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Monitoring the populations of Alien Tree Frog —

Polypedates megacephalus
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Abstract

In order to understand, control and monitor the distributions of Polypedates
megacephalus in Taiwan, amphibian conservation volunteers were used in this study to
carry out nationwide surveys in 2016. There were 25 volunteer teams involving in the
monitoring surveys, and 16,475 frogs belonging to 25 species were found. The most
abundant species found was Polypedates megacephalus (6262), and the second one
was Duttaphrynus melanostictus(2,370). Polypedates megacephalus was found in
Taipei City, New Taipei City, Taoyuan City, Hsinchu City, Hsinchu County, MiaoL.
County, Taichung City, Zhanghua County, Nanto County, Yunlin County, Chiayi
County, and Pingtung County with a total of 858 distribution sites. llan County and
Kaohsiung City were the newly added sites of the year. The result of surveying 41
sympatric sites shared with Polypedates braueri showed that Polypedates braueri was
only in 8 sites. In 110 surveying sites, 91 were found with Polypedates megacephalus
in it, and only 19 sites were devoid of Polypedates megacephalus, showing that once
Polypedates megacephalus makes a successful invasion, the population will be stable.
We conducted Incorporating Network Analysis in Guanyinshan , Taichung, and
Chaunghwa, where Polypedates megacephalus has the most population. We used the
data collected from 2010 to 2016, analyzed the distribution of Polypedates
megacephalus, set up the spatial networks of nodes based on the important habitats,
and calculated the connectivity among nodes to find the key regions which influence
Polypedates megacephalus’ spreading. The result showed that the more crucial nodes
are located at the northeastern side of Guanyinshan (Bali and Wugu), and the next ones
are at the southern side (Shulin, Nankueishan, and Yingge). The more crucial nodes in
Taichung are located at Shaliandun, Tuniu and Dongshi along Dajia river. The more
crucial nodes in Changhwa are located around Tianwei Highway Garden. In 2016,
there were 753 volunteers participating in removing Polypedates megacephalus at
Waziwei of Bali, Bealong Temple of Yingge, Taichung Metropolitan Park, and
Tianwei of Zhanghua, and a total of 991 Polypedates megacephalus were removed.
Additionally, we conducted four microsatellite loci of DNA fragment amplification for
the DNA samples of 91 Polypedates megacephalus caught in 2015. The result of
population genetic differentiation among sampling sites showed that the fixation index
(Fst) was 0-0.227. There is a non-significant correlation between Fst and the
geographic distances among sites.

Keywords: Polypedates megacephalus, distribution, network, control, monitor,

population genetic, geographic distance
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3. TR ERAERK
(1) & Rk % P4 E

1§ #8540 % £ (2015) sezt 2012-2015 & sa @i . S #F ek 1858 B 2k 0 -
SR RHE A F BEE A BkmxSkm = 2 % st At E B R0 Ped 1.3 B s R A
TEE o PENRAEE 4TIl A F B S 4T CHPE(R BT 5T M

BE) o2 A EBES B FEEFA AP A TR R - EREFAH 4 P A

FEE - ERFNE 0 X386 BHEITL 2015 £ EAHET B o

2016 = % 786 1 e PR Bh2 b o A7 2015 & il 4R - 8L K 3RAT
B3 110 B 5 29 8 F s phEETF U RRE R B e gren S 41 B(R 2) > W F s
BRE PR EE L 69 B o &5 saiephs e ghey > Bt e e £ 73 4 (2013
£33 2016 £)ch4 361 0 ¢ @z Ei(TH £ (2014 £ 3 2016 #)HR A 9 B o
S EEFEN A(2015# 3 2016 £)hh 24 B o H B EE B S gkt Lo
B4R B AT (16 B) BBAT AR 2 I B 40 & HFEFwmE A3
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1P HF 4o % 4 (2013 ~ 2014)4 7 &7 s R & % iE 0.87-0.93 5 7
NRAEPFET- XD AT 87%-93%:Hs I T 0P Rpa s 0 T A
T3 3-10 1 ph FEEP o AALHEEFI - AR A c FXNAY AP
L BB A 7 0 A TS  BCR B R o

FRABLF T PRI AFTREBBE 4 kEES R
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(=) S AL el AT N2

TRy 1

FHARRPFERBE TSRS L TR T Ekhe® 4 (2016) 0 E
B R AL F T MF R L F o ATER T 2 H o ZRT BT

BPHROHr F o HAD S LR AT AT S AT o G H R
BERRAYT FTRES AT F L HT AT 0 AR dE e ¢ 4R
2.4 # 41* B &

Bg s SR e Rk R R ARG EEEATREAZ I B
FI*RAEF =R A* P L) DN FER BRSNS FES
polygon » %3+ 92 tg 3X3 S L Bty o 2 = ¥ AL LA G 38 0 B - Kk
AEORHI(RE S Frtk s RLE) 0 F s F - w2 Ja R ALE(R R
FEs KA Gdh s R ERAR A THRE) B 2 BRI Y - B2 SRR 4 103 57 (R
D ABIF B 0T T ARk R ARAE R T ABENRE) A ET) KA A~
KRBT G 9L A A WR R EARSA S - A FA YDA W

:Fx%j\ ’ ﬂﬁbiii—ﬂ@ﬁ”?“fuﬁf{@iji\ ‘-: k,_;‘:]‘l'? ’)%EAV\L;}F‘ K ,/L._Lfg I% H

(\x,

AR AR A L Sx5m it ok (raster) 0 X iR R A R 2 )
F A F BARRLS 1B E (resistance value) 0 k & 7 H 3t s A R B 4
PR R o [ E ] T 5 F B RE L (expert opinion) j# 0 & mare
AL @ DATAHZ B LRBLMHPER LR R IR
* A s R AN S B PR AR AR R o2 B R A 5 5 X 84 least-cost modeling
3 & 4787 * (Zeller, McGarigal, & Whiteley, 2012) o hrsa &4 i 4% i@ (L B
BAPERALE L 5 BEIA G FAREEE LS 200 3@ SRPLT EEE

B E * 110,000 0 # ¥ a % gl Gldois X > Pl 99,999 (L MERT ) o &
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FE#1 R 2 AR E g0 ] 4730 5-99,999 0 st AR FHECE vt Bl 2 A > B3 B W P s
BHEEF BUBRAZR 7 B R T > ¥ least-cost modeling e & ¥ 7 € i & 5 <
e’ 58(Rayfield, Fortin, & Fall, 2010) -
e F o0 Sl & -

H % 2010-2015 & 8 ¥ i p AT RPN chniEaRE IR FOR - TR R IR R
FoEANEA G A RFEFTIIMEA L ES REAEAEIRERTFY
FRBERE 2 E > GE NV e F R SRR B L %G 388

PR 29 R EF S2B 4K ET 67 B(MSIWT)-

® i& 7J(E
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A7 7 AR
4.1.5 ] = AT A +5 Least-cost modeling

W+ BRAKSREY F2 » A PILRE ~ 2 AR T 308 6 R
B3 E(400m ; F24530 o P gR g o B8 7 2 B B R s R0 B icdiy (3R, 2015) 0 1@
* Least-cost modeling(LCM) & 112+ 3 B 78 KRR R BL 5 ¥ o ey o o T 2
B )T%&%’-\.%Péﬁ%/}#‘rﬁ%?* o] FRE &g LRF 2 ZFFRGS 4 7 1Y

s

Al — Bk fEd o @ ST F 2 = LCM 4 47 0 IBEK SR AERE enk JEAL R A A
4L T T I0H & RS 3(800m) 3B d F B A KRS Y u e b
BT A E G B R AR Ry AT BREF AT A
AR R g 1) 7 2 (R R IRE A 0) 0 3 2T @]
TR etz B e R e
4.2 ¥ i§ ¥ & 4 F7(Habitat suitability analysis)
RGOS E B GIEE AR AL ERNE BB ETR

A F7iE * Maxent 3.3.7 5= > A F TRV L 2B A FE AN % (comma separated
values) » T3 F]F # * WorldClim 2 % 5119 B § iz %8> H#Hn % £ & 5
1950-2000 > % s #cf247 & 5 30 arc-secod(%) 1km) » @& * ArcGIS 9.3 # & 4% %
;9% ASCIl 18 » g2 # Tl » 5022 fﬁ o Maxent #2 3 # 1738 T4 " e Bl
P RPN R RGN B - R BT EE (run) s e acTR
% i& (coverage threshold)zk @_% 0.00001 ; % & =t #_+ *I(iteration limitation) 3 500
= ;5 B+ #F F &% = (max number of background points) = 10000 ; #& & 1) 3R en#
FEAS - FHREY LA P510000 B Rt o 31%1 21 %7 ) :E 4% logistic output ;

v & & 2 P kPR gkl TR 3k 5 (Negga 2007) » fi-5 A& 4 5 ASCH 2 5% eig i 3§

|m}
W
=

o
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4.3 s 37- 4 e iR B 2 £ £ 2 (Network analysis: patches as
connectivity provider)

Wiy § 5 RAFTE L ARE IR F L F R 25 LB FRIPN O
I 353 I 5 (occurrence probability) » I fe & & e B i i RN 0 3B (T R R
MR A 38 S AR S R T & (HERRE R DY
L;%) ° Byt A PFE* Integral Index of Connectivity (IIC) % & e jid i & 45
(Pascual-Hortal & Saura, 2008) > H 4 3 55 £ 7 4 (0 IRAS 5 ) & 4 B g
BokRA X T A TR FROFEMBER o & BRI ET - B dICHK
B0 0T Rk SRR Y ARSI FRERE IC @R £ o R E(dIOEE
AR o RA RS YRR R fﬁﬁ)ﬁ’%iﬁ* °
4.4 &% S B Fr M AR BRI T35 % (sensitivity analysis and averaged
patch importance ranking under parameter uncertainties)

PO TR LB R BT o b RRA TP R Sl Ao i aRE iR
M ER AR E 0 v B Aoy Flet & SR AT R BIE
(sensitivity analysis) » 2 & iR[#E» € R PR A > A7 K S B RIM L7 5
BRitmF AR FPEIRAVARRT OTOEBEFEEPRRIFLIERLS

PR AT R - F e fke s R
P =t A AT e Sl P s R h T 30 B IR {riR FERE R A 4 EA <
o Sl TR A IR IR] T s R ARE T 358 # EdE 5 200, 400 (R AL 2 8 ), 600, 800,
1000m ~ B BEFS 6 B+ L Traf fopedtz 15,2 (R A% @), 25,3 &>+ 5x4=20
b s o it Eagdlc e o B/EL ) (47T 22 030201, 030302,
030303)2. FEg B 43t Hes Bl R R & B804 (LS LR B ER LA T
AL A EE) FP AR E rEsE S 5,10 (R AE ), 20,50 2 FR o BB
A4 20x4=80 4 " Hd R EEa ) S s > UE LA ARHBORERS
&% (i@ * ¥ i i (normalized)z. &3 £ & |4 dIIC E(norm-dllc): #-& & M & F
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EE L 1 RN EEREL 0 NI hErkr RPN A
o L 8OFEEFHRY GG AARNRRE(IBIL A0) e 50 A AR T
Fh TRk L A ST Ry 0 NP Lo R e KR B (R
Zhigp o FlER FRAS B REFH Y 7 F)Dnorm-dIC & A 80 fEITH T b
HE T % 0 d7 p i A2 T LR KRR G R DEL L

o

[

|

e

45 &~ 371 B #ic kY

i * Quantum GIS 2.12 (QGIS Development Team, 2015):& {7 3+ 12 7 F 7
W L ST R R 1T A2 fEERER R % MaxEnt 7
B R AFT o i@ % GRASS GIS 7.0 (GRASS Development Team, 2015) 2. r.cost 4" #7
#2 B i& {7 Least-cost modeling ; i# * Conefor 2.6 (Saura & Torné, 2009):i& {7 4 B2 &

