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a b  s  t  r a  c t

Biological  invasions  are  a major concern  for  biodiversity  conservation.  The release and  escape of pet ani-

mals  are  the  main  sources of mammal invasions. Identifying potential invaders  before they are  introduced

is a key tool for  preventing the spread and  impact of invasive  alien  species. Among  the  tools  available

for  screening  potential invaders  are  risk analysis  protocols, which  can  also  be  used to assess  the risk  of

species  introduced  in the  past and  limit  or  ban  their  import  or  commerce.  We aimed to identify  potential

invasive  mammals  in the  pet trade  by  applying  a risk analysis  protocol adapted to  Brazil.  Six  alien  mam-

mals  sold  as pets  in Brazil  resulted  high  invasion risk.  Rodents  resulted the  highest  risk  values. In  order

to prevent the  release of invasive species  through  the pet  trade it is  necessary  to avoid new  introductions

based  on risk analysis,  to  identify  species  pathways, and  to combat  animal  trafficking.

© 2017  Published by  Elsevier  Editora Ltda.  on behalf of Associação  Brasileira  de  Ciência  Ecológica  e

Conservação. This  is an open  access article  under  the  CC  BY-NC-ND  license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Introduction

Invasive alien species are one of the major global threats for
the conservation of biodiversity (Pyšek et al., 2012). The majority
of invasive alien species in  natural areas (Pyšek et al., 2012) are
plants introduced for horticulture, forestry, or agriculture (Zenni,
2014). Similarly, many animal species were introduced for human
use (e.g. food, labor, pets, hunting) and are now widespread (Long,
2003). Invasive alien species of both fauna and flora disrupt organ-
ism interactions and ecosystem processes (Blackwell, 2005; Clout
and Russell, 2007) and are associated with more than half of the
contemporary species extinctions worldwide (Doherty et al., 2016;
Pyšek et al., 2012).

The most cost-effective way to avoid impacts of biological inva-
sions is to prevent the introduction of species that  have invasive
potential, and, once they have been introduced, to prevent their
release or escape from captivity or cultivation (IUCN, 2000). Risk
analysis protocols are relevant tools used for screening poten-
tial invasive species which provide opportunities to  avoid the
introduction of high-risk species (Bomford, 2008; Nentwig et al.,
2010; Parker et al., 1999).  Invasive species risk assessments are
often criticized for being incomplete, insufficient and/or ineffective
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(Simberloff, 2005). However, there are currently no other more
cost-effective and precise method to  identify potential risks, rank
them, and support decision-making (Bueno et al., 2015; Lodge et al.,
2015; Nentwig et al., 2010). Additionally, risk assessments have
been shown to  be over 85% accurate in detecting invasive species
(Pheloung, 1995) and have  been used with success to  evaluate inva-
sive plants for import in Australia (Keller et al., 2007),  brown tree
snake introductions to Hawaii (Burnett et al., 2012) and for reduc-
ing aquatic invasions from ballast water (Bailey et al., 2011). The
protocols are based on species traits that have  shown to be  consis-
tent predictors of biological invasion (National Research Council,
2002). The protocol may  be adapted to different geographic reali-
ties, especially by adjusting climate similarities between the area
of origin, other areas where the species is  invasive, and the area of
introduction (e.g. Bomford, 2008; Nentwig et al., 2010).

Species life-history traits (body mass, reproductive rate,  diet,
home range, and behavior) and characteristics of both the native
and recipient habitats (resource diversity, presence of predators,
competitors and parasites, and climate) complementarily drive
invasion success or failure (Mooney et al., 2005; Prenter et al., 2004;
Zenni and Nuñez, 2013). These traits act in all steps of the invasion
process (transport, release/escape, establishment, and spread) with
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effects on survival and reproduction rates of invading populations
(Blackburn et al., 2011; Zenni et al., 2016a). For instance, generalist
species of mammals have high reproductive rates, wide physiolog-
ical tolerance, and broad diet, having become successful invaders
worldwide (Clout and Russell, 2007; Long, 2003).

