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Abstract

Preventing invasion of exotic animals is far less costly than control of their post-establishment. A
risk assessment system plays an important role in prioritizing research and control efforts on exotic
animals, and reduces their potentials of establishing viable populations in wild and to cause damaging
effects. This study was intended to develop a quantitative system of risk assessment of exotic terrestrial
vertebrates for Taiwan. We reviewed pertinent literature and identified traits of common exotic species
that had successfully established viable populations outside their natural ranges. We also identified
attributes of those exotic species that had become pests to economic, natural resources, or public health.
The three assessment criteria were used: the likelihood of being introduced, likelihood of establishing
viable population, and likelihood of species to cause damages. We tested this system with 22 exotic
species that had not established natural populations in the wild in Taiwan and 20 species that had become
invasive. Scores of the risk likelihood for the latter were significantly higher than those of the former,
indicating that this system would provide a good predictor for assessing the threats of exotic species
invasion and their pest status. Furthermore, 13 species that had not been introduced to Taiwan but had
invaded other countries were also assessed. Their risk scores were also high for potentials to establish
viable populations and to cause damage effects. The results of this study indicated that this risk
assessment system is a useful qualifier for placing exotic species of terrestrial vertebrates under different
threat categories, that enables us to set import restrictions and to prioritize research and control efforts of
exotic species for Taiwan.
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Table 1. Ranking of 42 exotic terrestrial vertebrates in Taiwan based on scores obtained from the risk
assessment system (I, likelihood of being introduced; P, likelihood of establishing viable population; D,

likelihood of causing damages)

Ranks Classes Common names Scientific names I P Tutala Catcgoricsb
scores

1 Aves Jungle Myna Acridotheres fuscus 0.88 0.81 0.57 4.21 C
2 Aves Common Myna Acridotheres tristis 0.88 0.81 0.57 4.21 G
3 Mammalia Pacific Rat Rattus exulans 0.38 0.76 0.69  3.97 C
4 Aves White-vented Myna Acridotheres javanicus 0.88 0.76 0.5 3.9 C
5 Aves Hwamei Garrulax canorus canorus 0.91 0.81 032 349 C
6 Mammalia Coypu Myocastor coypus 0.86 0.61 046 346 B
7 Aves Black-collared Starling Gracupica nigricollis 0.91 0.81 0.29 34 &,
8 Mammalia Fallow Deer Dama dama 0.51 0.64 05 329 B
9 Mammalia Red Deer Cervus elaphus 0.48 0.64 0.5 3.26 B
10 Reptilia Red-eared Slider Trachemys scripta elegans 0.84 0.85 021 3.17 G
11 Aves Tanimbar Cockatoo Cacatua goffini 0.84 0.61 0.37  3.17 c
12 Aves Sulphur-crested Cockatoo  Cacatua galerita 0.84 0.61 037  3.17 C
13 Amphibia Bullfrog Rana catasbeiana 0.66 0.81 0.24 3 C
14 Aves Hill Myna Gracula religiosa 0.81 0.72 0.25 3 c
15 Mammalia Domestic Ferret Mustela putorius 0.89 0.68 0.25 3 B
16 Aves Rose-ringed Parakeet Psittacula krameri 0.81 0.64 0.29 296 B
17  Aves White-headed Munia Lonchura maja 0.84 0.81 0.16 2.94 G
18 Aves Indian Silverbill Lonchura malabarica 0.84 0.81 0.16 294 C
19  Amphibia Asian Painted Frog Kaloula pulchra pulchra 0.66 0.89 0.14  2.86 C
20 Aves Asian Glossy Starling Aplonis panayensis 0.68 0.68 026 2.82 G
21 Reptilia Brown Anole Anolis sagrei 0.64 0.81 018 28 G
22 Reptilia Indonesian Skink Mabuya multifasciata 0.53 0.83 0.18 273 84
23 Aves White-rumped Shama Copsychus malabaricus 0.88 0.65 0.14 2.6 C
24  Reptilia Burmese Python Python molurus bivittatus 0.84 0.6 0.18  2.58 B
25 Mammalia Eastern Chipmunk Tamias striatus 0.83 0.71 0.11  2.58 B
26 Aves Vinous-breasted Starling  Sturnus burmannicus 0.68 0.68 0.18 2.58 B
27 Aves Sacred Ibis Threskiornis aethiopica 0.61 0.68 0.18 251 C
28 Reptilia Alligator Snapping-turtle  Macroclemys temminckii 0.71 0.39 0.3 239 C
29 Reptilia Green Iguana Iguana iguana 0.88 0.56 0.07 221 B
30 Mammalia Sugar Glider Petaurus breviceps 0.89 0.6 0.04 221 B
31 Aves Red Avadavat Amandava amandava 0.84 0.56 0.07 217 B
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Table 1. Ranking of 42 exotic terrestrial vertebrates in Taiwan based on scores obtained from the risk

