOR_AREA HHe
FOR_DNSTY HHw A
FOR_MAX N
FOR_MIN | Feteo
FOR_SD Fire FIRE L
FOREST ko 4
NATURE B R dp i (Naturalnessindex )
HUMAN_AREA AEE G R
VEG 1224 4a % (Vegetation index)
o2 Topographic maps public by ASPECT # & 45 i (Aspect index )
Ministry of the Interior
SOUTH % 1p 4p % (South aspect)
WEST @ #p 45 i (West aspect)
D2 3000 227434 3000 = ® ¥ % BT EE4E (Nearest distanceto
3000 m and above areas)
DTM DLS HOUR ® k735 (Directlight skyspace)
RIDGE_DENS s & (Ridgedensity)
WLS_HOUR > = % 7% (Wholelight skyspace
Watershed Distribution of D2 _RIVER P ol BT EEAE
Taiwan
D2 WATER ok TR
WTRSHD Bk R
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FZ A BT AL ) T OB T S A -

ENFA Ensemble GARP MaxEnt r0 o
ASPECT 11.0+39 100+ 4.1 87+44 95+43 6.4+55 90+45
0-16 1-16 1-16 1-16 0-16 0-16

D2 RIVER (m) 1101.2 +1069.9 1227.9 + 1196.3 1850.8 + 1500.5 1076.7 + 1196.4 2041.2 + 1662.7 1378.4 + 1519.0
0-5831.0 0-6324.6 0-6708.2 0-7280.1 0-10440.3 0-8544.0
D2_WATER (m) 54.8+229.7 442+2057 211.3+4335 50.1+2196 3620+637.5 132.6+340.9

0—2000 0-1414 0-2236 0-1414 0—-28000 0-1000
FOR_PATCH 36+44 52+58 55+76 73%6.0 84+118 6.4+6.9

0-41 1-41 1-45 1-35 0-93 1-38
NDVI 0.37 £0.09 0.35+0.08 0.36 +0.10 0.33+0.08 0.32+£0.15 0.34+£0.09

0.08 -0.64 0.08-0.58 0.06 -0.58 0.11-0.63 0-0.65 0.16 -0.58

P_HOT (mm)  19425+433.2 1846.0+366.7 1752.6+404.0 1811.9+322.0 1685.8+489.1 1805.9+ 356.3
1100 -3175 1225 — 2900 1100 — 2900 1300-2900  975-3175 1200 - 2750
T MEAN( ) 210+18 216+14 21.0+18 220+1.2 196+4.1 214+17

11.2-25.0 17.5-24.7 17.0-245 18.5-25.0 6.5-25.2 17.0-245

FRIDE SIS L FHR R FENRATH FFRPF2F AL &
(Maximum entropy, MaxEnt) - & %1% & /2 ( Genetic algorithm for Rule-set Production,
GARP) - 4 fi = %]+ 4 17 Ecological nichefactor analysis, ENFA ) » & & » 47 ~ .8
4 +7(Ensembleand hotspot) % = i o ¥ ¢k ig * B & 45,2 (Gapanaysis) ki §dv &b 3
RIFF R FER AT VR oS AT REY G 5 EARE
e B REELFE R S P AR RPN o SROBT TR A KR
FREDET 0 R R A RET KeE o

Maxent * 20%:H5 4L (Eip]3% i GARP B £_r1 50%:n3 2 & #0558 5 enipi& o =7
F e e * L He M (recelver oeprating characteristic ROC) #7 & # (area
under the curve, AUC) =iz (Hanley and McNeil, 1982). AUC #ci& & 0.5-0.7 & & $i-5% %
#~07-09 5 24FH - £330 09 5 22F 4F (Swet, 1988) o



AN ks =2 1 =4
22X E 4%

1 R o gk

PHEOPRBERIAZ L - > Bt 24 2P e BE H T
(2=-+2) - 4 363BREY »F 143BINRFTHEI- 2L BTG HmE g 24
AT BRI B B K193 782m (Bl L - ) o B¢ 41005 500m e F (=
Tz vzt e) o FEPFREHAE2010E (Bl- o) o

RETC  ZREARRIIITER S R e

Bh PR BRR ,,; po ARFERm)
w & 119+ 5 13+ 2 3+124 21 40 - 537
i o 8t5 9+11 " 35 43 - 312
TR el +57 19 10- 1075
TR 9w 15 28 - 548
Iy 110+ 5 9+ 5 9 ¥ +107 12 202 - 470
oA ¥ F o 3+s T7e+5 7+119 15 71 - 866
&I eb+ta2 57 +5227+4 8 7 237 - 359
N e 20+ 5 9+ 5 23 56 64 - 1049
B e 24 8 56 - 415
7 i Z 4R = 16+131+151+ - 3+154 42 49 - 1076
1 - 14+ 60 38 44 - 1153
£ % 5 18+£.130 13 56 - 1228
Bt Lom = 20 9 84 - 616
B -9 14 64 - 461
B 185+4 8+ 5 22 7 51-292
B 2 108+rg 140+ = 28 22 47 - 126
2 35 # 80+ 5 12 355 - 686
EE o3 e 3+174 18 102 - 340
B 363
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[ P T | AL PRI AE ¢

B PFREE i i ki B ik
R 34 1 35
473 7 2 9
e 18 1 19
B 9 9
W 21 2 23
) 1* 1
L 3 3
% 45 79 7 86
2+ 10 18 28
£ % 16 16
] 20 2 22
B i 26 26
B % 29 3 7 39
ok 56 56
=i 35 17 52
Bk 364 4 56 424
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Ei ﬂ:mg&@’r L Es  ARFF
oAt 12 210-722 52 57 -1153
Ak 1 351 6 237 —359
W 22 9-548 12 9-1075
=i 14 62335 21 43-312
RS 12 140373 44 64 — 1049
i 2 711-736 7 399 — 866
ER 10 70-704 11 34-329

i 0 3 44— 243
2 2 90-101 8 49 -126
2 3K 27 210-722 52 57 -1153
EAE 4 264 -340 12 56 — 1228
e 14 99-320 6 84 -210
Bz 6 S0-616 20 46— 288
B A 16 64 — 461 13 51-341
&3 143 221

130
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A
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l?f

=P ‘Eﬁfﬁ HHRE _H‘“IF[' ' E L['ffu%l%?&[l:" HEF'FH%%‘%#[ '—fﬁwﬁj

¥ & &3 3 sk # sk
0-49 25 8 17
50-99 59 16 43
100 - 149 46 19 27
150 - 199 36 19 17
200 — 149 59 39 20
250 -299 26 18 8
300 — 349 28 13 15
350 - 399 33 15 18
400 — 449 23 7 16
450 — 499 19 12 7
500 —549 7 5 2
550 — 599 7 2 5
600 — 649 3 1 2
650 — 699 4 3 1
700 — 749 9 4 5
750 — 799 2 1 1
800 — 849 3 3
850 — 899 5 5
900 — 949 0 0
950 — 999 0 0
1000 — 1049 3 3
1050 — 1099 4 4
1100 — 1149 0 0
1150 -1199 1 1
> 1200 1 1
w3 403 182 221
2. IR~ H BRI