The illegal market of global pet trade is a worldwide source of
alien species and a growing threat to biodiversity (e.g. Bermudez
et al., 2014; García-Díaz et al., 2014; Petrossian et al., 2016). In
Brazil, pet trade was the source of 70% of identified invasions by
mammal  species in the past 30 years due to  intentional release
or escape from breeding grounds (Rosa et al., 2017). The aim of our
work was to distinguish potential mammal  invaders in the Brazilian
pet trade by using a risk analysis protocol adapted to Brazil.

Materials and methods

We searched the Internet for alien mammals for sale in  Brazil
to compile a list of species whose potential risk of invasion would
be assessed. Searches with the terms “pet shop,” “animais exóticos”
(alien animals), “venda” (sale), and “loja” (store, shop) were carried
out via Google. From 448 pet sellers obtained from search results
we compiled a  list of physical and virtual stores regularized to sell
pets (N = 23), which we believe offer the main demands of pets in
Brazil. We  assessed the non-native mammals of Brazil sold as pets
in each store and analyzed the species available from pet stores
that have established (sensu Blackburn et al., 2011) alien and feral
populations in any country according to Long (2003).

The risk analyses were conducted using the protocol adjusted to
Brazil by the Horus Institute for Environmental Conservation and
Development (Pereira and Ziller, 2011). The protocol, available in
Portuguese and English, was provided at no cost by  the Horus Insti-
tute upon request with instructions for use. Minor changes were
made to the protocol from the Australian model (Bomford, 2008),
which did not include climate matching, but does include a  ques-
tion on potential predation in the area of introduction. Although
Brazilian ecosystems might include a  wider range of potential
predators, this question is  nearly always negatively answered, as
predation has not been found to be effective in  controlling invasive
populations.

The protocol is a  39 question scoring system that rates the risk
of invasion based on species ecological and biological traits, history
of introduction in other countries, potential impacts, and feasibility
of control (Pereira and Ziller, 2011). We  started gathering data by
compiling the information provided by  Long (2003), then extracted
information from the ISI Web  of Knowledge using species names as
search terms. Because we were interested in  all aspects of the biol-
ogy and ecology of the species and because invasive alien species
often change behavior in sites of introduction, information from
studies in both native and alien environments where the species
occur were considered. In total, we  found 111 useful scientific
papers (see Online Appendix A). Some questions of the protocol
concern public policies, so we also sought information on Brazilian
legislation (Ordinance IBAMA 93/1998 and Normative Instruction
IBAMA 07/2015) and employees of governmental agencies. All  risk
analyses were conducted by  the same assessor based on scientific
evidence, avoiding bias created by  personal expertise (Turbé et al.,
2017).

A  risk analysis is  valid when at least 70% of the questions are
answered in each of four sections in  the protocol: (1) biologi-
cal and ecological traits, (2) biogeographic features, (3) social and
economic issues, and (4) characteristics that represent high risk
(Online Appendix A). The final risk rating is  calculated based on
the scores attributed to each answer, which vary according to the
relevance and consistency of each question/feature in contribut-
ing to invasion success. The final rating indicates the risk of a

species becoming invasive if released in nature or  in  specific habitat
types. The scale of values was maintained from the original proto-
col (Bomford, 2008). Questions are given different weight based on
three levels of impact: high (5 points), medium (3 points) or low (1
point). These weights were set according to the potential compet-
itive advantage of species traits if  introduced in  an ecosystem (e.g.
species able to live in  habitats with a  wide spectrum of changes
in  temperature and/or humidity – question 4.03 – may  have strong
competitive advantage, so potential impact is considered high). The
questions on “biogeographic aspects” are attributed high impact
values because propagule pressure along with history of invasion,
are the most consistent predictors of invasion to  date (Lockwood
et al., 2005). If one species is subjected to  repeat introductions
(question 5.01) the greater the propagule pressure (5 points) and
the greater is the chance of establishment and invasion. If a  species
is already established in some other location (question 5.02) higher
values are assigned (7 points). If the species has a  history of  invasion
elsewhere (question 5.05), 10 points are added. Because mammals
are generally successful invaders globally, they receive the highest
risk score among terrestrial vertebrates (5.5 points). Overall risk can
be  rated as very low (total score below 11 points), low (total score
between 11 and 32 points), moderate (total score 32 and 45  points),
high (between 45 and 65 points) or very high (total score above
65 points to  a maximum of 150 points) (Pereira and Ziller, 2011).
More than 50 assessments were conducted to adjust the level of risk
based on species already known to be invasive or unable to invade
and previous evaluations of the protocol estimated a precision of
90% in correctly identifying species that have become invasive in
Brazil and species that  never established or invaded (Pereira and
Ziller, 2011).

