Dealing with non-native species: what makes the difference

in South America?
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Abstract  Non-native species have reached South
American ecosystems and may be threatening the
exceptional biodiversity of this region. However,
people often value and exploit introduced species not
knowing that they are non-natives, nor understanding
their impacts. In this paper we analyze the trend of
scientific research on introduced species in South
America and whether a socio-cultural explanation
could underlie the results by comparing them with
European, North American and Australasian countries.
We also controlled for research effort, which could
reflect economic inequalities, by analyzing the articles
published on introduced species in relation to the total
number of articles published on related disciplines.
Research trends suggest that non-native species are not
of major concern for South American countries, there
being less research on this topic in countries with
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higher biodiversity. Compared to other colonized
countries such as the USA, New Zealand and Australia,
research on non-native species was lagging and less
abundant in South America, even when controlling for
research effort. Historical and recent socio-cultural
particularities may explain the similar attitudes and
research input seen in South American countries and
their Spanish and Portuguese colonizers. A genera-
tional amnesia, where younger generations descendent
from European colonizers are not aware of past
biological conditions, could be exacerbating this lack
of concern. South American policies seem to reflect the
low level of interest in non-native species shown by
their citizens. National policies are poorly developed
and mainly deal with alien species threatening pro-
ductive systems. Given the strong cultural component
of this dilemma, integrated ways to reverse this
situation are needed, including education, international
research collaboration, and a common South American

policy.
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South America is one of the most biodiverse places on
Earth and thus considered an invaluable world biodi-
versity hotspot (Myers et al. 2000). It is also a reservoir
for countless medicines, biocides and food supplies, as
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well as being an extremely important area in the
regulation of weather cycles (Mares 1986). Despite
these facts, the introduction of non-native species, one
of the major threats to the world’s current biodiversity
(Mack et al. 2000; Vila et al. 2011), has been poorly
studied or even not considered as a priority among
governments in this region (DGPCB-SEAM and
ALTERVIDA 2002; Matthews 2005; Coradin and
Teixera Tortato 2006; PySek et al. 2008). This is
particularly relevant when considering that at least 41
out of the 100 most invasive species in the world are
already established in South America (IUCN-ISSG
2000).

Although ancient civilizations might be responsible
for the first introductions of non-native species in
South America (Tella 2011), most of them resulted
from Post-Columbian biological exchanges during a
period known as “Ecological imperialism” (Crosby
1986). Most of the species introduced intentionally or
unintentionally in South America that became inva-
sive are of European or Eurasian origin (Rapoport and
Marino1998; IUCN-ISSG 2000; Speziale and Ezcurra
2011) reflecting the strong movements of biota
occurring over centuries as a result of the diaspora of
European people who settled in America as if it were
their homeland (Pfeirffer and Voeks 2008; Simberloff
and Rejmanek 2011).

In South America, as all over the world, non-native
species may become a real threat to the ecosystems
they invade (Mares 1986; Vitousek et al. 1996; Parker
et al. 1999; Mack et al. 2000; Rodriguez 2001; Vila
et al. 2011). Although it must be considered that not
every introduced species produces negative impacts to
native biodiversity and that many of them can even
provide economical and social benefits (Davis et al.
2011), it is important to be vigilant of introductions
and to support management actions for non-native
species that might alter native ecosystems (Simberloff
et al. 2011).

While a few positive impacts of introduced species
have been recorded in South America (Jaksic 1998;
Novaro et al. 2000; Lambertucci et al. 2009), negative
effects widely range from the extinction of ende-
misms and the emergence of infectious diseases
to large-scale alterations of entire habitats (e.g.,
Rodriguez 2001; Jaksic 1998; Jaksic et al. 2002;
Novillo and Ojeda 2008). The mongoose (Herpestes
javanicus), introduced in northern South America to
control rats and snakes on agricultural lands, quickly