= F S e BAERIA F i AUCE 20805 0.88FF (£ =+

) B w BHEGVIET LEORA N o FEaR E IRy BART S - AR
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e ? o o BIERIHN T 5% 66 B I BE A RN 0 G 67.8%:IE R S
Fo UEEIFRENZ AT R FORBEEHPERREF (R +2)

F = I~ - [EERURES FHETLE PR ) ) 9SS AUC fif -

AUCvaue Predictive presence grids Distribution of Taiwan (%)

ENFA 0.80+0.01 5435 14.47
Ensemble 0.87+0.01 6168 16.43
GARP 0.86+0.01 14407 38.37
MaxEnt 0.88+0.01 3804 10.13

[ ] County Boundary
Suitability

| ] Unsuitable

I suitable

\V@E

B~ 1 = - Ensamble SRS REA U Qfpqsilis aFﬁ’[‘f‘ﬁ ?‘FIE(IQ? Eil

F S SRR MR OTRBE TR FF W2 T Bor Sl s o F
FEEE (22 2) c MRS TERRE BESATTER NG E S TR T (41
Fow BHNISTERIGZ RN S A F 0 A TSR Y RHEGVATIER D R
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Bpor advd NI AT INE B~ LI LA S L3 SR T (Rl L
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e I 124 AR ke )l

ASPECT D2 RIVER D2 WATER FOR PATCH NDVI_MEAN P HOT T _MEAN

ENFA >k k 025 >k k * ok *x *k *
Ensemble * 0.72 FrE * 041 0.35 0.66
GARP  0.49 *rE 0.09 i 0.05 * *
MaxEnt 0.34 0.07 FrE *x 0.08 0.78 *x

a. Mann-Whiney U test
b.* =p<0.05,** =p<0.01, *** = p< 0.001.

o E 9T 20% (8048 Bt ) cho fF AL ERER (AR F > RRA Ko
Bl - BAfbRds WARFPELRIBE AT FpARERE) > 2F
7 363 MBAERF G A4 H e (1 2IMEEF R H451%) LA EESE F oo D
PN EERD G o HY 2B R 7 I5B S RBERER X g
B B RO RFSM - fok AP ERBLEE (FZ2T) -
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Fr R~ SR 2 ERES

=

oY
N

Loctes % ~ Fdde o~ B b st

* N Rk ER RS e s o £ Blk (CHEl- ) w1
7 (2008 #4- 2009 # ) B v X ENFEAKENREF F RPN (0352 2 FH

PfE e UTHLERP ) P10 8 > R T A SR (P AREFE

T b2 p RRgER o TR ZFIR ) o

By AS BN IHREMRN P AH o2 S E S (2 R PLK
HyEyafHEIy E oD FEFwEN Bl ) 4 ERPAFI R G E N
4 BE) £ g (B % RI-2B ¢ PD-2 » Holohit Systems Ltd, Ontario,
Canada- ¥ £ 159 % FHFR*"A &£ BFL39 T TR 2B ) » 1k
Jz (LA 12-Q, AVM Instrument Company, Ltd, California, USA, & TR-4, Telonics, Inc.,
Arizona, USA ) fr= s (RA-19, 216-220 MHz, Telonics, Inc., Arizona, USA)  ip| & ¢
&Hiy (CfBl=-7 ) o FF 4 &% e 4 (fourth costal scute) + o

&3t 8 R fie (7 5 (Beaupreeta., 2004) » F IR 4 2 ehE R0 ALE
Beaupre #7i£ 3% 1 #orae poam i € 10%en )t T o & & ) - e

2O fRGd P S frEEREY R EHEFDE R 0 2009 £ 10 3 2010
#1207 5 pLx B (1ep 52) £& dd + oql AERTH (34,
model PD-2, Holohil SystemsLtd., Ontario, Canada) -~ “c:# 324+ (18g, HOBO Pendant®
G Acceleration Data Logger - UA-004-64, Onset Computer Corporation, Massachusetts,
USA) - fmif £ A& 2e4+ (189, HOBO Pendant® Temperature/Light Data Logger 64K -
UA-002-64, Onset Computer Corporation, Massachusetts, USA) % =18 » # - 7| - i *
TOFA A8 -

beig ey B R 42007590 FlrE 2B AR BRERF LG HE
0.075gP i{ A 5 %P3 w® ( Xo X1 or Yo Y1 or Zo Z; >0.075g,
Xo, Yo, Zp arethevalue at time 0, and X4, Y1, Z; arethevalueat timel) - 4ci & {52

P ARG B i B T 7 ek x,éf'ff%% - FpenFale 2okt
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T %&—i?%’ﬂ&ﬁwﬁﬁB%&%°ﬂﬁﬁﬁﬁé%%i
Bk

BIRA) ~FRBER (BRE N BE
BE) HTRER (MRER | HE 2 3 CME B ER o o R RIP
£) %2788 RIEBRBRTFF o

LR el R R T AR AR R E T A Rp 0 0
Fiasd o REFIEIOMs £%% 35 % (5X7= ) o1 pEGHEIARE o
e 4 B HEE 6 B

2. & B RIS B 5 )

BB R A ME T R AT LB A ArCGIS F 3B B B hE MR o

TR ST b BEAR R S Xy fééi%l »~ Arc GIS 10 (Environmental Systems
Research Institute Inc. ) f= Biotas 2.0 Alpha ( Ecological Software Solutions LLC, Florida,
US) &k o ~ w41* & § 352 (minimum convex polygon, MCP) -~ 50%7= 95%7%*
A B R 2 (fixed kernd estimation, FKE) 3+ & B g o

BEEFSLEE A Bl 5 A RS e A ok R

B R RSB A B R



BE 2B

£ 2009 F# 4% % 2010 & 12 % » s s T 566 & = ehi 4k B¢
Ten aEd AL 14(018%) 0 HSH TR G 21K (3.71%) 0~ 84 G 8T sk AR PF

1‘1\

GRS S L R (5380 0 95.05%) + 6 (1.06%)% R b m it B E o
A # % p K@ B HE

= A~ B AT P S K T ]

I

3 AR AW AEFRPFRDEE > BFHP S LE 5)81.89% (B L
=) 3 Bl H PRI 8449% ; H A REER AL P o FlRP G 7.00% 5 B P RTRE
(12.96%) ; S22 p« 5 i a t % Ti5 FRAE L 6.1cm(2-121cm) - ¥ ¢ty
ERAERIE fok? CBRPAG 787% P S RY AL F RRARAER 12
(0.46%) (Bl= +=+) -

BN A iR AR 4 B R Ve kR ET (F- -
S ) 0 A F AP BRI 60 00% Y 0 B Y B R P G 71.93%:0 8 b b 4 SR 00

TOFVREFRwRNE A E R TRTINEE E Ry =ae =

ik 52.49% o A E B O 21.05% B REEF AT KT 0 B hF o 5038.24% -
HARGR RS B 3 o CH T ATz g W oo
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Bl % p

Jet

A+ P AT P LB 9 SRR PR L= ] -

BERATVEIA RERVPEAS A B RERAT N Tim BT
QR B > 2 o e AT o gAY F R E A (81-100%) ¢ b B
(B ~) " BREARA G AHRT T 9042% » @ 5k P ik 80.4% - 8275 F] %
Pengdid pFEfeRT REAS KA B REIATBILEF 0 L HP A FR

