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Strategies for the removal and monitoring of Alien Tree Frog-
Polypedates megacephalus and Invasive Cane Toad- Rhinella
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Abstract

The initial discovery of Polypedates megacephalus in Taiwan took place in
Changhua and Taichung in 2006. However, its invasive status was uncertain at that time,
and no control strategies were implemented. Removal and control efforts, supported by
the Forestry and Nature Conservation Agency, Ministry of Agriculture commenced
only after the species spread to New Taipei City and Taoyuan City in 2011, and
confirmed to be invasive. Despite these efforts, numerous obstacles were encountered,
resulting in a missed opportunity for early eradication.

The population of Polypedates megacephalus, known for its high adaptability and
reproductive success, continues to expend. In 2024, 71 teams of amphibian
conservation volunteers actively participated in monitoring and survey efforts. The
survey revealed that the wild population of Polypedates megacephalus frogs is now
widespread throughout the island, with the exception of Taitung. In 2024, volunteers
recorded 17,259 observations, accounting for 12.2% of all observed frog species and
solidifying its status as the most abundant and dominant frog species in Taiwan.

Currently, there are 140 Polypedates megacephalus monitoring points established
throughout the island, managed collaboratively by amphibian conservation volunteers
and local governments for removal and long-term monitoring purposes. The primary
goal is to mitigate the impact of the invasive species on native tree frog populations in
low-elevation mountain areas. Among the 133 survey points, which yielded 11,529
records across 32 frog species, and 41,733 observation records, 121 documented the
presence of Polypedates megacephalus. Noteworthy is the prevalence of Polypedates
megacephalus, Hylarana latouchii, and Microhyla fissipes, recording the highest
individuals (7,579, 5,266, and 3,904, respectively). In the current year, 34 teams
successfully removed a total of 11,660 Polypedates megacephalus.

In November 2021, Rhinella marina, a species listed among 100 of the World's
Worst Invasive Alien Species, was discovered in Caotun, Taiwan. At that time, the
invasion was in its early stages and confined to distribution to the Caotun area. In
response, the Forestry and Nature Conservation Agency, in collaboration with
amphibian conservation volunteers, the Taiwan Biodiversity Research Institute,
conservation organizations, and the local community, promptly initiated a systematic
and intensive removal and control effort in the affected region. Volunteers actively
engaged in outreach and education activities aimed at Caotun residents to encourage
reporting and removal. Additionally, a temporary holding station was established for
captured individuals, contributing to coordinated efforts to reduce the population size

of Rhinella marina and prevent its further spread.



In 2024, a collaborative effort between amphibian conservation volunteers and the
Taiwan Biodiversity Research Institute dedicated 266 survey dayswith 1,327
participants. This joint initiative focused on distribution surveys and removal efforts for
Rhinella marina. Throughout the year, a total of 38,374 individuals were successfully
removed, including 629 adults, resulting in a significant decrease in the wild population
and the potential eradication of the species. Drawing from the experience in controlling
both Polypedates megacephalus and Rhinella marina, it is evident that implementing a
systematic and intensive removal strategy in the early stages of invasion is crucial for
rapidly reducing population size. The recommendation is to persist in utilizing
volunteers for systematic removal and control of invasive frog species, conducting
outreach and educational activities, and enhancing public reporting and assistance
efforts.
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a;]‘um’? ARHI A RIEER 2 kA3 F (bufotoxin) o IR E 3 0 B

0.5%9F it 7 7% I 152 3 (Anstis, 2002) o # ¥EIA P & B [ AR Foa B oo BATA
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NIl 78 S AR R L AT £ 5 SR E 0-10 24 I H AR
(Zug, 1979) *
BT BRE S TI0L 10-15 K F A 1K AR E o Rtk

i# 1) 35 # (Grenard & Steve, 2007) °

(z) %7

BRI RIEM A PR QAR TS om LTk o B2 R B 2021 £

Y

RAE G A RE 0 RS A 1935 £ P A ARE B E R 3]~ b

EIATTA IS ET AT FpIisL R A pFriEid g BH(1936) 7T s i

MAPT AR A Y o RS 18 R LG S ER AR R 0 135 BRI EY
AR R VR A 0 2 291051203 % R BRI 0 3 A 1936 £ 37
22 PREI B - AP 4 BEA L AR RAPIE RN B ER R 5]
ek Beha AL § e A 15 P

