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

marina
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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 2023, 78 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 2023, volunteers
recorded 14,194 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 129 survey points, which yielded 12,556
records across 31 frog species, and 41,894 observation records, 117 documented the
presence of Polypedates megacephalus. Noteworthy is the prevalence of Polypedates
megacephalus, Hylarana latouchii, and Duttaphrynus melanostictus, recording the
highest individuals (5,743, 4,934, and 4,663, respectively). In the current year, 33 teams
successfully removed a total of 7,268 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 2023, a collaborative effort between amphibian conservation volunteers and the
Taiwan Biodiversity Research Institute dedicated 243 survey days, involving 404 teams
and 993 individuals. This joint initiative focused on distribution surveys and removal
efforts for Rhinella marina. Throughout the year, a total of 6,304 individuals were
successfully removed, 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.

Keywords: Invasive alien species, Polypedates megacephalus, Rhinella marina, alien

species control strategy
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mm> ERERLDERE P EDE AR A EF AR E(Zug 1979) A F
Aoeng R R B 3 A is 42 B B 7 (Greenlees & Shine, 2012) o Poig 4 £
TSR AR IEE A2 350 F]L %R G PR AE a4 3

‘4 a;}vngﬁ%;&g{g; Erm i e autkad 2 o Ryt T 0.5%Fa 5
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AEAT B S TI05 10-15 & 0 F 5 A 1E A ST L ki
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(z) R7%E
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gk
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EE RIS § e bR 1A

B2021 & 11 7 543 B ARG » HEBEH X F L4 2021 & 12

A RIS A AT 2002 E 10 ¢ SR AT p g
B I8 R 02022 # 2 % 11 P 1§ K eskDliA Ay o FEILA MM e ~ Bow
BPo A utiA bk BART k2 (5 KB EHS I RB TR ¢ RE ARERAT K
chfen et > £ H ER|TER S FERBIEAIER 2022 EA 402 70
LT PR MEIARL DL AR R fB0 060 2 70 A% B KRG h ks
87 20" HrdE B B8 T AL B EIIAYEAE 0 R

MAERNRATGAT R ERAera] P 32 80 o

(1)%%“4%1“}% 0 3

SR P BRI RS L BT PR R 4R
ABPEE o 2R KA s FIEE 0 FTIRL L dr g mﬁ%“f L o iR
] iﬁ\fi’é\r N B ERE AT A L AR L R A FLENE /A

e é45 4 > i (Tingley etal., 2017) » ¥ %4 4 1
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e
\\\?{r
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FOoREYRETHE3900 & 2Hw Al SREA T TRER 0 2
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2. WL

feF enBAL Y F 3887 & BAEF BRI EREE (PRiT R A WA ek 1182 & o pp
4758 & 5 %k 1931 & 5 Adrphn] 16 & o 2 E 0@ 5 1311 24 0§k
BREREE & 11~15 24 2 B > F 994 & » (24 84.1% (994/1182) - vpit 4l £ T 35
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(478/758) LM £ T ag 5 218 24 > 5 BB A E 224 24 2 o F 1492

g5 (k9 77.27% (1492/1931) -

3. W&

feEnBAEY § 3885 &4 EAAEE 0 5 Arak 1182 & euf o spub 758 & 0 %
£ 1931 &> karlhn] 15 & o2& T 5 2532 250 § BB AL E £ 100
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- HAREFRPRAI G FUTRETMEF(DERBL I L ES

i % 1% 8 (froghome@gms.ndhu.edu.tw) » #& B2 T L~ R 5 ~ B
TR QBT AR LS EERERT I s T s ARE T R
B P FET R AR R AR EP Z I A E LSS R RTAT R
(https://www.facebook.com/groups/froghome/ e
https://www.facebook.com/groups/427984074049846/) - (3)i% i * M (L v B
AR E)n? ML L ELE S EFET Y F o (4) iNaturalist ek~
APP® > 3F E 5T £ o A fhe TR o4 2 (5 BRY PR 2 2 g
W %2 = 3 3F (https://www.inaturalist.org/observations?project_id=23513) - i¢ 4 fiik
FeawfFFfd A E A Fa BRI FATEHFEF R FRERRGS 2104
BFRALT -

FASBRET AT MR ALBAN 2010 £ 42 0 ABE 50 A EET

FIEpet o Be a2 - A Ro £ 3 2023/12/31 0 2355 10,627 HALE S
ﬁ .Ifﬁr,\: :% \A’;,l‘gg:.\;']‘i\h{i\i}}h ‘;}B’#?‘ﬂg’:féﬁ”@']i é}?i}”"