spread preying on endemic fauna and acting as a
vector of rabies and leptospirosis (Ziller et al. 2005),
while the giant African snail (Achatina fulica) trans-
mitted eosinophilic meningitis in Brazil and Colom-
bia (Ziller et al. 2005). Other introduced species act as
ecosystem engineers, transforming and threatening
complete ecosystems (Fig. 1), as well as changing
their services such as beavers (Castor canadiensis),
conifers and Eucalyptus sp. (Nosetto et al. 2005;
Anderson et al. 2006; Quiroz et al. 2009; Simberloff
et al. 2010). Even more profound, South America
supports plantations of nim (Azadirachta indica),
which has proved to be an aggressive invasive species
for example in Ghana, where losses in agriculture and
the environmental impacts have exceeded the benefits
(Matthews 2005).

In addition to ecological impacts, economic issues
must be considered. Losses from non-native species
invasions imply millions of dollars spent by each
country in control activities. Brazil loses US$
42,600,000 annually due to invasive species (Pimentel
et al. 2001), and Argentina spends over US$ 3,000,000
in programs to control introduced species (Ziller et al.
2005). However, these amounts are mainly to deal
with threats to the productive system, not to protect
biodiversity (Ministerio de Meio Ambiente e dos
Recursos Naturais Renovaveis 2006). In this sense, the
US$ 10,500,000 spent to eradicate invasive feral goats
in the Galapagos Islands (Ecuador) stands out as an
exception, since this and other cheaper programs were
aimed at protecting the rich biodiversity of this
archipelago (Carrion et al. 2011).

The number of introduced species studied in South
America is still low compared to other regions, but
conclusions cannot be drawn based upon published
articles given their bias (Py3ek et al. 2008; Quiroz
et al. 2009). Both the number of introduced species
and their impacts are surely under-recorded given the
low research effort devoted to non-native species in
South American countries (Quiroz et al. 2009).
Moreover, a further increase in the number of
introduced species can be expected associated with
the increase in gross domestic product (GDP) and
trade in commodities in these developing countries
(Pysek et al. 2008; Hulme 2009). Despite differences
in GDP among South American countries, they all
show a growing trend ranging between 13 and 31%
growth in the last year (World Bank 2011). Addition-
ally, there is increasing evidence indicating that a



Fig. 1 Allogenic and autogenic non-native ecosystem engi-
neers. Thousands of Eucalyptus sp. stands (bottom left) have
transformed the ecosystem structure in thousands of square
kilometers of La Pampa, Argentina, formerly dominated by

species rich areas are prone to host a higher richness of
non-native species at large spatial scales (e.g. Lons-
dale 1999; Fridley et al. 2007; Sax 2002; Speziale and
Ezcurra 2011), and people tend to settle in rich areas
facilitating the establishment of introduced species
(Stohlgren et al. 2006). South America includes
several areas with the highest species diversity in the
world (Myers et al. 2000; Kier et al. 2005). In addition,
its wide latitudinal gradient makes it a subcontinent of
great biome diversity, with some biomes unique to this
region due to its projection into high southern
latitudes. Thus, we can predict that South America
will possibly achieve the highest richness of non-
native species as well (Lonsdale 1999; Fridley et al.
2007; Speziale and Lambertucci 2010).

Throughout Europe, North America and most of
Australasia, scientists are raising their voices and
working to halt the negative consequences of intro-
duced species, in clear contrast to those in South

native grasslands (top left). Beavers (Castor canadensis, bottom
right) are devastating native Nothofagus forests and modifying
rivers in southern Chile and Argentina (top right)

