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Article history: Assessing the pathways by which alien species are introduced is essential if we are to
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responsible for the introductions of millions of animals throughout Latin America. We
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explore: (1) the relative role of several intentional introduction pathways (hunting,
feeding, fur, biological control, the pet trade and others) in the general context of in-
troductions of alien species; (2) the relative importance of the intentional pathways across
the different taxa; (3) similar patterns as regards the composition of alien species across
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Global database countries, (4) the underlying factors that drive the richness of alien species in Latin
Intentional species introduction America, and (5) the potential impacts of alien species on the region. According to our
Invasion pathways results, 69 species of mammals and 62 species of birds were introduced into Latin America

by means of intentional pathways, of which the most important taxa were Artiodactyls,
Primates, Passeriformes and Psittaciformes. The main introductions pathways were the
pet/ornamental trades (70.9%) for birds, and hunting (39.1%) and pet trade/ornamental
purposes (37.7%) for mammals. The composition of species differed among countries, with
a higher richness of species in those countries with a high percentage of urban pop-
ulations, with a higher native species biodiversity, with a high % of GDP owing to imports
(birds) and in those with a high number of trafficked species (mammals). This review
stresses that the pet trade and hunting are important pathways for the introduction of
alien species, some of which have had severe impacts on many countries.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Biological invasion is one of the main drivers of global environmental change and the loss of native biodiversity (Bellard
et al,, 2016; Blackburn et al., 2019). In addition, anthropogenic transcontinental movements involve a continually increasing
global traffic and the subsequent intentional and unintentional transfer of organisms, and a diverse array of human-mediated
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pathways have appeared to transport numerous species between different eco-regions (Kuhlenkamp and Kind, 2018). Global
databases (e.g. GSID, GAVIA, or GRIIS) provide an overview of global geographic patterns of species invasions and/or in-
troductions, origins and introduction pathways (Turbelin et al., 2017).

Mammals and birds were the first organisms to be intentionally introduced around the world for sport hunting,
commercialization and domestication as livestock (e.g. feeding, fur, transport or work animals), pets or for pest control (Long,
2003; Lever, 2005; Clout and Russell, 2008; Blackburn et al., 2009). Some other species have been accidentally introduced
(e.g. hitchhiker species, such as rats in ships). However, most established mammals originate from intentional releases into
natural environments (Blackburn et al., 2011). The establishment of alien species has, therefore, primarily occurred near
human populations, after which they have spread into natural and semi-natural areas (Da Rosa et al., 2017; Carpio et al,,
2017a).

The impact and risk of biological invasions is particularly high in Latin America owing to its invaluable world biodiversity
hotspots (Myers et al., 2000). However, the introduction of alien species has been poorly studied in this region (Speziale et al.,
2012) compared to scientific production in the United States, Europe, or Australia. According to the Global Invasive Species
Database (GISD), 283 of the 613 invasive species (46%) that are listed in the GISD are present in some Latin America and
Caribbean countries (Pauchard et al., 2011), and 20% of the known world-wide mammal introduction events have occurred in
Latin America (Novillo and Ojeda, 2008). In addition, at least 41 of the 100 of the world’s worst invasive alien species are
already established in Latin America (IUCN-ISSG, 2000). However, the role of intentional pathways as a source of alien species
in Latin America has received relatively little attention (Speziale et al., 2012; Essl et al., 2015; but see; Buenavista and
Palomares, 2018) and the information available is biased towards some specific regions, such as Chile (Jaksic, 1998; Jaksic
et al,, 2002; Iriarte et al.,, 2005), the Galapagos Islands (Toral-Granada et al., 2017), Argentina (Lizarralde et al., 2004;
Bonino and Soriguer, 2009) or Brazil (Da Rosa et al., 2017). Information about alien species is, on the contrary, often scarce,
inaccurate or reported only in grey literature (Pereira-Garbero et al., 2013).