Results

Eight mammal  species available for purchase on the Inter-
net matched our search criteria, however two  species already
assessed are the European polecat Mustela putorius (Eurasia) and
the wild rabbit Oryctolagus cuniculus (Europe) (Horus Institute,
2017). Risk analyses were carried out for six species: hedge-
hog Erinaceus europaeus (Eurasia), skunk Mephitis mephitis (North
America), gerbil Meriones unguiculatus (Eastern Asia), sugar glider
Petaurus breviceps (Australia-Indonesia), chipmunk Tamias sibiricus

(Asia) and stoat Mustela ermine (Eurasia and North America). The
results of the assessments for all six species resulted in very high
risk of invasion, with rodents assessments generating the highest
scores (Table 1). The biogeographical features generated the same
value of risk (27 points) for all species (Table 2).

The ecological and biological traits (e.g. high reproductive capac-
ity, generalist feeding habits, and wide tolerance to  temperature
variation and human-modified habitats) of herbivorous and omniv-
orous species (hedgehogs, sugar glider, chipmunk and gerbil)
summed 30–35 points, representing more than 30% of  the final
score in the risk analysis of each species (Table 2). Characteristics

Table 1

Risk analysis of mammal species sold by pet shops in Brazil that are  potential inva-

sive species in the country. Potential risk is  divided into five categories: very low

(values less than 11 points), low (values between 11 and 32 points), moderate (val-

ues  between 32 and 45  points), high (between 45 and 65 points) and very high

(values above 65  points and a  maximum of 150 points) (Pereira and Ziller, 2011).

Species Questions answered Points Risk analysis Source

Erinaceus europaeus 34 81.5 Very high Our work

Tamias  sibiricus 33 82.5 Very high Our work

Meriones unguiculatus 34 88.5 Very high Our work

Petaurus breviceps 34 71 Very high Our work

Mephitis mephitis 31 79 Very high Our work

Mustela erminea 31 73 Very high Our work
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Table  2

Point values for each of the four sections of traits in the risk analysis protocol for the species assessed.

Erinaceus europaeus Tamias sibiricus Meriones unguiculatus Petaurus breviceps Mephitis mephitis Mustela erminea

Biological and ecological traits

Reproductive mechanisms 13 13  18 13 3 8

Food  group 4 5.5 6.5 3.5  5 4

Ecological interactions 5.5 5.5 2.5 5.5  4.5 6.5

Habitat  8 8 8 8 11  8.5

Total  30.5 32  35 30 23.5 27

Biogeographic features

Occurrence 27 27  27 27 27  27

Total 27 27  27 27 27  27

Social and economic features

Economic importance of the taxon 6 6 11 1 6 1

Risk  to people 1 1 1 1 5.5 2.5

Total  7 7 12 2 11.5 3.5

Characteristics that represent high risk

Contamination by pathogens and parasites 5.5 5 5 5 10 5.5

Attributes of persistence 13.5 13.5 9 9 9 12

Social actors involved 3.5 3.5 6 3.5  3.5 3.5

Total  22.5 22  20 17.5 22.5 21

that represent high risk (disease transmission to  native animals
and high control costs) accounted for additional 17.5–28 points for
each of these species. Besides, the main risk value for hedgehog and
chipmunk in social and economic features was history of uninten-
tional release (5 points for each species). The sugar glider resulted
the lowest risk rating among all the species assessed. Social and
economic traits (human interest in  pets and risk of zoonosis trans-
mission) contributed only two points to the final score, while no
record of unintentional release was found for this species (Table 2).