Y

@
—
-
15

%o 2k MRE RO0-20%) ] B 5 F S F o T F A B RN REE
FELB A EREIEN S0 d AEFIRIHRTREIFR DS o

(A) (B)

100 1

100 1

80 r
g | &
2 OF%p 2
“ W FE S
tm 40 [ m fe

| ’_L

0-20 21-40 41-60 61-80 81-100 0-20 21-40 41-60 61-80 81-100
Sk RER HTREA

I~ A 7~ A Pl QIR ORIV (A FEREEEG)M T RS
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KIPCS 33

LB ATREET Rendf s > 117 D37 AHE R akh ’mj" {2009
#1177 (3%* "398 209°C> v 2010# 11 % 2. 197°C % » ¥ % & o
S4) oA PRe PP SR DERD - PR A Ry
EFH 2009 # 78 ¢h51.85% = ¥ 3L Ed st 5 (13.8%) BEFF
28 (1.7%) (x*=23.31,p<0.05)

16 30.0
A= Mean monthly temperature
o 25.0
bt —~~
g O
& ~
3 g
g g
b 200 =
p 2.
Ne
s :
Z
15.0
10.0

= A e ~ 2008 # 9 %[ 2010 & 12 %5 I (P B LA ORE | (2008 & 10
FIFI2010 5 12 FIFFHID o = FPYELE FIT 9500

4.p FHE Y

i ek EW D EBES o AF AR Rfhe ) P T Ak
$RFFF BB ER o 20 FT 0 AR RE LA 06-00hr; Bt B

-;émﬁ;%:s GPERF G A B0 A B E.06-09fr 15-19hr 5 L - 1 2 B BREE o RiEE
BRf= 310 50, ALt- 350 56 BEMK>my e é_fy?iﬁ’.ﬁ?i% £110-14
hr o Lt,p@% Bk Fche 3 3L > 06003 1900 § 18.3%:hpEF § A8 0 b B
(2000-0500) A1 ¥ 4 2.6% ; Fr PF fifl B B B*ﬁimmﬁu b (122%) (W=
+)
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5. 8RR E4F

BERES TESDRERICS SARFEMFREI OB LB (N=17,t=
3.55, p<005) ’ rdllft;ab_ R RT OH }’\'/’\:")J’Aéhﬁb’ggzxm.)i

fie & 4vik SRRk SRR T IR R 5 B3 - 2 n25.8C B
Mg L= m17.7C° ERAE L_m‘z‘hﬁﬁl'? BT R A 17 -34CR > B¢ 2 23—
27°C R 4 ¥ > BHPFOERFF A 13-30C2F - £ 7+ 18-21C-

EIEAN P FRF R L=t GBI E 21 7o B SHcaltd AP
J*rsﬂ\g g A (B44=) REIF R AP PR BE(0900-1700) o Plummer
(2003) ¥ fad (Terrapeneornata)sh# 3 dp i » § & i d 3 & B 7 b apE
#_0600 % 0900 ¥ - £.1600 3] 1800 > iz 377 MU f2f# 5 - ficwt bl eha st b pp
PRI A o
BALF®RNG - ) > REAPEFR2IFEABHGR AR > @ B0 F
TP OBRRRE G P PN A AT R TR R I HER DT AR
AdokE Y Wakvdh B EEag s > AR % g 4 27 Chen (1998)in 5 Gdv &
BB RN o TP et Aok ? REE BErnst ¥ A (1997) 507 B R G 8T 4
EREFAcEE Tk KRR MW Ak o A A RN IR ER
G M e AR, FAREL A TER ERFEFARKCFFP D G ET
R R AL X BEESIIE SRR AL TR AL GIRF R R o At
T PR RRAFRANE Hatd T aawgs L7 aEHEa P op

e '—E—%, ™ ~J_‘B-$-‘r-f—f“av.}ii3”\*{‘4%\‘/‘n.)§ & N?Jﬂﬁ”_}_r'ifg-g&"
FE g {@%w;ﬁ?%ﬁ“ et ¢ iR ,1*5**"2 ﬁp’%ﬁ
d NG E BRI WS TR AFRERDTRINT S H O
Rt o FPRAEZ OEEE S LR e N IUZ P )i %
Je 514z A °
6. i B & [f]

2009 & w 7 4=3] 2010 & 127 - 104 g4 SR EEFED S T
f- 2o 22 G 4T & T 0E 45 (IMCP) 170+ 0.56 ha(N = 4,0.75-3.61 ha) » ¢4+ 5
633+275ha(N=6,036-17.47ha) o fj$ 8 cofe Bl shspi ) S0 AR+ e
F W (20 166+ 0534013+ 0.03ha; ¥t i 542+ 2.49 and 0.19+007 ha) -
AP e b g v R B PR T 303 00% o e A E R e % ) i‘ﬁ%%
EAMPE L 900+ 7.6% v 852+ 13.2% o 17 9SU%FKE i i 3+ ehig s s i A u] £ 22
:ﬁ_z’v’ﬂZ.OliO.SSha(N—4 117 3.05 ha) fr#f44 571,60 + 0.21 ha (N = 6, 0.85 — 2.29
ha) - 11 G0%FKE = j g4 vzl (220 0342004ha(N=3021-
0.41ha) ~ v+ 022+003ha(N 6,0.14-0.32ha) - 11 FKE fs 3* i 8 f B L0p i)
A E MOP i R AR A St eft o £ B chf FLAE @ § il i b 5 )
M B R MCPé;ﬂ%rﬂ/ Foge o Mt B A B KRR
B Ao BB FKES 2 RR SRR EREE ) -

FARS o8 355 A

AEf* ArcGIS10 - 5T et v dh (6 &vpsh 3822k ) 5 HH2 8 AFE
Bro s T3 kiEH 39+5m (N =108, range=3-218m) > #dk L 32+ 4m (N =357,
range=0—-266m) - e tiid i fo % B HEFEEHEA B £ 52+540 163 m v
&R ewd 43+8fr14£20 22 éﬁm‘“fiib“’ﬂ* =1 g kD ﬁ%%&9$(721181r54
+23m) > g Een ﬁﬁ¢ﬁ$¢J\$&: 1 (5+2m) rps PR - 8 (942
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m) o TIPFIERET foEEFEF M (FL,43=6991,p<0001) - & fefdw & b
(F1,401=134,p=025) -
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FIF - GHAKFELEAT

=

oY
N

1t AF IR FE2F 77
e DNA(microsatellite DNA) ¥t %5 338 @ o (B 4 88 F 20 i & chas it
7o ik AFIRATE 2 AT > £d 26 BdgAH ~gg Apad 0 £47 550 =%
“rf $ hDNA B 7] 0 f St E 41 DNA ¥ S A DNA 4Tl ¢ 24 & .
AT e SR I o PR G R RF R F o RN e iR s Bk
Bz A A E R ATRY bl AL LR BESI Y RS F s 2l B E
F 2 RdF s S fRs 0 I L0475 20k 3 fic(effective population size) ¢ gt b > =
PR FI T AT AL 0 d @A LR LA A TR S RIHE 7] dp
AR (ORdllyetal., 1995) © § 3445 117 I fiehia 6 > idp e ensl 5
(primer) » ¥ B~ 25%7%] 90%4p I e e & 4t iy A F)(alleles) (Monzon-Arglello et al.,
2007) ;5 7 32 4 2 V4R 6 $H(Emydidag) % -k 4 (Glyptemys muhlenbergii) B 3 <55 |
+ o H ¢ 40%7 i ¥ 3t 27 e - f(King and Julian, 2004) o @ @ * & 8 &~
o~ RIIAHHFE SIS 0 F 20%:051 3 7 B S L (Testudinidae) e e
(Gopherus agassizii) 4 7 ¢ * (Edwards, etal., 2004) - p 5 igd 2 A R* 3 wHFEHR