America (PySek et al. 2008; Hulme 2009). The low
scientific output on non-native species shown by South
American countries could be related to both their
degree of development and cultural idiosyncrasies
(Pfeirffer and Voeks 2008; Simberloff 2006; Py3ek
et al. 2008; Nufiez and Pauchard 2010). Although poor
financial resources may explain the low research
intensity (Py3ek et al. 2008), we believe that there is
also a socio-cultural basis at work, and that the
understanding of current and historic cultural partic-
ularities of each region could help to better deal with
the negative impacts of non-native species. In this
paper, we aim to elucidate the status of research on
non-native species in South America and investigate
the possibility of the existence of a historical-cultural
base affecting the research history and intensity on
introduced species in South America. In order to fulfill
this aim we analyze the trend of scientific research on
non-native species of South American countries, and



compare it with South American Latin colonizers,
such as Spain and Portugal, as well as with other
Anglo-Saxon colony/colonizer countries such as Great
Britain, USA, Australia and New Zealand. Particu-
larly, we: (1) analyze the temporal trends of scientific
research on non-native species in South America; (2)
examine whether the research effort of each South
American country could be influenced by its biodi-
versity; and (3) compare the research trends of South
America with Spain, Portugal and Anglo-Saxon
countries. We then relate these patterns to social
attitudes and South American policies on non-native
introduced species to finally provide further directions
and recommendations.

Scientific productivity dealing with non-native
species in South America

We used the Web of Science to search for articles on
introduced species published between 1961 and 2010
(50 years), following the same criteria used by
Simberloff and Von Holle (1999), and Nufiez and
Pauchard (2010): “species AND (inva* OR intro-
duced OR alien OR exotic OR non-native OR non-
indigenous)”, “the country” (for South America:
Venezuela, Colombia, Brazil, Ecuador, Peru, Bolivia,
Paraguay, Uruguay, Chile and Argentina; North
America: USA; Europe: UK, Spain, and Portugal;
and Australasia: Australia and New Zealand). We
refined each search to only articles as Type of
Publications, and by Subject Areas related to ecology,
biodiversity conservation and agriculture. Any litera-
ture search can suffer from biases related to the
databases or keywords used. Nonetheless, any source
of bias would equally affect all countries and should
not mask the general patterns in publication effort that
we are comparing.

Our systematic search showed that research on
introduced species is a rather new discipline in South
America. Most South American countries began
publishing on the topic during the 1990s and on
average published 3.22 papers in that period. Coun-
tries such as Chile and Argentina started earlier (for
example: Grigera and Rapoport 1983; Jaksic and
Yafiez 1983). During 2010, South American countries
published between 4 and 87 articles each accumulat-
ing a total ranging from 40 to 676 per country since
1990. However, some differences between countries
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Fig. 2 Comparative research on non-native species in South
America. Temporal patterns per country are shown as the
absolute number of publications since 1990

are clear: while research effort on non-native species
in Chile has grown in the last decade (see also Quiroz
et al. 2009; Pauchard et al. 2010) just behind that of
Brazil and Argentina, other countries maintain a very
low level of research effort or may even show no
increase in research effort (Fig. 2).

Scientific research may reflect the ideas and
concerns of a society, but it is mainly constrained
by available funds. The economic status of a region
affects the research on introduced species as rich
states invest more resources in their study than
poor ones, but also because they have better
developed science and education systems (PySek
et al. 2008; Nufiez and Pauchard 2010). Poorer
countries have fewer funds for research, and low-
budget national scientific agendas are prioritizing
research in disciplines that contribute to the devel-
opment and well-being of the country instead of
ecological research (Nufiez and Pauchard 2010).
The absolute research output on introduced species
has been shown to be much lower in South
America than in North America and Europe, which
was reasonably attributed to differences in research
funds among regions (PySek et al. 2008). To
control for variance among countries in funds
devoted to science in general as well as for
different research disciplines, we also obtained
from Web of Science the proportion of publications
on non-native species from the total number of
publications on ecology, biodiversity conservation
and agricultural sciences for each country. This
relative index should reflect the scientific interest in
non-native species independent of funds available
for the wider, related disciplines that embed most
research on invasion biology.
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Fig. 3 Comparison of bird species richness per country and
average index of publications on non-native species with respect
to the total articles published on related disciplines since 1990
by each South American country. Line represents a linear
regression (R = 0.76, P = 0.001)