A 2021 & 11 7 30+ 5 B A MEIALS - SR E ¥ X F k& 2021 # 12

FAEAENICE S P L AERTE 2022 £ 1 1 ¢ EBAT AT PSR
B I8 A 02022 & 2 % 11 P o F R TliA AT o FEILA EAE ~ BB
BPo A utiA bk BART k2 (5 KB EHS I RB TR ¢ RE ARERAT K
chfen et > £ H ER|TERSLFERBIEAIER 2022 EA 40 2 70
LT A AL L AR Z 450 060 2 T 0 A% B IK] A hs ik
87 10" Hubded B B8 T AL £ IR YEAE T 2 2023 £ 1
23 P BApieskIliAdEaR >S5 ke 2 EWIR T R P IRAERZIE 6
DAL RFRAEAE 2L o7 8 3 00 BB AR 0 9

23 P ekrElE s - K ARG R ABEALEFAT RSN AT A BB 4
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¥ v AR

(E)f%“f‘%;é
B E R A~ BT 50 oondrdlia kAl ® > § & kiR

# & i E i (Tingley etal., 2017) » 7 Sh F 1o PrgliadEid e 4y
MR Y TR IS X
2. KRR AL A 0E0A € A F I R RRB R A Ak E ¥ FliEE 60cm B HF &

¥ LR O A yEA % 58 (Florance et al., 2011 ) o

SN A SR A S A S AAEAMGE EoREERIA G FRERAE
AT Y 2 E o EREH W b ke % A it (Davisetal. 2015) 5 # 3 B4
s st B gl Ze M 2 K R P e M it s B ¥ AR e Pt )

RS Beamek ki (Yeageretal, 2014) -

4B R R A B F R 4 RSN B g o A MEIARL S AR G
E R o R IEANEL & WK P dEAE F o K 8 2 B FE DR
(Crossland etal., 2012)» 1| # pb 424 4 B 2L pd @ 2 ¥ 3 4m( B {5 ’Jﬁlfﬁ‘ﬁ"iﬁ)’
o5l ipdd g o~ f5f ¢ (Crossland et al,, 2012 ; University of Queensland and
University of Sydney, Australia, 2012) » Jt = j2 p % & B A4k @ % 2B X 44k

1
o

LN

vad)

)

F

S. Bk FArHIE LA MEMPLLIE T G e AAR 9 AL ch o SRR R g 4k
FERAERIAE T B H 0w K e ehi it R L2 Frd| H @ E dmipil oh
4 £ % 337% (Clarkeetal., 2015 ; Crossland etal.,2012) > B % 4p B FZ 3 19 it
WY o

6. % % Ay H AR U T D5~ R 2 JRSEAE o e R U R 2
WL 2 A ML 56 T S cnBE (4 5F 575 9594 % 0t T3 7 (Shine, 2011) » & F3
ﬁﬁ“%—g(aqa kARG S B BAER)DB AR - KTE MR DERE

( Cabrera-Guzman et al., 2015a,2015b ; Beckmann and Shine, 2011 )
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8. 5 DNA(eDNA)H: t @ * *t iR 2 S R < F| Ry ¢ i @5 F > Z 4k P

¥ 3 »xen™ ;2 (Thomsen et al., 2012; Smart et al., 2015)
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%774 4204 5 F ~ i%(Tingley, 2019) -

BlE R BEVYGE LR RN PR B R Bl AT TRE > B

AR BRI K FEA Y SER ST EI %Y (Grige
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2006) »
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SHD R el
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=K

AR R KRR T AR 0 2
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AP i dE i & B PR SR
LR Ea VLT = A/t ¢ BFD AR WA L 6 A up R
il %5 DNA # 4 S L EV L ) L AR
podsrg e 1R E ok -} Gkl L AR R
Pilbara Line (34 B -k %8 B I4t) = 48 ¢ gy X AL P iREON k SLak
Genetic backburning* =~ 48 v 3y aRELRR
LR 1T RN A S S RE T Gael R R
i 2 FlE N/A & ) S RELARR
A pRAFIE o2 a N/A P I ORBGRE T AL gy
A Pl A F13 A2 (F g 1 )** o o g ek & TR ATR

A4 7

)"ﬁ FE |"
oG B RS

NERBEHDPIRL HIFE(FH L
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7 Mrr-ﬁ, pE (2l e
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Bl R E A R AT 2 o p 2021 117 7P 3 2023, 127 31 8>
BAEAR RS BRGEHE BTG NAL L EN S S HRBET AR A
AL EHPETRE AR X AAFRYEL 0 K3 2117 A SER g o T84
PG OS08 BRAE T BEYFRFHL 10204 & 2w A S R
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358 -
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WEToE 5 1394 28 SHBEE L 12~17 222/ > 3 748 &5 5
64.2% (748/1,165) > 3+ 48 £ T30 5 3.84 24 5 B BRI E & 2~5 >0 2 >
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KRR |54