HBNAE o TPt ArE A B W EsE e opcih DNASIF » GEg &
A h i E DNA» (P2 AR RE R @84 - ¥ 0 - ofF Ly i
# o
(1) i Bz iE

il 2w g AE e o h DNASIF > GE i & % 2 S b chjiciFs A7)
Ao B od A RIT s LB 4E B > 2 B J Geomydidae (342) ~ Testudinidae (57
‘) ~ Emydidae (48/e) = B 7 F 1ip3E o & §P (Testudines) @ % % ficf i DNA3] 5
PAE: AT E =L o
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#Z 4 = - @I (Testudines ) ™! S BHFR! DNA I [ fopoa w5 gl

I F # i e R IR
23
Cryptodira Cheloniidae Caretta caretta 1 27
Chelonia mydas 16

Eretmochelys imbricata 1

Macrochelys temminckii 9
Dermatemydidae Dermatemys mawii 7 7
7
7

Dermochelyidae Dermochelys coriacea 7
Emydidae Emydoidea blandingii 48
Glyptemys muhlenbergii 27
Malaclemys terrapin 6
Terrapene carolina triunguis 8
Geoemydidae Mauremys reevesii 8 34
Mauremys rivulata 6
Sacalia quadriocellata 20
Testudinidae Geochelone elegans 6 57
Geocheloneradiata 8
Gopherus agassizZii 20
Gopherus polyphemus 9
Testudo hermanni 6
Testudo weissingeri 8
Pleurodira Podocnemididae Podocnemis expansa 8 14
Podocnemis unifilis 6
Bt 194

(2) # EDNA
% R &g F Ok (polymerase chain reaction, PCR)# T DNA & X o & # #7138 1) i

His b faicErh sl +2FPCR- PCRF 223 MA 530 1>9 705 | Repz
(Taq polymerase) » 3 | 10X % (100 mM Tris-HCI, (pH 9.0), 500 mM KCL, 0.1%
(w/v)gelatin, 15mM MgCl2, 1% Triton X-100) > 1 110 mM dNTPs > g+ 31+ (10 M)
21 11 | A DNAZ225 iR -k o R &35 18 > B0 4 £ P57k 9 (thermal
cycler)? &7 F Jis o AR InAR S

Preheating : # DNA s g 44 B > 95°C > 5min -

Denaturation: #- DNA s g3 F » 95°C » 30 sec »

Anneding: # 513 22DNA% & » F B R 46-60°C > 30 sec »
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Extension: DNA#t # & Ji » 72°C > 30 sec = (£ 4§ Denaturation 1 Extension#
+30% 35%) o
Final extension: 72°C > 5min -

PCRF 3 &t » 225 [eAPCR A4 4} 1 06X & 3% » 3t 2.0%3f fig 52 %%
(agarosegel )¥ TR IALR B0 11 140 EHTRF R 204 o SiEE1 o kLA
(Ethidium bromide, EtBr) 2304  {¢ - fie & 100bp DNA ladder it 5 R » 3% & oh 4%
TIR o mRH E S T RS

(3) DNAz_&
PCRH tgeh A 4 11 F uPEdpF 1313 > AR RS 4 R HEK T D P
(Tri-l Biotech, Inc., Co., Ltd., Taiwan) &= e 25 » p & 5% &% 5 ABI 3730 DNA

Analyzer -

(4) # 7] 7 (T-A Cloning)
dodk 313 B ey LEodgsls k- By o neerATEA(T-A

Cloniong) » B & & &3 d137 hE - B 7| % KRR IF7e051F o FBhonfs .

a~ it . & * Gel Elution Kit (Cat#DP03-150, GeneMark, Inc.)#-3 5 7PCRA 4= it >
=3 l‘%PCRF AT g+ ~ 513 ~ ANTPE 28 o

b~ i #(ligation) : & * Fast-Link™ DNA Ligation Kits(Epicentre® Biotechnologies) » #-

v 15 PCRA #3182 %7 H(YT&A Vector) } - *t16°C &£ 1| P -

c~ # 7| iv* (transformation) : B~ 1110 | (Competement E.coli Cell DH5 ) » #-
1 lligationeng 48 & » L kip304 > FEF 3~ 42°C-kis P o i {7 Heat-shock
F A5 i BatskY o R & AY £+ 290 1SOC % > *t
37°Cshaker? %604

d- t Btz 3 ampicillin (50  g/ml) £ BT A A RGEEA D
1250 |/plategs 1drop/plate X-gal-IPTG:nE 353 LB £ 4} - Fikicis > #

AAREN3TC £ R12-16 ) pFF * o

e~ PCR-check : - L3 p 2 FPCRFz:L » FEbz 7 P RA 704 =

LA A e
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f~ B %8 35 B~ (plasmid extraction) @ K- A (£ % % FlFrelB &R ¢ > 37°C
shake # 12-16-] p¥ » £ # * GeneSpinPlasmid MiniPrep Kit (Protech Technology
Enterprise Co., Ltd.) 5 B~ f 48 > & -3 B~ T 8 DNA i 15 >-20°Cik 45 -

g~ TA B FHDNALO0 | i ERE e 13RI > AR T R A S AAHERR
F '@ (Tri-l Biotech, Inc.,, Co,, Ltd., Taiwan) & {7 ¥ & A -

h~513 3k EpRE . HAFEAR Nz B2 @& % primer 3(v. 0.4.0) » K370
513 > T EFPCREE P FFRATFEG S AT N (TP 5 A478* o f  #3%