Research effort on non-native species
and biodiversity

Our results show that the most biodiverse countries in
South America are those publishing the least on
introduced species (Spearman correlation, rs =
—0.87, P \.0.005; Fig. 3). As the most biodiverse
countries could be the most invaded areas (Lonsdale
1999), we investigated whether the differences in the
intensity of non-native species research reflect differ-
ences among countries in their biodiversity and the
interest in protecting it, controlling for economic
inequalities. We analyzed the correlation between our
relative index (percentage of publications on non-
native species with respect to the total number on
related disciplines, averaged per country until 2010)
and bird richness of each country. We consider this
richness as a measure of biodiversity as it has proved
to be a good surrogate of the latter and, because birds
are one of the best known taxa, its values of richness
are reliable (Norris and Pain 2002; Sergio et al. 2006).
Particularly, Bolivia, Peru, Ecuador, Colombia and
Venezuela, which have the highest bird species
richness, showed a low research output on non-native
species as demonstrated by both their total number of
articles published and their relative index of publica-
tions on introduced species. Contrasting cases are
those of Brazil, Uruguay and Paraguay (Fig. 3). On the
one hand, Brazil published more articles on non-native
species since 1990 than any other South American

country (676 in total; Fig. 1), but its publication index
is low (2.64) given its high publication output in
related disciplines as well (25,598 articles). On the
other hand, Uruguay and Paraguay published just 45
and 40 articles on introduced species, respectively,
since 1990, but their publication indexes are among
the highest (4.37 and 5.22 respectively) due to their
low publication output in related disciplines (1,030
and 766 respectively; Fig. 3). Argentina and Chile
stand out by the fact that they showed both an increase
in publication on non-native species that started a few
years ago (total articles on non-native species = 464
and 340, respectively) and a higher publication index
(4.72 and 5.31, respectively) despite being among the
countries with lower bird richness compared to
northern South American countries (Fig. 3). This
low research effort on non-native species in the most
biodiverse countries would not be problematic if no
invasion process were occurring; however, this is not
the case (Ojasti 2001; Ziller et al. 2005; Quiroz et al.

2009) (Figs. 2, 3).

Historical perspective in contrast to an economic
point of view

Similarly to South America, our systematic literature
search showed that Spain and Portugal started pub-
lishing regularly on non-natives by the 1990s with an
average of 3.3 papers in that period. In contrast,
countries such as the USA and Australia started
publishing regularly on non-natives by the 1980s and
their average number of publications was 26.2 papers
during the 1990s. In 2010, Spain and Portugal
published 52 and 23 papers each while USA and
Australia published 192 and 376 papers each. We then
compared the relative index of publications on intro-
duced species for South America with Spain, Portugal,
Australasia (Australia and New Zealand), USA and
UK. This relative index is lower for South America,
Spain, and Portugal than for Australasia (Australia and
New Zealand), USA and UK (Fig. 4). The pattern we
found for non-South American countries has already
been highlighted (Simberloff 2006). It has been
suggested that the difference between the UK and
the other European countries might be explained by
the fact that islands are subject to higher impacts from
alien species, whereas the higher interest of the USA,
New Zealand and Australia might be explained by the
short time elapsed since the first introductions, and by



Fig. 4 Average proportion
(1990-2010) of articles on
non-native species with
respect to the total scientific
output in subjects related to
ecology, biodiversity
conservation and agriculture
(multiplied by 100). Same
letter indicates values that do
not differ statistically
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the Euroasiatic origin of the species introduced to
these countries (Simberloff 2006). These explanations
could help to understand our results for Spain and
Portugal, which are continental countries that histor-
ically received non-native species. Attending to this
line of reasoning, however, the research effort on
introduced species of South America, being recently
colonized and mainly receiving Euroasiatic species,
should mirror that of the USA or Australasia rather
than that of Spain and Portugal.