JeF Y 3 6,898 &4 k&M E o 52k 1,465 & 5 vk 1,165 & 5 %
B 4252 & 5 AAviu] 15 8 oz E TR G 2421 S SEBREE A
100 ~400 =52 B > 5 1,289 & > ¥ 1k 88.0% (1,289/1,465) o spi£ 88 & L 3218 5
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WETHES 82 5 FHBHMMLEAL05~5 2523 25358, 90
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FR QBB T AB T LA R T A1, 02 T kb TRl
AE P F A RERY R ARP I I ELE A REETEL R
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AR g NH LA ELES EFET Y F o (4) iNaturalist ek~
APP ¥ »30F Lk T 4 ¢ A mr e i E Rl o e M (8 @R Y PR R 2 g
W % = 3 3F (https://www.inaturalist.org/observations?project_id=23513) - i¢ 4 fi4
FeawfFFfd A E A Fa BRI FATEHFEF R FRERRGS BI04
P RADFT G-

TAEARET S MGG EALE 2010 £ 52 o AWA [ R A RET
BLIEEYBe T2 - T #£3 2024/12/31 0 £33 11,593 AL B =
ReoTpa v aTd b 23 Fdofh  FAER 8 F B g2 af5 b
AN A AEBY FF I RS G ARGV RFL EEBRTER B P
B F AT EFRRGL 4 o0 b T 2015 & % 2Tk K BT T RALE
LA e phid 2 W ARE R AR TG ondnE 0 £ 1 2024/12/31 0 £ 35 3,647
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SRR L 23S E P IR ANE 3. W - ER AP RN 45 E
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FRABLF T RFEEIREHS B EF ALY L L
P ANE L A S R RTIIBMBF LT RIS RSB T LR
ARETRALAT AR DD AFTREBGF 2024 £ L5 @47 B F
Fptes o LBIED AR S- o2 ol BAT R A e A H RE
WEAAACRRTH I B2 BETRBLT AR SRETHI & BiETH
TELBIFTHEE -
KRNI = 3 c AR

AR ERANE G N RS EE RAF I REPPET XA AP

B HRRp Rk T E - R L BE Rl b SR # Y i8S R
#icd % B Microsoft Excel 2+ 5 238 £18 o H P 40T ¢
(1) ® ¥R (Margalef's richness )

BRI ELE R S T ukdE B -
Excel 3+ & o3¢ © 2 # & Abundance = SUM(3%# %, B #8 #c)
(2) ¥+ % % & (Species richness )

BN ERAOR BRI LA wR Y HHRED A
(number of species) kL BE F A -

Excel 35 & =53¢ 1 &% % & Richness (S) = COUNT(3%# 3.4 fa )
(3) # #8u £ & (Shannon's diversity index )

PAEs B R Ap Bk 3B in e ( Shannon-Wienerindex ) » © #_& # Richness

% #6353 B (Species evenness ) A8 5% & dndico * 0 T BHEHE F s K
(Shannon, 1949) o dgfic ] « P » £ 77 L HR 2 a8 5 S Anip e R B
g3 -

F¢ oS AFRP e P A% i llﬁé FH A BB B o
Diversity = — ZPi In(P;)
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Excel 3+ & =3¢ @ s B & Diversity (D) =- SUMPRODUCT(3% & +* i1 4¢ 3%,(Pi)
* LN(2% & 1 & 4c 4&,(Pi)))
Wbl P)= EEZSABEE / 2 LB
(4) £33 B (Pielou's evenness index)

AT EEY LS BE R A SRR (Pieloy, 1966) ¢ 323 R dpdic2 E
EE 0% 1 2] RAHRP PR 2k
Shannon

In(S)

Excel 3+ & =3¢ @ L2353 & (Evenness)= # fast B R (D)/LN # % % & (S)

Evenness =

G) e R BRTEE

EEREY A B - Bt R B GE G R B e eE
E) BFLERMASRER VY SI FEAPIHREETFARF 5]
#2 & (Smith & Wilson, 1996) - G-value £_£ # Abundance % 1 {8423 & 137 £ 4p
o w80 Abundance 7 ¥ PFF G VO MUAAMRG K S | £ % jEEIR
%1 > % Abundance 7 # % it p¥ » G-value 748% P ¥ p- 7 Abundance frif&
353 R 0% i (Buckland et al. 2011)

FP o Gj ;}ﬁﬁ'{l‘\‘ 2FERLEY J £ G S &7 EEFRL LS Ml Nil

P AP ALY - EOBME N 3 13fﬂ§é A g ] E A EK o

Gj = exp ( Zlogl)

Excel 3-8 254 I pH L AR J P TBE (G)=EXP(/+ Y H E®O) *
SUMPRODUCT(LN(3% # 3% 4 78 B 48 #ic/1%- 1 & 3% 4 78 B 48 #i0)))
(6) sLic e 2 # N HHE B E R

37 fRBRARE AT kiR B 4 SR i R 2 B b A 2 B

o owie e F 2 Bl £
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