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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 2017. There were 28 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, MiaoLi
County, Taichung City, Zhanghua County, Nanto County, Yunlin County, Chiayi
County, Pingtung County and Illan County with a total of 1085 distribution sites.
The result of surveying 56 sympatric sites shared with Polypedates braueri showed
that Polypedates braueri was only in 23 sites. In 148 surveying sites, 109 were found
with Polypedates megacephalus in it, and only 33 sites were devoid of Polypedates
megacephalus, showing that once Polypedates megacephalus makes a successful
invasion, the population will be stable. In 2017, there were 714 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 847
Polypedates megacephalus were removed. Additionally, we conducted six
microsatellite loci of DNA fragment amplification for the DNA
samples of 545 Polypedates megacephalus caught from 2012 to 2016.
Comparing the loci diversity, we get the result that the population in New Taipei City
has had the highest number of alleles, effective alleles and private alleles for years.
The result of population genetic differentiation among sampling sites showed that the
fixation index (Fst) was 0-0.292. The correlation between Fst and the geographic
distances among sites is not significant. The bottleneck effect occurred in populations
of New Taipei City, Taoyun City, Changhua County and Yunlin County. The result of
invasion history shows it’s highly probable that the population in New Taipei City is
the ancestral population of the 8 cities/counties we analyzed.
This year we did a five-day survey in Yunnan, China; fifteen specimens which may be
spot-legged tree frogs were collected and DNA extraction was completed.
Keywords: Polypedates megacephalus, distribution, network, control, monitor,

population genetic, geographic distance
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WTEHZEEE R S FAF LY I SF R BREN A5 S B AR o
1. ##*3 AL RLFEEW

p 2011 3 2017 # @ > 2 (7% ! - IRHPERET IR > FRFE T
BE R AR kA RERE ] RO S RS  TAL N A S PR
B~ R YRR - AREE S BRE - Bk ARRDE ~ LA M B s aRE R 12 fhikag o E
o phE 2 iR B F T A (2 PeE A ¢ RIERE - ] AR~ BN R
M) 2 BT B KR 9 V Arsaieidd 2011 £ 3 2017 £ R A AR R G A R
BA 448 0 2011 & 0t 5 59.8%(67 /112) » 2012 & B ik 62.9%(455 /723) ~ 2013 # ik
37.9%(714 /1844)~2014 & it 45.54%(746 /1638)-2015 & 3 2017 & 4% & 52.6%-53.8%
L % [2015 & 53.8%(382/709) ~ 2016 # 52.5%(507/965) « 2017 & 52.6%(479/909)] - *
HREERA VA LDEE T EEF D L “,f%%“ v p 2013 # B 4 mr iR ot
35 el i 55% 11T o B nriHRE K B N E AL N AR 2 pRig A 5 = —‘Fk] #2013 # {8
Bdott iR E R4 > e P RpE A 2017 Eant FAMTE > AREF 4R o S
sfiE A Fokg o PN LI Y R OREAREREET N L S - WhikE
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m EEEERE
80%
m FEEE
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2. ATV BERFAF

p 2011 3 2015 & RFae {75 7 - sopr R Pd R E R R B TEAEAP Y 4 0 J8L2016
ERIEFFEN S - w2017 # R FIF AN AT T PmEIA S AE T ] A
AL S A~ Pg0F Sk~ R Bt AR < SR~ P AADE - o AR
oA aRAhRTE ) 2 stk & 13 fEkaE 2017 E FAT g OB S B P RF LA
1E() 10) - j& 2011 & 3 2015 & mriepihid b £ e ot 5 424 & 21% 0 T > &
i §_2014 & 7.45(24/322) > . % H_ 2011 & ik 20.68%(55/266) » H i = & ut & ¥
14%-16%[2012 # 14.51%(101/696) ; 2013 & 14.37%(124/863) ; 2015 &
15.65%(53/317)] = & 2016 £2 2017 & s w & chfg hirdl v B % - P BT RpPE
LS 0L F 4] b 25%07 T [2016 & 21.4%(27/126) ~ 2017 & 22.7%(23/101)] - i
B gt Ak A Py A o A LR R B R R 0 R I AR
CapfB 5 e b A BF RS @ o FAE AL KRR R SRS

FELRETR 0 AR RG s ARE AR AGE R i
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m AR
m A R
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mEE
miEEREE
40% m A
m HAh
20% || ﬁiﬁgﬁﬁ
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3. 4 ¢ g

p 2011 1 2015 & FFiE (74 7 - SRpa iR R H T A § Fekdain S 40 18 2016
ERAEFT - F- o B A AT 2 i ¢ RIARE ] Ak TACS AR R
fOR IR s AR T A 0 R 11 1 Sosa i K 2012 # 1 2017 & f G
3¢ g BB E S0 2012 & 3 4 S EEURADEE (TS 0 REEADE k5
s 5 AR Andrd] 602012 #0053 iE 74.77% (163/218) - 2013 # 3 2016 & ¥
¥4 & 50%-60%2. 7 [2013 & it 51.76% (396/765) ; 2014 # it 57.85%(538/930) ; 2015
# ik 57.75%(397/671) ; 2016 # 53.8%(361/671)] - & 2017 & shw £ #4447 » B %
Erlma e R L BEE - AT RA E I F o ¢ RpHE 2 ik
WERER - - ot S o R EEAR AL TR AL TR 7
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2. AT BEEHFATY