As shown by our results, the differences among
countries in research effort on non-native species seem
to be not just a matter of research budgets, nor
differences between developed or developing coun-
tries, or differences due to their higher biodiversity
and the interest in protecting it. Although this might be
caused by an apparently lower number of introduced
species, in South America compared to other regions,
scientific information to properly assess this remains
lacking. However, the impacts of the invasive species
recorded to date are comparable to those in other
regions of the globe (Quiroz et al. 2009; Pauchard et al.
2010); thus, a different explanation is needed. The low
research effort on non-native species could be addi-
tionally reflecting a low level of interest shown by
South American society. In fact, biological invasions
are not yet seen as a major problem among South
American citizenry or have only recently begun to be
recognized as such (Ojasti 2001; Iriarte et al. 2005;
Schittler et al. 2011). Nor are they considered among
current first-line conservation challenges by South
American conservation biologists (Ojasti 2001,
Ceballos et al. 2009). This may be creating a negative
feedback in dealing with introduced species: the lower
the level of research, the lower the detection of non-

USA

UK South America  Spain Portugal

native species and their impacts, and therefore the less
scientific and public interest in studying biological
invasions.

Non-native species from a socio-cultural
perspective

We wonder whether differences in research interest in
non-native species between South America and coun-
tries such as the USA, Australia and New Zealand
could reflect cultural particularities shared by their
colonizers. We found differences in the rate of
publications between different countries (ANCOVA
comparing the relative index of the last 21 years for
each country considering the year as a covari-
ate: Fs119)= 63.58; P \.0.001). Curiously, results
showed that the former British colonies publish at a
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Fig. 5 Trend (1990-2010) of the proportion of articles on non-
native species with respect to the total scientific output in
subjects related to ecology, biodiversity conservation and
agriculture (multiplied by 100), comparing former European
colonies and their respective colonizers. Countries names
appear in the same order (from top to bottom) as in the figure



similar rate to the United Kingdom, but different to
South America, Spain and Portugal (Tukey post hoc
test forming homogenous groups at a P = 0.05)
considering their historical patterns (Fig. 5).

The motives that favored the introduction of non-
native species to South America were mostly the same
as in New Zealand or the USA. However, in these
countries introductions were already recognized as
ecologically unsound by 1884, and for example, New
Zealand Acclimatization Societies changed their role
from introducing species to preventing further intro-
ductions of non-native species after the Second World
War (Simberloff and Rejmanek 2011). This could
reflect an ancestral European burden coming from
different colonizers, since while former British colo-
nies (USA, New Zealand and Australia) are publishing
at a similar rate to the UK, former South American
colonizers (Spain and Portugal) are publishing at
similar rate to South America (Figs. 4, 5). This cannot
be explained by their lower income (Fazey et al. 2005),
nor by difficulties in overcoming the barrier to publish
in the English language (Clavero 2011), since research
effort on introduced species was controlled for by the
total research input in related disciplines that was
published in international, English-language journals.
Therefore, the comparatively low level of interest in
the study of non-native species could reflect cultural
traits or idiosyncrasies of the South American colo-
nizers who did not react quickly when non-native
species were recognized as a worldwide problem.

Both economic and social aspects are intimately
involved when dealing with non-native species
(Perrings et al. 2002). For example, results showed
that the reaction of Spain to introduced species seems
to be as slow and lagging as that in South American
countries (Fig. 5). Indeed, it was not until the early
1990s, three decades after the publication of the
seminal book by Elton (1958) on non-native species
invasions, that both Spain and most South American
countries started publishing more than one article per
year on non-native species regularly. Most introduc-
tions of non-native species in Spain resulted from
different initiatives for hunting, fishing or simply
accidental escapes for which there were not regulation
laws until very recently (Real decreto 1628/2011). In
this sense, most of the more invasive species causing
ecological impacts in Spain are today highly valued by
people for game hunting, fishing, or commercial
purposes (e.g., Clavero and Garcia-Berthou 2006;

Acevedo et al. 2007; Tablado et al. 2010). This cultural
and economic attachment to invasive species is
detrimental for developing control and eradication
actions (Pfeirffer and VVoeks 2008) and is observed in
South America as well (Lambertucci and Speziale
2011; Fig. 6). This might be related to the European
origin of most introduced species reaching South
America, together with the fact that in several countries
most of the citizens are descendants of Europeans
(Seldin et al. 2007), and that current generations were
born after the introductions.