Goods transported as a result of the intensive international trade have been identified as an important factor affecting the
occurrence of invasive species (Hulme, 2009). The magnitude of merchandise imports, specially commodities is a significant
determinant of the number of species (https://besjournals.onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2008.01600.x
Westphal et al., 2008) as well as the rate of new species introductions (https://besjournals.onlinelibrary.wiley.com/doi/10.
1111/j.1365-2664.2008.01600.x Levine and D’Antonio, 2003) of a wide range of alien taxa. Moreover, a further increase in
the number of alien species can be expected when associated with the increase in gross domestic product (GDP) and trade
(Pysek et al., 2008; Hulme, 2009; Seebens et al., 2017), since GDP reflects levels of infrastructure (roads, canals, railways etc.)
that can also facilitate invasions (Hulme, 2009). Cardador et al. (2019) demonstrated the magnitude of a trade ban as regards
preventing biological invasions. Another important factor is the proportion of urban population (McKinney, 2008), since areas
with dense human populations are relevant sources of alien species owing to: (1) the release and escape of alien species kept
as pets (Spear et al., 2013), (2) the intensity of tourism, which is directly associated with both intentional and unintentional
introduction pathways (Anderson et al., 2015) and (3) the intensity of anthropogenic disturbance, which can be considered as
a proxy for the risk of invasion (Hulme, 2009; Spear et al., 2013; Carpio et al., 2017a). Moreover, some studies indicate that
areas with a higher biodiversity tend to host a higher richness of alien species on large spatial scales (e.g. Stohlgren et al.,
2003, 2006; Fridley et al., 2007; Dyer et al., 2017a), since those areas with a high native diversity have a greater number of
microniches (or more spatial heterogeneity), which would, therefore, allow a greater number of alien species to be accom-
modated (Davies et al., 2005). We accordingly predict that Latin America will possibly achieve the highest richness globally of
alien species because of its great variety of niches and biodiversity, along with an increase in trade, GDP and other correlated
activities (Speziale and Lambertucci, 2010).

In this paper, we aim to identify cases of alien species of birds and mammals that were introduced into Latin American
countries through intentional pathways. Our specific objectives are: (1) to review the relative role of intentional introduction
pathways (hunting, feeding, fur, biological control, the pet trade and others) in the context of alien species introductions; (2)
to assess the relative importance of the intentional pathways across the different taxa; (3) to identify similar patterns in the
composition of alien species across countries, (4) to assess the underlying factors that drive the richness of alien species in
Latin America, and (5) to quantify the potential impacts of these species on this region.

2. Material and methods
2.1. Data collection

We reviewed several lists of species introduced into South America, Mesoamerica and Caribbean Islands, which were
obtained from scientific papers, books and technical reports (Kairo et al., 2003; Long, 2003; Lever, 2005; Flueck, 2010;
Pimentel, 2014; Da Rosa et al., 2017; Dyer et al., 2017b; Buenavista and Palomares, 2018). We used the following search terms:
“non-native species” OR “invasive species” OR “non-indigenous species” OR “alien species” OR “exotic species” OR “intro-
duced species” AND “intentional purposes” OR “intentional introduction pathways” OR “hunting” OR “pet” OR “feeding” [or
“feed” or “food”] OR “biological control” OR “fur” [or “fur trapping”] OR “acclimatization society” [or “rewilding” or “ecological
replacement”] AND “mammal” OR “bird” AND “Latin America’ OR “Central America” OR “South America” OR “Mesoamerica”
OR “Caribbean Islands”. We also used databases, such as the Global Invasive Species Database (“GISD” http://www.iucngisd.
org/gisd/), and those of the International Union for Conservation of Nature (“IUCN” https://www.iucnredlist.org/), The
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Convention on International Trade in Endangered Species of Wild Fauna and Flora (“CITES” https://www.cites.org/) the
Invasive Species Compendium (https://www.cabi.org/isc/), Inter-American Biodiversity Information Network (http://bd.
institutohorus.org.br/www/), Global Avian Invasions Atlas (GAVIA https://doi.org/10.6084/m9.figshare.4234850) and the
Global Register of Introduced and Invasive Species (GRIIS http://www.griis.org/). The sources of information used for this
study are shown in List S1a. Scientific papers addressing the introduction of species for intentional purposes were searched
using three main web engines: Google Scholar™, ISI Web of Science® and Scopus®. All of this information was then combined
to draw up a list of the species intentionally introduced into each country (Fig. S3). Finally, only those species with a
documented introduction pathway in any Latin-American country were included in Table S3. The species that are native to
one part of Latin America but alien to another were included. Those species for which references concerned another intro-
duction purpose (natural dispersal, accidental, stowaway, etc.) or when no reliable confirming references were found (da-
tabases without a reference to confirm it), were, however, rejected. Notwithstanding, several species required more detailed
investigation to be considered as intentionally introduced species. Rodents (such as Rattus rattus, Rattus novergicus, Per-
omyscus fraterculus and Mus musculus) have been introduced into many areas around the world as a result of their having
following humans (Atkinson, 1985; Pimentel, 2014) and were therefore not considered as intentional introduction. However,
some species, such as Rattus exulans, Cavia porcellus and Dasyprocta punctata, have been introduced as a source of food
(Fiedler, 1990) and therefore considered in this study. Another case is that of Bubulcus ibis, whose introduction may have
occurred as the result of natural range extensions without human assistance (Kairo et al., 2003) and was not included in the
study, or Didelphius marsupialis, which was introduced into the Lesser Antilles in Trinidad, although the species could be
native (Long, 2003), or into Saint Lucia, where it is classified as native by some authors and alien by others (therefore we have
considered it as alien), who believe that it was introduced by Amerindians (Caribbean Conservation Association, 1991).
Therefore, species that were accidentally introduced have not been included in this analysis (e.g. Mus musculus, Bubulcus ibis
or some species of the Rattus genus).

