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OPINION ARTICLE

Plant invasions research in Latin America: fast track to a more focused agenda

Mark R. Gardenera,l*, Ramiro O. Bustamanteb , Ileana Herrerac , Giselda Durigand , Vânia R. Pivelloe , Marcelo F. Morof ,
Alexandra Stollg , Bárbara Langdonh , Zdravko Baruchi , Adriana Ricoj,k , Alicia Arredondo-Nuñezb and Saúl Floresc

aCharles Darwin Foundation, Puerto Ayora, Galapagos, Ecuador; bDepartamento de Ciencias Ecológicas, Facultad de Ciencias,
Instituto de Ecología y Biodiversidad, Universidad de Chile, Chile; cCentro de Ecología, Instituto Venezolano de Investigaciones
Científicas, Caracas, Venezuela; dInstituto Florestal, Floresta Estadual de Assis, Assis, SP, Brazil; eDepartamento de Ecologia,
Instituto de Biociências, Universidade de São Paulo, São Paulo, SP, Brazil; f Departamento de Biologia Vegetal, Universida de Estadual
de Campinas, Campinas, SP, Brazil; gCentro de Estudios Avanzados en Zonas Aridas, La Serena, Chile; hFacultad de Ciencias
Forestales, Universidad de Concepción, Instituto de Ecología y Biodiversidad, Chile; iDepartamento Estudios Ambientales, Universidad
Simón Bolívar, Caracas, Venezuela; jInstituto de Ecología, Universidad Mayor de San Andres, La Paz, Bolivia; kInstitute of Systems
Biology and Ecology, Academy of Sciences, Prague, Czech Republic; lResearch Institute for Environment and Livelihoods, Charles
Darwin University, NT, 0909, Australia

(Received 27 January 2011; final version received 9 July 2011)

While many developed countries have invested heavily in research on plant invasions over the last 50 years, the immense
region of Latin America has made little progress. Recognising this, a group of scientists working on plant invasions in Latin
America met in Chile in late 2010 to develop a research agenda for the region based on lessons learned elsewhere. Our three
main findings are as follows. (1) Globalisation is inevitable, but the resultant plant introductions can be slowed or prevented
by effective quarantine and early intervention. Development of spatially explicit inventories, research on the invasion process
and weed risk assessments can help prioritise and streamline action. (2) Eradication has limited application for plants and
control is expensive and requires strict prioritisation and careful planning and evaluation. (3) Accepting the concept of novel
ecosystems, new combinations of native and introduced species that no longer depend on human intervention, may help
optimise invasive species management. Our vision of novel ecosystem management is through actions that: (a) maintain as
much native biodiversity and ecosystem functionality as possible, (b) minimise management intervention to invasives with
known impact, and (c) maximise the area of intervention. We propose the creation of a Latin American Invasive Plants
Network to help focus the new research agenda for member countries. The network would coordinate research and training
and establish funding priorities, develop and strengthen tools to share knowledge, and raise awareness at the community,
governmental and intergovernmental levels about the social, economic and environmental costs of plant invasions.

Keywords: control; eradication; globalisation; inventories; novel ecosystems; plant invasions; quarantine; Weed Risk
Assessment

Introduction

Plant invasions have been increasingly studied ever since
the publication of the seminal work by Charles Elton
(1958). After realising the huge economic and ecological
impact of invasive species, governments in the USA,
Europe, Australia, New Zealand and South Africa have
invested heavily to develop and implement integrated and
focused research policies on invasives (Pimentel 2002;
Commonwealth of Australia 2009; Vilà et al. 2010).
However, the immense developing Latin American region,
comprising of 20 countries and 10 dependencies, has
lagged behind these advances and work has been dispersed
and uncoordinated (Nuñez and Pauchard 2010). Bringing
this into a global context, Pyšek et al. (2008) showed that
between 1980 and 2006 there were about tenfold more
publications and four times more invasive species taxa
studied in North America than in South America. It is
only in the last decade that plant invasion research has

*Corresponding author. Email: mark.gardener@fcdarwin.org.ec

started to emerge as a focused field in Latin America
(Pauchard et al. 2004). The scarcity of studies on plant
invasions and the parallel paucity of supporting policy and
investment in the region pose an opportunity to develop
a focused Latin American invasive plant research agenda
to provide knowledge to help identify priorities for both
decision makers and managers. We propose that we can
fast track the development of this research agenda by
using the knowledge and experiences from developed
countries elsewhere in the world. However, unlike other
regions, the scarcity of resources in Latin America requires
that research priorities are focused on applied issues and
realities of a globalised world.