2017 & 2 A n 22 Ao BE2BE - BLEEFHAF AT AT AT L
%Hﬁﬁ%&ﬁﬁ*loﬁﬁﬁm 2012-2017 & I sa s bid 45 v e B &2 52 4 ko ]
CFWEH RR AT SO gR M S SRR SR A - e
¥z EPE(2014 E)pRIFEEM R TS 0 3]0 2015 EPERFEE N B S KA
2017 E#cdf EE S FFPREAOTECHPIRTFIV NG HEHERKI - TR R
fAXIARTISE  ERBLEB RIS P PG RS- Fo D BEA ¥ B
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A E A 312 & 0 o 2016 # 244 4 SR R4 323 & 0 455 Hokdp i - 2013 -
2014 & # % ¢fic B 394216 440 & 11 o § 0 2015-2017 & 5 & if ke R o Flpme
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7 -~ NG EFR S
1. A8 KRB TR

2012 7] 2016 = B > 4k B 7 8 BRAD kR A (F 16) 0 £33 546 £ 7 F

M (4 9) 22012 3 2014 £ 22 2016 & » 4 5 BET oA 20151 £ F 4

BAB etk ok o &R ELR ey TLREAEINA o HREL2 B enBCEIERE S oA D foATA B ih
B% 5

16.69 km » & & FEFL A AT F fr2 fhfi2 B en 19815 km » #75 EH T 104 TG

% 102.38 = 2 (£ 10) -

N

Bl 16~ saifpis s + S H B SR EHE L T R
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# 92012 1 2016 #

PR AR R R AR

FhT R E X 2012 2013 2014 2015 2016
s R - - 10 - 25
A A BRI E 25 24 27 25 25
PB4 F B 21 7 29 - 15
Frohoa o - - - - 26
SR 25 29 26 20 24
§5 1 B E T 25 25 26 25 25
Z HRELATE 2 F) 25 14 - - -
@ RS R - - - 24 -

10~ S AR RS R R EFE O AR E S A3 RHER S 2 AGERE - 2 2)

¥ e FREE) SR(KEg) e ATHD Fem AT A A 2 Rk

e 25.01521 121.55734

A 25.16793 121.41680 22.07

¥ 24.93981 121.30113 27.18 27.84

e 24.84424 120.92526 66.59 61.21 39.42

Le R 24.20790 120.59845 132.00 134.79 107.88 77.87

350 Rk 23.90696 120.52829 161.10 166.17 138.68 111.35 34.09

Z R 23.72076 120.26802 194.08 198.15 170.95 141.20 63.58 33.60

3 PRk 23.90722 120.69222 150.85 157.77 129.98 106.44 34.64 16.69 47.91
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2. PCR =& % ¢ A %]k e 44 3%

2012 3 2015 # £ 5 & ehofk & ' DNA e 3 7 5% > IFE S % Ko 2012 & & 9

A9 BAFASDPCR =7 F F A iy ik 4(4.27%-85.4%) » @ 2013 & 2016 & =

# 540 B (54.2%-100%) o ¥ L E E R MFEE AFIRDEE LS 0 B 6 BAT
7 (Pb214 ~ Ph284 ~ Pb293 ~ Ph327 ~ Pm245323 ~ Pm2706927) % #2 5 B 48 & 7 %= & ek
F1A) 2zE o ¥ b 3 1 # F1A (Pb168 ~ Ph213 ~ Pm1820381) e # 4k A #cifhy > (% 11)

> 7 7]

+ % > 2013-2016 & 4 474 & §_

Pt AETEEEE AR A IR EBEETI SR 108 MR
A2 B T AT 0 FIRL AR E
Pb214 ~ Pb284 ~ Pb293 ~ Pb327 ~ Pm245323 ~ Pm2706927 % 6 B & F] /& - ¥ ¢t 2012 &

B @ ATIMA 0 51 B L L %E 10 BAEA > T B 5B AT AE

(% 12) -
% 11-~2012 3 2016 & 545 & s e P& & chpicfeh 2L %14 PCR #B3 = # 5 R
B 5 1 A (%)
s A F R 2012 2013 2014 2015 2016
Pb168 19.6%(23/117) A 4 20.6%(19/92) A i
Pb213 4.27%(5/117) A A 23.9%(22/92) A
Pb214 81.1%(95/117) 89.3%(84/94) 90.6%(97/107)  98.9%(91/92) 93.3%(126/135)
Pb284 42.7%(50/117) 90.4%(85/94) 83.1%(89/107) 100.0%(92/92) 94.0%(127/135)
Pb293 84.6%(99/117) 97.8%(92/94) 96.2%(103/107) 100.0%(92/92) 99.29%(134/135)
Pb327 85.4%(100/117) 96.8%(91/94) 97.1%(104/107) 100.0%(92/92) 94.0%(127/135)
PM2453239 25.6%(30/117) 54.29%(51/94) 80.3%(86/107) 90.2%(83/92) 85.2%(115/135)
PM2706927 54.79%(64/117) 91.4%(86/94) 88.7%(95/107)  98.9%(91/92) 94.8%(128/135)
PmM1820381 11.9%(14/117) 62.7%(59/94) 72.8%(78/107) 72.8%(67/92) 83.7%(113/135)
6% A FId = ek A e
(Pb214 ~ 284 ~ 293 ~ 327 - 24 49 77 77 103

2453239 ~ 2706927)
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2122 R AFIREET 0 L EREHT ML
BAREEE Fo/RE GAT MLT WET MAT GFT BB ERB b

718 3 B A& 2012 3 - - - - 5
2013 - 17 6] - 2 6] 4 -
2014 § 22 3 - 14 16 - -
2015 - 21 - - 9 18 - 13
2016 20 22 13 17 16 6 - -
648 % B A 2012 - 9 1 - 1 13 -
2013 - 17 6] - 11 6 10 -
2014 8 23 b - 17 23 - -
2015 - 21 - - 17 20 - 22
2016 20 22 13 17 20 11 - -
ofE ik B A 2012 - 11 10 - 9 14 -
2013 - 24 b - 22 17 14 -
2014 9 23 b - 24 23 - -
2015 - 24 - - 18 23 - 24
2016 20 23 15 20 22 12 - -
A8 K B B 2012 - 13 10 - 1 9 18 -
2013 - 24 6 - 23 18 14 -
2014 9 23 8 - 24 24 - -
2015 - 24 - - 18 24 - 24
2016 20 23 15 20 22 14 - -