The biogeographic region from which each species was derived (native range according to IUCN and GISD) was also
identified (Palaearctic, Nearctic, Afrotropics, Indomalaya, Neotropics, Australasia and Oceania). Those widespread species that
occupy several regions were classified as either Holarctic, New World or multiregional (Abellan et al., 2016; see Fig. S1).
Finally, we evaluated in which country or countries each species occurs in Latin America, according to GISD, GAVIA, GRISS and
CABI (Fig. S3).

2.2. Intentional introduction pathways of alien species in Latin America

The term ‘introduction pathways’ describes the processes that result in the introduction of alien species from one
geographical location to another (Richardson et al., 2011). A species may have different introduction pathways in different
countries. The analysis was carried out for a species only when the main reason for its introduction was “intentional” mainly
release and escape (Hulme et al., 2008): (hunting, feeding, pet/aesthetic, biological control, fur and others; Kraus, 2003) in at
least one Latin America country. The ‘others’ group includes aspects such as scientific research, working animals or military
activities (CBD, 2014). The introduction pathway relevant to each intentionally introduced species is documented in Table S3.

2.3. Relative importance of different taxa in the global introductions

In order to show the distribution of the different taxonomic groups (order or clade in the case of ungulates), the species
were grouped as birds and mammals separately, along with their taxonomic group (Ungulates, Rodentia, Primates...). The
number of aliens species intentionally introduced were classified according to the introduction pathways, although some
species have multiple pathways of introduction and therefore were classified in more than one pathway (Table S3). In
addition, we assessed taxonomic biases in the introduction of alien species at order or clade level by comparing the number of
species per taxonomic group introduced intentionally with a random expectation generated using the hypergeometric dis-
tribution (Van Wilgen et al., 2010) in R v. 3.4.0 (R Core Team, 2018). The hypergeometric distribution is similar to a binomial
distribution and describes the probability of a given number of successes given a specified number of draws, without
replacement. In this instance, a set number of species are sampled from a pool of orders and clades of known size (species
available per clade worldwide). Taxonomic groups outside the 95% confidence intervals were deemed to be either over- or
under-represented in the introduction process, compared to expectations based on the size of the order or clade and the total
number of species that were introduced intentionally (Van Wilgen et al., 2018).

2.4. Composition of alien species introduced intentionally throughout the countries

Similarities in the composition of alien species introduced intentionally throughout the countries studied were explored
by using clustering analyses. A visualisation of the five closest Euclidean distances to each country is shown by means of a
network plot. The elements were clustered by employing hierarchical clustering, using the Ward method and Euclidean
distances (Fig. S3). The Euclidean distance between two countries is based on a multidimensional imaginary space in which
each coordinate is the presence/absence of an alien species (Fig. S4). The distance between two elements (two countries in
our case) is calculated using function 1, where n is equal to the number of variables (in our case, alien species), and p and q
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take two values according to the presence/absence of each species (1,0) on each one of each couple of countries (p and q)
(Carpio et al., 2019; Oteros et al., 2019).

d(p,q) = d(@,p) = /(a1 — P1)? + (G2 — P2)> + .. + (qn — Pn)?

The analyses were computed by using R statistical software (R Core Team, 2018). The most relevant packages where from
the family tidyverse (Wickham, 2016, 2017), circlice (Gu et al., 2014) and cluster (Maechler et al., 2018).