17 0 2L E sa e AHE R ik 2 1IC/dIIC #icE o

(=) A P A B G
1 tk+Hx§
HABFFIAZFEFTHRITF 2L 0B REFT I 1D A7 AR RHE D
HREFEG] AEB G BROsHHE R E I YR L E TS RFHRT
Frgedhgicepanggdos > 8 2012 # F4-1 2016 & o jisming o”
MORFE S T AR T P S BHE TR R E SR AR A oS F A R F AT

AP ATRIRGRETE P ABL BT AR S FAEOF 5
FREL F 3

B OF R EREEF 2 HEATE S F s KR KT B
% (B 12) o & 249 ST chp 19 5 SRR - ﬁis?J &5 R A1 3 Movable Type
Scripts 4 =k (http://www.movable-type.co.uk/scripts/latlong-vincenty.html) » 2+ &
AT EFE R e 1P RFELE o
2. DNA 375~

s AHE e B R A % Master PureTM DNA Purification Kit (EPICENTRE)
FP~-DNA o EBvmn o L0555 30 i ehie g = ok (distilled water) ki =t

£ 1395 & & e (7 DNA 57~ > & {8 #-47% h DNA A+ 7% *F 60ul 1 IX TE
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buffer (10Mm tris,ImM EDTA, pH 8.0)¢ » i % 53t-20C ka4 * o
3. Mcirkh A TR 2 T

A 4 B aciE s 2L F1A (microsatellite loci) » 47 & ¥+ % s '@ fiE ek 3
i @4 0 4~ W 5 Pb214 ~ Pb284 ~ Pb293 ~ Pb327(f 1 & » A% £ F) - &
Mk A F R B & F ¥ 515 (forward or revers primer) i 57 5 Sk 4 &%
%o

2 s R A A ik e DNA S fioix (template) » 1% R & fra g - &
(Polymerase Chain Reaction, PCR)i& {7 & ficf# % A& F] & -7 DNA 7 B35 3
(amplify)-PCR ¥ 4= %884 5 5Spl> ¢ 7 1ul DNA & > 0.25 units Go Taq ® Flexi
DNA polymeras (Promega) ~ 2-2.5 mM MgCI2 (Promega) ~ 0.1-0.15 mM dNTP
(Amersham, GE) ~ 1.0ul 5X Colorless Go Taq® Flexi Buffer (pH 8.5, Promega) -
0.1pM # B frk B 515 « PCR#JFH AL 95C 5 AadchoRILF b %
A THII0 BT 05 C 304 > & sl PRRALEERIFF 30§ %
72 °C 304 > e £ 72CHF 10 2 dgcnut £ F Ji o

PCR 4~ f1* ABI 3730xL genetic analyzer (Applied Biosystems)* ‘m ¢ i& {7
TN TR S T Ao ik GeneMarker version 2.4 ik %8 (Softgenetics® )X &
FAE L AR F] RS AT B ] o
4. Feid bR

EE s B il E A TR K F1A] 18 0 1 GenAlEX 6.5 i #8 (Peakall and
Smouse 2012):+ & H £ wleytin A Fl#cE R 2 & B (BB DR % & & (observed
heterozygosity, Ho){=#p ¥ 18 & & & (expected heterozygosity, He) ) - 12 Genepop
#i %8 (Raymond and Rousset 1995) & #& i 2 & 1A 2. FF 2 F ihages 8 T
(Hardy-Weinberg equilibrium, HWE) > i# & #25% e % #ck €% Dememorization
number:10000; Number of batches:10000; Iteration per batch:10000 -

d v @it A Fnull allele)shis &> § BRI 16 R HE B A 45
% > F]pt 2 Micro-Checker version 2.2 #i %2 (Van Oosterhout et al. 2004) # /P & s ¥+
% 2 g 5 (null allele frequency) - &8 7 A FIA 5 i et K %> P € $ 2
A FA e * gr48 @ Brookfield (1996) ¢ 2 ig (7§ > T H4& {8 el F]A] 0
GenAlEx 6.5 #r#8:ie (78 B A~ L 2 & &~ 47 % » + ¥ £ & 47 (Analysis of Molecular
Variance, AMOVA) - i} & 3 R I PELYA A EHET R A ta
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# Fst (Meirmans and Hedrick 2011) 1% & A it 428 o & 3 % B A 450 5 H Pl A 2
FEB%R il & KA B - BHE B REFEF - SEFL V2R 5 - TFF
Hodp B 1204 012 GenAIEX 6.5 #7487 Mantel test #- F14] & ¥ ) % # ¥ For
B b TR RE AR AP BE e o
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R
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=

AR BEEEG L0 P A MG AFR RS TR F - o AR B

EA(HE 147207 > 354-6:9 117 d AEL A BFFETFY

FEARBREFETIIMBEFT EBRE T B P A5 7 ) Ao 38 457 il : 4
Kifve B pEBER L g AR e e TR Y o IR H S HE

USRS~ O L S P o 5% [ AR R R AR 0 o f e
Hifgw &8 »-20Ck47" A0k Ep e 2 RPN &b izp> 4%
MR AEN S ARATRERBE (ARGFRTFT 3 FLEFAT L o

HE AL R st g0
%01-2016 & & 4% & 8§ BIF

P BB i £ B W
P Bk LEAES BEFTFT R 17-127

oA BB EIE ]

3043 Wiy LEAFFaREFTFAT 1-4~7~10 "
Py TNy P

RN 2O E oW NESEARERTFL R 4-6-9-117
idﬁgaﬁigéiﬂ

351 B ey LEAEARFETFLE 10-12 %
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1L AEgEETEAIEEYL L
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.

e Hod o 14 BEAT F IR AHE 0 3 A 5] 10584 &0 ¢ 7 zedd 7,541
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BrLt oo

d X

e

BT B F1RBAENAR I A FRNEE 0 2 ocgand fEm
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2. - A RELAEL T

20164 p i % 84X AR pe (i ) 0 H ¥ BOL Fih & IS o AR S
HIR LA BT 1 Facebookit B #7(604) « K 4 F 5 A BT A
FRBAROL)Z AR (R B TR 15D U FPFF LY &
4-9% (65%) -

TR T AR T LR o F AR A B ARG

HE A F b BE4 S Bt A A MATE00 2 © T A

ENS (o s 2 5 1 R
oI BRI (DB ME Y T
PR PR ch B (2) 17

P25 P A5 P -

L LE3Y 1L p R

L A S E 4
o BB P ER - Lt b AR

Ny SR
#2014 & » %”ﬁ%w,\igp»‘ DAL HE

e NP R SfhE o A PR
R € £ 4 S F R BRI 2 0 A KRG R KRR 7

oo rR U s AL SRS € o

3. TaEEHEL L RRT A F B

2016 & 3+ 14 Bk

~ 253 {3 BEY 3 R BRATE o ApHOT 2015 E ATH]
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TR AT (68 )0 A S (BT B)HVET (32 ) -

/T/l

5% £ 2010 & 7] 2016 # 7 s phiE s F TR (B 9) > B oW
#%]Z’#i 12 lﬁﬂ’/l

05 b 2L F o
IR IP U I W7 = S U N I U RN N T I A
Bho 6@ F @ BB R TAREL  RAR - B AT # B AL 530 1,057
B A b Bhoo # BhE § e 5 3740 (346 ) H = 5 FYF T (206 B)e ;0 £E (189

2N

#) (% 2) -

i — 243 2010-2016 & i F i o B 9 Bior 2012 # mate e ¢ A
Bt L SR E o FAAERE AP F b st BEE 02013 & A
g A H s FTA D

i e BE R R

%[ﬂﬁdﬁz ijﬂﬁ#ﬁ‘ff@m Ep L EFFIREE o EFA

LR s Bt A B i 4 0 2014-2015 #E FF A AT EHE ~
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419 5B AP B EBRLBOHS ) d LT SR AE S B A F R
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ot 110 R BEY > F B EApl 86 BHBET IR A E2 ¢ o bl
kB Gl E B 0 A Lok Ap e (] 10) 0 A %) G P 2PEHEIA S ] A
PRGN Ak G % e~ Bk 2015 & 4T BB 5 £ 2 pEaEis > @ 2016
R R s e i G WS e § F SRR LR 28
LY N R A 7 SRR AT N o de S AV 2B Fleand AR Flirsa T H
STFAIBECBAD ROFEE ] 2R e kT 2R BRIEFIEROD 4
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wEEFRE Fodl o @ s e ahE i H A B Bl SRR M R o
4.2 paiephd A F BLE R

B 2069 B ELY (=) 2016 # O paresbiE G 56 3 (80%) 0 Ao
SRHAREAS F R e b R EF e EAAD36 BREY 0 F 27 B(72.9%)E
T EY G TR A A ERADI B 07 8 5(88.9%)
% 2015-2016 & ¥ 3 saieppd: e B FR T £ 24 BRI 05 18 B (75%)
B Rsa AL o R R T Sl R RARE b B RE AR

AERTRAEY A ARE R AR R L - 125 o ST &
sREAHET G R 0 RIS M o FECR X (2014)- dp I mrhegEE e ]
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SRR BRI TE B enT R A KRR E & 120 X KRB0 E 1 (2016)
i AT RARR > A F P N E R PR PR AR ARG LA R~
2T OR)E s RIERHR e S Lo B o § RIE;RDERSFRL FAO
RARR S i FEAATR RRGFAT IR EY o n RIREH DL R EF LA R
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R TR (R 12) 0 Tl A P2k g ILRE L3 RUSANE R R T R AR
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AL L S P B R AT RSB 13 1 140 B2 S ELE B
FEANC)A 587 M %50 25T 57 RELPRFNEEREY A
PR AS Rlenag s Aol F o F M RAIT RS G RLAFRE B £
BARR S P o Ptk B SRR C BRI > 5P B R rREF AR S Y
2006 & AR ISR A4 ATk T Y AR T kikEBRF I FA Y i
AL 240y m AT Eec S £ 0 2014) > H 3 EiE S 7 R A Rl d B (P
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1. ##r3 AL RfLFEp RETW
p 2011 3 2016 & ¥ > i2 (7% ¥ — A EAREEE T IE TR 0 B PFE T

FA O R AT P RERE ) RO S Dk~ TGN AR S PR N
b~ R YA SR~ ARIE S ERAE B ARRDRE ~ LA MR E R ARE R 12 fhEER o
Bt B b hT b (2 PEiEA P RERE ) Ak s T AL AR
HE)gr 2 BT g KR 15 T armaie s 2011 £ 1 2016 £ ¥ 2 AN 2T EE R
BA 48 o 2010 £ et % 59.8%(67 /112) » 2012 £ P it 62.9%(455 /723) ~ 2013 & ik
37.9%(714 /1844) ~ 2014 & it 45.54%(746 /1638) » 2015 # it 53.88%(382/709) » 2016

£ ik 52.5306(507/965) - } it A E AV A S F@F5E - E P 1 X mﬁ%“f IR
2013 & B dppare itk ot 5 F drd f 5% T o 21 paid gk AL AR R
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2. FriH BEERFAE

p 2011 3 2015 & BPie {75 0 - AR RRE R E B TR A 0 2016
ERLETEEN A - K 2016 F R PR TRV DATIZ L A TS A
M PR ERR SRR~ R MrARE B S ARE S SR~ P AR R s E S O fEd
K0 2016 & Fav g R H B L P IK LA SE(F 16) o 2011 & B A FAE Y $Hoa
AHEE FRF 5 EE B LK ] B s b R SR S
B 21%10 T > kK8 2014 & 7.45(24/322) > # % §_ 2011 & ik 20.68%(55/266) - H i
= & et ¥ 149%-16%[2012 # 14.51%(101/696) ; 2013 & 14.37%(124/863) ; 2015 &
15.65%(53/317)] = i 2016 & M deec & w F sy sk iyl % % - R i DR b
Bapfi oo F gl e 21% ¢ BR AP RE ARG A FATY L0 feor e
SEAPHB DT o RIT RS S e B RS E  FT ARL
T B IEEB L R B sEAREAS TR A KT LR IRARE T RETE A
gt e ¥ EELL DA S ER AESIE S ER HRT R AT F R TN G

SR AAER A YT R A BRSNS AR EET] .