3. ATFIE R

31 2012 & B &%
2012 # R enb BEFE P > 8 A Fl#Ec P (Numbers of alleles) = & > #+i8 A Fl#c p

B d RATAT 088 B0 BN L ZHFA32 B 5 5 ooni il AT EG B 0 AT

6.081 B % < % » @ Z +kRhe 2207 B 5 B ¥ b aF g ATk § L ATA T 440

(% 13) -

32 2013 # R %%

2013 & B en b B%EHE Y > A4t A TP 2 6 0 ¥R A FH B S LITAF
9833 M » Bk 5 5S¢ B e 350 B 5 k¥ B AFHES G > UATA D 7.092 B 5 A
b @ ZAREA2326 T 5 Bt s T b A L AT h 450 (% 13) -

3.3 2014 # B &%
2014 i R N5 RS o A AT S 5 0 Wi A THE &5 L ATAD
11.333 1 » B M 5 ¥ F P 1 3.667 B ; F 8l A FHS G 0 UETAF 97.169 B L

B ooo@ BT 12987 B 5 P ¥ b A Tk 5 5 09 c04.333 B (% 13) -
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34 2015 # B %%
2015 # R e d B oE3  witS A FECP S G 0 $B A FRP B S S AT P 115
B> BMEadBhernd 833 B 5 4 éié"fﬁ%fﬁﬂﬁ: B MFTAH 6567 B oA A S

Ao REAen2.844 B 5 Bt T b d R FBck § AT 95833 (4 13) -
35 2016 # B &%

2016 & A 16 B % 48 A TP 2 5o 3B A TP &P 5 AT S 11167
B B L ATH S ch5167 B 5 F e AF S G 0 AT 96105 B Lk S o
AATH S 12984 B LB F b A FEE 5 hi 34D 935 B(& 13) -

PP ERET AT EH AL ER ST 0 3 F A A Tl oo A
Tl L5 AFES 6o BT LR F e Vb AR &3 % E(Ho) 2 3E 8 B (He)
%SGR L3 EREHO)E B & 2014 E B hiTa B 2%3(0.804) 0 & < 5 2012
£ B2 HREEF(0.371) 0 B4 & 3 E(He)E % 5 2012 & F& it B EH

0.830) » B i< % 2012 & & thZ +kE4(0.437) -
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2 13~ E 7 b REEF D3 A FgNa) ~ F oo & Flic(Ne) ~ £ 4 Tl
(Pa)~ B4l &3 9% E(Ho)2 B4 &3 92 w(He)eh it A FATHE

Across loci
S B ¥ HkH HEF MM F EFF Bk BB EHE
2012 Na - 8.800 6.400 - - 6.200 - 3.200
Ne - 6.081 4.143 - - 4.286 - 2.027
Pa - 4400 2.000 - - 1.400 - 0.000
Ho - 0.764 0.620 - - 0.689 - 0371
He - 0.830 0.700 - - 0.684 - 0437
2013 Na - 9833 3833 - 3500 4.833 - 3.000
Ne - 7.092 20955 - 2360 3.539 - 2326
Pa - 4500 0.500 - 0.833 0.500 - 0500
Ho - 0.745  0.667 - 0500 0.722 - 0517
He - 0826 0.627 - 0486 0.681 - 0.506
2014 Na 9.000 11333 3.667 - 5.167 8.500 - -
Ne 6.316 7.169 2.897 - 3114 3.897 - -
Pa 1.167 4333 0.167 - 0500 1.167 - -
Ho 0.792 0.804 0.639 - 0.637 0.623 - -
He 0.810 0.821 0.625 - 0597 0.683 - -
2015 Na - 11.500 - - 5.667 9.000 4.833 -
Ne - 6.567 - - 3452 4.665 2.844 -
Pa - 5833 - - 1.000 1.333 0.000 -
Ho - 0.758 - - 0569 0.700 0.642 -
He - 0825 - - 0618 0.701 0.606 -
2016 Na 0.833 11.167 5.500 5.167 6.500 7.667 - -
Ne 5695 6.105 3.661 2984 3539 4.407 - -
Pa 2.000 3500 0.833 0.833 0.167 1.500 - -
Ho 0.758 0.758 0.679 0.549 0.633 0.712 - -
He 0.766 0810 0.685 0.623 0.635 0.730 - -

48



5. i @ BHEA 7

AT LER Fer @A s  BEA T RBE A% BT & & B avEHE R For
Bty R R RE (L 14) .

% 14 & EREHEF Y ) chpairwise Fst & 58 % 14

e Allele no. Fis Fir Fst P value(Fsr)
2012 72 0.055 0185  0.137 0.0001""
2013 80 0075 0.276  0.217 0.0001""
2014 105 0054 0177  0.130 0.0001""
2015 99 0.055 0185  0.137 0.0001""
2016 121 0.069  0.182 0.121 0.0001""

P.S. P<0.0001 % %8 %

51 2012 # B &%

2012 & & A1 5 B A FI AT E GBS o BT SRLCEEL Bk
Fsr & /1 % 0.102-0.290 2. ¥ » T8 4 01745 #3547 4 BED % HD ¥ 3 &
¥FALP(#150) > Bon 4B s pRE R AR B L g A it 43
BT ERE A 0 RACA AR E A 4 70.8% A 3 HB kP BHRE > 3
10.7%p ** BAERF > § 185% %k f »t 3 (4 16) 5 § se¥ < | A5 8E7 - 2 Hhit
46 8 GBS 0 3P 1206 B s A S (2 17)
5.2 2013 # B &%