2.5. Factors that drive intentionally introduced species richness in Latin America

The underlying factors driving the richness of alien species introduced intentionally per country were determined by
performing two Generalised Linear Models (GzLM) using the total number of alien bird species introduced into each country
(Model 1) and the total number of mammal species introduced into each country (Model 2) as response variables. Country
size, percentage of rural population (refers to the population in areas that have a lower population density than urban areas
and are spread over a larger area out than urban centres), No. of pieces confiscated/million inhabitants (quantity of specimens
reported as imports by the importing country), No. of trafficked species/million inhabitants, % of GDP imports (% of GDP due to
imports) and the gross domestic product (GPD) per capita were included as explanatory variables in the models (the data
sources are shown in List S2). In addition, a third GzLM was performed with the number of species established in each country
(Model 3) as response variable. In this model, number of species of native birds, species of native mammals and total number
of intentional introduced alien species were included as explanatory variables. All models were fitted with a gamma dis-
tribution and with a log link. The most plausible models were selected by comparing Akaike’s information criterion (AIC) in
the models (Burnham and Anderson, 2002), following a backward procedure (Zuur et al., 2009). In particular, we compared
the Akaike information criteria for small sample sizes (AICc value) in each candidate model and the best model (that with the
lowest AICc). Statistical analyses were performed using InfoStat software (Balzarini et al., 2008).

2.6. Impacts of the alien species introduced intentionally

Many introduced species commonly have a high reproductive rate, which is one of the reasons why they are commercially
exploited for sport hunting, feeding, or fur resources (Stokes et al., 2006). The impacts of each species were obtained by using
the scientific species name and impacts as a search terms in databases such as Google Scholar, ISI Web of Knowledge and
databases above mentioned, manually filtering through the sources identified by reading titles and (if applicable) abstracts
(List S1c). The impacts were grouped into three categories: environmental, economic, or health impacts (according to Vila
et al., 2010; Keller et al., 2011; Kumschick et al., 2015). Environmental impacts include hybridization, a reduction in native
biodiversity, the modification of hydrology/water regulations, purification and quality/soil moisture, the modification of
nutrient pools and fluxes, habitat degradation and the modification of successional patterns. Health impacts include: disease
transmission and parasitism, while economic impacts include: damage to agriculture/forestry, a reduction in/damage to
livestock and products, human nuisance, damage to aquaculture/mariculture/fish, damage to infrastructures, alteration of
recreational use and tourism, and other economic impacts (Mack et al., 2000). Therefore, the number of species that has each
type of impact were determined, although some species may have more than one impact (Table S4). In addition, we used the
Socio-Economic Impact Classification of Alien Taxa (SEICAT) and Environmental Impact Classification of Alien Taxa (EICAT) to
determine the magnitude of socio-economic and environmental impacts respectively (Table S3), and to classified the species
in six categories (massive: MV, major: MR, moderate: MO, minor: MN, minimal concern: MC and data deficient: DD) ac-
cording to Bacher et al. (2018) and Blackburn et al. (2014).

3. Results
3.1. General distribution patterns of intentionally introduced species

According to our results, 69 species of mammals and 62 species of birds were intentionally introduced into some Latin
American countries. Of the 131 aliens species, 11 (ten mammals and one bird) are included in the list of the 100 of the world’s
worst invasive alien species (Luque et al., 2013). However, the introduction of these species has not been spatially uniform,
and countries such as Argentina, Brazil, Cuba, Mexico or Chile stand out in this respect (30 or more intentionally introduced
species). On the contrary, other countries such as Nicaragua, El Salvador, Honduras, Paraguay or French Guiana have a lower
incidence of species introductions (Fig. 1). Although this may also be due to the lower scientific production in these countries.

Furthermore, this pattern is not the same for birds and mammals. For example, in the case of birds, countries such as Peru,
Mexico, Brazil, Argentina, and islands such as Puerto Rico, Jamaica, the Bahamas or Barbados, stand out in terms of the
number of aliens’ birds (Fig. 1A). In contrast, in the case of mammals, countries such as Argentina, Brazil, Chile, Cuba, Peru,
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Fig. 1. Number of aliens’ species of mammals and birds per country (A), and number of native species of mammals and birds per country (B). The data are shown
on a logarithmic scale.

Mexico, Grenada or St. Lucia harbour a large variety of intentionally introduced species (Fig. 1A). However, normalized
intentionally introduced alien species values (n° alien species intentionally introduced/land area of the country in km?;
Turbelin et al., 2017) show that tropical islands such as Bermuda, Aruba, Grenada or Antigua & Barbuda have highest ratio of
alien species per land area of the country (between 0.1 and 0.025 species/km? for these four islands). In contrast, the countries
with the lowest ratio of alien species per land are of the country were Brazil, Paraguay, Nicaragua, Guatemala or Venezuela
(<0.00001 species/km?). The origin of these species is also highly heterogeneous. The Neotropics biogeographic region stands
out as the source of the majority of introduced species (34%). It is followed by Indomalaya (18.3%), the Palearctic region (14.5%)

and the Afrotropic region (9.9%) (see Fig. S1).