BT LAWY § S A2 G BB SRR BRRSuEL 6
B P ORAT AEIERG 4 o gt b T30 2015 & & 2 T ok ko fhmr e i TR E
B P4 o R A Liiﬁ%"z’%ﬁzah I#""F? » #12023/12/31 > & 3+5 3,034
PALE AR ot A ABMF LR L E FABERTATE o F LT

o FHFIG AT EANE A AR 0 TR e B B R TR
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BFEEED S oS F VAR R AT RS st

2023 & e gf b B PGE 0140 B R EE R TR 2022 F b 8RR
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2. AL RSB A R LR

e 17 840 A (2013 ~ 2014)F 7 B o s emd o R 5 % £ 0.87-0.93 > 7~
WRAEYFEF- XD BYTF 87%-93%Hs H T 10 M EAE 0 Fp AFT
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FRABLF T RFEEIREHS B EF ALY L L
P ANE L A S R RTIIBMBF LT RIS RSB T LR
SEFETAAAT AR I AFTHEBEF R 02023 E X5 47 B E
FRphes o & RGP B R BEIE - o0 frd BED A e A enE g
WEMAAARRTHE I BIABETRAAT R S REFTHD S BEFTH

2?’———'—, z‘a\‘}l}g‘

3. A4 S AREA 4T
PR TEANE R C BRI R RAF I REOR S AT AR A AP
5Pk H - BN EH B R S R R b S el

#icd % B Microsoft Excel 2+ & 2038 18 o H 2P 4T @

(1) % 2 & (Margalef's richness )
BER GIZREE £ R AT AT b4 B RS -

Excel 2+ & =3¢ @ 2 # & Abundance = SUM(3% -+ % B 48 #c)

(2) ¥+ % % & (Species richness )
dOTERASATON AREEY S AR T I REER A b P R
(number of species ) k R & BEF A -

Excel 3+ & 25% @ #f8 % § & Richness (S) = COUNT(3% & &4~ fé #c)

(3) # /&4 £ B (Shannon's diversity index )
AR RApEE T 4 Ripdk ( Shannon-Wienerindex ) > v ¥#_4& & Richness
% {48353 K (Speciesevenness) M £ dpdic > * U B ER S iy 1
(Shannon, 1949)  dpficf ~ BF > & 7 g FHR2Z S JEA% § & P fenfp S E R v B
g3 -

F¢ oS Aahp AP A% 0 BABMES RBHE 5 o
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S
Diversity = — Z P; In(P;)

Excel 3-8 2 3¢ : 4465 & & Diversity (D) = - SUMPRODUCT(3% 4 1 614 1&,(Pi)
* LN(3% # 1 b 4e 2. (Pi)))

WG] (Pi)= 32 BB / 2R R B

(4) £ 2323 B (Pielou's evenness index)
P LT HEE Y LR R ip A AT R (Pieloy, 1966) - 393 Rdpdkz B
UL 02 1 2Bl RAERP LR R 2k
Shannon
In(S)

Excel 35 & 25 1 £ 2353 & (Evenness)= # 8L £ R(D)/ LN % % & (S)

Evenness =

G)irEER B TEE

FEHEY E BT B RA PR (GE LS R AR R
EY BFLERAFHEEROABE > K KL SR TR ET AT G155
#2 & (Smith & Wilson, 1996) - G-value &_£ # Abundance % 18423 & hiF £ 4p
¥ #§ #f80 Abundance # ®PF > G T MARRLESF 1 PN jEIBI R
%1 > % Abundance # # % it P¥ » G-value eP4§% P 5 p- 7 Abundance frif&
¥53 R % i (Buckland et al. 2011) »

;¢ Gj #ﬂﬁxxk 2EEREY ] A G S A7 EEFRL LS Ml Nil

AE AP REES - EORBHEON) 5 1 FEES j EBEEK-

G- exp ( Zlogi)

Excel 3* 8 23 : pH LR AP TiE (G)=EXP(I/#EEF R (OS) *
SUMPRODUCT(LN(3% # 2% 3= 48 B 48 #c/1% 1 = 32 5 8 B 8 #0)))
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AR R ORE V04 BT AR R B E AR F 10 A1
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5

%
(bufotoxin) e 51 » -2 5 dE4A S F vk bl 2f a2 E 14 4 (Funnel trap)#2 o
Boi A BEAELL IR M o 5T pE o BRE fRR TR DR LRI s G A 1
FLdg » 2% - B (8w iz o

