FRRLEL R ¢RI 105 1 -07.1-%-28 (2)

P17 2 TR kB b R A
Application and Analysis of The Life History

Database to Assess Invasion Impact of Exotic

Animals

A AR R 2L R ¢ Rtk
SN RN R S SR

dELRE 106# ]



aw

AT URP R B R B RS R T AL S RA HAT B0 K5
BO(4 fEe E 2 webRi) 2 101 fac kg (11 fie 2B %E) A %
C AL BI A E D REREAE AN E D EES R R R kA R R
AR BT AR Rk B AL BETHER S 710
B PRREFER S F 12 BB AP 2 IR N S 2 R
;8 0 (D)X~ 47 (Decision tree analysis ) ~ (2)#-4&: §f # 17 (Logistic regression
analysis) ~ % (3)#F#4! S 4§~ 47 (Auto-neural analysis) ° 5 B f3 S a2 8.2 &7
FIRRH o E > APLREZ AT P RBEORIE R (D 2% (1D
3 g NS BAEEE 2 (IDF 54w p AR AN Bl
BOTEAEN o Az ARB A KT 0 BT AIRIE Tt R g A K
(misclassification rate) -] ek B] » & 3% & & I PN o £ ‘F’i‘ e Rl -
BAT o EHALTAS TER B RRE > 4 R A R R
(Bagging) ~ 4T # # 1% (Random Forest) ~ #- /& #& # (Gradient Boosting) - % % & 71 >
ARG BEARP ILATA SR A HE 2 PRI ATER KA R R T AL et
OUF SRR g A KRB % 0 T B F 5 KR AU 2 FIF R
AR AT 2 R R R TR M G oV BX AR EOT
AL N B NI TR AR R ST e N R A A T S R A
FHE PN E G P UFRKR DL g N s L TRRE S BT F e
BEA ST R ATERIP RS R REF A RN E TR LK

WITehE R AT R 5L FRe > BRTR I T R Er 2 S BFRIA SR

PEHON KA REERF I RE WA R E o B A LB TR e
ARFLEYE CBFATASERNT BT R RILATE RS E b kR
GV Ao e W RE S (£ 11 48) PRI Tep B AlApi . ¢ »
BERRSGZ ABEF S OB FRERIEN L P~ R »}s S5k k4 dr e

o
(A B8~ i~ RFH) Va3 58S b = I b3 2 5 R »
e » BRIRIED 97 F A5 AN 5 MR T A SR E k2 B
BHAPMA T ORE-T e » BRI (AP FaE R HH RFAY o



Abstract

Based on a pet store survey database, 47 exotic amphibian species (4 established
species) and 101 exotic reptile species (11 established species) were used to identify
the key factors that affect the successful establishment of wild population of these
exotic animals in Taiwan. We selected 10 variables for exotic amphibians and 12
variables for exotic reptiles. Three methods (decision tree analysis, logistic regression,
and auto-neural analysis) were performed to generate invasion models. In addition,
three variables managements were made to compare the performances of model
results. They are 1) with all variables, 2) excluding nominal variables (order and
family variables), and 3) excluding nominal variables and transforming ordinal
variables into binominal variables. Furthermore, decision tree methods such as
bagging, random forest, and gradient boosting were used to increase the prediction
accuracy of the model performance. Despite a better prediction rate on the established
wild populations of exotic amphibians and reptiles in Taiwan were generated from the
auto-neural analysis, decision tree analysis with gradient boosting was recommended
because similar results could be obtained. Moreover, on model construction,
decision tree methods have several advantages , including no need to impute for
missing values, easy interpretation the relationship between target and predictive
variables, and good for mixed types of variables such as nominal, interval and ordinal
variables. The results of this study revealed that exotic amphibians exhibited greater
number of invasion countries and partial or complete latitude overlap with Taiwan
were more likely to estabalish wild population in Taiwan. The exotic reptiles with
similar appearance between sexes, greater number in invasion countries, and complete
latitude overlap with Taiwan demonstrated a higher probability to invade Taiwan. In
all the exotic animals we examined, including fishes, birds, amphibians, and reptiles,
the number of invasion countries is the most important key variable in predicting the
successful establishment of wild populations in Taiwan. In the future studies related
with exotic animals in Taiwan, it is essential to include the number of invasion

countries’ as an important key factor.
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(RO/FFPRPAY L EP BRI L2 ¥ E 24
CER S f—? NV T R R T
Taiwan RLBBFRE LR Ordinal
Overlap (26 5 53 ifﬂ\ b # F=2/38 4 =1/2=0)
Diet a4 Ordinal
(herbivore O/omnivore 1/carnivore 2)
Activity PR R Ordinal
Habitat (B 2R-K8 O/dtk U/ R 2/ & 3//8% 4% 5/7 %
6)
Genus in S AETE G R g Binary
Taiwan (£=0/% =1)
Sexual ~Eepse § B S Binary
Dicromatism (& =0/% =1)