42



100%

I
I
I
I
I

60% % g % % . : a: j;f; L;x\jﬂi
.\ I - - - SRR A

40% \\ e S ——

20% \\ § BB AR

2013

B 16 ~ 2011-2016 & § 80 ¥4 § £ s et £ 5 2 b fE vt 5 )

3. A7 g o

p 2011 3 2015 & AP i {75 ¥ - =opaepphid % E 05 6 TAEagAn e 4 0 42016
ERGEF- F- o B AT i P RIARE P Ak s FAL N A B
MR SRR R T AR 0 AR 17 ¥ (8 s UERE 2012 £ 3 2015 E R 4 ¢ o
§ S FPEF g 2012 # 3 7 s RAREIRE 58 F 0 F s PRADE R e fE D
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% 4~2016 EATAD MR Ry F L pART Bo SRS R R B S X i

K # R (1) $
12 9p 2 17
2720 0p 7 21
31212 p 14 16
4% 9p 35 16
5% 7n 62 28
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8% 13 p 28 18
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10 2 19 p 48 42
11 % 12 p 124 35
12 2 10 p 25 27
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115 % 423 A
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B 19> FA7 & %3 & chmr i el 1 SRR Bp R AR o
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FER (S HREARKARTIEE ) KA 5 F PR R e BT RA - F- S
Brpidlo ¥4 BARER O S A IRNEF X R FoRmL §iea PSSl
2GR o B R A R - B - DA f BB RLAPE O 1} R

i

% 52016 & #7417 H 8w srgxﬂumﬂ%*fﬁii 58 A

K 7 R (8) 58
18 0 5
41 22 p 19 8
71 227 3 !
107 19 p 5 6
e 27 26

46



120

106
OB ®REE
100 -+ 93
v S8 AR
80 81
80 -
60
60 - 58 58
40
27 g
20
20
0 T T T T 1
2012 2013 2014 2015 2016 F

B 19~ $45% 2012-2016 = & sa'efhlefs if A S0 4

B.ad A M F L AR N

2016 & St A= 5 244 Ao e 323 L (£ 6) 0406 7 Hrp R R dipl
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SR o R AR TR 0 X 44 287 £ o
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50 SRR AL B R ARE R F e oy B g ek F s o Tt
2016 # B B4 A B ERTAT 25 B 51 BHOe o mp AdiEn ok o
F AW AR REUSENE PBIE T P T 5 R 7 s i o 4
R AR e R G Seak 4864 § 0 0 vpub 1301 B0 0 %R 418 £ s i
e gd 580 & =t %2 7163 B > 10 Z PHL 322 B o p AR TH "$ R F &
7510 B(% 8)> H ¥ LB LA g FlArma s FR(3542) c KEX EA BHFEETHFL Z
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LM ot HEE f F AR S SRR Bl
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By #i5 L
Al aE ol VIS Al R 3542
LEAEIRFEETFT X 1573
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ZolgdEiERn b e 19
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(F)ARFETFL IR kA

p 2012 & RAEFE B RE 0 3 RMETF Y § #0058 D AR R &
Fr L EXEARETEL FALHEY AFEG o 59 LR A 202 & 95%FH
PR RS e S I B R AR T > (S
TEAGEY c PRFRERG DRREA IS GHEAEKE oL Qo d B prEARET
BERDZIERFIFLEGE I s RARERGAPB AL > TG w S B R
THETERPLERT B R OEAREE A 0 4ok i 2012-2016 & > 3 412 & T
LR A - B2 < F 2 ARF M AR FA Y AR EE R B2 G Y
$#E2014-2015 & & & 167 Soa e AL ER A FF A MBI R T T Y o ¢ B
AE AT BB AR FE LD ﬂ,;rsg DFEF 8 ke (7 m
HhiE ",f B TRF A B ",$ shog " pphdd v ¢ B B RS PR G T g o
Fod L A EEHRTEDRTRE 4L & 25k 250 & oriaphis & > (75 2
PR e
2 O RFETFLING AR EAKIFENRZ ZRFEIAEKE)

ELRRT S F 0 RraF 0 FYFES RS L9 d F0VER ZARRR s KRR
2012 - 123(125) - - 10(197) 15(29)  (25) -
2013 - 323(35) - - 191(63) 109(122) (14) -
2014 - 183 17 - 28 37(28) - -
2015 - 197 36 - 33 39 - 9
2016 81(25) 1017(25) (15) 379(25) 75(25)  (15) - -
B3t 81(25) 1843(185) 53(15) 379(25) 337(285) 200(194)  (39) 9
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(=) & fiwe sl @ W 4

1. HA#HZ BT ey

2012 7] 2016 £ H F > 7 B BRAD AEHEA(H22) > £34F 546 £ R B
e (% 10) - 2012 & 2014 £¢2 2016 & > ¥4 5 BRED chfk 4 > 2015015 F 4
BRED PR A o BREER ik LEERIN A o tRER2 B NECEIERL S o AT feRTH T D
16.69 km » $ £ FEEEEATH B {2 B2 B 19815 km » 97§ R FF T 1o L jedg

% 10238 22 (% 11) -
2. PCR % #

¥ 5L 44 2012 3 2015 # £ 4 & chfk k(7 DNA chf3i 9 % 0 PR S %
Bior 2012 & B e A A6 B A FIA A PCR £ 74 % 1 4 3 if 14(42.7%-85.4%)> @ 2013
3 2015 & thek # & 4p 4 (83.9%-100%) c ¥ ¢ jE L & B iR A F) R i & x-ﬁ )
R4 4 1 5 F) 8 (Pb214 ~ Pb284 ~ Pb293 ~ Ph327)F # % B 4% & 34 3 & ek F)A| &
¥ oob 2 1 35 718 (Pb168 ~ Ph213) e 4 kA dicify > (% 12) > M b AFE g e B A
VAl EHPFB%EFET L2080 2 23 AT A F B RE o T A

Py i kRZ AHFRED20I5EFR 4 B%EF > A6l AT 24 & -

13\

P20 8 5 RA23 0 BT 24 £ £ Ol BARE A 75 ek R @B

Ao
3. ATFEFHMELETG

2015 # B 4 &R > agtis 2 FlEicp (Numbers of alleles)> & - L 7] & Pb214
A FIEP & 5Lt 12 B B G s RH6 B AT Pb284 $Fin A Flik
PEd it ald B Bits e kmd B(& 13); A A Pb293 $Fi8 A Fl#cp
B S nL T n8 s BN enE_S ¢ n2 B A F) & Pb327 418 A Fl#c P & § hE ST

AP 13 Bk Kl a4 BosF s 8 A Flac(private alleles number) & % = & >
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R F1 A Pb214 ¢ i ETA S 4 3 5B 5 0 AT P28 P T BB A S 0 KD
5 e B 0B AT A Ph293 ¢ mATHA R A B EE S R AR F 0B
AFIAEPD327 ¢ At H 8B E B R L aHE0Bod b EATFREAL SR
shig % Faro AT 7 3 G AP A AT 6 0 505 B o F
TR B b 2015 # hTORAG > 4 T s LA H e gl o

BELReig ) B % & & (observed and expected heterozygosities)si% i» » 5 ¥ eE
fgk FI Pb214 1§ BEF W s T 5 ATA R w L Tk PD2BA § AT
HEes BTG ATA S 22451 R D] A Pb293 F F BT B AA R T fF s AT ek

7w Pb327 F 5 BF WA BT AR 14) - SO R T frehkg sk kg o B R IERIT MG

;\At

EFZ4r A S50 ATHRA A 2 AP REG S ¢ B HATA D SRR YL R T

7o
4. Null allele %4 #5

d G 5 R E e FUR iR e R T e Bl R R R ROCH B A BT B
BE LY RFRE o % AT AT PO214 Rt EEP F LG RN G null
allele> fe 74 2% 3 & L ]k Pb284-Pb293 & Ph327> 11 2 5 ¢ %+ & 7L ] Ph284
&3 nullallelee Bt > 44453 null allele % fc7% 3 > 2 Brookfield 1 = i & i

Ph327 ~ Pb293 ~ Ph284 thfk F] 3| 14 » 25 & R 14 ek F) 7] 2 e (7l @A 1L A 45 o
5. BBEA

PR ch R 4nE E il A 1 gy B FST @ 420 0.-0.227 2 & > L350 5 0.176 3+
SRR AR TEET Y 5 EF LR (L 15 A&7 Micro-checker {2 {5 A 7]
A et B AR RS @A oo FST @ 430 0-0.225 2 B » T35 5 0170 53t %
B o oBRrwiplk 4B TEERF Y G REFLE(L16) or By 4 BT
SRR R E Al G AL p st
S RPN R BT 0 RAA T B iRk T6%A S R R TR

T 7%p T RBERE > § 18%%k p 3t EFE A (£ 17) - Micro-checker & it & AL F1 4] #13t B
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kAP F 79%:hAa + RE KT BRPN G 3%KA BREF G 17%K A EFEF(Z
18) o ji 1t % kg  REDERIEHL B I gL A G FAVIEKES] BAY
MR B % o 5 P % (FAro 2015 & B 4 BEA hmaiEARE R RET G P
BB st aigAh bR Bk meARE B PR o

il BEEAE e R P ML A PSR PR KBRSl B4 R (FST)& & 52

BEALR LG M ¥ i M 1E(R2= 0.7027, p>0.05)( 23)

FewolE 2012 2013 2014 2015 2016

A - - 10 - 25
AT 25 24 27 25 25
e 21 7 29 - 15
Frrw - - - - 26
nv 25 29 26 20 24
LR 25 25 26 25 -
2 R 2k 25 14 - - -
3 K5 - - - 24 -
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FoO11~ SRR ORANER R R E R AR A 3 SRR T o L SUEH(E D 2 2)
b

B g, HR () wR(kE) oi 251 B Fe ] B e LW 350 Bk Z HRR
o 25.01521 121.55734

Frpe B 25.16793 121.41680  22.07

FeE 24.93981 121.30113  27.18 27.84

354 B 24.844247 120.925263 66,59 61.21 39.42

oe 24.20790 120.59845 132.00 134.79 107.88 77.87

AR 23.90696 12052829 ~ 161.10  166.17 138.68 111.35 34.09

Z e 23.72076 120.26802  194.08  198.15 170.95 141.20 63.58 33.60

7 PRk 23.90722 120.69222 150.85 157.77 129.98 106.44 34.64 16.69 47.91




# 12 ~2012 3 2015 # 409 & srieptddtk & oflc ik A F1A PCR 453 = # 5 74

A~ 7 1%~ (%)
MeiEh 2R TR 2012 2013 2014 2015
Pb168 19.6%(23/117) * * i 20.69%(19/92)
Pb213 4.27%(5/117) * * i 23.9%(22/92)
Pb214 81.19%(95/117)  89.3%(84/94)  91.5%(97/106) 98.99%(91/92)
Pb284 42.7%(50/117)  90.4%(85/94)  83.9%(89/106) 100.0%(92/92)
Pb293 84.69(99/117)  97.8%(92/94)  97.1%(103/106) 100.0%(92/92)
Pb327 85.49%(100/117)  96.8%(91/94)  98.1%(104/106) 100.0%(92/92)
4 T A FIRCE 2 aik Al 46 80 80 o1

(Pb214 ~ 284 ~ 293 ~ 327)
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2013 & HBEH SRS S TR $n A T (Na) ~ § ocstin & Flic(Ne) ~ 34 $is % F#k(Pa) -

214 284 293 327
site Na Ne Pa Na Ne Pa Na Ne Pa Na Ne Pa
ChangHua 12.000 7. 837 0 9.000 2.513 2 7.000 2. 964 2 9.000 2. 330 2
NewTaipei 8.000 4,347 3 14.000 10.105 8 8.000 2.118 4 13.000  8.170 8
Nantou 6. 000 3. 388 0 4. 000 2.395 0 4.000 2. 137 0 4.000 1.587 0
Taichung  9.000 5. 000 0 5. 000 1.843 1 2.000 1. 882 0 8.000 4. 469 3