BT AR 313 B2 B A R Bk 2 L~

F2H 7 (IBALFIOREEE I [5 B) -

Locus primer sequence(5'-3) origin species originloci  repeat motif
CF1 F:. CCAGCATTTGGGCCTTAGTA* Gallus galhus TGFB2 (AC)n
R: AGGCAGCAATTATCCTGCAC
CF2 F: TACACAAGCAATAAGCG Mauremys reevesii Cred6 (AC)n
R: TGGTAGCGGAGTTAGGC*
CF3 F.CCTGACCTTTCCTTCTGGCAGCTTAG*  Mauremysreevesii Cre37 (CT)nN(AC)n
R: CCTCCCTTGCTCCGCTTTGTGA*
CF4 F.CCTATCTCATAATGGTGTCTGG* Mauremys rivulata MR2 (AT)n(AC)n
R: CTTCCCTCAATACAATGGTTA*
CF5 F. AAGGGCATCAAGATACGG Sacaliaquadriocellata SYB65  (CA)n
R: TGTTTGCGCTAAGGAACG
CF6 F:. AATCACCCTGAGGTTTGT Sacaliaquadriocellata SYB73  (GT)n
R: CTACCCATCTCTTCTTATTCAGC*
CF7 F. TCTTTCCTGAACCTCCTT* Sacaliaquadriocellata SYB75  (AC)n
R: TCTTCATCTGTTTCCTAGCA
CF8 F: TCTAGGGTCGCCCCTGTAGG Mauremys rivulata MR5 (GA)n
R: GTGGAGCACTGTAAGGAAG
CF9 F. ATCCCTGAAATTTTGTGTGTTC Glyptemys muhlenbergii  GmuD16 (TATC)n
R: TTTACTCTAGAAGGGGCAATCC
CF10 F. GCAGTTAGGCATTACTCAACATC Glyptemys muhlenbergii  GmuD21 (GATA)n
R: AGGGTATGAATACAGGGGTGT C
CF11 F. AACAATGCCTGAAAATGCAC Glyptemys muhlenbergii  GmuD88 (ATCT)n
R: TAGGCTACCTCTGAAAATGCTG
CF12 F. TGCCCTCTGATGCTCTGGTG Mauremys rivulata MR8 (GT)n
R: GCCCAAATGTCTACAACTGTGG
CF13 F. AGTGTAGTCATGGCATAGAGAGG Glyptemys muhlenbergii  GmuD70 (TAGA)n
R: ATCAAATTCTTCCAACCCTACC

Hetadvd BRI E R F o

(5) #*3l3 %3+

®* A EHENEAPCR f1* F  94.0%3 fn 529 (agarose gel) 7 ik 0 T A E
FAF M MHEEDNAL S A1 ENE AR R mP s L2 fr 2 Rp
'L P 4 2 WellRed Oligoss £ 315 o

(6) & F131=]%]

=\
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AF A w4 friEk 3 3SPCR BRI L AFIAA R ER » &7 BHA
FIA S g o I E D apciER ¥ k313 M AcEL Y 0 PCRE B4 o 1 |
HPCRA 4 2 {7 # % 7 (capillary electrophoresis) » # ¥ ¥z F] 3] #| %] (genotyping)
i * X % % GenomeLab™ GeXP Genetic Analysis System (Backman coulter, Inc.) -

(7) #cdp 47

i¢ * Arlequin (ver 3.5.12) (Excoffier et al., 2005) i& i7:8 @ 44 17 > 35 8 & A TR
T BAFHEF AT > G BRER - FE TP ERHO) S TG YR
R (He) - ¥ H&pl 2 AFFE Z 3 &v4 8T (Hardy-Weinberg equilibrium) -
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B EHH
A B BT e ot DNAGI S ¢ ¢ 3 D615 3 e AR 0 E T i
5 G0 b e AT G 270 (44.26%)3 1 F 0 et AFER F D E S Al enpkiE s A

F R eh3l 3 5 13%2(21.31%) (R = L 4 ) -

F = A Ju - ApLfBEEEE DNA 97 EGEN P ERE -

K4 A e Rl v OB kiFER TSI AT S
il DNA 751 =+ SILEI
Gallus gallus 1 1
Glyptemys muhlenbergii 24 9 4
Gopherus polyphemus 2 2
Mauremys reevesii 8 3 2
Mauremys rivulata 5
Sacalia quadriocellata 20 7 3
B3 61 27 13

13 e ficiFh 513 A 4r 5 % BT 0 i A Fli(A) 37 14 T xapip B A (Ho)
% 0.610(0.333-0.885) ~ T 3a#p ¥ & B A (He) 5 0.682(0.401-0.870) » T s=jLip] & -] »*
Tiof @ o A EFFRMZEE BRCBRFRRLIAESETE £ 11l
TR AR ETE B9 43 AT CFR2¢ CFI0 s BT (p<0.05) (%= +) -

d A DNAG R Btz o Ffhie 0 B S AR B TR T 0TS B R
221 E 5 2R ORFOTAGE RIRERAMI T ®PH g B0 NI

Falk P oo dludiciEEATFIRY RIFL BN S RY  BEodER 2 o

HIFAZRIFTIE  VUETRARHOA TN e LrE >0 0 P FLF R
3R gBA kop- LAFA L Fow A TR e gl 2 i "F? LIS Sk

BARE > 2 F BasEe RELELE o

BREE T B ke PR 2 A FERE il R > TR g S B
Ao Fadep Y WA Efep A S RFEATATH o MR SFRBREEC B
WA FA LR -
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AP~ SRS T A AR S A RO DNA Y SHELIGE - L
sfisk . I < BARIED ~ 1) AP AR -

Locus Repeat motif A n Ho P value of
HWE test
CF1 (AC)n 8 51 0.745 0.717 0.7372
CF2 (AC)n 6 44 0.409 0.661 0.0001
CF3 (CT)NN(AC)n 8 32 0.813 0810 0.3099
CF4 (AT)N(AC)n 7 43 0.581 0.612 0.3618
CF5 (CA)N 3 53 0.453 0.507 0.4706
CF6 (GT)n 10 42 0.643 0.648 0.1122
CF7 (AC)n 7 52 0.885 0.771 0.7573
CF8 (GA)n 3 38 0.368 0.401 0.7150
CF9 (TATC)n 9 49 0.694 0.779 0.6935
CF10 (GATA)N 7 18 0.333 0.795 0.0000
CF11 (ATCT)n 3 47 0.489 0.555 0.3274
CF12 (GT)n 14 50 0.880 0.870 0.6982
CF13 (TAGA)N 7 41 0.634 0.739 0.2054

n, sample size; A, number of alleles; Ho, observed heterozygosity; He, expected

heterozygosity; HWE, Hardy—Weinberg equilibrium.
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BA% b REBRE P

FReapPi-O-&#7 124 p (F2) P24 PrAel TET pFo gL
Wav? BABL B L —  n % o LR () o SAe it
Bk 944 v FRER LA CAK L6004 (R OARF B) CMHF L1042
TEAR 1A% kAR (P AR AR ) R § Y RE  FE e s
b o
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¥R CFEFBEER

HESIH IS FHH?

S EEEAEARSZBIRFLAFRE T (2B P AP R) R
Bhot - BE oo SHRAHS FARE RO ARLE SR
BAF AP AEL gl A ¥ P R AR WHARFERED & B PR
F Aok B A FI PG A o % FE T
7% o

HEKRBGH BF BT HT o B N PR RIS ) D
A e dpe Al - BRAL D AR E LT ’L‘t%P CRARCEFEL L LT

HEBRE &g R

TS AT LB AR TS BERALGAIETE (PRSP A) A
HEH PR o feo LA RERG 2 RARSR > @ REFOLN 0 LB
GUEI TN g (el B o e £ 3L p Ao Wehakd (AFF

LA i E e ? AR EF TR A 2
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BOwG- 80 MR AT RY) ko BE AR AT A - TR AR
Eo ORI SN LEEE > KRG S h AT RHT M % o

R

|

%ﬁﬁ:%w%’ﬁiiﬁﬁ@vmﬂkmﬁa%4§41@%?53%%’

1ﬁg“mf@§g%z§_5:lrﬁ’ﬁ@%?9?’\ 7 NN B B T LN
Ttk oAb AT R Ao GFAE HPEAIHFRDBWITIT R AN
TAg Rt S @R R ARl K #T ks & 2
FREMT ERE (SFRE) AL PR e m LpR R0 S
2 AR e P E S > T A A S 4 58 T F =