The final score of carnivorous species was mostly represented
by ecological and biological traits related to carnivore habit (pre-
dation and competition with native species and high capacity for
displacing other animals), as well as to a  wide tolerance to temper-
ature fluctuations and human-modified habitats, which account for
23.4–27 points of  the total score of each species. The characteristics
that represent high risk (risk of disease transmission to native ani-
mals and difficulty of control) added between 20.5 and 28 points
for each species. There are indications that skunk have high poten-
tial for social and economic impacts, which added 11.5 points for
the species (Table 2).

In general, reproductive traits (capacity to reproduce twice or
more in a year and capacity to produce a  large number of offspring
in  each reproductive cycle) and wide habitat tolerance (ability to
live in environments with great variation of physical attributes)
were the main biological and ecological traits that accounted for
the scores of the sugar glider and rodents (hedgehog, chipmunk
and gerbil). The high potential of unintentional introductions due
to escape from breeding grounds, the potential harm to  public
health, and social and economic traits also contributed to the
high scores of rodents. In the carnivore risk analyses, food group
(carnivore) and ecological interactions (predation and competition
with  native species) were the biological and ecological traits that
best represented risk scores. The detailed risk analyses and cor-
responding references are available as part  of the article online
(Appendix A).

Discussion

The six mammal  species assessed, sold as pets in Brazil, carry
traits that confer them high potential to  invade natural and human-
modified habitats. Consequently, all species represent a  potential
threat to the conservation of biodiversity and ecosystems. Six
new species were added to the list of 21 species (32% of all
species assessed) with very high risk of becoming invasive in Brazil
(Horus Institute, 2017). In our risk analyses we  used information

available in  the scientific literature to  avoid the bias of expert opin-
ion (Turbé et al., 2017). However, we found few papers on invasive
populations for half the species (skunk, gerbil, sugar glider and
hedgehog), and scarce information is available about their intro-
duction, establishment and control. Our inferences had therefore
to  be  drawn from information from the species native range, not
from areas where they are invasive, which tend to  be more infor-
mative of their behavior once introduced to  new environments.
The species analyzed are taxonomically similar (mammals), already
have a history of invasion in Australia, New Zealand, North America
and Europe (e.g. England, France, German), and are widely traded
as pets (Long, 2003). Therefore, we inevitably selected species with
similar biogeographical aspects and characteristics that  represent
high risk. The same traits that render species valuable for captivity
and breeding are often associated with invasive potential (Zenni
et al., 2016a).

In most cases, tolerance to ecological variations and history of
release by humans accounted for most of the high risk scores in
a  wide range of risk analyses (e.g. Bomford, 2003; Nentwig et al.,
2010). Carnivorous and rodents display some of the highest poten-
tial to generate environmental impact (Nentwig et al., 2010). Our
list of high risk non-native mammals shows a high overlap with
lists of the worst invasive species in Europe and Australia, mainly
due to  human interest for pets, history of negative impacts in
invaded environments, high reproductive capacity and high habitat
and feeding plasticity (Bomford, 2003; GISD, 2015a,b; Mallick and
Driessen, 2010; NNSS, 2011a,b). The skunk was  the only species
considered of moderate risk of invasion in Europe (NNSS, 2011a,b),
while the assessment indicates high risk in Brazil. We were not
able to find other risk analyses of the gerbil. One risk analysis
of the sugar glider with low risk results was  found for Tasmania
(Mallick and Driessen, 2010). The protocol used in this analysis
places high value on the potential impact alien species may  have
on native species while making no reference to  economic impacts
(Mallick and Driessen, 2010). However, because economic impacts
caused by mammals tend to be more prominent than environ-
mental impacts (Clout and Russell, 2007), the protocol applied to
Tasmania is more conservative than others. Thus, species consid-
ered of high risk in  other places (Bomford, 2003) received low risk
ratings in Tasmania (Mallick and Driessen, 2010).

It is important to  consider that unsuccessful introductions are
more common than successful ones (Zenni and Nuñez, 2013) and
that species will become invasive only after surpassing environ-
mental barriers for survival, reproduction and spread (Blackburn
et al., 2011). The geographical barriers of the six species assessed
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in  this study have already been conquered, as they are  already
present in Brazil. Their high risk ratings suggest that if they pass the
second environmental barrier (intentional or unintentional release
from captivity), they carry the required biological and ecological
characteristics to overcome the following three barriers (survival,
reproduction and spread) and invade (Blackburn et al., 2011).