3.2. Role of intentional introductions pathways in the context of alien species introductions

Of the 131 introduced species, 42.6% were introduced as pets or for aesthetic purposes (especially cage birds, 22%), while
23.7% are currently exploited as hunting species (Fig. 2B). We specifically noticed that of the 69 mammals and 62 birds
introduced into Latin America (Fig. 2B), 27 mammal species (39%) and 13 bird species (22%) were introduced primarily for
hunting purposes, 11.2% were released for feeding purposes, 5.3% for biological control, 4.2% for fur industry and 13% for
others intentional purposes (research, military, working animals...) (Fig. 2B). Overall, our results further show that aesthetics
and the pet trade were the most important pathways in the case of birds (at least 75% of the introduced species), while
hunting was the main reason in the case of the introductions of mammals (39% of introduced species). (Fig. 2B).

3.3. Relative importance of different taxa

According to our results, 69 species of mammals (52.7%) and 62 species of birds (47.3%) were introduced by means of
multiple intentional pathways (Fig. 2A). Most of the introduced mammal species were ungulates (n = 27) (Fig. 2B). In this
respect, ungulates represent 39.1% of all the mammal species introduced into Latin America, where at least 18 species have
been introduced as hunting species (Fig. 3A). Another well-represented group of mammals was that of primates, and at least
14 species were introduced for intentional purposes (pet/research/experimental), representing 20.3% of the introduced
mammals (Fig. 2B). Rodents are also noteworthy, with 12 species (with different purposes: feeding, hunting, fur), which
represented 17.4% of the mammals introduced (Fig. 2B).

Our results further show that the majority of intentionally introduced bird species belong to two orders: Passeriformes
and Psittaciformes, accounting for 38.7% and 25.8% of the total number of introduced bird species, respectively (Fig. 2A). The
main introduction pathway for these two taxa was the pet trade/aesthetic purposes (90% of species) (Fig. 3B). Galliformes is
also a very important taxon, with a total of 9 introduced species (14.5% of the introduced birds). However, Ungulates and
Psittaciformes are the most introduced groups, the number of species from these groups present in Latin America countries
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Fig. 3. The number of exotic species intentionally introduced by introduction pathways to a taxonomic group using chord diagrams: A) mammals, B) birds. The
sources of information used for this analysis are shown in List S1a.

actually over-represents these groups (Ungulates and Psittaciformes). When comparing the number of introduced species in
relation to total available species within such taxa in the world, both groups are overrepresented in the Latin America (10%
and 4%) of species from these respective groups occur in at least one of the countries included in this review (Fig. S3). Instead,
Rodentia and Passeriformes are the largest mammals and birds’ groups and as such, the number of species from these groups
were under-represented (only 0.6% and 0.4% of species from these groups were intentionally introduced in at least one
country).
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cluster. Map representing the clusters of grouped countries. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web

version of this article.)

3.4. Composition of intentionally introduced species throughout the continent

The clustering analyses carried out grouped different countries according to the similarity of the intentionally introduced
species in their territories (Fig. 4A). Countries were grouped in 4 clusters (Figs. S2A and S2B), and some countries had in-
termediate features: i.e. Puerto Rico and Barbados belong to cluster 1, although the distance between them and the rest of the
cluster is greater than that of the other countries (Fig. S2B). The network plot displays those countries between cluster 1 and
cluster 4. Costa Rica and Guadeloupe in cluster 3 are, similarly, transitional cases between clusters 3 and 1. C1 is formed of
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large countries into which the greatest number of species was introduced (Fig. S3). In Fig. 4A, each cluster is represented by a
different colour. All the countries are clustered in four groups. The closer the countries in the figure, the more similar they are
in terms of alien species. The farther the countries in the figure, the more different they are. For example, Guatemala and El
Salvador are located both countries very close in Cluster 4, meaning that both have similar amount and kind of alien species
introduced. Argentina and Chile are also together in Cluster 2. Keeping the same example, the couple of countries Guatemala-
El Salvador are very far from the couple Argentina-Chile, meaning that the features of the species invasion are very distant.
The main introduction pathway in all the clusters was the pet/ornamental trade, followed by hunting. Feeding and biological
control were also an important pathway, especially in C3 and C4. However, other pathways stand out in C2 (Fig. 4B).

3.5. Factors that drive intentionally introduced species richness in Latin America

The factors retained in the best models (Models 1 and 2) employed to assess the effect of countries’ characteristics on the
total number of alien bird and mammal species intentionally introduced into each country are shown in Table 1. The results
show that the % of GDP imports was statistically and positively associated with the total number of introduced bird species per
country, while the % of rural population and number of pieces confiscated/million inhabitants were negatively related to this
variable (Model 1). Furthermore, the number of mammals’ species introduced per country was positively affected by the
number of trafficked species/million inhabitants, whereas it was negatively associated with the % of rural population and
number of pieces confiscated/million inhabitants (Model 2). Regarding the number of established species (Model 3), the
results show that the three variables (number of native bird and mammal species and total number of introduced species)
positively affected this variable (Table 1). However, the variable with the greatest effect was the number of species introduced
(F = 108.9; p < 0.001).