P BLRY e R 3l @ A 1 4 di Fer i 420 0.079-0.360 2 A » T35 5 0.213
B R R 5 BT RET R £ B (% 15b) - B 5 BEAD chmie it R
B L LA AT REAFERET > RAA TV E R A 5
T24%:ha 5 B ko p 2 BAEN 0§ 5.8%p * BREE > F 21.7%% p 2t R (% 16) ;
F R A L AR 0 b B EE e 358 Infinie( 17) -
5.3 2014 # B &%

P BLRY e 4Rl @ A 1 4y 8 Fer i 420 0.011-0.247 2 fF > T35 5 0.127 ;

L2 > A — = &, 5 ) 5 . s AL 2 s 3y = B s Vs Nr a2
P RERET o S AR o FT UE R S BREFEREEFL 0 HAREHE
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MASoi lEAL (£ 15D); A3 BTSSR T RIGATIAE & 4

82.3%:rA + H R K pT BRI 0§ 4T7%p BRI > 13.0% % p 2 EET (£ 16);

FAEE A AR 0 FFT EH 167 £ A E0 0 @ AT 2 3122 B Sk
(% 17)

5.4 2015 & B &%

P BL I R b w3l B A 1 g For 420 0.072-0.205 2 FF » L350 5 0.136
PSR 4 BT arEERE Y ﬁﬁ%‘iaﬁ-'—(z\ 15d) > Bgor 4 B FRT ensa e g %
Fed @Rt L p A ita AT B HERET 0 REBATFIAR Y a4 Y 5
81.5%:rA + H B kP BRIN 0§ 47%P BRI 13.7%% p 3 %RET (£ 16);
TR AR T R N2 B Sk SRkt h122 £ 5 Bt (£ 17)
55 2016 & & &%

PBLTF e ok 3l A 1 4y i For 42 0.057-0.203 22 F » T35 5 0.122 5t
PREHT 6B EER Y G EFAR(E 15) BT 6 BELT cnd MAREEHE
ARSI AL A S AT RBELE RN > RBATFIAR Y A
81.8%:rA + H B kP BAIN 0 6.1%p B F 121%% p 3 HET (£ 16) -

PLEFE A ] TR o F5 1 BReEF 10361 £ A B 5 o S H 0405 B0 A

—=

(% 17) -
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% 15 A EEEFapairwise Fsr B2 . FHFHPOPEF P E

a. 20124 F d. 20154 &
. 25 #Fabw BLET B THAE T EFH LK HEHK
4L 0.0001 0.0001 0.0001 Friu 0.0001 0.0001 0.0001
BB 0.102 0.0001 0.0001 &¢F 0.169 0.0001 0.0001
/LB 0.126  0.113 0.0001 /LB 0.107  0.083 0.0001
= 3k B 0.29 0.252 0.16 EXe 0.179  0.205 0.072
b.2013& & e. 20164 F&
Frdew HEW ¢ W BALEKE TR £4bF Frdhd BkETH AL EF T ALK
b 0.0003 0.0001 0.0001 0.0001 &4t 0.0001 0.0001 0.0001 0.0001 0.0001
BB 0.079 0.0001 0.0001 0.0001 Friu 0.057 0.0001 0.0001 0.0001 0.0001
& b 0.258  0.323 0.0001 0.0001 BB 0.096  0.075 0.0001 0.0001 0.0001
X 0.1 0.158 0.182 0.0001 AT B 0.115 0.12 0.181 0.0001 0.0001
= 3k B 0.201  0.292 036 0.175 &P H 0.122  0.142 0.203 0.195 0.0001
/LB 0.062 0.094 0.137 0.145 0.09
c. 20144
£46F Hdew BEW E£¢F FK
¥ kil 0.0984 0.0053 0.0001 0.0001
b 0.011 0.0001 0.0001 0.0001
BB 0.059  0.085 0.0001 0.0001
& b 0.166  0.177  0.247 0.0001
X 0.079 0.115 0.183 0.146

Bt Afe? T2 755 Ferffo 41 2 6955 PE(P et & 5 0000 45 £ 42 E 2012 ~ 2015 & A& A7 ¥k 3E o= 0.05/6 = 0.008 ; 2013 ~ 2014 & & 37 ¥
'k 2 o =0.05/10= 0.005 ; 2016 & /& & ¥ -k % o = 0.05/15= 0.003) - 4e 4% % 5518 % For B A5 % a0 o
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%016~ L ERGEHEFGOLS IR LT

£ 3 %K =P df SS MS Est. Var. %

2012 3 30.969 10.323  0.385 18. 5%
2013 4 51.306 12.827  0.569  21.7%
EERE 2014 4 47.939 11.985  0.331 13. 0%
2015 3 45.847 15.282  0.339 13. 7%
2016 5 63.269 12.654  0.303 12. 1%
2012 40 76. 986 1.925  0.224 10. %
2013 44 96.990  2.204  0.153 5. 8%
B 2014 72 168.366  2.338  0.121 4.7%
2015 73 163.984  2.246  0.117 4.7%
2016 97 228.716  2.358  0.152 6. 1%
2012 44 65.000 1.477  1.477  70.8%
2013 49 93.000 1. 898 1.898  72.4%
i A8 p 2014 77 161.500  2.097  2.097  82.3%
2015 77 155.000  2.013  2.013  81.5%
2016 103 211.500  2.053  2.053  81.8%

# 3x.df(degree of freedom) ~ SS(sum square) ~ MS(mean square)

L7 k&R ] R L]