TR EALAE OGS frH i ha ks b
EHENWH LA 1IEE T PIEPFT AT R T Y

,

h

ot A AR PGS Y IR A 2R 1 R
AR A e I A

ES
=L

=
\:gfu

~

B
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£ G fEAGA A SRR

T RAMF IR RS2 BHAFNBHARITAEFE > [
FRIEMEE AR EABERI R TE T o S D Rk A greH
cArHaA R PR BRRE S ATV R 2 DENEAR
iR 30T B b AW A R LR BRR g f

A&
tem
4
i
|
| Em >
i
=\
=
R f*m

BT R RE RHE S AF ATAGORY o el R REBET 9EE
A EewEAHL FiCE L H =& ESU (evolutionarily significant unit)(4= Moritz,
1994,2002) - ESU chp ch&_iRikif v cha bt (8 A FR& 4 E3]) - xR
EREREECE B Jeliagt X0k i Sep p %R (REEET ST AL ¥R R
THEEEEA)

r'l?gi p ﬂi*ﬁj'g‘frq;@

G h e MM AFIPE R RE BFHOFE o A3 (FE- 2 L) fod mana
ERAMAFULG AL BT 2 Pipdr (AL AT 3 AT g B

A R ERAMAFYUFSNLE > AR NPT AFE RS 8 R (control
region) > @ ® AFA LB e > L REFIH B S FREET LR DR > FM L
A3 EF VAT (Fk &#p) A2 a0EFE R{oiga e LFEB 2 7
2 DNA 3% > % & ~ 2 % 2 DNA fo mtDNA j# “ 07 - & (%= %) ° 7kip
PR LEANERPF > ARELFTEFVL I EEH T AT IR IS &SP
I o BT g S EFET R @ g B

Bk~ o MR BIFhER B SR FI R RS e L
RE ] o BEFRTA 4y ‘f£fim,yarn;ﬁé A G AR R IR F RN
A PIE AR e d AR P

FIABTRAAT A EIGOTRBA B L HL% TR LGSR
ART g F o BAELFAAFAC S AR FNLE L > FBFEHGE > Fp T

7k e NG AT

W BT A ORE AR DB eI R RE DR B R ENR
LI AR ) R B R ARG RF UKL i L0
Foad f3ffed Ren@ Ak - L8 (%=2F) « L L FLANBMHEK ~ 7
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7 B3EE 7 #E (2012) » 0 AANAEZT - FAL T ARULAI NS
*

%’%iﬂf&&%éw%QﬁﬂﬁgﬂiﬁﬁhJuﬁii\6$Mﬁ%iél K

P TR BETELI e e d B FIRA o NP 0 A

W OB FR-L LR o KB 5F AVHEF O VERGREES P F
frepd AR PR o R At ppd AN A AFTRY k- B EausR 2
FReDFH Y B SNSRI R W I RFRZIEENF g o

P OB EEEE AR RAPFEREERAE LR X UREZREFET FHE A
1o dok AR ApgEd oAkt hZL B o X dol MIDNA A 74 B

P T

—\

T LAkt PR FOL oS AMFTINBHT L ARDARL

e

B, 5 “Ff TR T AR A RAIH o L B 55 e L INEF S 50 o
d

BB G0 R MU A T A 4T 0 BT 90%: b R Al 0 R G 3R T
Ao v RN (FHLFan) Lee il - AfFalhre L hsE 20K

A PenAPanadtd oo R hFeaM A BRI R LI
(i adud ALHFHEAFI) > APLE F o LT RS LA RS
I

VEfok AL B> BEFHAROL T INLE o MREF g > Bk
RRASRT I RS FRI AP AGYE AN RTE A o AP R
Fod v maity BRI RMFEL AT B * LB HRA TR LR a2
THIDT KiRod WA RFRED B AN od JRAAFA > T ATES 2

L
AT e~ W G b R B RS 0 o HBEHFORT {0k kF o AT

Lo Gdh s EYE - F O T LR o MAkagukokd o £ H F

PEb A4 AR > F PR AEENRG BHE e B ER 0 7§ AN RRE T

{
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adtd L@ LR EFAT ARSI 7§ o ¥R g r 2
PR TrEe A g o FI AR T P ARG R ROtk A o

B Rl ©

P ERE G A BEE - BEEG o R V- BES L
AR o AR endE FHET AHAFTA G RARRE > V- BEAA R iy
e+ A BREFY ANV UREIgNARATY I L FHLE o fri kR
AT LT R4 LD ST AT z&ﬂi“l{?’ﬁi?ﬁf“iﬁ”’ (i oAz A

) (Crandall etal, 2000) ° Fpt A F A chte 3 o3 s F 0 BAT U E LA

Flagmo v ik H ABRBEY o o Gt B L INfrd e B AT o B2

[
F o K0 ed S ghenbe o n3ni g £ 8 0 Gsvd S a2 h R HfhoE-
b

9$%W$%ﬁﬁ%k%%ﬁ%ﬂﬂii(*é%ﬁ%#ﬁﬁﬁiﬂ)’?F
A E TR AL A A o A ALK BRI LR o {245 Crandall
eta (2000) ek AR > 2L cndih T LA L - % Y FA TR o
kg5 Moritz (2002) iz 3k » & g fe afRE > 230 (W R AT AR - T ) o
LET T HI AR (FE S L) PRTRLEPOGFEE 2 BRE SR
S R F IR EERP A G NEHATIRE 2B RLFER S
g0l pd B R T FAFRR
Gtk TR, T-FEREGOETRGR o SBPHIk Gk s
fF s i BOASHENARARRNRT PR B REY (5
oo F AP RIIBAE) o A DG G d iR TR XL ARAT
FPARA I HUR 4 N EIRB AR 0 G - B 2 PR AL R RORE o TR

ME R ARy AMBIEDEEHBR o N AR RE AT A

—=\

-

CERRE
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I* e g A FRIBHEKD TR DNEBE > KB MH11-328 />

(Tsal, 2007) #1#% 09.8 £/ 2 (Chen, 1998) - feipidt Fd » ¥ i 351t B 1 %
WY F L el B VAL LKE SR REERRDORIAG 4k
P7 > QudER R A R R SRR 2R LEY T
BB ST o SHES SN PHAERE 0 1960E S AL - B E A
Fde ke B g SR E $e0 2 (Maol971) o TR A - 2 RATEZ
EL R E NG LR - D L EORR e EIFFERTOERR

C B R A ST R

P -
I;‘?é‘b«d]g’ﬁ = o

“ml\

A% chin s (Terrapenecarolina) &d8a] ~ ] ~ 2 i = yRiginGivd o &
LpEE R R L B~ (27-269) (Langtimmetal,1996) - e g 5 AR
Ak AR AR TR ARE CEHEE O RERE 0 T S
BB E RERR > RGET UARERE DTHR -

g TG F 3 S BT ITRG M HH B T 2k AT R B A b

*

543*\

o_%/{

-
e

PN Y A gl}Pmij@ﬁF’IJig4tPi¥5 ERo =3 ‘2§T*}3'FW%J{‘F"E}

# ¢ (Tubervilleetal, 2005; Field et al, 2007) o FF vl — & cpe e o AR A PFRY ch e

W %,@§§@;@¢<TmmMeaam%)oﬁﬁaﬁﬁﬁ g3 k-
£

S iEELE ﬁvq‘%l%]f% i w (Rittenhouseetd,2007) - Jc% 5 £#chddtdh » A
TFACpF > Vo AR ERERS DEE o A r AR A v %G T
i H P A ﬂmé?%ﬁoﬁiéﬁﬁa?ﬁ?ﬁ*; v b IR L Mg {
FIRIOLPRB ALY W e R o ENadrs k> Wnwm ik
53 LIEERE o