3.6. Potential impacts of species intentionally introduced into Latin America

Finally, in this study, the impacts of these species are quantified according to the sources of information consulted (List
S1c). Of the 131 species introduced intentionally, the results show 335 potential species-impacts (expressing that each species
causes impacts in more than one category; Fig. 5). The greatest number of species-impacts (measured as the number of
species in each category) are on the ecosystem (185 species-impacts), followed by economic impacts (97 species-impacts) and
health impacts (53 species-impacts). Of the environmental impacts, the reduction in native biodiversity stands out (with 101
species-impacts), while with regard to the impacts on health, impact disease transmission stands out (48 species-impacts)
and damage to agriculture/forestry was the main economic impact (44 species-impacts).

In addition, suitable data for socio-economic and environmental impacts was found in literature and database involving 95
species (72.5%) with EIACT and 69 species (52.7%) with SEICAT (List S1c). Most alien mammals and birds had low impacts,
categorized as either minimal concern (MC) or minor (MN) (51.04% for EIACT) and (53.62% for SEICAT). However, 28 and 21
species had (MO) impacts (EIACT and SEICAT, respectively), 9 with major (MR) and 9 with massive (MV) and 10 with major
(MR) and 1 with massive (MV) environmental and socioeconomic impacts, respectively (Table S3).

4. Discussion
4.1. General distribution patterns of intentionally introduced species

The Convention on Biological Diversity (Aichi target 9) states that ‘by 2020, invasive alien species and pathways must be
identified and prioritised (UNEP, 2010). The identification of the introduction pathway can inform management strategies

Table 1
Best models explaining the number of intentionally introduced alien bird (Model 1), alien mammal (Model 2) and number of established species (Model 3) in
each country.

Variable Estimate + S.E. F-value p-value
Number of intentionally introduced species of birds (Model 1)

Intercept 28 +0.24 11.64 <0.001
% GDP imports 0.002 + 0.01 19.5 <0.001
No. of pieces confiscated/million inhabitants —0.005 + 0.006 6.65 <0.01
% Rural population —0.02 + 0.01 491 <0.05
Number of intentionally introduced species of mammals (Model 2)

Intercept 3.88 +0.33 11.73 <0.001
% Rural population —0.07 = 0.01 28.2 <0.001
No of trafficked species/million inhabitants 0.06 + 0.02 10.92 <0.01
No. of pieces confiscated/million inhabitants —0.018 + 0.005 10.36 <0.01
Number of established species (Model 3)

Intercept 1.20 + 0.14 70.31 <0.001
No of introduced species 0.07 + 0.01 108.87 <0.001
No of species of native mammals 0.004 + 0.001 9.57 <0.01

No. of species of native birds 0.001 + 0.0004 6.17 <0.05
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Fig. 5. Number of species intentionally introduced according to the impact generated.

that in turn can reduce the number of alien species (i.e. colonisation pressure) and individuals (i.e. propagule pressure)
introduced (Hulme et al., 2008; Pergl et al., 2017). This work provides the first assessment of the introduction pathways for
exotic mammals and birds in Latin America, which, together with earlier national contributions (Jaksic, 1998; Jaksic et al.,
2002; Kairo et al., 2003; Novillo and Ojeda, 2008; Ballari et al., 2016; Da Rosa et al., 2017; Toral-Granda et al., 2017),
broadens our understanding of the biological invasion pathways in the region.

Alien species have only recently (last 25 years) been considered as a problem for biodiversity in Latin America (Rodriguez,
2001; Speziale and Lambertucci, 2010; Ballari et al., 2016; Buenavista and Palomares, 2018). The International Council for
Science (ICSU) has recognised that information on invasive species in this region is highly asymmetrical between the
countries in terms of what information exists, what is readily available in each country, and research breadth (ICSU, 2009). In
addition, Latin America has historically been a region into which many mammals and birds have been introduced since
European colonisation (Crosby, 2003). According to our review, 69 mammal and 62 bird alien species were intentionally
introduced into Latin America. Of the 869 alien and invasive species that negatively impact biodiversity found in GSID
(including all taxa), 498 (57%) are registered as invasive in one or more countries/territories in Latin America (including all
taxa), of which 41 appear in the list of 100 of the World’s Worst Invaders, and 11 were intentionally introduced (Luque et al.,
2013).