R R b2 A
dicromatism) " # #R

3¢ (reproction mode) £ ¥g22 B + (sexual
SEEEE L SRS TRV X
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» 3 pAFE (impute) > 55 % A

% g3 i (outliers) B 48 > 3 d R R BRGNP 0 LERE Fi
F i
@i # 4 f_‘éﬁiﬁwv]xfguﬁ & > Mu}% IS Ay RET L LER

e o

A T e

A4 EFRG A PR RIE
WA SRR -

—
PESEIE R

E-
AN
e

-5

FHE AT

44



ez~ Z fAEH

2

el IMENE ol

PR FoacfER R A4 E ST e
(Bagging)

H A4S fe ik PR BRVRAD ZLF S s 0 L * BLP P
(Random Forest) 3 N T

R SR A2 S o BELP eh N T s
(Gradient Boosting)
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Zow o~ o kA R~ BIERIEN R

WA 5
ROC & 45E B
B i 0 ARA BdERE gA g B s
Wk 1 KA 5 0.021 0.064 0 KA 5
[N KA 0.021 0.064 0 KA
wovk I KA 0.021 0.128 0 KAl g

R Bk @ T (target=1) 0 E ] A8 K o
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F T~ b dod g 0 BRI R K ARE AT R

%
ROC F] A1 &2 ARAE3 EP it R A 5 )
B (No (Bagging (Bagging  (HP Forest) (Gradient Bk ?
bagging)  90%) 100%) Boosting)
Rl HREH 0.021 0.128 0.128 0.085 0 Ak
IRV AV € o 0.021 0.128 0.128 0.085 0 R
wos I A 0.021 0.128 0.128 0.085 0 ¥R

R Bk @ T (target=1) 0 E ] A8 K o
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FoA o~ b R (T HE O BIERIBCN R

84 3
ROC ] i R
LA S TR AR Gifw ¥ KA B id fos 2
Hok 1 K i 0.040 0.01 0.01  HA S&EIERF
Hug I B 0.040 0.01 0.01 WA H&EIEL
NI KEA A5 0.059 0.03 0 KA 5

R Bk @ T (target=1) 0 E ] A8 K o
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Foo ok kot AT M BB S A SO R

B
ROC F] A1 &2 ARAE3 EP it R A 5 )
B (No (Bagging (Bagging  (HP Forest) (Gradient Bk ?
bagging)  90%) 100%) Boosting)
g 1 HRES  0.040 0.109 0.119 0.109 0.030 Al T
g 10 BR#ES  0.040 0.109 0.119 0.109 0.030 ¥R
g I HRES  0.059 0.109 0.089 0.109 0.040 Al T

R Bk @ T (target=1) 0 E ] A8 K o
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“ﬁfé’:“ N ]/%‘!,ﬁé'/’;\*q.ﬁ —ﬁ%;‘\?‘&%l A v > '6 Z~ § Z 5 ¢f %%%iIR,iE(O:% P v 1:
= F)

0 4}
FF PRt Genus species =4

B
Dicroglossidae & i+ Fejervarya cancrivora 1
Microhylidae TCY T N Kaloula pulchra 1

oh 3
Ranidae 23 Lithobates catesbeiana 1
Rhacophoridae FT &gt Polypedates megacephalus 1
aAembystomaud R R Ambystoma mavortium 0
aAembystomatld ;57 BRI 2T Ambystoma mexicanum 0
Arthroleptidaec = % #4 Leptopelis vermiculatus 0
Bufonidae fr BEYE A Anaxyrus punctatus 0
Bufonidae T B A Anaxyrus terrestris 0
Bufonidae 31378 Bufo viridis 0
Bufonidae A YEIA ~ RYE'E Rhinella marina 0
g;eratobatrachl R g &3 Cornufer guentheri 0
Ceratophryidae 7 132£ & 3+ Ceratophrys ornata 0
Ceratophryidae -] = 3+ Lepidobatrachus laevis 0
Ceratophryidae # ¥+ Ceratophrys cranwelli 0
Ceratophryidae % % 4 3 Ceratophrys calcarata 0
=n w