BERH B RS TR LA R A LAR A oG 2R @7

BE 4 i bR A FRfdBEd 2 AT AT 6 EER S &

CEBF R (IUCN,2002) R 7 Eic 7 BRAE S v b g sk e (% » T Y

i

CEARCRER TR S sV v EFFAIF (Aet- et stz
SR HITF ORI R 0T R FOUEE R ST o T B A foe 2L o X

kg B (T [ FI RSB T

‘¢z\
‘g;
Pl
St

p 82 0p] > 1l Er IR-TF A AN °
A F A A FER AR AN
4P RRP S FFE c AR ARP SRS HFFLI G 3 P R

frd foo B D AR BET AR U E BT TR L PR TR B 4

R

y

e
f‘m

¥ o A% itk o e
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- ¥ 11+  (Doddand Siegel, 1991 )
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F P P B QST () APPSR (m) P8R0 (log (WT) =
3.0392*log (CL) - 3.90345 T B SAE A (ST T 10% ~ 20%FY
HIET - JEIE SV 209 HEEIT (SR FTIB D RERRY A RS REIER -

9 IME WEHLE 10% less 20% less
35 6 6 5
40 9 8 7
45 13 12 1
50 18 16 15
55 24 22 19
60 32 29 25
65 40 36 32
70 51 46 40
75 62 56 50
80 76 68 61
85 91 82 73
90 109 98 87
95 128 115 102
100 150 135 120
105 174 156 139
110 200 180 160
115 229 206 183
120 260 234 208
125 295 265 236
130 332 299 266
135 372 335 208
140 416 374 333
145 463 417 370
150 513 462 410
155 567 510 453
160 624 562 499
165 685 617 548
170 751 675 600
175 820 738 656
180 893 804 714
185 970 873 776
190 1052 947 842
195 1139 1025 o1l

200 1230 1107 984
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Snakes are detested by many and turtles are adored, yet these two reptile groups faced the same
ordeal of homelessness. Snakes are usually forced to be displaced and turtles are transferred to tanks
and terraria.. More than half of the turtle species are threatened with extinction, the figure for snakesis
less clear due to their secretive habits.

Snakes and turtles are usually injured and mishandled after capture or seized, and the mortality
can be very high. Releasing these reptiles to natural habitats may also be hazardous to their survival if
done haphazardly.

In this conference, experts will talk about the varous aspects on reptile conservation and
tranglocation. Many examples are drawn from the yellow-margined box turtle which constitutes the
major illegal hunting and experting of protected wildlife speciesin the past six yearsin Taiwan and
much studies have been undertaken or are in progress on this one species. The rescue and translocation
procedures used for this species should provide a model for future conservation of reptile species.
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Turtlesin trouble: Status, conservation challenge of the freshwater turtlesin Taiwan
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Three of the four freshwater geoemydid turtles (except Mauremys reevesii) once had stable
populations throughout Taiwan, expecially in the northern part of the island, but their continued
survival are now facing uncertain future. Two species are currently found only in several small islands
in Japan and in Taiwan (Cuora flavomarginata and Mauremys mutica), but have mostly disappeared
in continental Asia. These two species are chosen for large-scale commercial use and their price has
been soared to record high in recent years, which escalates their extirpation probabilities. The ease of
cross-strait commerce between ROC and China also facilitates the smuggling of wild-caught turtles to
China. Furthermore, a new type of illegal trading is observed involving ‘turtle laundering’ in which a
small number of legally imported turtlesto Taiwan is used to cover the large-scale selling of illegally
caught or bred turtlesin Taiwan.
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The release and reintroduction of reptiles- a case study of the wildlife rescue center in Taipei Zoo
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In 1996, under the support of the Council of Agriculture, R. O. C awildlife rescue center was
established inside Taipei zoo. In addition to species identification for animals involved in the case of
wildlife trafficking or violations according to the Wildlife Conservation Law, the mgjor role of this
center isashelter for rescuing the confiscated wildlife creatures from facing euthanasation and
destruction. Besides, the Center also accepts the native wildlife animals which have invaded civilian
surroundings and have been caught and sent to the Center by firefighters, i.e. snakes.

Beside improvement of managing animal care and medical techniques, keeping the rescued animals
aive for contributing a potential value for species survival in the future and releasing rescued wildlife
back to their native habitat is one of the most important tasks in the Center. Therefore, the Center set
up aprogram for animal release and reintroduction for the animals. We will release or reintroduce the
rescue individuals after assessment the current states of the wild population, captive population,
habitats, and the recovery zones. For native/local species, the health individuals will be released into
the field immediately after necessary procedures. The locations of release are chosen as the place
which original appearance, or the vicinity which minimize human disturbance.

The Center keeps approx. 1000 individuals over 100 species mostly reptiles. Many reptile species
suffering habitat fragment and overexploitation threatening with extinction, such as the Burmese star
tortoises, radiated tortoises, and red-foot tortoises. If we can create a captive population and the
conservation breeding program with the rescue individuals, it maybe could help species survival.
Hence, in addition to provide professional medical and keeping for the rescue tortoise, the rescue
center promotes the tortoise conservation program. The contents of the program include to keep the
basic biological information recorded, nutrition analysis, the individual growth rate, breeding
technology, population genetics management and the international cooperation to expand the genetic
diversity of captive populations and promote the in ex-situ and in-situ conservation of endangered
tortoises within efforts to promote the breeding of individuals to return to the goal of the original
habitat.

Burmese star tortoise, for example, we continue recording the growth curve data and the health
status, and fecal hormone analysis to understand the reproductive cycle of our captive population. In
addition, we al so develop genetic markers for paternity testing and genetic management of captive
populations of the newborn individual, in order to maintain the genetic diversity of captive populations
and the prevention of inbreeding. We had upgraded incubation techniques shared from the Behler
Chelonian Center (USA.) and provide paternity identification information to them. We also work with
the Turtle Survival Alliance to build the expansion of the Burmese tortoise restoration center in
Lawkananda protected areas in Myanmar. We hope that future breeding individuals returned to their
original habitat, to increase the effective population size and the genetic diversity of the in-situ
populations. For these rescue animals, the most value of survival should link to the species/wild
population survival, and that are also the most important value of the rescue center for species
conservation.
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Head-starting turtles: areview of what works
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Turtle conservationists have been involved in head-starting programs since at least the 1970s.
Head-starting is used in many taxa, but is particularly appealing in turtles because turtle nests can be
relatively easy to find, eggs can often be protected, and mass production of hatchlingsis often possible.
Therefore, in many speciesit is not too difficult to produce hatchlings and greatly reduce predation on
eggs and neonates. Head-starting programs have been strongly criticized because they usually do not
focus on conservation of subadults and adults, the two life stages most important to population
persistence in long-lived species like turtles. Most head-starting programs also have a poor record of
tracking hatchlings, thus it has been impossible to determine whether head-started hatchlings are
actually recruited into the adult population. There are now responses to both of these criticisms. First,
conservation programs that integrate head-starting programs into support for protection of subadult
and adult turtles are being developed. These combine the public appeal of turtle hatchlings with
broader educational programs. Second, areview of studies of head-starting in sea turtles, freshwater
turtles, and land tortoises shows that head-starting programs can re-establish extirpated populations,
significantly increase recruitment, and help understanding of turtle hatchling ecology.
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“Problem snakes’ in Lanyang plain
- the potential causation, management and further application
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One of the most important wildlife issues in the Langyang Plan concerns snakes: snakes that
are released to the wild for unknown reasons may disrupt the ecosystem, and urban devel opment
greatly increases the incidences of human-snake conflict.