B o 4548 (LD) B o 45348 (LD)
LW 2012 - &+w 2012 -
2013 - 2013 Infinite
2014 Infinite(45.8~Infinite ) 2014  Infinite(51.6~Infinite)
2015 - 2015 21.6(8.8~236.0)
2016  40.5(21.9~136.6) 2016  57.7(19.4~Infinite)
b 2012 120.6(9.6~Infinite) ¥k 2012 41.8(6.8~Infinite)
2013 Infinite 2013 Infinite
2014 312.2(63.5~Infinite) 2014 59.6(26.9~2898.3)
2015 55.2(29.0~239.2) 2015 44.5(21.9~266.9)
2016  187.8(52.8~Infinite) 2016 1036.1(19.1~Infinite)
BeE P 2012  Infinite(9.4~Infinite) #2012 -
2013 Infinite 2013 -
2014 16.7(1.3~Infinite) 2014 -
2015 - 2015 12.2(5.4~33.9)
2016 Infinite(16.3~Infinite) 2016 -
BB 2012 - EHER 2012 4.6(1.3-216.3)
2013 - 2013 Infinite
2014 - 2014 -
2015 - 2015 -
2016  129.1(16.2~Infinite) 2016 -

# zx:Infinite 3 4& < B & Fik ) Eo & F Ok
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56 & REHZIAFIEASITES
RypZ BHA A 470 % R F (% 18) #4747 %¥ 20183 £ & 7 > 11 IAM~TPM
SR AT R EF R 0 2014 E R ALY IAM B A 4T R F B % A

EEDE 2016 £ B¢ > 2 IAM A A4 T 4 B F S S 5 451 B4 2014 12 2

k3

2016 # & ¢ > 00 SMM SRl 447 T B EFE SR 22013 E R 0 b= B

f

S

=

TR T —-!’r§4)3 BEEE od RS EITAT S FED S LT CUPIR L $o1 A’FS%'
E&@Fi(n‘;/)@: f’%ﬁ! m‘l:‘!lbmk‘ﬁ 955,: il)‘l”}s’;?i o

% 018 A E R 2 L EHHA AT IIRA T

Loci with an excess P value
B Fa HAEAE 1AM TPM SMM 1AM TPM SMM
EERD 2012 - - - 7 _ _
2013 - - - - - - -
2014 8 3 3 2 0. 844 0. 563 0.156
2015 - - - - - - -
2016 20 4 3 3 0.156 0.438 0.438
bW 2012 11 4 4 2 0.063 0.625 1.000
2013 17 6 5 4 0.016% 0.047% 0.156
2014 23 6 4 1 0.016% 1.000 0.109
2015 20 5 3 2 0.438 0. 563 0.109
2016 22 4 1 1 0. 688 0.109 0.078
3k 2012 10 3 3 2 1.000 0.813 0.219
2013 5 4 4 4 0.078 1.000 1.000
2014 6 5 4 4 0.047 0.156 0.156
2015 - - - - - - -
2016 13 5 3 2 0.031% 1.000 0. 563
A 2012 - - - - - - -
2013 - - - - - - -
2014 - - - - - -
2015 - - - - - - -
2016 17 5 1 1 0.078 0.438 0. 156
L F 2012 - - - - - - -
2013 11 4 3 3 0.563 0.688 0. 688
2014 17 4 3 2 0. 563 0. 844 0.438
2015 17 4 3 3 0.438 0. 563 0.563
2016 20 4 3 2 0. 563 0. 688 0. 156
itk 2012 9 4 3 3 0.625 0.813 0.813
2013 6 4 3 3 0.563 1.000 0. 844
2014 23 3 2 1 0. 688 0.109 0.047*
2015 20 4 2 1 1.000 0.156 0.109
2016 11 3 2 1 0. 844 0.078 0.031%
2% 2012 - - - - - - -
2013 - - - - - - -
2014 - - - - - - -
2015 20 4 2 2 0.156 0. 563 0.563
2016 - - - - - - -
E % 2012 14 3 3 2 0.313 0.875 1.000
2013 10 5 5 5 0.031% 0.031% 0.031*
2014 - - - - - - -
2015 - - - - - - -
2016 - - - - - - -

R P<005 P<001,¢ 5
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5.7 i BEeres 1 A pedpin B2

Ll DR B IR M P AR E P L AR EF B A LR
(Fs7)¥r ¥ TR RE4L 8 3572 4 AF % «hip B 42.(2012:P = 0.042>0.005 ; 2013:P =0.360>0.005 ;
2014:P =0.095>0.005 ; 2015: P =0.416>0.005 ; 2016: P = 0.354>0.005) (& 17)

6. »ZEREFRAN

or BRSO R A 177 0 & #2013 I 2016 # cnficiir sk DNA T4 » 14153
PAB OCEFEFIRE P REAT a0 > RRSDER A ITHBIE RS - P on ¢ it B E
ErF oA G AF(2014) s F5AF LR E L (2010)~ 5 ¢ A8 ¢ 2 F(2012) -
Jii-mhe BBl (2006) ~ & ke FRES (2015) o pY BB f 4 F FI(2011) o 2 ARERAT
B F(2012) 2 % 37+ 8k e ® O F(2016) o 2 A RV g o~ BEFR 0 AR %A
o BEEE I6KBTA T o FHe l F UFTH D EEHLIALREHEH L 4ER o ¥
B2 A RE R ATREES Lo e 1 H e 2 BRAFRATES
#-d {5 B x5 i (Posterior probabilities) #7 & IR -

AYTEEE R R (F 19 EEe 1P R 5 enis e & 5 5 F (PP :0.2790;CI95:
0.2541~0.3040)(# 19)° i £ F74* 3 % H A PerA 47N 8 BRAD MEH P » i enfh
FAzhe %3 (R 18) > R & AAFTHA D As 4B I it B B d 3745 B EA B
HEEHLp e H B R R o AT S ERITEIRTRT EFAo LMD S AT ERE R