People in many parts of South America are not aware
of the impacts of introduced species on native spe-
cies, particularly when they were introduced long ago
(Schittler et al. 2011). For example, Southern Argentina
and Chile are associated with non-native species such as
pines (Pinus sp.), red deer (Cervus elaphus) and trout
(e.g- Salmo trutta) (Fig. 6). Many national and interna-
tional tourists admire these species in the mistaken belief
that they are originally from the visited environment, to
the detriment of native tree (e.g. Nothofagus sp.), deer
(e.g- Hippocamelus bisulcus) or fish (e.g. Odontesthes
hatcheri) species. Recent South American generations
are far removed from the traditional knowledge of nature,
thus making invasions “invisible” to them (Decocq
2010). Therefore, the case of South America might be
considered as a shifting baseline in the form of gener-
ational amnesia, where knowledge extinction occurs
because younger generations are not aware of past
biological conditions (Papworth et al. 2009). Moreover,
non-native species are often much valued and protected
by local people, in part, because they represent an income
(Pascual et al. 2009; Lambertucci and Speziale 2011).
They are hunted or fished, restaurants advertise them as
traditional dishes, and souvenir shops sell souvenirs with
their likeness represented (Fig. 6).

Within indigenous communities the social memory
of plant knowledge is dynamic and as non-native plant
abundance increases they become part of the cultural
reservoir (Ladio 2011). Moreover, non-native plants
could be preferred over natives as they are more easily
found given their cosmopolitan characteristics
(Estomba et al. 2006; Ladio 2011). This could lead
to two different outputs. On the one hand, the use of
non-native species can produce the loss of traditional
knowledge by replacement (Ladio and Lozada 2001,
Ochoa et al. 2010). On the other hand, it can increase
knowledge offering redundancy (Albuquerque and de
Oliveira 2007). However, in the long run, both
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Fig. 6 a—d Non-native species used in different products sold
at shops advertised as “typical from Patagonia”. a jabali (wild
boar Sus scrofa), trucha (trout Salvelinus sp), salmon (Salmo
trutta), ciervo (red deer Cervus elaphus) and queso (cheese

outcomes could lead to the erosion of traditional
knowledge due to the proliferative use of non-native
species.

Societal interests and non-native species policies

South American policies seem to reflect the low level
of social and research interest in non-native species
shown by citizens. Almost a decade ago, the
American countries agreed on the creation of an
international committee to deal with global change.
However, it did not explicitly work on introduced
species and to date no group action has occurred. On
the other hand, MERCOSUR, the common market
for South America, stated through its resolution
10/94 the intention of its members to work together
for the environment and sustainable development.
Every South American country ratified the Conven-
tion on Biological Diversity supporting the proposal
to prevent, control and eradicate alien species that
pose a threat to local biodiversity and to create the

made of cattle milk). b—d Red deer is advertised on a t-shirt
(b) and on a sticker (d), and is represented in a statue at the
entrance of the municipality of a Patagonian village in
Argentina (c). d Rosehip (Rosa rubiginosa) tea

necessary laws for resource protection. However, a
basic starting point such as the generation of national
reports on alien species has not been fulfilled or is
incomplete, missing several invasive species, focus-
ing only on some biomes or ecosystems, and mostly
developing programs to address those species threat-
ening productive systems rather than to protect
biodiversity (Ziller et al. 2005). It is highly illustra-
tive that the costly programs conducted to eradicate
invasive species to protect the Galapagos Islands
biodiversity were funded by international organiza-
tions and led by the Charles Darwin Foundation,
while the major obstacles to successfully achieving
these programs are posed by local authorities
(Carrion et al. 2011).