The scope of our paper is to discuss principal themes
for a research agenda that will help mitigate the impacts
of invasive plants on native biodiversity; we do not specif-
ically address human or economic impacts (see the review
by Ehrenfeld 2010). Since the main (but not exclusive) aim
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2 M.R. Gardener et al.

of protected areas is to safeguard biodiversity, many of the
ideas presented here are applicable to their management.
We pose three core ideas, each based on experience gained
in developed countries and tuned to the reality of Latin
America, which may help guide this new agenda:

(1) Given the movement of people and goods asso-
ciated with globalisation, the rate of plant inva-
sion will only increase in Latin America. A focus
on the prevention of new introductions through
a well-informed public and government, rigor-
ous legislation and efficient quarantine services
should be a priority. Underpinning this is the need
for regional introduced species inventories. These
species inventories would form the basis of Weed
Risk Assessment (WRA) models. Species iden-
tified as high risk should become the focus of
parallel basic research into the invasion process
and applied research into the development of new
management options.

(2) Eradication and control efforts for invasive plant
management have often proven to be inefficient
because of the intrinsic difficulties to extirpate
prolific and naturalised species and the need for
extensive resources to sustain action in the long-
term. Ensuring optimal use of limited resources by
focusing on management actions that will result
in a positive impact is important. This can be
achieved by only performing control and eradi-
cation programmes early in the invasion process
when success is more likely to be achieved and/or
when potential biodiversity losses are considered to
be extremely high. Identifying these programmes is
an active area of applied research.

(3) The increasing human population and use of nat-
ural resources and presence of introduced species
are transforming native ecosystems into ecosys-
tems composed of new arrays of native and exotic
species. Inevitably, we have to learn to coexist with
exotic species because many are naturalised and
here to stay. Independent of the efforts devoted to
maintain protected areas, it will be necessary to
study and learn how to manage these novel ecosys-
tems, which are increasingly common, to conserve
native biodiversity.

We expand on these three ideas below and then discuss the
way forward in the Latin American context.

Globalisation is inevitable: mitigating impacts

Plant dispersal

Globalisation is inevitable: each year the flow of goods and
people increases and its geographical network reaches fur-
ther. Global economic and population growth facilitates an
increase in the regional and international traffic of species
needed for agriculture, timber and pasture production.

For example, in both Australia and Brazil, millions of
hectares of savannah have been sown with African pasture
grasses in order to increase livestock production; these have
quickly naturalised and transformed the environment irre-
versibly (Pivello, Shida et al. 1999; Rossiter et al. 2003).
Unfortunately, the traits that are used for selecting pasture
persistence are the same traits used to characterise a species
as invasive (Lonsdale 1999). A further pathway for the
dispersion of potentially invasive plants is the trade of orna-
mental plants (Reichard and White 2001; Harrington et al.
2003). In Europe, Lambdon et al. (2008) found that 52.2%
of naturalised invasive plants were originally brought in as
ornamentals.

Plant invasions appear to be a relatively recent phe-
nomenon in Latin America (Fuentes et al. 2008) and are not
spatially homogeneous. The tropical biomes, across much
of Latin America, are the least invaded (Vitousek et al.
1997). However, it appears that there is a time bomb tick-
ing in Latin America: the invasion process seems to be at
an early stage with much of the resident exotic flora not
yet naturalised and/or invasive. Examples include orna-
mental species in Galapagos (Trueman et al. 2010) and
production species such as Pinus currently invading south-
ern Chile (Richardson et al. 2008; Langdon et al. 2010).
This so-called time lag or minimum residence time in the
naturalisation–invasion continuum is a much documented
theme (Kowarik 1995; Castro et al. 2005). Furthermore,
it is also possible that many exotic species are already
invasive but have yet to be scientifically documented (e.g.
Pueraria lobata (Willd.) Ohwi in Bolivia).

Quarantine

Quarantine has long been practiced as a measure to slow
the movement of pests and diseases. Global instruments
such as The International Plant Protection Convention have
facilitated the development of tools that analyse risk and
develop measures to prevent species movement. However,
such measures will always meet some resistance as
they may contravene trade agreements (Simberloff 2003b;
Brunel et al. 2009) and appear to compromise the inter-
ests of industry. Australia and New Zealand, both island
nations, are the world leaders in the use of a quarantine
system at three levels (pre-border, border and post-border)
to minimise the risk of invasion (Ministry of Agriculture
and Forestry 2008; Commonwealth of Australia 2011).
The principle that all species are potentially invasive until
proven otherwise, combined with a permitted species list, is
the cornerstone of their policies. Unfortunately, the appli-
cation of this principle requires considerable investment
in biosecurity, especially in a continental setting, which
is unlikely to occur in most Latin American countries.
In fact, most Latin American countries at best have lim-
ited legislation to prevent the movement of exotic species
that threaten plant and animal production or human health.
Notable exceptions are pre-border legislation and control
for Chile and regional control in Ecuador for the Galapagos
Archipelago.
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Plant invasions research in Latin America 3