Mean 8. 750 5. 143 8.000 4.214 5. 250 2.275 8. 500 4.139

Na 5§11 2 718, Ne 5 7 scerft i A 71, Pa 3 7 ¢ A Flik

% 14~ B & & & pL% (8 (observed heterozygosity, Ho){= 2 & & & #p % & (Unbiased, expected heterozygosities) 2 &£_F i #tr4 JF T & i <
# 7 & (Hardy-Weinberg equilibrium P-value, HWE)

Pb214 Pb284 Pb293 Pb327
W 2L Ho He Phwe Ho He PhwE Ho He PHwE Ho He Phwe
$51 2% 0.7826 0.8918 0.0363 0.5217 0.6155 0.2618 0.6522 0.6773 0.0005 0.4783 0.5836  0.146
=¥ B 09500 0.8205 0.0067" 0.2000 0.4692 0.0016 0.4500 0.4808 1.0000 0.6500 0.7962  0.0110
a4+ 07917 0.7863 0.4084 0.7500 0.9202 0.0006 0.3333  0.5390 0.0271° 0.5000 0.8963 0™
&3 3  09167 0.7199 0.2945 0.7917 0.5949 0.0781 0.6250 0.5434 0.6447 0.3750 0.3777  1.0000

% 3* : HWE: P<0.05*,P<0.01**,P<0.0001*** » & HWE Z 3 ¥ > % 7 7 3 ¥ imat=5 £ T = ; HO:Observed heterozygosities, He:Expected
heterozygosities.
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# 15~ %73 $REF h4>chpairwise Fe B2 £ F B F hap 0 ey 5 P @

site 350 Bh et R o
351 B 0.001  0.001 0.001
FraL 0.203 0.001 0.001
2 KR 0.151 0.227 0.001
sP 0.147 0.167 0.164

B ARy 2T A Fer B+ 2 355 PEP &
E 59999t sdrl > BFLE a=0.0510=
0.0005) e 2 % 5% & For @A F HAL 0 o

# 16 ~ 73 2L 11 Micro-checker #c48 te i & A& F1 3] #73+ & 41 e pairwise Fst 2 8_F & % ik 4
0chils % P ig

- o > 5 A ., 5
Site 51V Eh ATHP B SR

50 0.001 0.001 0.001
sras 0195 0.001 0.001
43m 0151 0225 0.001
4¢3 0144 0145 0.159

Bim: AHe? 2T k75 Ferieo 2 b2 67,5 P (P Belpb ¥ 5 9999 o S 40 E o B

¥k 0=0.05/10=0.0005) - e 48 % % 5% 4 For A F i 0

20T~ ARG A TR S+ R A L4155

Z 3 Xk df SS MS  Est. Var. %

Ve Y 3 44661 14.887 0.296 18%
X 0 87 127.208 1.462  0.118 7%
%8 p 91 111,500 1.225 1.225 75%

Total 181  283.368 1.639  100%

% 3x.df(d egree of freedom) ~ SS(sum square) ~ MS(mean square)

# 18 ~ #73 #& & 12 Micro-checker it 2 A F A » + R 2175 %

Z 3 Xk df SS MS  Est. Var. %

EE R 3 43.727 14576  0.289 17%
i 48 R 87 124537 1.431 0.056 3%
i %8 p 91 120.000 1.319 1.319 79%

Total 181  288.264 1.664 100%

& 3x.df(degree of freedom) ~ SS(sum square) ~ MS(mean square)
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Bk BL B AR MIEE ke 120.62632 22.7495 1
BAE: BA FEE KA 120.63824 22.7255 2
wEEL = &R T PR B 120.76174 24.38965 1
AR T P AHP L L B #R) 120.75546 24.56582 1
WAEL o 4 AR TTE R RS 120.82626 24.33298 1
WOE R oAm4E AR (GEAR-E G keek i B) 120.68062 24.41573 1
wA R eAAE S0 Z(EAR-RRSEimR)  120.69845 24.38722 1
kR W T WMATE oL F (G ER) 120.73758 24.49344 1
FeFD O MR OMMLA BB 121.3131 24.94367 1 1
FeFP O AHLE ML 3 121.32355 24.9691 1 1
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MR -~ FE D O R B

FAR O MR e SR R 2010 2011 2012 2013 2014 2015 2016 43+ # 3t
;PN - RPN e 121.2933 24.94456 1 1
FES A TFE M5 121.29751 24.93683 1 1
;o PN - RPN TS 121.29373 24.92571 1 1
0 N A S £3 121.30516 24.94118 1 1 2
007 I BN e S S ~8 121.33378 24.93607 1
FED A TE 4 L 121.34478 24.94641 1
M AR dah 121.30791 24.9544 1
FFP MR P E A E-~ 03 121.32311 24.95904 1 1 2
00 PN A S 3 7S 121.28026 24.97055 1 1 2
FEF AR Pz 1 121.3079 24.95435 1 1
FEP O AEE Pz 4 121.30515 24.95025 1 1
FEP O AMETE = 6 121.32101 24.9472 1 1
FED O AETE Pz T 121.30113 24.93981 1 1
N 3 e PN e S 121.30119 24.93982 1 1 2
FRT AR BBAE 121.34099 24.941 1 1
PP ANEFR O LAR-BP R Y (PHT) 121.3034 24.98087 1
FEF M TE 2K 1906 & 121.31998 24.94832 1
FeEP OAHLE B A 05 121.31586 24.94444 1
FES AL E B PR 1216 5T 3R) 121.30862 24.93805 1 1
FFP N TR 2R 1906 & A~ 06 121.31998 24.94832 1 1
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MR -~ FE D O R B

RAT MR B E SR R 2010 2011 2012 2013 2014 2015 2016 &3+ # 3t
PEP AR T FE2 121.23464 25.02162 1 1 2
FEP A ER = A 121.27102 24.88375 1 1
FETD S ER ARk 1A 121.27805 24.868 1 1 2
FEF® A ER A £ 3C 121.29696 24.86493 1 1 2
FEF® A ER AL 4A 121.27822 24.8558 1 1 2
PETH < ER R BAREE 121.28557 24.86011 1 1
FEF® A ER A ERTA 121.27516 24.84951 1 1
FEED A ER AUER C REIPM (L 4R) 121.28598 24.86873 1 1
FEP A ETE ¢ B 121.28751 24.87319 1
FEHD A LT ¢ ERR 2 121.29329 24.87887 1
FED LT AR 121.25922 24.89346 1
FET S AR FFE 121.25484 24.86756 1 2
PETD XA EEE RS 121.2824 24.85469 1
FEF® A ER B +R2 138 55 121.26679 24.88442 1
KR AER OB HBRZ K 121.25958 24.87621 1
FED A ETR PF R EAT R 121.32009 24.90527 1 1
FeRB A ER B 2R3 (5 H) 121.2592 24.88674 1
FED S ER B ERI K 121.27243 24.83923 1
FeE? S ET W R- B HRZ 138 5L 121.26679 24.88442 1
FEF® A ER WdR- ABRRED 64 121.28557 24.86011 1
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e - fEE R R 5k ()

RAT MR B E R ¥R 2010 2011 2012 2013 2014 2015 2016 f#3* # it
BRI < ER ATl L 121.26675 24.86901 1 1
MES A ER PR 121.3064 24.86156 1 1
FFD PR L2 F R TGIAR-R RS ek ) 12115229 25.02516 11
WD YR ¢ L 1216 % 121.27529 24.98537 1 1
N AR LR 121.22444 25.01372 1 1
FFED PR Y@l 121.27122 25.00148 1 1
FED PR 2 121.27282 24.99696 1 1
FFD PR YD 121.24823 24.97646 1 1
FF PR YT 121.2661 24.97633 1 1
W YR T2 121.23464 25.02162 1 1
WET YR P 18 121.2346  25.00473 1 1
N EERE 121.27694 24.97134 1 1
WES YR 7B 121.25484 24.86756 1 1
WET YR TR 121.28026 24.97055 1 1
WD YR e TR 2 121.28147 24.9848 1 1
PED PR REAR N (L R) 121.25403 24.97243 1 1
S YR K - 6 121.26209 24.99454 1 1
P YR K- 8 121.25449 24.98773 1 1
W YR #- 3 121.26178 24.99919 1 1
WEHF YR M- 5 121.25487 24.99322 1 1
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MR -~ FE D O R B

RRB MR ¥R SR FR 2010 2011 2012 2013 2014 2015 2016 43+ # &
PR PR P9 121.26622 24.98561 1 1
PES PHE -8 121.25451 24.98752 1 1 2
T P HE Pz 8 121.31036 24.94295 1 1
BFES PHE P L2 121.2545 24.98774 1 1 2
PES PR Ra- 121.29001 24.99297 1
PRSP T RS E- B 121.29143 24.96401 1
PP PR G R-RE R 121.28491 25.00939 1 1
PP TR TR ARG 121.21051 24.8963 1 1
PR THE K% B 168 5 121.19411 24.95252 1 1
PIT O REE = VBRI 121.31664 25.00327 1 1
PED PR PRI 121.3045 25.00662 1 1
PR OPFTE Y ART AR L 121.3217 25.01418 1 1
FED PR P HE 121.30526 25.02817 1 1
PR OPEE NG IEARE 121.31672 25.00912 1 1
FED FFE KD 4 121.31107 25.0019 1
PES PR RS 121.30566 25.01156 1
PFF PEE SR 3E 106 & 121.33724 25.00483 1 1
PR PR S PR35 3 121.32564 25.01698 1
PEP PR APEREZR 121.31681 24.99415 1
PFS PEE SRz B115 % 100 3%t 121.32878 25.00137 1 1
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MR -~ FE D O R B

FAT O REL A B SR R 2010 2011 2012 2013 2014 2015 2016 &3+ # 3x
FFED FFE LR 121.30186 24.99705 1 1
R Y ) N 7S 121.31337 24.98384 1 1
FED O PEE AL SR F 121.32948 25.00254 1
FEED ORFE OGP EANES 121.31067 25.006 1
PFED PRE SR 121.31213 25.02557 1 1
FFD OFF R P A2-2 Mz 121.32564 25.01698 1
FED FFE Y 17 121.28491 25.00939 1
FeFT OREE ORET LR R 121.31133 25.00204 1 1
FED R R e 121.27529 24.98537 1 1
PED O PEE LR LR 121.3187 25.00893 1 1
FeER O OFE R AR FFR kA 121.31471 25.02135 1 1
FED BFE OECE 121.3034 24.98087 1 1
FED FFE AR 121.31699 25.00821 1 1
WP REE &£ 121.31664 25.00327 1 2
PP OFEE BEE 121.3096 25.02342 1 1
FET BER SFR-F366%50 8L 121.15349 24.93759 1
PP PER ATIERIFHRELR 121.17453 24.91969 1
PP PR AT 121.17209 24.91855 1
PER OFEE -9 121.18337 24.93044 2
FE PR OPFLRR R 41 121.16708 24.93746 1
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e -~ EETRE R Gk ()

FAT O REL A B SR R 2010 2011 2012 2013 2014 2015 2016 43+ # 3*
PP PR PFEMALE 51 121.17579 24.94034 1 1 1 3
PETD O HEER R XRE 121.17573 24.93491 1
FER PR OATEREE K145 & 121.19982 24.91678 1 1
FE® P F 4 051 121.17213 24.94282 1
FES PHEE 09 121.1834 24.93073 1
FE BEE B 52 121.17581 24.9414 1
FED PR BRFE 121.19829 24.93782 1 1
FFS WEE R Rk 121.18268 24.83679 1 1
FE® R FR FRR4LE 121.19432 24.88235 1 1
FED S0 % (L) PRYLEFLEES 121.38118 24.99096 1
FHEF S LE (2)E A8 516 & 121.33314 24.99816 1 2
FEP S LF < Fw 121.35356 24.98426 1 1 3
FHED S LE R 121.35404 24.989 1 1
FEP B LR 4 F 121.40003 25.00053 1 1
FFD L E xS 121.37465 24.99111 2
KFET HLF AHRLTZES 121.36575 24.98398 3
PR S LR AL 121.37926 24.99275 1 2
FED S LT L2 121.38462 25.00139 1
FERP S L EH AR 187 B 121.35303 24.96835 1
FEP &L E LRE 5(%) 121.30398 25.08564 2
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e -~ FEE TR R Lk ()