While there are  records of occurrence of the gerbil, stoat and
sugar glider in tropical and subtropical environments in their native
and invaded ranges, the chipmunk, hedgehog and skunk are native
to temperate areas and, until now, exclusively invasive in  tem-
perate regions with cold climates (Long, 2003). The climate may
therefore be a limiting factor for the establishment of these species
in most Brazilian ecosystems. However, the south and southeast
of Brazil include areas of temperate climate with forest and grass-
land ecosystems which may  be susceptible to invasion. In Brazil,
the six alien mammals assessed may  be a threat in  fragmented
natural areas because they are generalist species invading areas
where native species populations are weakened by fragmentation
and loss of top predators (Galetti et al., 2009) and where inva-
sive plants spread rapidly and contribute to habitat degradation
(Williams et al., 2016).

The chipmunk is considered to have growing potential for high
impact in Europe due to recent releases related to  the pet trade,
therefore deserving careful monitoring in Brazil. Wide habitat
tolerance, high dispersal capacity and competition with native ani-
mals are the traits that rate the chipmunk as moderate to extreme
risk of invasion in  Europe (D’hondt et al., 2015; GISD, 2015a;
O’Rourke et al., 2014), where it is rapidly spreading (Nentwig et al.,
2010). The stoat was rated as extreme risk species worldwide owing
to a carnivore diet, which places native animals at risk, and climate
matching with areas of susceptible native species or  communi-
ties (Bomford, 2003; Csurhes and Markula, 2010).  In  addition, all
species assessed can be vectors of important zoonoses and diseases
that may  affect humans, native species and livestock. Examples are
toxoplasmosis (e.g. stoat, skunk), lyme disease (e.g. hedgehog, chip-
munk), listeriosis (e.g. sugar glider), and rat bite fever (e.g. gerbil)
(Bonnet et al., 2015; Burrells et al., 2013; Dubey and Jones, 2008;
Gaastra et al., 2009; Krawczyket et al., 2015; Nichols et al., 2015).

Some introduced species defined as domestic in  Brazilian legis-
lation (Ordinance IBAMA 93/1998) can be either be commercialized
without restrictions or  are regulated by  specific legislation. Any
other native or  alien species only can be commercialized and main-
tained as a pet with a  specific permit, and are required to  be
identified (by a  chip or other mechanism) and castrated (Ordinance
IBAMA 93/1998 and 163/1998). The species that we evaluated
can  be found in both regulated and non-regulated stores, so ani-
mals for sale on the Internet also derive from illegal trafficking.
Because wildlife trade is a  global problem, it is  internationally reg-
ulated by the Convention on the International Trade in Endangered
Species 1975 (CITES); however with the increasing demand for
exotic pets worldwide (Chan et al., 2015), law enforcement and
policies that regulate wildlife trade and decrease both the sup-
ply and demand of wildlife goods can benefit the conservation of
wildlife (Sutherland et al., 2014). To reduce the supply of exotic
pets, legislation and actions to combat animal trafficking need to
be  enforced, while actions at the community level can provide eco-
nomic alternatives to wildlife trade by  engaging local communities
in solutions that decrease illegal activities while benefitting wildlife
conservation (e.g., payments for ecosystem services, and jobs as
community guards) (Cooney et al., 2016). Public support is very
important for the success of animal management efforts (Hulme
et al., 2009). Species that are regulated and prohibited for main-
tenance as pets are less preferred by  pet enthusiasts (Moorhouse
et al., 2016). Although there is national legislation to protect ani-
mals (Law on Environmental Crimes 9605/1998), there is a  lack of
control and strategies to combat animal trafficking in Brazil. Other

efforts for avoid animal trafficking are  part of academic projects or
non-governmental organizations such as RENCTAS (National Net-
work for Combatting Animal Trafficking).