In regards to national laws, the legislation of
Brazil, Paraguay, Chile and Argentina deals with
introduced species affecting fishing activities, such as
the Argentinean law of 1998 on the ballast water
change or the Brazilian law of 1967 to protect
fishing. However, Argentina, Paraguay, Uruguay,
Bolivia and Chile do not address non-native species



in their national laws for the purpose of environ-
mental protection (Argentina: Law No. 25 675, 2002;
Paraguay: Law No. 816, 1996; Uruguay: Law No.
17 283, 2000; Bolivia: Law No.: 1 333, 1992; Chile:
Law No. 19 300, 1994). According to the official
websites of the national governments, only the
national environmental protection laws of Brazil
(Law Decree No. 4 339, 2002), Colombia (National
Politic on Biodiversity Law No. 99, 1993), Peru
(General Law on the Environment No. 28 611, 2005),
and Venezuela (Organic Law on the Environment
No. 5 833, 2006) refer to non-native species as
problematic for the native biodiversity. However,
most South American countries (except Uruguay,
Venezuela, and Bolivia) have particular laws stating
the need to fulfill an Environmental Impact Assess-
ment if non-native species are to be introduced to
these countries. These differences, as well as seman-
tic issues when referring to introduced species,
should be promptly addressed to improve legislation
as well as to develop strategies and programs to
protect native biodiversity from those non-native
species that could cause its loss.

Furthermore, new routes of introduction now
include the movement of species within the subcon-
tinent and already five of the worst invasive species
in the world that are native to South America,
including the common water hyacinth Eichhornia
crassipes, the sleeper weed Lantana camara, the
Argentine ant Linepithema humile, the red imported
fire ant Solenopsis invicta and the little fire ant
Wasmannia auropunctata, are spreading among
South American countries (IUCN-ISSG 2000). South
American governments agree on the need for a
common language and generic terms applicable to all
introduced species and for rules on their treatment in
different ecosystems and environmental situations
(Ziller et al. 2005). They have also stated the need for
effective and realistic diagnostic assessments and for
technical resources and people trained in the detec-
tion, prevention and management of non-native
species (Ojasti 2001). The bi-national treaty between
Argentina and Chile to manage the invasion of the
beaver (Castor canadensis) is a good example of
international initiatives towards sound strategies to
deal with problematic non-native species (Resolution
157/10-SADS). Although more information is
required as stated by most South American countries,
this should not delay action.

Reducing differences among countries

South American countries show different species
introductions, different policies and different budgets
as well as different interests in dealing with non-native
species. For example, despite the low average interest
shown by most South American countries, Argentina
and Chile stand out, particularly in the last few years
during which they have increased both their raw
number of publications on introduced species as well
as their relative publication index. Some of these
differences could be overcome with the help of IABIN
(Inter-American Invasives Information Network).
IABIN is leading Project I3 N to obtain and facilitate
the exchange of information on non-native species in
America. Within IABIN’s framework, all countries
are being financially and technically assisted in the
cataloguing of their non-native species. Brazil and
Chile have shown the most concern about this topic,
reflected in their actions and policies. Brazil began the
Conservation and Sustainable Use of Biological
Brazilian Diversity Project in 2001, which aims to
manage threatened species as well as to control
invasive ones. In 2003, it concluded its first National
report on introduced invasive species reporting 543
alien species, and by 2006 it created the Permanent
Technical Chamber on Non-native Invasive Species
(Coradin and Teixera Tortato 2006). Nonetheless, the
principal projects being conducted in this country
focus on the impact of alien species on agriculture. In
Chile, the National Strategy for Biodiversity and the
Action Plan for the Country were approved in 2005,
resulting in the creation of the Operating Committee
for Invasive Species Control (Molt 2006). Different
actions followed, including workshops and a pilot
project (Iriarte et al. 2005).