Weed Risk Assessment

Considering that there are over 26,000 known exotic
plants species in Australia (J. Hosking, pers. comm.) it is
likely that the more geographically diverse Latin America
has similarly high numbers (e.g. the Galapagos Islands
alone has 870 registered exotic species). However, with
the limited resources available, management should focus
on highest priority species (based on potential or proven
impact) and high biodiversity sites. WRA is a tool used
to assess potential invasiveness of species at a bioregional
level. Pheloung et al. (1999) carried out much of the pio-
neering work on WRA in Australia and New Zealand
using a weighted scoring system with 49 variables based
on a taxon’s current weed status in other parts of the
world, climate and environmental preferences, and biolog-
ical attributes. After 8 years of use in Australia, Weber
et al. (2009) used the data from 1844 species assessments
to show that the model could be reduced to just four vari-
ables: broad climate suitability, ability to reproduce in the
first year, self-fertilisation and benefits from disturbance.
It has also been shown that a panel of experts composed of
policy makers, practitioners and scientists can achieve the
task of ranking priorities more rapidly and accurately than
a desktop study (Pheloung et al. 1999; Daehler et al. 2004).
However, it should be noted that not all potentially invasive
species are captured using WRA (Gordon et al. 2008).

WRA has been used at the pre-border level to screen
new import requests and is used to prioritise manage-
ment activities on resident exotic flora. In addition to
Australia, the WRA system has been adapted to other parts
of the world including New Zealand and the archipela-
gos of Hawaii, Bonin and Galapagos (Gordon et al. 2010).
WRA has also been used to help manage quarantine issues
between countries that share a land border, such as Chile
and Argentina (Fuentes et al. 2010), and guidance questions
could easily be modified to suit the needs in Latin America.

Inventories

The use of WRA to prioritise management activities on
exotic species has a basic requirement: good inventories.
Few existing publications on invasive species in Latin
America have focused on inventories (e.g. Ojasti et al.
2001; Guézou et al. 2010). Grey literature may exist, but
many lists are not checked, are based on field observa-
tions or have poor geographical referencing. Noteworthy
initiatives taken by some countries are the development and
disclosure of draft databases of all flora including invasive
species (e.g. Forzza et al. 2010). The ‘13 Nation Inter-
American Biodiversity Information Network’ integrates
information from Western Hemisphere countries to support
the detection and management of invasive alien species.
Examples of nodes include Bolivia (IABIN Bolivia 2011)
and Chile (IABIN Chile 2011). These are important first
steps and should be strengthened. A good model to follow
is the pan-European DAISIE (Delivering Alien Invasive
Species Inventories for Europe) project developed between

2004 and 2008. Its aim was to create an inventory of inva-
sive species that threaten European terrestrial, freshwater
and marine environments including plant, vertebrate and
invertebrate species. This extensive database has been used
for meta-analyses including the identification of the most
invasive alien plant groups (Lambdon et al. 2008) and the
general impacts on ecosystem services (Vilà et al. 2010).

Research on the invasion process

Studies on the detrimental effects of invasive plants on
biodiversity are still scarce in Latin America. However, sev-
eral growing areas of research are helping to provide impor-
tant baseline information for management. Much of the
recent research in Latin America has focused on describing
the actual or potential impacts on biodiversity of trans-
former species: those that change the character, condition,
form or nature of ecosystems over a substantial area (Pyšek
et al. 2004). The identification of transformer species is
important as it allows management interventions to be
focused on those species which have a potential or mea-
sured impact on biodiversity and/or ecosystem processes.
Examples of transformers include: Rubus ulmifolius Schott
in Juan Fernandez Islands, Chile (Dirnböck et al. 2003);
Kalanchöe daigremontiana Raym.-Hamet & H.Perrier in
arid Venezuela (Herrera 2007); Prosopis juliflora (Sw.) DC.
in north-eastern Brazil (Andrade et al. 2009); Melinis minu-
tiflora P.Beauv and Hyparrhenia rufa (Nees) Stapf in the
Venezuelan and Brazilian savannahs (Hoffmann et al. 2004;
Baruch and Jackson 2005); Urochloa decumbens (Stapf)
R.D.Webster and Pinus elliottii Engelm. in Brazilian savan-
nahs (Pivello, Carvalho et al. 1999; Zanchetta and Diniz
2006); P. radiata D.Don in central Chile (Bustamante and
Simonetti 2005); and Artocarpus heterophyllus Lam. in
the Brazilian Atlantic forest (Abreu and Rodrigues 2010).
Conversely, many invasive species, such as those that pro-
duce offspring, often in very large numbers, at considerable
distances from the parent plants, and thus have the potential
to spread over a large area (Pyšek et al. 2004), can integrate
with native flora causing little obvious impact. Examples
include Coffea arabica L., Citrus sinensis Osbeck in Brazil
and Stapelia gigantea N.E.Rr. in Venezuela (Sevilha et al.
2001; Chacón et al. 2009).