Although legislation and policy on invasive alien species in Brazil
have improved in  the past ten years (Zenni et al., 2016b), a  national
policy addressing pet trafficking and invasive species is urgently
needed to  support the implementation of existing tools that can
help prevent further introductions of pet species that may  become
invasive. Many alien species of high risk of invasion are also species
of economic and personal value, leading to  conflicts of interest
(Lodge et al., 2015). Thus, management decisions need to  consider
all points of view in  order to  settle differences between stakehol-
ders with different agendas (Nentwig et al., 2010). Risk analysis is  a
useful tool that provides insight and clear information for decision-
making based on a  framework that takes potential benefits and
impacts into account. An ideal risk analysis should be quick to pro-
cess and highly accurate so that  many species can be assessed while
offering reliable results to indicate true impacts of  invasive alien
species (Lodge et al., 2015; Turbé et al., 2017). Besides, the analy-
ses need to  be transparent and structurally flexible to easily allow
inclusions of new information when available, especially for taxa
that are  not very well studied. It can be used to deny requested
introductions, but can also help to define relevant preventative
measures for safer pet management (e.g. sale of sterile specimens
to  avoid reproduction and owner identification by subcutaneous
chips, and containment).
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Blackburn, T.M., Pyšek, P., Bacher, S., Carlton, J.T., Duncan, R.P., Jarosik, V., Wilson,
J.R.U.,  Richardson, D.M., 2011. A proposed unified framework for biological
invasions. Trends Ecol. Evol. 26 (7), 333–339.

Blackwell, G.L., 2005. Another world: the composition and consequences of the
introduced mammal fauna of New Zealand. Aust. Zool. 33 (1), 108–118.

Bomford, M., 2003. Risk Assessment for the Import and Keeping of Exotic
Vertebrates in Australia. Bureau of Rural Sciences, Canberra.

Bomford, M., 2008. Risk Assessment Models for the Establishment of Exotic
Vertebrates in Australia and New Zealand: Validating and Refining Risk
Assessment Models. Invasive Animals Cooperative Research Centre, Canberra.

Bonnet, S., Choumet, V., Masseglia, S., Cote, M.,  Ferquel, E.,  Lilin, T., Marsot, M.,
Chapuis, J., Vourch, G.,  2015. Infection of Siberian chipmunks (Tamias sibiricus
barberi)  with Borrelia sp. reveals a low reservoir competence under
experimental conditions. Ticks Tick Borne Dis. 6, 393–400.

Bueno, I., Smith, K.M., Sampedro, F., Machalaba, C.C., Karesh, W.B., Travis, D.A.,
2015. Risk prioritization tool to  identify the public health risks of wildlife
trade: the case of rodents from Latin America. Zoonoses Public Health 63 (4),
281–293.

Burnett, K., Pongkijvorasin, S., Roumasset, J., 2012. Species invasion as catastrophe:
the case of the brown tree snake. Environ. Resour. Econ. 51  (2), 241–254.

Burrells, A., Bartley, P.M.,  Zimmer, I.A., Roy, S.,  Kitchener, A.C., Meredith, A., Wright,
S.E.,  Innes, E.A., Katzer, F., 2013. Evidence of the  three main clonal Toxoplasma
gondii lineages from wild mammalian carnivores in the UK. Parasitology 140,
1768–1776.

http://dx.doi.org/10.1016/j.pecon.2017.09.005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0005
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0010
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0015
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0020
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0025
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0030
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0035
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0040
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0045
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050
http://refhub.elsevier.com/S2530-0644(17)30064-0/sbref0050


42 C.A. da  Rosa et al. / Perspectives in Ecology and Conservation 16 (2018) 38–42

Chan, H., Zhang, H., Yang, F., Fischer, G., 2015. Improve customs systems to monitor
global wildlife trade. Science 348, 291–292.

Clout, M.N., Russell, J.C., 2007. The invasion ecology of mammals: a  global
perspective. Wildl. Res. 35, 180–184.

Cooney, R., Roe, D., Dubli, H., Phelps, J., Wilkie, D., Keane, A., Travers, H., Skinner, D.,
Challender, D.W.S., Allan, J.R., Biggs, D., 2016. From poachers to  protectors:
engaging local communities in solutions to illegal wildlife trade. Conserv. Lett.
10,  367–374.