Several different strategies were employed since 2008 to help local government to establish operating
procedures for catching and managing snakes. Seventeen fire brigate precincts in the Langyang area
are used as stations for handling snakes. Personnel training on snake identification and handling
methods are provided and future tasks concerning snakes are identified. The number of snake species
and individuals encountered differs and their potential handling difficulties varies when different
strategies were employed.

Except for exotic snakes which were permanently housed in rescue centers, all local species
were released near the sites of their capture after collecting relevant biological data. Venom was
extracted from venomous snakes and it is estimated that the venom produced by several speciesfrom
the area can provide the production of antivenom for domestic use.
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Law and regulations on wildlife conservation, translocation, and restoration
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The biodiversity of theisland of Taiwan is our natural heritage, but its persistence is threatened
by human population growth, land development, and fragile landscapes. Much needs to be improved
for biodiversity conservation and their sustainable use.

The hunting law was permanently suspended in 1972 to ban any form of hunting. The wildlife
conservation law was in effect in 1989, and its contents were significantly amended in 1994 in
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response to international sanctions resulting from the continued illegal wildlife trade within the
country. Within two years, the efforts of wildlife conservation by ROC governments are recognized
internationally.

Asarule, the use and trade of protected wildlife and their products are prohibited, with the
exception of species that may endanger publish health of human life, or threats to agriculture and
aquaculture. All other wildlife can be used only by application.

Religious and other forms of release of animals to natural habitats may be threats to the endemic
ecosystems, public health, genetic contamination, invasive species, and to the animals themselves. But
existing laws have no jurisdictions to regulate to these activities. The Forest Bureau is preparing an
amendment to regulate inproper release of animals to the wild.
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The rescue and shelter for reptiles. the experience of NCHU Veterinary Medical Teaching Hospital
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The shell rupture and the stress syndrome of turtles were the most common cases in our clinical
reptile emergency. The case of shell rupture was a Chinese stripe-necked turtle rolled over by acar,
causing the rupture of the posterior half of the shell with internal organs exposed, and was presented to
the NCHU Veterinary Medical Teaching Hospital in June, 2010. With hemorrage stopped and organs
cleaned, the trauma debridement and the shell repair surgery were performed. Enrofloxacin for anti-
infection and meloxian for analgesia were given after surgery. Wound care was performed daily, and
the turtle was able to swim normally 3 days later. It was sheltered in NCHU Veterinary Medical
Teaching Hospital with normal spirit and appetite. 80% of survival rate could be achieved if patients
were treated immediately.

Stress syndrome are oftened observed in smuggled turtles. Clinical sign as anorexiaand malaise
could be observed and probably fatal. Four cases are presented. Case 1 to 3 is treated following the
stress syndrome course, and offered Dexamethasone, Gentamicin and fluid. Case 1 is 191 yellow-
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margined box turtles smuggled from Kinmen, fifty of which (26%) were treated (strict treatment); 141
(74%) were untreated. Twenty percent (10) were dead in the treatment group whereas the untreated
group suffered 61% (86) mortality, with an overall mortality of 50%. Case 2 is 311 yellow-margined
box turtles smuggled from Hsinchu Nan-Liao harbor. About half (155) of them received treatment
(wide) and 50.2% (156) of them were untreated. The mortality rate of the treatment and untreated
groups were 15.5% and 45%, respectively. The total mortality of this case was 30%. Case 3 consists of
three smuggled juvenile Red-Footed Tortoise. The patients showed emaciation and anorexia and died
successively in amonth during hospitalized. Severe malnutrition was found in necropsy. Case 4 was
three smuggled flowerback box turtles. The patients were treated for stress syndrome and were
performed oesophagostomy tube placement. The patients’ spirit and appetite become normal and well
recovered, and were discharged after a month.

These cases stressed the need for appropriate treatment dealing with stress syndrome. However,
anutritional supplement provided by infusion only is still insufficient, the placement of
oesophagostomy tube to facilitate nutrient absorption by the gastrointestinal tract can increase the
survival rate of patients. Therefore, the treatment of stress syndrome and the supporting application of
oesophagostomy tube increase the survival rate of the turtles and isindeed a useful supporting therapy.
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Current researches on Cuora flavomarginata in Taiwan
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The ydlow-margined box turtle is distributed in mountains below 1000 min elevation in
Taiwan, with habitat destruction and illegal hunting the two most important threats to its survival.
Three thousand turtles confiscated in the past 6 years have provided a good opportunity to study the
speciesin order to evaluate the possibility for species restoration. Studies on popul ation genetics,
habitat preference, predicted distribution, home range, activity patterns, and rehabilitation were
undertaken in the past three years.
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Potential trandocation sites for rescued Cuora flavomarginata: applications of species distribution
modeling
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Predicting suitable habitats using GIS can be used to select potential habitats to restore
endangered species. Localities of actural occurrence of the yellow-margined box turtles were obtained
by trapping, field interview, and museum records in 2010-2011, and a total of 424 data points were
obtained. Genetic Algorithm of Rule-set Prediction (GARP), Maximum Entropy (MaxEnt) and
Ecological Niche Factor Analysis (ENFA) were performed to cul culate the potential distribution
probabilities of all 1*1 km? grids of Taiwan. A total of seven factors with low correlation coefficients
were chosen to predict the distribution of the species.

Most of the predicted distribution area of the turtle was outside of the current protected areas.
Future distribution of the species in response to climate change is predicted to be in the northern part
of theisland and at higher elevations.

Predicted distribution with at least contiguous 20 km? area from different counties are potential
candidates for use in restoration for the turtle species. However, several places with known poaching
incidences probably should be given low priorities for the conservation of the species.
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Population differentiation of Cuora flavomarginata in Taiwan
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Ideally, confiscated yellow-margined box turtles should be restored to their original habitats so
asto ensure the survival of the species in Taiwan. Should there be significant genetic differentiation
among populations within the island, the rel ease and restoration program should take into account the
origin of the confiscated turtles. One hundred and twenty two turtles were collected and sampled for
mitochondrial (CR, ND4, and 16S, 2128 bp) and nuclear (R35 and RELN, 2121 bp) DNA sequences.
All turtles were clustered into a north-eastern and a south-western group based on mtDNA analysis.
Almost no variation is observed in nuclear DNA, so the results can only differentiate effects from
maternal inheritance. Thirteen microsatellite loci were chosen to further analyze the population
differentiation.
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