FRIT A LIS RE A Ben B S HBAATER LS 451 B R 2

54



a. 20124EfE 03 c. 20144E %

0.35
€ o0os . y = 6E-07x +0.0739
o 1 . .
§ 03 * & R?=0.2267
# 3 02 -
2 0.25 - . =
] =
= 0.2 & 015
8 2
£ 015 y = 6E-07x +0.0951 & 01 -
) o R2=03627 g
£ 0.1 - ¢ . = 005
= "2 ¢ : . . ,
& 0.05 £
2% 0 50 100 150 200
O T T T 1
AN
0 50 100 150 200 250 == AR S e s 3 RE
=t
=il asihist 3
b. 20134E[& d. 201545 &
= 04 0.25
w, 0.35 * o
£ . =
2 03 . & 02 *
= . ! N
T 025 & .
£ 02 - T_________________________’ = 0.15 /
# 015 5
£ y = 26-07x +0.1946 = o1 .
Zz 01 ¢ R2-00134 z .
£ 0.05 = . y=2E-07x +0.1134
= 0 - . . i—ﬁo'% R? = 0.097
0 50 100 150 200 250 - 0
~E
BEEL R A 0 50 100 150 200
~HE
=il lsgptieihiste 3

B 17 ~ 275 R & R 4o A F13] o0 pairwise Fsr 2 3 I pE&E chp BE & 47
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0.25 -
o
ﬁ-ﬁ( - o Y=1E07x+0.1122
2 TS 2_
i . R2 = 0.0173
£ 15 .
% o1 —_— e
T ® V'S L 2
L 0,05 - ¢
s
0 T T T 1
0 50 100 150 200
NE
156 B R Yyt EE

B 17~ & & R AREEA R @ o (b 2 32 pEdl cndp B ()
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3019 » BEANR 0 EREFAITES

7 Bl

BB fF A 14772 15 B 125 (Clos)

-
scenario 1
scenario 2
scenario 3
scenario 4
scenario 5
scenario 6
scenario 7
scenario 8
=kl
scenario 9
scenario 10
scenario 11
scenario 12
scenario 13
scenario 14
scenario 15
scenario 16

0.0002 [0.0000,0.0196]
0.0020 [0.0000,0.0213]
0.0054 [0.0000,0.0241]
0.0820 [0.0477,0.1163]

0.2790 [0.2541,0.3040]**

0.1211 [0.1095,0.1328]
0.0513 [0.0375,0.0652]
0.0045 [0.0000,0.0234]

0.1428 [0.1185,0.1671]
0.0655 [0.0524,0.0786]
0.0150 [0.0000,0.0326]
0.0455 [0.0273,0.0637]
0.0555 [0.0417,0.0692]
0.0194 [0.0023,0.0365]
0.0704 [0.0169,0.1238]
0.1107 [0.0996,0.1219]

Scenario 5
- Nib
& N4
- \sh

N3b
- \g

Néb
- \7,
- N\gh
- \)
- \)
- \3
- N\
-\
-\

EHE 6T T ARE

(Warning ! Time is not to scale.)

K ST MR HER T

Bl 18- iz » REZH R B

57



wid

SN PRIZ e RWNAREEER A%

1. 742(® 19)
¥o % 86 SHBAEPEREHE 0 T 160445 > B HALAFEP R %

FYE
Fox 86 AP RIDALE - FRG600 02 GFEE B AE 2 EED
L2 HE -
=X BT ER 2 160 ~ 2 DIRAM R > LHARI A B BT RESED
L2 HE -

o X BBAFABTATEE AGEE 0k Y ARNFORLEABEEHE -
$I X BOMLBETED 0 AF AP g e R

%~ % 8/10 % 8:15 H v FIH- -

AL

i
[l
bl

B 19 -Zad 48
2. ALEHBEFEELEE
21 % - % 8/5

MRS INFFEREF A PR AFAPEI ) TR R R b
AR RFAE L EEA Z RIS RE b R g F RAR
R o Aad ek P RS AT RS Y R BB f A DR
PodrbPdrmy ard #ay REA AT AT B Lo (B 20) 3 3hiesge gz vy
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FAE I FLFP RS BERE RO A ARG E L FlE A A R

BT T AL 4 PR T AN ANS L AR L 8T R e b

Bl 20~ frd # a2 BT R &R

22 % - = 8/6
d R P E Ry AR AR Y R AR 0 ARE R B B A B AT Y

o NP E BT EARES £ (B 21) - 8/6 8L+ 8:00-12:00 » #j& % 1100 = & e

TR AT E T AR AR RE > I3 0 20 § 00 b dma b (B 21)5g 0 0 &
S8R A E T E(R22) FFFF AT B 223 4 - (R 22) o
o TR B BT s R U R RN S - - SRR F - B

IR RS RIEE R G UEE R B BFERF B J o PR X
e 0 4~ BoE s Bk Ak T ] Ak R s AhE e B0 S 5 DI o 5
irF LB AT o BIEFIRSE g Ile A RE S B LR R e Lo LG A
Mo PR FEME G R A A hes BRSSO KRR R Re R © L F
23 B F RN o Ml e T AR ~ B ARE - RIGERYENE - B iR R
Ml A R FE A Rl 0 AE R A B Lk Flom Lk 2

Bk 12 fEEAT o
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B 22~ ﬁiﬂiﬁii,.fii%b’%(i)l P 3. (+)

LR AL ORI RN L ERRBR I Rp S B REA F S
AoigiE S skt g o 2 FRLEG AP R R AR T AW
TR S AR 23) i R A A B 0 W TR R fom AR A o REETRRW 0 F A7
WA febb T AP Y R BT EEE Y o s R R X E 0 (R 23)
WIS 108 00 BRE > 23 548 HE3 D32 o gl e iEARE s R
EAHE S P R IR T T N RS B F T ) R dE BSR4

WA FIE S O fBIEAT o

Bl 23~ 0 () SR (L)
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24 %= = 8/8