Csurhes, S., Markula, A., 2010. Pest Risk Assessment: Stoat (Mustela erminea).
Department of Employment, Economic Development and Innovation
Biosecurity Queensland, Queensland.

D’hondt, B., Vanderhoeven, S., Roelandt, S.,  Mayer, F., Versteirt, V., Adriaens, T.,
Ducheyne, E., San Martin, G., Gr egoire, J.-C., Stiers, I., Quoilin, S.,  Cigar, J.,
Heughebaert, A., Branquart, E.,  2015. Harmonia and Pandora: risk screening
tools for potentially invasive plants, animals and their pathogens. Biol.
Invasions 17, 1869–1883.

Doherty, T.S., Glenc, A.S.,  Nimmod, D.G., Ritchiea, E.G., Dickman, C.R., 2016.
Invasive predators and global biodiversity loss. Proc. Natl. Acad. Sci. U.  S. A.  113
(40),  11261–11265.

Dubey, J.P., Jones, J.L., 2008. Toxoplasma gondii infection in humans and animals in
the  United States. Int. J.  Parasitol. 38, 1257–1278.

Gaastra, W.,  Boot, R.,  Ho, H.T.K., Lipman, L.J.A., 2009. Rat bite fever. Vet. Microbiol.
133,  211–228.

Galetti, M.,  Giacomini, H.C., Bueno, R.S., Bernardo, C.S.S., Marques, R.M., Bovendorp,
R.S., Steffler, C.E., Rubim, P.,  Gobbo, S.K., Donatti, C.I., Begotti, R.A., Meirelles, F.,
Nobre, R.A., Chiarello, A.G., Peres, C.A., 2009. Priority areas for the conservation
of Atlantic forest large mammals. Biol. Conserv. 142, 1229–1241.

García-Díaz, P., Ross, J.V., Ayres, C., Cassey, P.,  2014. Understanding the biological
invasion risk posed by  the global wildlife trade: propagule pressure drives the
introduction and establishment of Nearctic turtles. Glob. Change Biol. 21 (3),
1078–1091.

GISD (Global Invasive Species Database), 2015a. Species Profile Tamias sibiricus,
http://www.iucngisd.org/gisd/species.php?sc=1899 (accessed 24.02.17).

GISD (Global Invasive Species Database), 2015b. Species Profile Mustela erminea,
http://www.iucngisd.org/gisd/species.php?sc=98 (accessed 24.02.17).

Horus Institute, 2017. Análise de risco para espécies exóticas de vertebrados
terrestres, http://www.institutohorus.org.br/index.php?modulo=inf an
%E1lise risco vertebrados terrestres (accessed 24.02.17).

Hulme, P.E., Pysez, P., Nentwig, W.,  Vila, M.,  2009. Will threat of biological
invasions unite the European Union? Science, 324.

IUCN (International Union for Conservation of Nature), 2000. IUCN Guidelines for
the Placement of Confiscated Animals. IUCN, Gland.

Keller, R.P., Lodge, D.M., Finnoff, D.C., 2007. Risk assessment for invasive species
produces net bioeconomic benefits. Proc. Natl. Acad. Sci. U. S. A.  104 (1),
203–207.

Krawczyket, A., van Leeuwen, A.D., Jacobs-Reitsma, W.,  Wijnands, L.M., Bouw, E.,
Jahfari, S., van Hoek, A.H.A.M., der Giessen, J.W.B., Roelfsema, J.H., Kroes, M.,
Kleve, J., Dullemont, Y., Sprong, H., de Bruin, A., 2015. Presence of zoonotic
agents in engorged ticks and hedgehog faeces from Erinaceus europaeus in
(sub)  urban areas. Parasit. Vectors 8, 210.

Lockwood, J., Cassey, P.,  Blackburn, T., 2005. The role of propagule pressure in
explaining species invasions. Trends Ecol. Evol. 20 (5), 223–228.