Ceratophryidae gi ;ﬁi V&R Ceratophrys cornuta 0
Dendrobatidae |- = % # 8+ Oophaga histrionica 0
Dendrobatidae F £ % # ¥+ Phyllobates terribilis 0
Dendrobatidae % ¢ 4 # i+ Dendrobates tinctorius 0
Dendrobatidae % # & 4+ Dendrobates auratus 0
E;gtherodactyl to Ak fleutherodactylu coqui 0
Hemisotidae 7 # 3+ Hemisus marmoratus 0
Hylidae v A Litoria infrafrenata 0
Hylidae F WAHE Hyla cinerea 0
Hylidae oo JEAiE Phyllomedusa  sauvagii 0
Hylidae Gy g 5 Agalychnis callidryas 0
Hylidae vk Xt s X ARE Hyla gratiosa 0
Hylidae LR ES #RE Phyllomedusa  hypochondrialis 0
Hylidae & R AHE Litoria caerulea 0
Hyperoliidae % / #+ Hyperolius pusillus 0
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Hyperoliidae sz "&5) X i+ Kassina maculata 0
Mantellidae 5w A2E Mantella crocea 0
Mantellidae %2 RhE Guibemantis pulcher 0
Megophryidae ? Ko & bik Megophrys nasuta 0
# 4
Microhylidae =it Phrynomantis ~ microps 0
Microhylidae — ma’¥ &) &4+ Scaphiophryne — marmorata 0
Microhylidae % 5% &] 844+ Scaphiophryne ;nadagascamensz 0
Pipidae ZE R bE Xenopus laevis 0
Pipidae it Pipa pipa 0
Pyxicephalidae -7+ 2 3+ Pyxicephalus adspersus 0
Salamandridae £ A2 % Tylototriton shanjing 0
Salamandridae = Jz J% ¥ Tylototriton taliangensis 0
Salamandridae P # ©+¢ Cynops pyrrhogaster 0
Salamandridae a] R Triturus marmoratus 0
Salamandridae LR Hypselotriton orientalis 0
Salamandridae = )f% e R Tylototriton Verrucosus 0
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WS s RAsA T RFEEZ AL L P 2 L