4.2. Role of intentional introduction pathways in the context of alien species introductions

According to our results, pet and ornamental traffic and hunting were the two most important introduction vectors for
birds (44 and 12 species, respectively) and mammals (27 and 26 species) (Fig. 3A and B). This is of particular concern in Latin
America, where pet keeping is popular, and is consequently increasing the consumer community for exotic pets, mainly birds
(Alves et al., 2010; Bush et al., 2014). These results also coincide with Kraus (2003) or Carrete and Tella (2008), who showed
that hunting and the pet trade were the dominant pathways for bird introduction (76% of the birds introduced), while feeding
and hunting are the main reasons for the introductions of mammals (Goss and Cumming, 2013). Similar results were also
found by Carpio et al. (2017b) in Europe, where 24% of the mammals and 30% of the birds introduced were released for
hunting purposes. With regard to food production, Hulme et al. (2008) pointed out in a review that feeding and hunting were
the primary introduction pathways for birds and mammals. In our case, feeding was the third most important reason for the
introduction of mammals, with 14 species.

4.3. Relative importance of different taxa

Our review shows that the introduction of these species has been biased towards several wildlife orders, mainly Artio-
dactyls, Primates, Passeriformes and Psittaciformes (Fig. 2A). Ungulates stand out from the others (39% of the introduced
mammal species), probably because of their importance in sport hunting (Spear and Chown, 2009; Flueck, 2010) and for
feeding (Jenkins, 1996). The Primates constituted the mammal order with the second most introduced species (n = 14),
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mainly for the pet trade and research experiments. The most common species of primates introduced for experiments are
Chlorocebus aethiops, Macaca mulatta, and M. fascicularis (Carlsson et al., 2004). Bush et al. (2014) showed that the mammals
most frequently introduced as pets were primates and carnivores. This study also showed that Parrots (Psittaciformes), and
songbirds (Passeriformes), were the most common avian orders in the pet trade, which is in line with our results, in which
Psittaciformes and Passeriformes represented 41.9% and 25.8% of the total bird species. Similar results are shown in Abellan
et al. (2016), in which 70% of bird species introduced belonged to just three orders (Passeriformes, Psittaciformes and
Anseriformes), and were introduced primarily as cage birds and ornamental species.

The overrepresentation of some taxa is shown in Fig. 2A. Parrots (pet trade) and Ungulates (hunting purposes) were
reported more often than randomly expected (Bush et al., 2014), while other orders such as Passeriformes or Rodentia are
underrepresented, principally owing to the large number of species in these taxa (Van Wilgen et al., 2018).

4.4. Composition of intentionally introduced species throughout the continent

We found well defined clusters of countries as regards the composition of intentionally introduced species (Fig. 4). Cluster
1 is formed mainly of Caribbean countries and the main reason for introducing species into those countries was ornamental/
pets (~50% of the cases). This cluster is also characterised by a larger proportion of introduced bird species. Cluster 2 is formed
of the largest countries, i.e. Argentina, México and Brazil. Hunting was a key reason for introducing species into these
countries (>25% of the cases). Clusters 3 and 4 are quite similar as regards the composition of introduced species. Both clusters
are formed of Caribbean countries, although islands (e.g. Guadeloupe, Belize, Bermuda, Trinidad and Tobago, ...) and south
American countries (e.g. Guyana, Suriname, Venezuela,...) are more common in cluster 3 and those from central America (e.g.
Panama, Guatemala, El Salvador...) are more common in cluster 4. The pathways Feeding and Biological control are very high
in both clusters.

4.5. Factors that drive intentionally introduced species richness in Latin America

The country size variable was not retained in any model, therefore the spatial distribution of intentionally introduced
species is independent of the size of the country. Larger continental territories often receive similar numbers of introduced
species to smaller islands (Van Kleunen et al., 2015; Dawson et al., 2017; ICSU, 2009) because tropical and temperate oceanic
islands seem to be especially sensitive to alien species (Loehle and Eschenbach, 2012). However, Argentina (37 species), Brazil
or Chile stand out as regards the introduction of mammals (Novillo and Ojeda, 2008; Da Rosa et al., 2017; Jaksic, 1998).
According to “extinction-based saturation”, which is consistent with Island Biogeography Theory (IBT) the total number of
species present in an area could be maintained as a balance between extinction and colonisation. One possible explanation for
the lack of relationship between area and number of alien species is that biotic exchange when intentionally promoted by
humans has little to do with the size of a country (Weber, 1997; ICSU, 2009).