Lodge, D.M., Simonin, P.W., Burgiel, S.W., Keller, R.P., Bossenbroek, J.M., Jerde, C.L.,
Kramer, A.M., Rutherford, E.S., Barnes, M.A., Wittmann, M.E., Chadderton, W.L.,
Apriesnig, J.L., Beletsky, D.,  Cooke, R.M., Drake, J.M., Egan, S.P., Finnoff, D.C.,
Gantz, C.A., Grey, E.K., Hoff, M.H., Howeth, J.G., Jensen, R.A., Larson, E.R.,
Mandrak, N.E., Mason, D.N., Martinez, F.A., Newcomb, T.M., Rothlisberger, J.D.,
Tucker, A.J., Warziniack, T.W., Zhang, H., 2015. Risk analysis and bioeconomics
of invasive species to  inform policy and management. Annu. Rev. Environ.
Resour. 41, 453–488.

Long, J.L., 2003. Introduced Mammals of the World-Their History, Distribution and
Influence. Csiro Publishing, Collingwood.

Mallick, S., Driessen, M.,  2010.  Review, Risk Assessment and Management of
Introduced Animals in the Tasmanian Wilderness World Heritage Area.
Department of Primary Industries, Parks, Water and Environment, Hobart,
Tasmania, Australia.

Mooney, H.A., Mack, R.N., McNeely, J.A., Neville, L.E.,  Schei, P.J., Waage, J.K., 2005.
Invasive Alien Species: A New Synthesis. Island Press, Washington.

Moorhouse, T.P., Balaskas, M.,  D’Cruze, N.C., Macdonald, D.W., 2016. Information
could reduce consumer demand for exotic pets. Conserv. Lett.,
http://dx.doi.org/10.1111/conl.12270.

National Research Council, 2002. Predicting Invasions of Non-Indigenous Plants
and Plant Pests. National Academy Press, Washington DC, USA.

Nentwig, W.,  Kühnel, E.,  Bacher, S., 2010. A generic impact-scoring system applied
to  alien mammals in Europe. Conserv. Biol. 24  (1), 302–311.

Nichols, M., Takacs, N., Ragsdale, J., Levenson, D., Marquez, C., Roache, K., Tarr, C.L.,
2015. Listeria monocytogenes infection in a Sugar Glider (Petaurus breviceps) –
New Mexico. Zoonoses Public Health 62, 254–257.

NNSS (The Non-native Species Secretariat), 2011a. GB Non-native Organism Risk
Assessment Scheme for Mephitis mephitis,
https://secure.fera.defra.gov.uk/nonnativespecies/index.cfm?sectionid=51
(accessed 24.02.17).

NNSS (The Non-native Species Secretariat), N.N.S.S., 2011b. GB Non-native
Organism Risk Assessment Scheme for Tamias sibiricus,
https://secure.fera.defra.gov.uk/nonnativespecies/index.cfm?sectionid=51
(accessed 24.02.17).

O’Rourke, E.,  Kellu, J., O’Flynn, C., 2014. Risk Assessment of Tamias sibiricus. Inland
Fisheries Ireland and National Biodiversity Data Centre, Ireland.

Parker, I.M., Simberloff, D., Lonsdale, W.M.,  Goodell, K., Wonham, M.,  Kareiva, P.M.,
Williamson, M.H.,  Von Holle, B., Moyle, P.B., Byers, J.E., Goldwasser, L., 1999.
Impact: toward a framework for understanding the ecological effects of
invaders. Biol. Invasions 1,  3–19.

Pereira, L.A., Ziller, S.R., 2011. Manual for the Risk Analysis of Terrestrial
Vertebrates. Cinco Reinos/Instituto Horus/The Nature Conservancy, Curitiba,
Brazil.

Petrossian, G.A., Pires, S.F., van Uhm, D.P., 2016. An  overview of seized illegal
wildlife entering the United States. Glob. Crime 17 (2), 181–201.

Pheloung, P.,  1995. Determining the Weed Potential of New Plant Introductions to
Australia. Agriculture Protection Board Report, Perth, Western Australia.

Prenter, J., MacNeil, C., Dick, J.T., Dunn, A.M., 2004. Roles of parasites in animal
invasions. Trends Ecol. Evol. 19  (7), 385–390.
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