Pt f 9 £ BE 39%26%17cm s R At o A RIK G B T (4
Fhw BRe iR BB SE REAEE OB FA (BT

VRLLGE AL P AR A0 IR R SR T B g 2 RN Y ehA B AR GF 4e
(Watergum)(8] 8)= f& > BI3REPFF € & W[ &7 R * o

P EIAT (SR ETP LTS B dA R A S R A 18 0k e e
B 50g B 9R( 4-5 §aiEun) BLIE a3l A A o 7 F5(99.9M) 2 4ok 1t 3:1
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5 R E R it 35 Fejervarya limnocharis
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7 ARIE & BRI Limnonectes fujianensis

B I (5P & 0 74) Eleutherodactyl (1). 2023 23 > &b«

: £ L (%P BE eutherodactylus
8 P ."% B3 Heroaarly kAR | (2). HREVEFL(PRER) ~ RRbER(PRIER) > P Y L B

Eleutherodactylidae planirostris o i3

\T'l 71| o
9 HEfL Hylidae ¢ FARE Hyla chinensis
10 CRr: § 5 Kaloula pulchra pulchra ok fh
11 = Microhyla butleri
Feo b 3 —
12 ) ) | 3 Microhyla fissipes
Microhylidae N - -
13 2 %o | &t | Microhyla heymonsi
14 g & & <] &3+ | Micryletta steinegeri #FiA
15 PARE LA E Hylarana latouchii
16 £ A A E Hylarana taipehensis I
17 T A Aquarana catesbeiana ‘b %44 | (1). = % Lithobates catesbeianus » 2023 # £ # o
18 Ranidae Rkt Nidirana adenopleura
» _ (1). 2019.1.9 " 4§ 72 | 224 TRV M A b Lhr

19 B it Nidirana okinavana [ e " T

2_% ¢ % Babina okinavana. (Synonym : Rana okinavana)
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20 B2 A At Odorrana swinhoana #FF A
21 gt & #t Pelophylax fukienensis Il
22 Ranidae £ gk ogE Rana longicrus Fi
23 KA A Rana sauteri #Fi 4
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Rhacophoridae 2_ & ¢ % Rhacophorus arvalis.
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38 A AHE Zhangixalus taipeianus F3 4 " (2).2019.19 "® 4 4 872 | 22 TERTHTF $odr L4k

2 % ¢ % Rhacophorus taipeianus.
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Control of Invas1ve Cane Toad (Rhinella marina) in Taiwan

1 #84v Yi-Ju Yang

Wz LEXFp AT HERR YT 4 Department of Natural Resources and
Environmental Studies, National Dong Hwa University
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In November 2021, Rhinella marina, a species listed on the 100 of the World's Worst
Invasive Alien Species list, was discovered in Caotun, Taiwan. It was in the early
stages of invasion and was limited in distribution to the Caotun area. To reduce the
population size of Rhinella marina and prevent its spread, the Forestry Bureau,
amphibian conservation volunteers, the Endemic Species Research Institute,
conservation organizations, and the community immediately worked together to
implement a systematic and intensive removal and control effort in the Caotun area,
with volunteers conducting outreach and education activities for Caotun residents to
encourage reporting and removal, and setting up a temporary holding station for
captured individuals. In 2022, 207 teams of amphibian conservation volunteers and
the Endemic Species Research Institute, comprising a total of 548 individuals,
participated in the distribution survey and removal efforts for Rhinella marina. As of
April 30, 2023, a total of 4,037 individuals have been removed, and the wild

population has significantly decreased, with the possibility of eradication.

BEAEF o don AR S A IENA L 2 A HE

Key words: control of invasive species ~ Rhinella marina ~ Citizen Science
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Awareness key to limiting invasive species: experts

SERIOUS IMPLICATIONS: Invasive species can wipe out indigenous species important to
sectors such as aquaculture, and can negatively affect human health

oano

An immediate response is necessary to eradicate invasive species, National Dong Hwa University zoologist
Yang Yi-ru (#5&840) said.

For instance, the Hong Kong whipping frog — which is very similar to the endemic Polypedates braueri —
was introduced to Taiwan many years ago, but no action was taken, Yang said.

It has now spread widely and is known to eat other frog species, she said.

On the other hand, immediate action was taken to eradicate poisonous cane toads, with cooperation from
residents in Nantou County's Caotun Township (), she said.

Thanks to their years of hard work, it is likely to become the world’s first instance of successful eradication,
Yang added.
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