assessment system (I, likelihood of being introduced; P, likelihood of establishing viable population; D,

likelihood of species to cause damages) (Cont.)

Total

Ranks Classes Common names Scientific names | P D " (‘alegoryb
scores
32 Aves Black-rumped Waxbill  Estrilda troglodytes 0.88 0.44 0.07 1.97 B
33  Reptilia Ball Python Python regius 0.74 0.44 0.07 1.83 B
34 Reptilia Veiled Chameleon Chamaeleo calyptoratus 0.74 0.44 0.04 1.74 B
35 Mammalia Russian Dwarf Hamster  Phodopus sungorus 0.77 0.47 0 1.71 B
36 Aves Zebra Waxbill Amandava subflava 0.84 0.31 0.07 1.67 B
37 Aves Zebra Finch Taeniopygia guttata 0.84 0.28 0.07 1.61 B
38 Aves Gouldian Finch Chloebia gouldiae 0.79 0.29 0.07 1.58 B
39 Reptilia Indian Star Tortoise Geochelone elegans 0.68 0.42 0 152 B
40 Aves Long-tailed Finch Poephila acuticauda 0.61 0.28 0.07 1.38 B
41  Amphibia  Cranwell’s Horned Frog  Ceratophrys cranwelli 0.77 0.28 0 1.33 B
42  Amphibia  Tomato Frog Dyscophus guineti 0.71 0.21 0 1.13 B

* Total score = I +2xP +3xD.

" Category B, exotic species that have not established viable populations in the wild in Taiwan; Category C, invasive species in Taiwan.
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Table 2. Ranking of 13 exotic terrestrial vertebrates that had not been introduced into Taiwan but had

invaded other countries based on scores obtained from the risk assessment system (I, likelihood of being

introduced; P, likelihood of establishing viable population; D, likelihood of species to cause damages)

Ranks Classes Common names Scientific names I P A .
scores
I Mammalia Raccoon Procyon lotor 0.59 0.64 0.6 3.67
2 Mammalia European Brown Hare  Lepus capensis 0.51 0.75 0.5 Sl
3 Reptilia  Brown Tree Snake Boiga irregularis 0.45 0.67 0.56 3.47
4 Aves Red-vented Bulbul Pycnonotus cafer 0.53 0.72 0.44 3.29
5 Mammalia Hog Deer Axis porcinus 0.48 0.53 0.54 3.16
6 Aves European Greenfinch Carduelis chloris 0.6 0.68 0.38 Bl
7 Mammalia Gray Squirrel Seciurus carolinensis 0.51 0.57 0.48 3.09
8  Aves European Goldfinch Carduelis carduelis 0.6 0.6 0.38 2.94
9 Mammalia Small Indian Mongoose Herpestes javanicus 0:51 0.61 0.29 2.6
10 Aves Ruddy Duck Oxyura jamaicensis 0.51 0.56 0.25 2.38
I1 Reptilia  Green Anole Anolis carolinensis 0.71 0.51 0.19 2.3
12 Amphibia Puerto-rican Coqui Eleutherodactylus coqui 0.48 0.68 0.13 223
13 Aves Shiny Cowbird Molothrus bonariensis 0.33 0.6 0.19 2.1

* Total score =1 + 2xP + 3xD.
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Fig. 1. The mean scores of likelihood of being introduced, likelihood of establishing viable population,

and likelihood of species to cause damages, and their total scores for Categories A, B and C (vertical

bars, +1 SD).
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Appendix: Score sheet used for the risk assessment system of exotic terrestrial vertebrates in
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Appendix: Score sheet used for the risk assessment system of exotic terrestrial vertebrates in
Taiwan (Cont.)
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