FRT O MR B R WA 2010 2011 2012 2013 2014 2015 2016 43~ # 3t
BT S LF ¢ Rl 12134281  25.02322 1 1 2
el L E ¢ omEs 120 5 12135123 24.97237 1 1
WD S LF ¢ BE 00 B A 12134619  24.98035 1 1 2
FeFlD S LE SP 1662 1% 12135183  25.00638 1
PeFD O ELE AT 1213773 24.97376 1 1
WD BLE A 121.39614  25.00052 1
W BT B A 121.36544  24.9836 11 4
KEP S LF kP 166 2 2 B 12134393 25.00862 1 2
WD & LR kP 248 £ EF 121.34373  25.01177 1 1
P OB L k28l B X bR B E£F 121.34862  25.00489 11 2
KR S LE kERE- K 12135273 25.0222 1 1
WD B LR kR 121.34079  25.01182 1 1
MES &LE SH1H %S 121.34933  24.98971 1 12
PP OB L E &Rz g 115 # 100 4t 12132068  25.00308 1 1
WED S LF 3 E A 121.36514  24.97476 1 1
S BLE T ER 12134761  24.99681 11
S BLE TEEL 121.33901  24.99849 1 1
PR S LE T EE? 12134761  24.99681 1 1
P HLE TEES LR 121.33901  24.99849 1
P ELE PSR 121.34577  24.99086 1 1 1 1 4
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MR -~ FE D O R B

A ol SR R 2010 2011 2012 2013 2014 2015 2016 33" # 3t
FET S LR OTTX 121.37447 24.98215 1 1
FEP HLF LELL 121.33973 24.99873 1
FEP s LF LEEL 2 121.34485 25.00056 1
PR S LR Oz FEoks 121.33973 24.99873 1
R T - X 121.34485 25.00056 1 2
FeFT s L% 2§ 516 5 121.33224 24.99846 1 1 2
FeBI? &R (5w 1) 121.30684 25.0882 1 1
FFT S LE 2R 121.33951 25.0068 1 1
PP OBLE LIRS 121.33705 24.99879 1 1 1 1 4
PP OALE R EE 121.33788 25.01775 1 1
FET S LR JREE 3 121.35914 25.0125 1 1
FET OB LR SRR 4 121.3671 25.00367 1 2
FEP &R FE- 128 121.36414 24.99664 1 1 2
FEP OSLE FEREL 121.36067 24.99387 1 1 1 3
FET S LR FEE2 121.36865 24.99211 1 1
FES S LF FEE3 121.36975 24.99163 1
PeET S LR F R 395 255505 121.36868 24.99664 1
PeFF &L E F LB 69503 151 B £ 121.36067 24.99387 1 1 1 3
PeET S LR R 121.40489 24.99921 1
AU EAE T 121.392  24.98859 1
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MR -~ FE D O R B

FRT O MR B R R 2010 2011 2012 2013 2014 2015 2016 &3+ # it
WD LR L 121.33938 24.97479 1 1
WD SR R 273 B 121.34864 24.98317 1 1
WED S LE SRR F 121.33735 24.98295 1 1 1 1 4
WS LR B2 121.32669 24.99109 11 2
FFD &L ARR 12-1-58 % B ) 121.33741 24.98297 1 1
WD B LT AR L 121353 24.98407 1 1 1 1 1 5
P HLE BAYEELEFEAR 121.34762 25.007 1 1
WS B LE gl 121.34446 24.98575 1 1
WD B LT R 121.35782 24.98224 1 1 1 1 5
FES OB LR LA 121.35581 25.0053 1
FED BLE MM 121.39712 25.00245 1 1 1 3
FET KGR LR () 121.32455 25.0795 1 1
FET SR LR 6(k) 121.29973 25.08726 11 2
PEP OES % TR L () 121.29588 25.06289 11 2
WES PR CEEZ 4528 £ 121.30496 25.05401 11 2
WHS PR -8 K2 F 560 8 121.30986 25.05478 1 1 1 3
FES AR H (k) 121.30545 25.07746 1 1 1 3
RES ERw% Ll 121.29224 25.04393 1 1
P OE SR SSRE S 121.34479 25.08178 1 1
WEP EP% 8 K567 % 121.30984 25.04635 1 1
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e R R 2010 2011 2012 2013 2014 2015 2016 4&3* & &
P w® fe #2(k) 121.31107 25.08957 1 1
i & L 3() 121.31089 25.09387 1 2
s R M2 121.2936 25.09735 1
i S M, 121.28943 25.09168 1
i S M, 121.2936 25.09735 1 1
A9® 298 2>k) 121.29094 25.08926 1 1 2
E5% P HEF 6.2 121.26419 24.99477 1
%% BE 121.2621 24.99454 2
AP % d4F- 3272 121.26426 25.0084 1
Ar% @4F-9 8754 188 O F 121.28472 25.04845 1 1
Ao% Wk 121.25745 24.99756 1 1
R 121.29204 25.07039 1 1 2
Ao® $hregl 121.29842 25.06284 1 1
Ao® vy 121.30653 25.06106 1 1 2
Ao% frps 121.29981 25.09433 1 1
B % TOoRZEKLIET R (E4R)  121.10231 25.013 1
TR X EC B 438 B 120.31217 22.61221 1
A A 4 4 B FI(E ) 120.56585 23.74499 1 1
1T S 120.5014 23.72097 1 1
A1 ¥ F(EHR) 120.5014 23.72097 1 1
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s REE B S R AR

FREL ¢ B R k34 2010 2011 2012 2013 2014 2015 2016 %3+ # 3t
A AR ER 120.58716 23.71619 1 1
L Pk (AT E ) 120.54542 23.72562 1 1
S w RN B AT e s o BI(GE 4F) 120.5555 23.74131 1 1
A SR 120.5555 23.74131 1
T ESR ABE BB i O BT (3 4R) 120.60012 23.69432 1
O UREL o 41 AR (L AR) 120.45921 23.80528 1 1
TR TR 120.46128 23.80735 1
B OARAE KRR B 120.46716 23.80204 1
LA SR 6 2 fo % (G 3R) 120.28354 23.71834 1 1
FFR OATEHEFZ P A 200 ok chif i (GE4F)  120.2768  23.80741 1
F R WER) s S 156 B b LS (3 4F) 120.28832 23.75849 1
T sR 4 B (3 AF) 120.28387 23.70965 1
FL AR TR R RET 2 120.28345 23.70995 1 1 1 4
P 2RO R B 120.28343 23.70968 1 1
FLR et 3ok 3 120.29251 23.72003 1
FLFR et 8 RS 120.28189 23.70439 1
ANBLF TEFERES 121.37062 25.11593 1 1
N2 E TR R 6. 121.37923 25.11421 1 1
ANLR ou Rk 121.44711 25.12764 1
AL H R ERER 121.41648 2516766 1 1 1 1 1 1 1 7
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e - fEE R R 5k ()

RAT MR B E g ¥R 2010 2011 2012 2013 2014 2015 2016 f#3* # it
RS OAEER TR B4 121.36849 25.11736 1 1
FTAD OANZE LTEFRD 121.37062 25.11592 1 1
A4 OABE ¢ R 121.38074 25.10289 11 3
AT ONBE OFTRT 121.42634 25.12265 1 1
A4 AT R H LR 03 121.42125 25.12529 1 1
ATAD ONZ R A EER L 121.42504 25.1513 1 2
ATAD AT R A EE 3 121.43459 25.15664 1 2
A4 AL R ER LS 121.41793 25.13427 1 1
FAD OABE EF L4 121.42242 25.13977 1 1
FTAD AL E ERLES 121.42007 25.14302 11 2
FrA AL F O ER L6 121.41843 25.14398 1 1
CIT RPN I S CE PR 121.4503 25.12943 1 1
FTA AR H G L AT R DB 121.40006 25.15145 2 2
FPAD AL R ORG L ¢ EE ML RS 121.39487 25.14029 1 1
R AL R R L ¢ EFR(F R A KE4F P ) 1213935 2514023 11 3
A AL E RS L X3 121.44695 25.10755 11 3
A NLE RS L L5 121.44833 25.11662 2 1 4
A ONLH RS L L6 121.44587 25.11971 11 2
A ONLR RS L R RT 121.44132 25.12028 1 1
FTAH AT H BG4 L2 B 2 R)2 121.39562 25.11543 2 2
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M -~ BEE R 5 R B

FRB O AR e BR TR 2010 2011 2012 2013 2014 2015 2016 %3+ & 3:x
Fratd M2 R OB L A Bl A R4 121.39963 25.09337 2 2
Frath AR R OB L A Bl E P %A ¥4e )l 121.39385 25.12307 2 1 1 4
ArA A2 % OESF L A BL(E4H)3 121.39683 25.10483 2 2
FrAH AL R OEAL v E L 121.43943 25.12444 1 1 1 3
FrAH AL R OEF L i E 2 121.43482 25.1215 2 2
FrAH ML R OEF L v B4 121.44253 25.12548 2 1 1 1 1 6
Frad A2 % OBEAL 9 ES 121.44472 25.12703 2 2
Fratd A2 R OES L K AR 121.43812 25.15014 1 1
Fratd M2 R OB L PR3 121.39079 25.12361 2 1 3
Fratd N2 R OB L EFFRU 2 121.40844 25.12455 2 1 3
Fravd N2 % OB FIFRAKTRY FE) 121.40319 25.1326 2 1 3
Fravd N2 % ORG WL iRl 121.3898 25.12787 1 1
FAP AT R OBEY L AT 121.43412 25.13538 2 1 4
A O NZ R ORGSO BRS K2 121.43207 25.14492 2 1 4
Fravd N2 % RS LA 491K 121.40188 25.13671 2 3
Fratd M2 R OBG LEFRUL 121.41115 25.12249 2 2
Fratd N2 R OBG L i 2 121.38786 25.13071 2 1 3
Fratd o Z % 2B 62 BL(AE 4F) 121.46224 25.24386 1 1
ATAT ZER RMBEBRET A RAF 121.48753 25.09131 1 1 1 3
AP 2R E KRR 121.36475 24.92748 1
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g - s fEE R R 5k ()

FRB O AR e BR R 2010 2011 2012 2013 2014 2015 2016 &3+ # :x
FriH ZE AEK- K238 % 121.38209 24.92917 1 1 1 3
FpH ZE AEKC K136 121.39232 24.93201 1 1 1 3
Frad ZwE oA E = PR 41 121.36565 24.94626 1 1 1 3
B ZRE SiAAHF = ’f%rr; 5.1 121.3716 24.95014 1 1 2
A OZRE SAE F¥E 21 121.37641 24.95434 1 1 3
A ZRE SR H [ﬁﬁ*‘(a m) 6.2 121.38707 24.94913 1 1 3
A ZRE SAAE HEE 6 121.38093 24.95183 1 1 2
A Oz R oSAAE I 6l 121.38732 24.94654 1 1 2
A ZRE oS H81 121.37634 24.93907 1 1 2
A ZRE oS 582 121.37911 24.93874 1 1 2
AR ZwE SR H9 121.37634 24.93907 1 1
FraH o F TP 121.37641 24.95434 1
A e E & FEGER) 121.38707 24.94913 1
A e EFIE3E 219 % 121.38968 24.9482 1 1
AR e R HBlEE 121.38093 24.95183 1 1
A R MBlELE 121.39282 24.95524 1 1
AP ZaE PeT ue 121.38732 24.94654 1 1
Fr# o Z W E dHF-E5 D 121.36559 24.90938 1 1
FAd o E R FlE 8-2 55 121.35642 24.91433 11
FrA ZwE F28-AEHF 121.3645 24.94901 1 1
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e - fEE R R 5k ()