Other publications have centred on understanding the
invasive potential of plants by studying their reproductive
and population biology, information useful in manage-
ment (Cannas et al. 2003; Peña et al. 2008; Becerra and
Bustamante 2009; Herrera and Nassar 2009). However, an
additional problem often hampering effective management
of invaded systems has been a lack of knowledge about the
changes in ecosystem processes. Often profound biotic and
abiotic ecosystem changes occur with invasions that result
in the crossing of irreversible thresholds. These include
changes in soil properties, precipitation, native flora, native
plant recruitment, light and mutualisms (Chacón et al.
2009; Jäger et al. 2009; Heleno et al. 2010; Bueno and
Baruch 2011).
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4 M.R. Gardener et al.

Eradication is difficult and control is expensive

Eradication

The word eradication is often evoked as the panacea of
weed management and has many definitions. The extir-
pation of all individuals (including seeds) from a defined
geographic area is the one we use here. Whilst this end is
attractive to funding agencies and decision makers alike,
there is an increasing body of literature that shows the goal
of plant eradications, in all but small areas, is difficult if
not impossible (Rejmánek and Pitcairn 2002; Simberloff
2003a; Panetta and Timmins 2004; Panetta 2009; Gardener,
Atkinson et al. 2010; Gardener, Cordell et al. 2010).
Without affirmative answers to the following criteria, out-
lined by Panetta and Timmins (2004), an eradication project
will fail:

(1) Can reintroduction (immigration) be prevented?
(2) Is the distribution and search area delimited?
(3) Is the project area easily accessible?
(4) Does the rate of removal exceed the rate of

increase?
(5) Does the species in question have a short-lived seed

bank?
(6) Are the resources sufficient to fund the project to

its conclusion?
(7) Are there clear lines of authority to take all neces-

sary actions?
(8) Is there permission from land holders?

Given that the above conditions are difficult to fulfil even
in countries with long experience in invasive species man-
agement, eradication may not be a universal tool in Latin
America. For example, of 30 planned eradication projects
in the Galapagos Islands, Ecuador, eight were not started
because they did not meet the above criteria, 18 were unsuc-
cessful and four were successful to date: these were all less
than 1 ha in net area, on land with a single owner and
did not have persistent seed banks. It is likely that three
more projects will be successful in the near future: they
are tree species which have long maturation times and are
without persistent seed banks (Gardener, Atkinson et al.
2010). However, Simberloff (2009) argued that many suc-
cessful eradication projects are not well reported in the
literature which has generated an unjustified pessimism in
scientists about the prospects of eradication. If eradication
is to be considered, then they should be on small recently
established populations where the full extent is delimited.

Control

Control, unlike eradication, is ongoing and, although it does
not have a large initial cost, can become accumulatively
expensive in the long-term. It is thus important to focus on
control projects where the objective is likely to be achieved
and/or where potential biodiversity or socio-economic
losses are considered to be high if no management action

is taken. Decision makers rightly invest the majority
of resources in the most obvious problem: controlling
widespread transformer species. Unfortunately, realistic
objectives, careful planning, targeted implementation and
periodic evaluation are often overlooked resulting in costly
projects with little strategic focus. In addition, objectives
should focus on maintaining biodiversity and ecosystem
processes rather than suppressing the target invasive
species. This means that the target species should only be
reduced in abundance to below a threshold of impact. This
can be reached by using traditional chemical or manual
control methods (Buddenhagen et al. 2004; Cuevas and
Zalba 2010; Mazzolaria et al. 2011) and with the use of
Integrated Weed Management (IWM) which incorporate
all available tools such as chemical, manual, use of fire
and biological control (Buckley et al. 2004). IWM uses
modelling to match each tool with weaknesses in the
plant’s population biology to maximise efficiency. Another
potential tool to help in the optimal allocation of resources
to management interventions is quantitative bio-economic
modelling (Leung et al. 2002). This mathematical approach
combines both the risk that a species poses (ecological,
economic and social) and the costs and benefits of various
management interventions (such as prevention or control).
Unfortunately, careful planning does not does not always
lead to the desired result; in some cases the intervention
can result in further degradation or facilitate the invasion
of other species (Zavaleta et al. 2001; Jäger et al. 2009).
An adaptive management process is essential to achieve
positive results.