HAZRFERFOFHFE  BATEL BE T A MR FE TAREY
Pl Gt (R 24) - 2 (600 F 2B 0 BB - AURED hERRE > FIY
5 Gpareptirt o o 4T 3 & Ak (] 24) o B EEETl AR T Sl A S
SOk B e R RUEEOERE - B ERRE 9 47 A D - EANE

e S 10BN U2 HEF T4 ER0E 2 B0 o

Bl 24 ~ 8; BiE E e

SAPE(L)E GBI R o (1)

25 %71 % 8/9

Ew by it BqF 15 £ B AT EAZ HEL(L 20~ B 25)
& L AR A yRd4p PR (W 25) » £ T F g m R T] G SIPHE L EN o B iR AT A
AP E R ATEG > BEOERRAEDY 5L PR MR Y
TS DNAFY o

|i_ 1% ®im

B 25 400 ~ 4 w2 iR (2)2 A (L)
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2 20 B2 a ¥ R AREE A TR

KON FEPH E Mu] R RRER FD
2016001528 2017/8/6 Z % ¥ < 2 X
2016001527 2017/8/6 Z % ¥ * X
2016001526 2017/8/6 Z % ¥ < 2 X
2016001477 2017/8/6 Z % ¥ < v X
2016001478 2017/8/6 Z % ¥ * v 4 5 1000 7 e
2F L opy B SN
2016001479  2017/8/7 Z & #51- ik = f’# AATEHALIC A A
2016001480 2017/8/7 Z % 45 AT
2016001481 2017/8/7 Z % 434 wooX e
2016001482 2017/8/7 Z % 434 # X &
2016001483 2017/8/7 Z % 434 e X 3 Py
2016001484 2017/8/7 Z % 454 v 3
2016001485 2017/8/8 Z % ¥ B EFA W & ik
2016001486 2017/8/8 Z 4 ¥ B EFAH = X 3 Y
2016001487 2017/88 2 % ¥ B M FLH & X A
2016001488 2017/8/8 2 4 ¥ B EFAH = X 3 @ d 4 gem

— PR AR R R B B
1. fA#E2 DNA 55

P REEZ A PR R RS PSSR A T S
FAxg Bk o L AR RS Bl PR AR R 2R LT S
BHE - Tt F & Wi DNAR 7 03 4 1 27Pan et al.(2013) 405 7 vt 4 - 4 ft FEin AL
Ti- Bifie P gra 2 e g Pl5BHk ADNAZ B 1% o

% 21~ Fe g% v COl ehR 7 PCR 315 o

513 Lf 313 RA|(50-3) VA fE @;J% & ik
COI-C01  TYTCWACWAAYCAYAAAGAYATTGG P. braueri, (Che et al. 2012;
COI-C03 ACYTCYGGRTGACCAAARAAYCA P. impresus, Dang et al.

Chmf4 TYTCWACWAAYCAYAAAGAYATCGG P. megacephalus 2016)
Chmr4 ACYTCRGGRTGRCCRAARAATCA
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2. PCRil3

FEHRALTE L F AL R A AP RR Y PCR3IS > 2 IICOIR 7|
(& & $561 bp) (% 21) » &2Dang et al. (2016) < barcode & 71| T AL 38 {7 v4 $F o 2 15 > Rz
* Wilkinson et al. (2002) %73k 3+ «9PCR3 1 + (% 22) » 43 ¢ 4512S ~ 16S ribosomal genes
2 t-RNA for valine )2 kb=smt DNAFE- 71| » 22Panetal. (2013)F 3 ¥ k p ¢ R = pEens
REREF TR A S ij\ R ehsa e 2. B 7 T4 0 38 (7 IR A 4T 0 Hdrd BPoa gt
SRRk R%HE o P R $PCR3IF aimpb o #3134 44 ®F B 4eie (FPCRiE 2
RIE e
F 22~ B4 E B AHEEFH KR * comtDNA B 5[enPCR 313 -

il LA 513 B 7(5°-3°)* % > é/gie &k
12+16+tRNA-1f AGATACCCCACTATGCCTACCC 1 Forward  (Wilkinson et
12+16+tRNA-2r TCAGACCGGAGTAATCCAGGTC App. Reverse  al. 2002)
2092

12+16+RNA-3 AGTGGGCCTAAAAGCAGCCAC 1169 Reverse
12+16+tRNA-4 GAAGAGGCAAGTCGTAACATGG 483 Forward,

reverse
12+16+tRNA-5 TGGGATGATTTTCAAGTAG 937 Forward
12+16+tRNA-6  GTATCAACGGCATCACGAGGG 1624 Forward,

reverse

*Primers 1 and 2 were used for both amplifying and sequencing the DNA fragment, while
the remaining internal primers were used only for sequencing.

63



.,

AT S RETEANE D AT 0 2 - B EISBRET ¢ IR EEA T
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T B 48 (TPCREE 2 RIE ~ 1 2 S eni B 4E o 47 > IR PR iR S
Tt i §ohd 96
PUb R A AP ERAcE T 2017 E £ 4 5 56 B P A RTHE §E §
FIRP ATHEZY LR KA R EFHS T RS I B B4R
Vo A E et KBS R TR S B ALTHIH oo B e s B2
BN R ER S E S B R R S RER R R o P AT &
ERE ‘;\’47@%‘7' AHE - B lLﬁ“;\%&iﬁiii SR IR - ey
R R Rk T RAERR RO G L  SRR R SR 1
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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.