RAT MR B E g ¥R 2010 2011 2012 2013 2014 2015 2016 f#3* # it
RTAS Z R H kL i (G 4F) 121.36842 24.93323 1 1
A AHE ML 121.41543 24.97324 1
A O AWE 2BFIE 121.47249 24.96453 1 1 1 3
FA AR 2 BSEER 121.44671 24.96469 1
FA AR 2 BSEER 121.44774 24.9645 1 1 1 1 1 5
A4 AR A EERE 3 121.42264 24.96774 1
A4 AWE LY 121.46679 24.9545 1 1 1 1 4
R AR Y LB RSP HE BIE N (E4F) 121.44892 24.99145 1 1
A 2B 4 fed Rl £ H 121.47277 24.98047 1 13
A4 AR Y OER- K 121.44681 24.99034 1 1
A OABER OB 121.45727 24.96348 1 1 1 3
P 1B R ORI 121.44542 24.95869 1 1
A IBE ABHELE 121.40705 24.97712 1 1
B BT A 12 121.43603 24.9599 1 1
R4 2B E 3R 121.44529 24.95855 11
B 2 E T B2 SRS 121.43018 24.98434 1 1
A 1B R B4 A 121.42042 24.97493 1 1
A 2B E BHRD 121.43138 24.97368 1 1
S 2SR BT Z L4653 121.42315 24.96044 1 1
A 1B R ORARSH 121.42967 24.95301 1 1 1 1 4
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e - fEE R R 5k ()

FAR R R SR 2010 2011 2012 2013 2014 2015 2016 &3+ # it
Y T 121.45377 24.98914 1 1
FAH ¢ ek ¢ fel0 X kiES2FFEF 12146584 24.98035 1 1
FAH PR ¢ e l7 kB 328 1E 121.45569 24.98081 1 1
AT ¢ ek ¢ o l8 FoRE 2 121.46229 24.97661 1 1
F4F ¢ R ¢ fe5 f wﬂt‘ o 2 H 121.47206 24.99935 1 1
M PR ¢ o8 121.47051 24.99429 1 1
FAD PR Y Ar9 AR EH 121.48211 24.991 1 1
FA A ¢ ek WAR- f R 121.47274 24.99854 1 1
FH P R RieiRE (4R) 121.48549 24.9911 1 1
FMAD TRT R 121.41558 25.07868 1
1 T ORT 121.42738 25.07755 11 1 1 4
AT TORT hFEL(B 2 RIHET) 121.41512 25.07897 1 1
FrA T ORE b FE 2(R ) 121.42504 25.07749 1 1
FrAH TR hF Rk () 121.42011 25.07871 1 2
FrAH T ORFE SRRk 2(%) 121.42296 25.07865 1 1 1 1 4
R T ORT ARBE D 121.42854 25.10391 1 1
A TORTE DR 121.44212 25.10227 2
A T ONTE FDE4 121.43117 25.11089 2
3 TME EFDED 121.43024 25.11967 2
3 T ORTE EFDES 121.43075 25.1176 1 1
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i R k 23 2010 2011 2012 2013 2014 2015 2016 %3+ & :x
FZRER 121.43302 25.10556 1 1 2
FZRER 121.43316 25.1055 1 1
g & 134 BL(# 55 %) 121.43215 25.09915 1 1 2
e B 134 85(4 55 1) 121.43189 25.09944 1 1
g B 3(92 &) 121.43924 25.09424 1 1
# g B 5K(# 55) 121.43192 25.09958 1 1
g B 92 & 121.4395 25.0944 1 1
e Ba-7 9 % (F F) 121.42818 25.10402 1
e BREE PR T) 121.42818 25.10402 1
7B () 121.41172 25.07763 1 1 1 1 4
q R 121.43665 25.08029 1
¥ &ei 121.41348 25.06887 1 1
EoHE BEO 121.41644 25.08214 1 1
T P ER] 121.41579 25.12117 1 2
Fob P EE2 121.41657 25.12031 1 3
T ¥R 3 121.41773 25.11919 1 3
Fo ¢ ERA4 121.4205 25.11443 1 1 2
T ¢ BEDS 121.423  25.11248 1 1
T ¢ BEDS 121.423  25.11249 1 1
3L AER] 121.42241 25.09448 2 1 1 1 5
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e - B E T 5k a()

FRT O MR B SR R 2010 2011 2012 2013 2014 2015 2016 - # 3t
FA OTORT ORY L K2 121.41827 25.09897 2 1 3
FAF OTORT ARG L N EE3 121.41761 25.09886 1 1 1 4
AT OTORT ORE L NEE4 121.41175 25.10292 2 1 4
FAF OTORT ORY L VEES 121.40803 25.10638 1 1
FAF OIORT ARG L VHE6 121.40505 25.10829 2 1 4
FAF OTORT ARG L VEET 121.40504 25.11391 2 1 1 5
FA OTORT ARG L F2E 10 121.41868 25.12859 11 2
FAF OIORT ORY L FZE6 121.43058 25.10772 1 1
FAF OIORT ARG L F2ES8 121.43075 25.1176 11 2
FAF OIORT ARG L F2ES8 121.43117 25.11089 1 1
FA TORT RY L F2E9 121.42633 25.12265 11 2
A TORT ORY L BRI 121.40443 25.09893 1 1
FPAD OTORT RGBT 2 121.40422 25.09784 1 1
FPA TORT RGOl B ¥ 3 121.40918 25.09589 1 1
FAD TORT B B R4 121.40532 25.08949 1 2
FPAD TORT RY L B FES 121.40306 25.08665 1 1 3
A OTORT RD L MRl 121.42386 25.11808 1 1
B OTORT ALY L ML 2 121.42126 25.12529 2 1 4
B4 OTORT ALY L ML 3 121.41708 25.12773 2 1 4
R4 T ORT B L g B 30EE W) 121.4285 25.10341 1 3
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FRT Rl s SR R 2010 2011 2012 2013 2014 2015 2016 - # 3t
A OTORTHE RS L frd 4 121.42451 25.10542 2 1 1 4
R T ORTHE RS L e i 6 121.41383 25.11571 2 1 1 4
FAF OTORT RGBT 121.41368 25.12167 2 1 1 5
R TOREHE RS L R RR3 1213839 25.13719 1 1
A TORE RS L B4kl 121.41669 25.09229 2 2
A TORTH RS L B4k 2 121.41505 25.08502 2 3
R TORTH RS L B4k 3 121.41126 25.09208 1 3
FrAh TORE EY L B4 121.4169 25.08384 2 1 5
AT OIRT ORY LAEZET 121.43117 25.11089 11 2
AP T ORT LD L B (4 I % 120 2 1)1 121.43799 25.09624 2 1 5
AT ORF R LY 2 121.43198 25.09972 2 1 4
FTA TORF R LS 121.41705 25.10964 2 1 4
A AR REE2 BT (L) 120.56195 22.51748 1
FrAD AeE BfeiRk 121.48849 24.99113 1
AT LR ] Pubs (i 4R) 12154771 25.26816 1
3 FHEE Y e 15 1 RER 121.48507 25.01652 1 3
M PR £ AR 139 % 12 B #F) 121.46292 25.00447 1
SA KT R TER 121.33589 25.09254 1 1
FPA kT R TR B3 121.35101 25.12628 1
FrA kv R 4 MO K 121.37216 25.08728 1
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FRT O MR B SR R 2010 2011 2012 2013 2014 2015 2016 - # 3t
34T ko ® JH K2 121.36727 25.09081 1 1
AT kT R X H R 121.37088 25.05212 1 1
I I L - 121.37063 25.05169 1 1
3P4 T R LHRES 5 (C £) 121.30399 25.08565 1 1
AP kTR ¢ (k) 121.32615 25.10523 2
FPA TR PR 2(k) 121.32325 25.10677 2
FPA TR R 3(k) 121.32434 25.09621 2
FTA T R TR L 3(k#) 121.29615 25.06227 1 1
AT kT R = E R R(k) 121.39882 25.07054 11 2
34 OO R P AR 2E 121.37792 25.09325 1 1
R T A T 121.37791 25.09325 1 1
O BT S o R P 121.3556 25.07932 1 1
P T 121.38766 25.08499 11 2
R L 121.38414 25.07674 1 1
3B ke R fod o 121.34804 25.127 1 1
ST kT B4 2R (k) 121.37482 25.06687 1 2
I e R Y 121.35548 25.07957 1 2
Y 121.34374 25.11256 1 1
R kT R SR 121.38089 25.10321 1 1
T 121.35432 25.11702 1 1
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FRT Rl s SR R 2010 2011 2012 2013 2014 2015 2016 - # 3t
P Y 121.37216 25.08728 1 1
B T R imtkEs 1 EF 121.37265 25.0913 1 1
AP T R FB(R) 121.34356 25.11998 1 1
AT kT % - (k) 121.36702 25.04337 1 1
R OHRT R ATEE(k) 121.40046 25.06597 1 1
AT kTR ATHE 2 121.39792 25.06721 1 1
AT kTR BT R 121.35549 25.11049 1 1
AT kT B EIEE R k) 121.33704 25.10718 1
AT k% TR () 121.33962 25.10821 1 11 4
AT kT B ARHRES 3 121.33262 25.11987 1 1
A kT B ABTRES 4 121.32936 25.1185 1 1
34D kT B ABTRES 8 121.31555 25.10935 1 1
I I o R ST 121.31351 25.10542 1 1
AP HRT R B REL 42 20 1 B 4R) 121.39025 25.07373 1 1
$S ke R OPRE LA 121.39494 25.08237 1
AT TR ER A 121.37062 25.11593 1
A T B 2ue(k) 121.33048 25.10064 11 2
LRI S ENCY 165 121.33262 25.11987 1
BT A LR 18 B 121.39988 25.03985 1
B 2T 2 FlE() 121.42458 25.0563 1 2
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FRT O MR B SR R 2010 2011 2012 2013 2014 2015 2016 - # 3t
R R LR RAR 121.45232 25.1078 1 1
A R LR P AR B ¥ t(L4e) 12143374 2506118 1 1
A R LR A AR k) 121.40398 25.04919 1 2
R F LR A LEER 121.40843 25.03363 1
Al RLH ORPR 121.4213 25.06116 1
A R L E MR () 121.41347 25.06887 1
A R LR & AR k) 121.40485 25.05347 11 2
I - S B 121.4247 25.18152 11
FAT KR P B AR R B (G 4R) 121.45612 25.15867 1
FA KR T e K 5B & B i B (3 4F) 121.46783 25.11542 1
Fra Ok E W BGIAR-RE S ek ml) 121.41985 25.18955 1
AT R AoREE . B ES B GER) 121.48743 25.15394 1
FTA P KR B s AT R 480 BL(E 4F) 121.17454 24.9196 1 1
FraH kR HAR- AR B RE 121.45881 25.1429 1 1
FTA KR MHE UL 121.46963 25.14395 1
$PA T KR MHERUES PR (%4 B 169 ) 121.46985 25.1423 1
FTA KR MR R 2D FI(GLER) 121.47149 25.11877 1
R I L 121.62309 24.98881 2
A R A EAEGER 121.62136 24.98604 1
FTA ERE % K (G 4F) 121.6063 24.99186 1
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B FRAL B mR R 2010 2011 2012 2013 2014 2015 2016 43 # 3t
AT ORRE T RF e 121.60002 24.98601 1 1
FrA R RPLR FRPUT RS EH 121.62123 25.01075 1
AT RERLE R BE B 121.62258 25.01052 1
B ERE AGE 121.60126 25.00137 1 1
A ORTRE R OAOKE 121.556  24.95697 1
A ORTREE foE L 121.5321 24.9489 1 1 3
AT ORAEE BER)RIPHITR A FFRFR 121.53084 24.93796 1
B ORER LN EULRL Er 121.39862 25.04055 1 1 1 1 4
A4 FEE ¢ 1-8 121.44913 25.0572 1 1
A ORTEFR Y 2 LREF 121.44201 25.06344 1 1 1 4
FrA ME R P E-E A () 121.42477 25.07777 1 2
At AER OENAEHER 121.43649 25.01436 1 1 1 1 4
A ORTE TR EN TATNRER 121.4349 25.00113 1 1
ArA T RTER W AR-ATE RN 121.44269 25.05435 1 1
Fra T ATE R ATE 8-FAREL F F) 121.44113 25.0505 1
A ORTE R ATED KR 121.39918 25.0403 3
AL ORTETE A LB 121.41003 25.03666 1 1 1 3
ArALT OATETE AREW 121.40336 25.01459 1 1
B OMER RiPEE 2 121.45046 25.02497 1 1
AP OAER ARG WA F 121.43938 25.02021 1 1 1 1 4
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FRT O MR B SR R 2010 2011 2012 2013 2014 2015 2016 - # 3t
AT BHRE = 5 4z BREF 121.39342 25.01289 1 1
A5 BHRE = 5 5 AR LS H 121.40336 25.01459 1 1
AT BHRE 2 5 6-F% 2 F 121.41425 25.00833 1 1
B MR = 5 817 121.40021 24.99954 1 1
AT OBHE Z 5 OmpAZFLC 121.41096 24.9952 1 1
AT R oz 52 121.41449 25.00675 1 1
A MR = 5 ER 121.40652 2501318 1 1 2
AT BHRE Oz dd 121.41588 25.01722 11 2
FrAD MR - 28T & 121.39342 25.01289 1 1
3747 BHEE ¢ B 158 BL( 4R) 121.42422 25.00298 1 1
A AR E KRE25 B 121.42634 24.98274 1 2
A AR E A RE 121.40038 24.99959 1 2
A BHEE Aol 121.37707 24.97737 1 1
A AR R kP2 121.4139 24.99228 1 1
AT BHER kA 121.41729 25.00505 1 2
BT MR LEE2E 121.40701 25.01357 1
R Bk E P ARC R 273 % 121.42823 25.04714 1 1
FrA T AHRE LB 68 5 121.38798 24.99262 1
FTATORHRE R 121.42459 24.98692 1
A AR AR 121.41518 25.00219 1
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FRT Rl s SR R 2010 2011 2012 2013 2014 2015 2016 - # 3t
FrA Y MHRE T 121.40021 24.99954 1 1
A MR R K 121.41425 25.00833 1 1
FrAY MHEE 8 FARME 121.41096 24.9952 1 1
B MR 2 R- B 121.4353 25.02953 1
FrAY MR EANE 121.41052 25.01251 1 2
FrAD MR R T 3TLEEF 121.4349 25.00113 1 1
FrAD OMHER AR 121.41219 24.98734 1 2
FrAD OMHER AR 121.41485 24.99186 1 1 3
R OMHETE AN 2 121.40398 24.99174 1
Frah HHEF E T 121.39111 25.00805 1 1
R BHEE AL EH 121.40884 25.01051 11
FTA T BHRE ATHTES 268 & 121.42946 25.01589 1 1
FTA T MHRE ATHEL 67 & 121.44119 25.03067 1 1
FTA T MHRE F 50 121.40591 25.02038 11 2
AT OMHRE B 121.42448 25.03612 1 1
34T RHRTE AR O W 121.38428 24.96409 1 1
FrA O OBHRE M AR 121.43927 25.02242 1 1
Bl RN R 227 8 121.48023 25.09156 1
4 EME 323 % 121.47511 25.09437 1
Fi# D EME 345 % 121.48577 25.09283 1
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FRT O MR B SR R 2010 2011 2012 2013 2014 2015 2016 - # 3t
AT OEME CEd 121.46518 25.09282 1 1
AT OEME RER 121.48582 25.09277 1 1
A KR BN ARBER 121.47714 25.09475 1 1
A OENE R SETHALH 121.48753 25.09131 1 1
FAT KM 41 345 % 121.48582 25.09277 1 1
A OENE LM 42 ERZAREH 121.48574 25.09429 1 1 1 1 4
AR KR (R ERR) 121.49274 25.09139 1 1
A BEHER O E 121.3357 24.95007 1 1
A BEE AP 187 8 121.35303 24.96835 1 1
FrAS BEE ¢ g 459 % 121.35742 24.93801 1 1
Fris BER YR - K303 % 121.3562 24.96122 1
A BEER Y opE 120 8 121.35123 24.97237 11 2
A BEHE AL DH 121.34513 24.94757 1
A BB R 4 LR 121.34478 24.94641 1 1 1 1 4
A BEHE T AES3E 121.34191 24.9605 2
A BEHE T AES3E 121.35025 24.95867 1 1
A BEE V32 A 121.36514 24.97476 11 2
AP BER LRI 121.35852 24.97525 1
AP BER LRI 121.36652 24.97345 1
A BB P 121.36696 24.9656 1
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FRT O MR B SR R 2010 2011 2012 2013 2014 2015 2016 - # 3t
AT BEHR P 121.37569 24.96531 1 1
AT BEBR P4 121.37634 24.96432 1 1
AT BBHH HLAR- LD 121.34988 24.94903 1
A BEHER P LE 121.33938 24.97479 1
A% BEE P23 % 121.35127 24.95806 1 1
A BHR AT BE R 121.3669 24.96569 1
A BEER A4 BEREAR 121.36514 24.96259 1 1 1 1 4
A BEHE P 207 L - BEM 121.3562 24.96122 1
g BEE P20 HE 7 121.3562 24.96122 11 3
A BEHE F2ARe % 121.36805 24.9676 2
g BEER F 22 S ER 121.37569 24.96531 1
R BB W24 @RS 121.35415 24.95203 1 5
s BEER PR 12136514 24.96259 1 1 1 7
s BER A B, 121.36403 24.95708 1 1
A HER pegE 121.33451 24.96664 1 1
s HEH AT 121.35419 24.9519 1 1
s e R 121.33505 24.96045 1 1
A BER BEC T RS P He (L4F)  121.33488 24.93312 1 1
s HEaew BEach s 121.35547 24.95487 1 1
SRR B ORAE GRS BE R FRsi(E4F) 1211018 24.72248 11
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e R E R A& 2010 2011 2012 2013 2014 2015 2016 i3+ # -
R It R IS T 121.10214 24.71952 11
FTARE ATH 2B 120.91734 24.83374 11
FAEL FTAT 3 BB E s A F(E ) 120.92527 24.84425 11
ReRh RTHT R 430 % ¢ 4% o 7UA1E BRu(E 4F) 120.98279 24.77871 11
RO ATAT EALRD] T ( 4R) 120.97331 24.82312 1 1
SHR RTH AL RSB (L4 121.03581 24.8442 11
FTARE ATH AL THIL S 121.04422 24.84493 1 1 2
AR ATEAR O BT 445156 2 1 5L 3F) 121.00412 24.89637 11
RO MO CX L3RR 121.18049 24.79394 11
L&D LA CRAC P L RAY G 120.48657 23.4594 11
LA LED A2 BG4 120.44523 23.49256 11
BAD Y HM ¥ kR 12053201 23.24807 11
LA A Bep R H(LIF) 12057638 23.24491 1 1
EEE HEIS 4150 7 (4 4) 120.60446 23.45979 .
TR AR ARG R S E ) 12054144 23.99039 1
§50p Alg 3L 50B 120.53865 23.87297 1 1 Z
$500 B AL algE asl BIA 120.54183 23.87362 1 1
§0 8 g s 518 120.54502 23.87159 1 1
F LA AR pE g 120.49392 23.86855 1 1
FiE Mg gea 120.54484 23.85744 1 1
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W -~ R TR 5k AR(HD)