Among other countries, Paraguay published a
report documenting 422 non-native species. However,
the few projects conducted are intended to manage
agricultural pests, not species affecting natural sys-
tems, so there remains a lack of research and citizen
knowledge in respect to the impacts produced by non-
pest introduced species (DGPCB-SEAM and ALT-
ERVIDA 2002). Ecuador reported 750 non-native
species for the whole country and a huge lack of
knowledge regarding their impacts, with the exception
of those occurring in the Galapagos Islands (see e.g.
Carrion et al. 2011), which could be obscured by their
economic returns (Alianza Jatun Sacha 2002;



Guézou et al. 2010). Argentina conducted several
workshops on non-native species in the late nineties,
and by 2002 it began to organize the available
information on introduced species. The first report
included 372 non-native species (Zalba and Villamil
2003), although there are more species to be added to
that list. Importantly, non-native species are still
unconsidered as a priority by the Federal Environment
Council in this country. Information for other coun-
tries is sparse and even less complete.

Turning the tide

So, how should South America deal with introduced
species given the state of affairs on non-native species,
the past and present history of introductions, the need
for development, and the cultural attachment of
citizens to non-native species? Surely, increased
research, education, and the development of a com-
mon regional policy among South American countries
(Speziale and Lambertucci 2010) would be first steps
in the right direction.

Given the cultural dimension of biological inva-
sions, strategies should begin by educating people on
the value of native species and culture (Ojasti 2001).
At the same time countries should support education
on non-native species, not only on the positive impacts
of some species but also on the problems that those
introduced species that become invasive may pose to
native ecosystems, culture and economy (Ojasti 2001;
Pfeirffer and Voeks 2008). To date, the negative
impacts of non-native species are not part of the
curricula of South American schools (see for example:
Disefio Curricular Basico para la escuela secundaria,
Ministerio de Educacion, Peru, 2004; Formar en
ciencias: lo que hay que saber y saber hacer, Minis-
terio de Educacion Nacional, Colombia, 2004). On the
contrary, Uruguay teaches about the benefits of non-
native species plantations (Recursos naturales vy
paisajes agrarios, Programa para 3° afio bachillerato
opcion ciencias agrarias, Ministerio de Educacion,
Uruguay 2006). Given the fact that most teachers have
not learned about the problems caused by some non-
native species, they can hardly be expected to teach
about them. In this way, a non-virtuous circle closes
and is very difficult to revert. Thus, the development of
learning programs, within the formal education system
as well as in the informal one, linking the introduction

of species to human activities could help raise
awareness about our responsibility in this process
(Larson 2005). But education is also needed to change
the cultural attachment of people, private and public
institutions to some non-native species to the detri-
ment of the native ones.

A shift in the vocabulary and discourse used to
communicate information about introduced species
would help reach people culturally attached to these
species such as, for example, the diaspora for whom
non-native species in the new environment represent
their culture (Pfeirffer and Voeks 2008). The same
ethos could favor both the introduction of non-native
species as well as their eradication (Carruthers et al.
2011). For example, nationalism could favor the
introduction of conifers for economic development,
but could also support their eradication or control if
they become invasive and negatively impact native
ecosystems (Carruthers et al. 2011).

New policies and strategies are also needed to
prevent new introductions, produce a common list of
non-native species, maintain a constant evaluation of
the status of introduced species, and support research
on the current extent of invasions and the solutions to
deal with them (Ojasti 2001; Young 2006). In this
sense, international advice and collaborations with
countries or centers making an outstanding scientific
contribution to the problem should be sought.
Preventive actions should avoid the movement of
species between states, biogeographic regions or
ecosystems, which is more important than the crossing
of national borders (Young 2006; Paini et al. 2010).
Black lists should focus on regional and national
levels, and databases on introduced species, dates of
introductions and management actions should be
shared (Young 2006). The new policy should also
rule on transport, tourism, pets, aquariums, garden
species and seeds as the main current pathways of
introductions (e.g., Carrete and Tella 2008; Hulme
2009; Walters et al. 2011). Without a common strategy
throughout South America involving education,
research, and policies, people will continue eating,
wearing and valuing non-native species over native
ones within the most biodiverse region of the world.
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