Interestingly, countries with a higher rural population, such as Guatemala, Belize or Guyana, were characterised by a low
number of intentionally introduced species, which reflects an increasing social demand for pets in largely urban societies
(Carrete and Tella, 2008), unlike rural societies, which have a wide range of local pets (Paul and Serpell, 1992). Because of the
intentional nature of these introduction pathways, those areas in which concentrated anthropogenic activities take place are,
therefore, points of entry or release for alien species (Padayachee et al., 2017). This also concurs with the result that the % of
GDP owing to imports is related to the number of aliens species, which is directly related to the transportation and movement
of different products. Hulme (2009) showed that the exposure of economies to trade is highlighted by the significant role of
merchandise imports in biological invasions, particularly in the case of island ecosystems. This result also coincides with
those of Westphal et al. (2008) or Marini et al. (2011), who showed that the value of merchandise imports was a strong
predictor of the number of exotic species. Our results coincide with those of these authors since country area or GDP per
capita were not found to be important determinants of a country’s degree of biological invasion. With regard to border
controls, our results also show that the highest number of intentionally introduced species (birds and mammals) appears in
countries with a lower number of pieces confiscated/million inhabitants, which may be owing to the lack of border controls.
Recently, Cardador et al. (2019) demonstrated the effectiveness of a trade ban as regards preventing biological invasions.
However, a regional ban can produce geographic redirections in trade, with important consequences for a worldwide invasion
risk (Cardador et al., 2017), i.e. a redirection of trade toward developing countries or less regulated countries. Contrary to this,
the number of trafficked species/million inhabitants was positively associated with the number of alien species of mammals,
which is not surprising since the greater the number of species, the greater the risk of escape or release (Rosen and Smith,
2010). On the other hand, a significant predictor of number of established alien species was the number of native species
(both birds and mammals), which had a positive relationship with the number of established alien species. This result co-
incides with the “the rich get richer” acceptance hypothesis, which predicts a higher number of established alien species in
areas in which there is a high diversity of native species (Stohlgren et al., 2003, 2006; Fridley et al., 2007), since those areas
with a high native diversity have a greater number of microniches (or more spatial heterogeneity), which would, therefore,
allow a greater number of alien species to be accommodated (Davies et al., 2005). In addition, as expected, the number of
introduced species was positively related to the number of established species. As the number of releases and/or the number
of individuals released increases, propagule pressure also increases (Lockwood et al., 2005).
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4.6. Potential impacts of intentionally introduced species in Latin America

Several studies have reported the impacts of alien mammals’ species in the region. The European rabbit has impacted on a
large part of Chile (Iriarte et al., 2005) or Argentina (Bonino and Soriguer, 2009). Barrios-Garcia and Ballari (2012) showed the
impacts of wild boar on the economy (crop damage), health (transmit diseases) and the environment in the form of the
predation of some animal communities. Other studies, such as that by Flueck (2010), show the impacts of a certain group
(Ungulates), or in a certain region (mammals in Argentina, Chile and Uruguay: Ballari et al., 2016). Information on birds is
much more limited in the region, although species such as Passer domesticus or Columbia livia could potentially displace native
passerines through competition for food or transmit parasites and diseases to native avifauna (Valenzuela et al., 2014).

The most common impacts of animal species are through changes in native biodiversity and habitat degradation
(Ehrenfeld, 2010). Simberloff (2011) suggested that most invasions produce impacts on ecosystems, although many of these
impacts are idiosyncratic, subtle or indirect. This author also proposes that the lag phenomenon in invasions implies that at
least some existing alien species that are currently having little or no impact will eventually have much greater ones. It is,
therefore, possible to predict that many alien species whose impact has not yet occurred or has not yet been recognised will
eventually have impacts on ecosystems, which is very worrying in such a mega-diverse region.

5. Conclusions

Understanding the introduction pathways of alien species implies carrying out risk assessments, management, moni-
toring, and surveillance (Essl et al., 2015). This is especially important in Latin America, since it is one of the most biodiverse
places in the world (Myers et al., 2000). In this respect, our review shows that countries with a higher rural population are
characterised by a low number of intentionally introduced species, while there is no relationship between area and number of
alien species. The results also show a higher number of alien species in areas with high native species diversity.

We recommend improvements to risk assessment and education in order to prevent escapes and translocation, and
prioritised inspection strategies to reduce intentional introductions, since the % of GDP owing to imports was an important
predictor of alien species. The traffic reports of CITES species should also be improved or increased, since the number of
animals confiscated was related to a lower introduction of alien species (Cardador et al., 2019).
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