s i woan gR ¥R 2010 2011 2012 2013 2014 2015 2016 43" # 3
$5m A4 3 15B 120.53015 23.88085 1 1 1 3
S A £ 16A LR 120.52319 23.87576 1 1
§50 By Al 5 16B 8 5 B R 120.52692 23.86944 1 1 2
R A 35 17C 120.53024 23.86131 1 1
P B A LA §24A LR 120.51534 23.88297 1 1
R A4 ) 24B 120.51564 23.87896 11 2
$I B A 35 25A 120.51284 23.87348 1 1 1 3
IR A 35 26A 120.51929 23.86427 11 2
E A4 ) 32B 120.5042 23.87847 1 1 2
$iE A4 35 33C 120.5051 23.87648 1 1
R A 3 37A 120.50107 23.89051 1 1 2
S0 A4 55 48A 120.54356 23.88058 11 2
Sm AL $TA 120.53916 23.882 1 1
S A4 §TB 120.53366 23.88193 1 1 2
PR A4 55 8A 120.53687 23.8612 1 1
$0p AE § 8B 12053368 23.8612 11 2
/A RS LYY 12055488 23.91632 1 1
P B AR E (k) 120.51923 23.92538 1 1
S RS R () 120.52624 23.92429 11 2
B AR AR R T S 120.54413 23.91783 1 1
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RAT MR B E BR R 2010 2011 2012 2013 2014 2015 2016 %3 # 3+
T B AEER R HARILE 120.53414 23.9151 1 1
EVARE S AR | 120.49363 23.92014 1 1
EPAE CBGS- A B s 120.53673 23.91134 1 1
¥R ARHETR d RR() 120.54741 23.926 1 1
FiiEh REHSR oL B3 120.48091 23.91859 1 1
FRE REHTE el BB 120.55593 23.89067 1 1
¥ By AER P ER() 120.53548 23.92977 1 1 1 3
¥R ORHTREATE 120.55446 23.91004 1 1
¥R SR RR A T 120.54331 23.90831 1
¥R ARESR ) AA 120.53386 23.91929 1
¥ EE RHETR ) 11A 120.52573 23.91737 1 1
¥ji ke RESR ) 11B 120.52956 23.91553 1 1 2
¥ EE RETR ) 1A 120.54804 23.92089 1 1
¥Ry RESR §; 1B 120.54413 23.91783 1 2
¥iiRR RHETR ) 20A 120.51768 23.91502 1
FiiRR REHTR ) 29A 120.50804 23.91088 1 1
¥ji R RETFR ) 29B 120.50393 23.90811 1 1 2
§51 B4 AR §5 35A 120.49283 23.91117 1 1
§51 B4 AsFsR §; 35B 120.49993 23.90697 1 1
§51 B AR §5 39A 120.48688 23.91214 11 2
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Bid smgE powEn SR R 2010 2011 2012 2013 2014 2015 2016 %3 # 3+
550 B AeEs § 30B 120.48815 23.90587 1 1
R AR 5 4A 120.53386 23.91929 11 2
$0 B AR 3 4B 120.53414 23.9151 1 1
§50 B AR §; 5A 120.53673 23.91134 1 1
AR IS AN VA e 12053673 23.91134 1
$50V B RHSR RS RE R 120.5736 23.93278 1 1 1 3
$50v w4 LY 2 L T16 % 120.5575 23.87411 1 1
$ B 0 RE ABA 120.53474 23.8896 1 2
§5iV B W B3R 4TB 120.54687 23.89052 1 2
SR S I S ) PN 120.50848 23.90219 1 1
I ER W RER DL 120.52379 23.90816 1 1
S50 v R w B 53A 120.55508 23.87987 1
B w B w ER) 120.52672 23.89138 1 1 1 3
0B m SR w ERY 120.53356 23.89068 1
FE 0 RE FR S E R 120.51902 23.90669 1
§5 8 @ RS 5 53B 120.55817 23.87762 11 2
TR m B A A 120.52068 23.89966 1 1
AT IR SN TS 120.51866 23.84683 1
BN W ORGSR R 120.5487 23.87561 1 1 2
50V w B SR §5 12A 120.52556 23.91194 1
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FRT Rl s SR R 2010 2011 2012 2013 2014 2015 2016 i:* # i
508 0 k% 45 13A 120.52572 23.89895 11 2
R W R {5 14A 120.52645 23.8943 11 3
508 0 k% 45 15A 120.52777 23.88394 1 3
8 0 k% 45 21A 120.51422 23.91026 1 1
5108 0 kR 5 21B 120.51902 23.90669 1 1
08 0 R R 5 22A 120.51503 23.89983 1 2
508 0 k% 45 23A 120.51522 23.89249 1 3
5108 0 k% 5238 120.51942 23.89275 1 2
8 0 RR 5 2A 120.54331 23.90831 1 1
508 0 k% 55 2B 120.54661 23.90608 1 1
§514 8w B3R §5 30A 120.50848 23.90219 1 1
§5iv B w R §5 30A - R 120.50848 23.90219 1 1
§5it 2w R §; 30B 120.50774 23.89859 1 1
§5it B W B3R §530C 120.50432 23.89839 1 1 1 3
08 0 k% §531A 120.51071 23.89135 1 1
508 0 k% 5 31B 120.50577 23.88895 1 1
§5iv B w R §5 36A 120.49999 23.90246 1 1 1 3
$500 8 0 k% 5378 120.50107 23.89051 1 1
§5iv 8w R §; 3B 120.54297 23.89638 1 2
08 0 kR 55 41A 120.48931 23.89204 1 2
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FAB O FReL HER R 2010 2011 2012 2013 2014 2015 2016 i3+ # &
0B m B4R §543A 120.48066 23.90277 1 1 2
$500 B w BER §546A 0 £ R 120.53356 23.89068 1 1 2
0B w B SR §54TB 120.54687 23.89052 1
§51 8% v k58§ 48B 120.54837 23.88032 1 1
$51V B v B #8 §;6B 120.53278 23.89948 1 3
R w EFR G50 Ele kSR AR EEF) 120.5283 23.90696 1 1 1 5
Fiie Rk w BRI Ehe kSRR kRS B 120.52776 23.90356 1 1
F R ARFR A RARE e GEAR-A R G ev: %) 120.51113 24.03572 1
§50 8% ALEESR A4 ] 120.62319 23.92317 1 3
§510 8% ALEESR A4 2 120.62171 23.92131 1
§500Bh ALEESR A4 2 120.62171 23.92132 1 1 2
51 Bh ALEESR A 3403 120.61362 23.92123 1 1
51 Bh ALEESR A 3403 120.61362 23.92124 1
51V BR ALEESR M3 4 120.60548 23.92127 1 1 2
51 Bh ALEEFR M35 120.61857 23.92531 1 1
51 Bh ALEEFR M35 120.61858 23.92531 1 1 2
51 Bh ALEEFR M348 120.61284 23.90964 1 1
51 BL ALEEFR A3N09 120.6217 23.909 1 1
F51CBh ALER SR LWL EL 120.59848 23.93339 1 1
F51 Bk ALEESR AN E 120.60459 23.94369 1 1
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Ma amgE o SR ¥R 2010 2011 2012 2013 2014 2015 2016 - # 3t
SR AT R 1205967 23.92512 ! L
ERLE- TSRS DL SRNE SN CT A 120.5978 24.02107 1 2
R SRR 4 % FI(GLR) 120.62796 24.002 1 1
P FF ER-FRS G T 120.62796 24.002 1 1
VB OFER PEE 120.62612 23.99917 1 2
$500 R R HAE Lo 2 B 120.60526 23.95156 1
R R AR 120.56567 23.92002 1
50 B4R PR B 120.58375 23.91758 1
P BHE Sw 4218 120.58194 23.96428 1
0 B4 AR 120.56754 23.95286 1 1
PR R P RR1E 120.55593 23.93692 1
PR B B AR 2E 120.55651 23.97312 1
§51 % B HR4E R thiz 10A 120.59542 23.9579 1 4
§51 % B HR4E R thiz 10B 120.59585 23.95072 1
§50 % B HR4E R thiz 13B 120.57982 23.94324 1
§50 %0 B HR4E R thiz 16A 120.56284 23.93826 1
§51 % B HR4E R thiz 18A 120.58255 23.93432 2
$509 B R 4L Btk 1B 120.55557 23.96096 1 4
§51 % B HR4E R thiz 20A 120.5784 23.92535 1
$509 B R AL B thiz 21A 120.58582 23.92432 1 1
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A ARAE Mok SR R 2010 2011 2012 2013 2014 2015 2016 43 # 3+
508 R R R e 4A 120.58676 23.96747 1 1
§500 8 BARAL B thiz 5B 120.59805 23.96127 1 1
Fm BARAL B HRRa 120.58155 23.95091 1 1
PR B A- B 120.57671 23.9153 1 1
e Rt FAB 120.56385 23.92795 1 1
$50 8 B R4 500 BAR HRALR R 1 120.58155 23.95091 1 1
R RS OGRS 120.46727 24.01927 1 1
PR B R ged 2.1(k) 120.47775 24.01249 .
A TN 120.47632 24.00305 1 1 1 5
$50 R BEaR X 120.48272 23.86549 1 1
§500 R HEEAR 5 38A AT 120.49298 23.87925 1 2
PR SRR ) 42A 120.48639 23.88322 1 1
PR RERIS ) 42B F Ry 120.48508 23.87963 11 2
$500 B HEEaR 45 45A LI R 120.48064 23.88317 1 1
VB RBAL mF L6 B (4R) 120.45618 24.07991 1
B R % 120.52519 23.85318 1 2
PR R BER 120.51935 23.83521 1
it R §510A R - 120.53582 23.84718 1
$iuE R 10B 120.52447 23.84429 1
$510 R LR 35278 120.51559 23.85289 3
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j’ o h = 0.54 9702
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§;,L SE AR 5 44809 99 1
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501 RS AR A%41 2 2 :
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FRT O MR B SR R 2010 2011 2012 2013 2014 2015 2016 - # 3t
TR ERAL AR 120.45973 23.93613 1 1
§50 R SR R 1A 120.45577 23.96522 1 1
§510 Bk SRR L 2B 120.46454 23.96149 1 1
§50 B SR R 3A 120.47995 23.96616 1 1
§51 Bk SRR L 3B 120.47405 23.95985 11 2
§50 R SR Ep A 120.45969 23.95789 1 1
§510 Bk JRPAR L 4B 120.45584 23.95456 11 3
§51 Bk SR AL L 5A 120.46782 23.95607 1 1
§51 By SRR AR L 5B 120.46646 23.95065 11 2
§51- Bk JEPAE L 6B 120.47818 23.9526 1 1
$50 R GERAL R TA 1204579 23.94721 1 1
§51 Bk SRR L 8B 120.46496 23.94074 1 2
§500 R GEPAL L 9A 120.48004 23.94646 1
§50 B R4 s OB 120.47516 23.94498 1 1
§510 B SRR Ew 9C 120.48005 23.9415 1 1
$310Rh GEWAL §5okELw 256 B 120.48137 23.97157 1 1
R Epa mERE N 120.4911 23.95125 1 1
TR LA RAR 120.50815 23.93701 1 1
R LA BLE 120.46808 23.93564 1 1
v 5009 45228 120.52068 23.89966 1 1
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g =~ 2016 & pru e T Rl Ek