Spot-legged tree frog (Polypedates megacephalus) was first found in Taiwan in 2006.
They inhabit in cultivated land under the elevation of 500 meters. In order to monitor the
spreading condition of P. megacephalus in Taiwan, we set up 250 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 occupancy rate 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 native tree frog P. braueri and
alien tree frog P. megacephalus and found that P. megacephalus existed in 40 sites while P.
braueri was only in 17 sites, which decreased to 8 sites in 2016. We used volunteers once a
month to remove P. megacephalus at Waziwei, New Taipei City from 2012 to 2017, and we
found the population of P. megacephalus didn’t decrease immediately but with a slow pace.
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 for the
problems caused by invasive species.
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Stay focused on sites that connect: integrated connectivity

analysis in containing spread of invasive frog

Chung-Huey Wu', Wun-Bin Gong?, Yi-Ju Yang?*
' School of Biosciences, U y of i VIC, Australia
2 National Dong Hwa University, Hualien, Taiwan (R.0.C) *Correspondence to Yi-Ju Yang (treefrog@gms.ndhu.edu.tw)

Introduction Conclusions

» Containing the initial spread of invasive species is key to successful » Systemic water body control (biweekly removal of egg and
management, and requires intelligent prioritization of sites to control. tadpoles at selected sites) could have slowed down the STF
e.g. targeting sites around the invasion front (“dynamic ring"). invasion spread in northern Taiwan.

+ Spatial network analysis can integrate least-cost dispersal analysis * Absolute efficacy reduces with increasing level of random
and habitat suitability and find sites with high connectivity introduction events.
importance. e.g. Integral index of connectivity (IIC)(Sauna, 2011) - Consistently managing water bodies of high connectivity

+ Focusing control on sites with high connectivity importance can importance performs nearly as good as dynamically targeting the
be an effective alternative to slow down invasion spread (Perry et al., invasion front.
2017). But it has not been assessed in real, heterogenous landscape. - Connectivity-based, fixed-site management can be a convenient

+ We simulate water body control for spot-legged tree frog (STF) and effgCtiye alternalivg to dynamic targeting, especiaily. when
(Polypedates megacephalus) invasion in northern Taiwan to assess the !‘flOﬂit'Of ing is costly or imperfect, and when locations of initial
efficacy of IC-based site prioritization vs. other site selection. invasion are not known.

Aim To simulate if selecting water bodies to control by their connectivity importance could outperform
other site selection methods in slowing down the invasion spread of STF in northern Taiwan.

1) Identify water bodies with high connectivity importance

Spot-legged tree frog invasion in northern Taiwan
Native in China; a shrub frog; high fecundity; outcompete native frogs in Taiwan.

diic
. @001017
017033
033058
058068 (Top 1030%)

« 388 artificial water bodies (WB) as major reproduction sites (few natural WB). oSt
» 15trecord in 20086; systemic surveys in 2010-2015; widespread after 2014. ”,) o‘% ®
+ Controlled (hand-removal of individuals and eggs) at few arbitrary sites (2010-). 5,%6? g
+ Biweekly clean-up of water bodies could have slowed down invasion. u((pc‘ %
- = o o
Network analysis @ STP presence E > o Ton S
Long-distance in year 2015/, o6
Land-use type (woods, farm, road, house...)(government survey) dispersal range survey 13 e D
Relative resistance to STF movement (expert opinion) F e ©
$ & ® o3
Least cost analysis (in QGIS) ' B f"‘ : e 9O O e
Home range patch Long-distance L R
(centred on WB(s)) dispersal range é S )
(400* m w/ baseline resistance®) (800" m w/ baseline resistance) ° S
* Parameters inferred from . X 80 2
capture-recapture experiments 0©
# Patch is thus not circular in Patch connected or not o Q
heterogeneous landscape (800m range touch other patch) % )

Occupancy data (2010-15)

ity (i i Figure 1. STF invasion in  Figure 2. Connectivity importance (dIIC)
Patch quality (in MaxEnt) g Compute IIC of the network (in Conefor), Importance g re 2 4 ]
(temperature, precipitation) » and how each patch contributes (dIIC) ] of each WB Taiwan. Black box: focal  of artificial WBs in northern Taiwan.
region of this study. Higher value means higher importance.
Arrows: sites occupied by STF in 2010.

2) Simulate how water body control strategies slow down invasion

Susceptible-infectious dynamic model of invasion spread Figure 3. Number of invaded WBs across time with different control
388 artificial WBs. Assume initially invaded at the 7 sites occupied in 2010 survey (Fig.2). strategies, under 4 scenarios of knowledge and random introduction.
Susceptible WB @ year =t year =t + 1 Knowledge of initial invasion locations
l Known Unknown
Py
300{ = NoActon R wed & D-ting |
Infectious WB — not detected @ ® @ - ® @ g Mo Action  Rfred  C-fxed & D-ring né
200 N
! P © 3 y 8
Infectious WB - detected @ . e . o g 100 9 5
2 =
0 o
Four-step simulation (iterate yearly for 16 yr; record # of invaded WBs) s a
1. Select 100 WBSs to control (biweekly clean-up) 2. Infection (STF migration from infected WB into@/@) & - %
- WBunder control is less likely to have STF 9 200 3 5
population established and infect other WBs g 3 o
100
O/@ have reduced infection kernel (see right) z G ;‘
Strategies to select WBs to control ;| 4 8 12 16 4 8 12 16
- C-fixed: fixed at WBs with highest dIIC. P i 60 Time step (year)
= D-ring: . at invasion front + nearest ./O hﬂ:»\ve-w\-ﬂﬂrsunc?.,m W baseine resistence)
- Dynamically update each yr. 3. Random introduction (0 or 3 random sites per yr) Re€SUItS
- R-fixed: fixed at 100 randomly chosen WBs. - Randomly select 3 WB to become infectious. - C-fixed and D-ring can slow down the growth in # of invaded WBs
- No Control - Ifinitial invasion sites are unknown, or random introduction occurs

4. Detection of infection
Q=@ prob.=0.7*; O =@ prob.=1.

* Parameters inferred from occupancy data

C-fixed performs equally well as D-ring.
- Common situations, and likely to be the case in our STF system
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