gt

~BF kR R(0:4 P 1

= F)
L)
e P gt Genus species EH
E1 I
PR A &R AT
Agamidae j /[,] JJ: ok Physignathus cocincinus 1
dC:erettochelyl Hipd Carettochelys insculpta 1
Sehamaeleomd B TR MY Chamaeleo calyptratus 1
Chelydridae § - i Chelydra serpentina 1
I BRNG
Emydid oAk b i 1
mydi o
ydidae Frdd - % A rachemys scripta
gb - 4/5;'(5 ~ 5
Gekkonidae =+ =7 ~ ~ =% Gekko gecko 1
Gekkonidae # 3 # pakErL Gekko monarchus 1
Iguanidae %K ur Iguana iguana 1
72 A TE IR
Polychrotidae P ;fﬁ i~ R Anolis/Norops  sagrei 1
. e 2 g molurus
Pythonidae ‘@ w iF Python bivittatus 1
ACETNEE T
Scincidae i;r AT G A Mabuya/Eutropis multifasciata 1
eAcrochordlda e EbT Acrochordus javanicus 0
Agamidae phbU & £ Physignathus lesueuri 0
Agamidae gAY Hydrosaurus pustulatus 0
Agamidae £ i Chlamydosaurus kingii 0
Agamidae i 2R BT Pogona vitticeps 0
E3 "l‘»‘h‘ e ﬁLJ
. Y BRE L .
Agamidae Uromastyx acanthinurus 0
& B T AR >
L
Agamidae VR ke obpr Uromastyx ocellatus 0
Alligatoridae P 4% s Caiman crocodilus 0
Bataguridae 2 /% ¥ & Mauremys caspica 0
Bataguridae % - E &Y pinoc Icherri 0
ataguridae PR inoclemmys  pulcherrima
. EXF RS - & 5%
Bataguridae PN Cyclemys dentata 0
Boidae I RS 3 Candoia carinata 0
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Boidae 5 Bedp /K AEF Eunectes murinus 0
Boidae kg Boa constrictor 0
: o 1 o g g . cenchria
Boidae PR S AN Epicrates cenchria 0
Boidae ¥ A7V Eryx colubrinus 0
a(llehamaeleomd Gt E R 4 Brookesia perarmata 0
a(llehamaeleomd IR A 3 Calumma parsonii 0
gehamaeleomd % d A Furcifer pardalis 0
Chelidae G EEN R U Hydromedusa tectifera 0
: 2 RN N N
Chelidae iﬁﬁj ® 7w R Platemys platycephala 0
: MEEEFEE T K : : .
Chelidae i Chelodina siebenrocki 0
b0 5 o
: GRREESTEE G oo
Chelidae fais e Phrynops hilarii 0
Chelidae 6 Chelus fimbriatus 0
Chelydridae  E fe s Macroclemys temminckii 0
Colubridae ~ # # 2 it Lampropeltis alterna 0
Colubridae = Bld% ~ Q— K 8¢ Pantherophis guttata 0
Colubridae  *dv ~ 7+ 1 3% Lampropeltis getula 0
Colubridae & &z Pantherophis obsoletus 0
Colubridae & ¥R 7% # bt Heterodon nasicus 0
Colubridae  # 'z 3 v Lampropeltis micropholis 0
Cordylidaec 4 % i7 Ouroborus cataphractus 0
L B BT
georytophamd W~ SR~ B Basiliscus plumifrons 0
¥ ol K U
Crotaphytidac 78 FB]¥r ~ ¥* 3¢ Crotaphytus collaris 0
Emydidae s~ ’«‘i:ib Chrysemys picta 0
Emydidae @ @ W Bl Graptemys [;;;udogeograp h 0
Emydidae LR Pseudemys concinna 0
Emydidae EELR P Graptemys geographica 0
Emydidae SR Pseudemys nelsoni 0
Emydidae 5 s Terrapene carolina 0
Emydidae ek i Malaclemys terrapin 0
Gekkonidae % 4 Iy = ¥ Rhacodactylus  auriculatus 0
Gekkonidae * WP = ¥ Goniurosaurus  luii 0
L3 ~ Bk AR EE
Gekkonidae FoRTE Rhacodactylus  ciliatus 0
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Gekkonidae %) %% 7L Eublepharis fuscus 0
Gekkonidae Z B~ ¥ Hemidactylus ~ subtriedrus 0
Gekkonidae BFEFE < F Hemitheconyx  caudicinctus 0
Gekkonidae & i 4 #74c P = § Phelsuma Z’ad"g"sc‘z”en‘” 0
Gekkonidae V5= F Teratoscincus ~ microlepis 0
Iguanidae 2 Ctenosaura similis 0
Iguanidae Vo Dipsosaurus dorsalis 0
Kinosternidae 7 # @T-Z% i Sternotherus carinatus 0
R AN
Kinosternidae & 5 ¥ ~ é;\Kinosternon acutum 0
Kinosternidae x4 & ~ 2 3%  Sternotherus odoratus 0
Eelomedumda L2 R Pelusios subniger 0
g:éynosomatl W) e & BT Phrynosoma modestum 0
Phrynosomati & % f]4mi5/3t & .
dae - Sceloporus malachiticus 0
g:;ynosomatl ¥E & Phrynosoma platyrhinos 0
LEd s EERISE
Podocnemidid & # » SE R Podocnemis unifilis 0
ae &
Polychrotidac &% 1 % ¢ M1 Anolis equestris 0
Polychrotidae & gifr ~ % % 4% W1 Anolis carolinensis 0
. - Python/Malayop .
Pythonidae e SdE yihon reticulatus 0
Pythonidae % ¥F Python sebae 0
Pythonidae 2 7JdF - 2 T4  Python regius 0
Pythonidae  ‘@iF -~ § &4 Python bivittatus 0
Pythonidae % #iF Morvelia viridis 0
Scincidae M B b7 Corucia zebrata 0
Scincidae il A P Eumeces schneideri 0
Scincidae AR E S Y Tiliqua scincoides 0
Scincidae BRI Chalcides ocellatus 0
o , Tiliqua(Trachydo
A
Scincidae 5 saurus) rugosus 0
N FRiitd F M 2
Teiidae :Jr ® 5 T Salvator merianae 0
T
Testudinidae @ [£ & Indotestudo elongata 0
Testudinidae & %% % & Chelonoidis denticulata 0
Testudinidae = it P 46 Testudo horsfieldii 0
Testudinidae = &_# Geochelone carbonaria 0
Testudinidae % & Geochelone elegans 0
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Testudinidae AR Stigmochelys pardalis 0
F15a %
Testudinidae %7 if 3 % & Geochelone gigantea 0
Testudinidae S g0 1k Malacochersus  tornieri 0
Testudinidae ¥k 4 & Pyxis arachnoides 0
Testudinidae &' 4 & Testudo graeca 0
Trionychidae I;L ‘“ i{::% T\ E:];% Apalone ferox 0
Trionychidae ] % Apalone spinifera 0
Varanidae ;_)%i E i:’}:r(;_ g; Varanus indicus 0
Varanidae ¥ kBT Varanus primordius 0
Varanidae R B B b Varanus niloticus 0
Varanidae ‘K E YW~ T N &3 Varanus salvator 0
Varanidae T R E 4 Varanus exanthematicus 0
Varanidae P E M Varanus bengalensis 0
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