No. Rk % SR ¥R TS I 1 BRI

1 s %2 F) 121.557254  25.016855  # < £ 3 % I8

2 oA RIS TR ) 121. 5818047 24.99792733 # < £ B 3 Bl érsai7 #
3 LA N R T 121.564095  24.991776  # < £ P oA T

4 L Fipldas i 38) 121607929  24.967976 # < & BEGRE B 2K 2 )

5 oad A i ke 121.583576  24.967153  # < £ oA Ao
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fE47 ¢h ko~ BRABICOM A EF RARE R RN 2 E

Building Network Analysis Model in Revealing Key Patches for Dispersal of
an Invasive Species: Polypedatesmegacephalus
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(2).Conservation Asia 2016 » #74e3t < & » 06/29 —07/02

Population genetic structure of an alien tree frog (Polypedates megacephalus)
in Taiwan based on microsatellite DNA markers

Kai-Chieh Hsieh', Yi-Ju Yang®, Yi-Huey Chen?
! Department of Natural Resources and Environmental Studies, National Dong-Hwa
University
2 Department of Life Science, Chinese Culture University,
Abstract
The population genetic structure of an alien species in Taiwan, the spot-legged tree frog
(Polypedates megacephalus), was investigated using microsatellite DNA markers.
P. megacephalus was first found in Central Taiwan in 2006, and has established several
distinct populations in western and northern Taiwan since then.
Studies of genetic diversity and the temporal changes in genetic composition would be
useful for understanding the geographic patterns of invasion, range expansion and potential
for establishment.  The tissue samples of each P. megacephalus population were collected
since 2012, and this specimens serve good materials to detect the change of genetic diversity
and genetic composition during the processes of population establishment and spread. To
date we have genotyped 67 individual samples from 5 populations using 2 polymorphic
microsatellite loci. The preliminary testing shows that there is significantly genetic
differentiation among 5 out of 10 population pairs, as well as a positive correlation between

genetic differentiation and geographic distance.

Key words: amphibians, biological invasion, conservation, microsatellite, isolation by

distance
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(3) 8" World Congress of Herpetology » # B4+ s 08/15-08/21

The Establishment and Spread of Alien Tree Frog

(Polypedates megacephalus) in Taiwan

Yi-Ju Yang' and Wun-Bin Gong?

! Associate Professor of National Dong Hwa University, Department of Natural Resources
and Environmental Studies, Taiwan, R.O.C.

2Ph.D. Candidate of National Dong Hwa University, Department of Natural Resources and
Environmental Studies, Taiwan, R.O.C.

ABSTRACT

Spot-legged tree frog (Polypedates megacephalus) was first found in Central Taiwan in
2006 at Tienwei, which is famous for trading of garden plants. And then it was introduced
from Tienwei to Taichung accidentally through pot plants. In order to detect the distributions
and spread of P. megacephalus in Taiwan, we used amphibian conservation volunteers to
conduct island-wide surveys each year from 2011 to 2015. We also predicted its
distributions in Taiwan based on MaxEnt programs using 19 environmental variables
obtained from WorldClim. The survey results showed that P. megacephalus spread rapidly in
cultivated land under the elevation of 500 meters in central and northern Taiwan. They
prefer breeding in man-made permanent water areas. They were also transported by humans
easily. The prediction of its distributions showed that the lowland of West Taiwan is suitable
for P. megacephalus to live in. P. megacephalus has longer breeding seasons, larger clutch
sizes and deposit more clutches than Taiwan’s native tree frogs do. P. megacephalus would
threaten the biodiversity and local amphibian populations of Taiwan. It is necessary to
control the populations of P. megacephalus in Taiwan to reduce its population size and avoid
further spreading.

Keywords: Polypedates megacephalus, Alien species, distribution

Speaker: Yi-Ju Yang
E-mail: treefrog@mail.ndhu.edu.tw
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(4) The 23™ Pacific Science Congress » ¥ & &= 1 = » 06/13-06/17

Monitoring of the Invasive Tree Frog (Polypedates megacephalus)
by Volunteers in Taiwan

Yi-Ju Yang
National Dong Hwa University, Department of Natural Resources and Environmental
Studies, Taiwan, R.O.C.

SUMMARY

Spot-legged tree frog (Polypedates megacephalus) is native in Hong Kong, southern
China, northern India, and northeastern Vietnam. It was first found in Taiwan in 2006. They
inhabit in cultivated land under the elevation of 500 meters, preferring breeding in
man-made permanent water areas, such as agricultural ditches, reservoirs and buckets. Its
morphology and ecological niche are similar to Taiwan native species Polypedates braueri.
In order to monitor the distributions of P. megacephalus in Taiwan, we set up 572 1km?
grids around their distribution areas, and amphibian conservation volunteers did surveys on
each grid once or twice a year during 2012 -2014. The survey results show that the
occupation ratio of P. megacephalus in all these grids increased from 44.8% (2012) to 63.2%
(2013), and to 65.2% (2014). In 2015, we surveyed 40 sympatric sites shared by P. braueri
and P. megacephalus, and found that P. megacephalus existed in 40 sites while P. braueri
was only in 17 sites. Our results show that P. megacephalus is an invasive species, and it
will threaten the native frog populations of Taiwan. In order to control the population of P.
megacephalus, we used volunteers once a month to remove P. megacephalus at Waziwei,
New Taipei City from 2012 to 2015. The population of P. megacephalus didn’t decrease
immediately in the second and the third year, but the effect was obvious in the fourth year.
We will keep training volunteers to monitor and control the populations of P. megacephalus.
Meanwhile environmental education is also our goal to raise the public awareness of the
problems caused by invasive species.

Keywords: Polypedates megacephalus, invasive species, monitor, volunteer
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