Biological control of widespread transformer invasive
species has been used as an effective management tool for
the last century, providing exceptional value for money. For
example, a recent economic analysis has shown an overall
benefit–cost ratio of 23:1 for biological weed control pro-
grammes in Australia, based on increased production, con-
trol cost savings and health benefits (Page and Lacey 2006).
However, success is not always assured. Van Driesche et al.
(2010) analysed 49 weed biological control projects for
protection of natural ecosystems in different countries and
found that 60% achieved complete or partial control.

Biological control was implemented as early as 1952 in
Latin America, but adoption has been limited compared
with that of developed countries. Ironically, there has been
considerable research sponsored by the developed world
to look for biological control agents of Latin American
species that are invasive in their countries (Ellison and
Barreto 2004). The reasons for the limited adoption of
biological control in Latin America include the lack of
trained personnel, inadequate infrastructure and insuffi-
cient funds for the large initial research investment that
is required (Medal 2004). Furthermore, there are some-
times unreasonable bureaucratic barriers to the necessary
movement of potential non-target species for testing or
introduction of biological control agents (e.g. the move-
ment of rare and threatened non-target species to a country
with adequate testing facilities can be highly restricted).
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Plant invasions research in Latin America 5

We suggest that Latin American member countries should
try to adopt already developed projects that have been suc-
cessful elsewhere. For example, the fungus Phragmidium
violaceum (Shultz) G. Winter was developed as a control
for other Rubus spp. but was found to be effective against
Rubus constrictus Lef. & M. and has been successfully
released in Chile (Ellison and Barreto 2004; Barreto 2009).

Novel ecosystems

Eradication has limited application, control is expensive
and requires strict prioritisation and to do nothing is
unimaginable. Overall, it appears that the return of invaded
ecosystems to their previous weed-free status is not pos-
sible in most cases and research towards that end would
be wasted, resulting in a system that is only sustain-
able with huge human inputs. A change of paradigm was
proposed by Hobbs et al. (2006) by introducing the con-
cept of novel ecosystems. The key characteristics of these
ecosystems include new combinations of species (native
and introduced) with possible changes in ecosystem func-
tion. These ecosystems, while being the result of human
action, no longer depend on human intervention for their
maintenance. The concept of novel ecosystems is not an
acceptance of plant invasions per se, but is more a change
of management focus from the invasive species to max-
imising native species biodiversity and promoting a stable
state. We should, however, continue efforts to maintain
some ecosystems, notably protected areas, in their relatively
pristine states.

As more of the Earth becomes transformed by human
actions, novel ecosystems will increase in importance, but
they have been studied relatively infrequently. An example
is the new forests of Puerto Rico which developed from
abandonment of agricultural and plantation lands. These
forests are dominated by exotic trees such as Spathodea
campanulata P.Beauv. that have the capacity to colonise
highly degraded habitats. Although these novel forests
have lower native tree species diversity, they facilitate the
regeneration of native understory plants and have a sim-
ilar ecosystem function to that of native forests (Lugo
2009; Abelleira-Martınez 2010). In some cases deliber-
ately planted exotic species (e.g. Acacia spp.) may facilitate
regeneration of a native understorey (e.g. Castanopsis hys-
trix Miq.) by making abiotic conditions more favourable to
natives (Yang et al. 2009). However, this is not always the
case (Mascaro et al. 2008).

Our vision of novel ecosystems in Latin America are
those which: (a) maintain as much native biodiversity
(genes, species and ecosystems) as possible and mirror
original functionality (composition, structure, natural pro-
cesses and ecosystems services); and (b) reduce manage-
ment intervention to a minimum whilst maximising the
total areas area of intervention. The intrinsic contradiction
in the above vision is that some transformer species usu-
ally directly impact biodiversity and therefore without a
drastic intervention there will be biodiversity loss. Without

some cost-effective way of reducing the competitive vigour
of transformer species, such as biological control, we will
not be able to maintain native biodiversity in priority con-
servation areas. For our above vision to be implemented,
new knowledge and tools are needed including quantifying
thresholds of impact, understanding interactions between
the novel mix of organisms and their physical environment,
and having adequate management capacity and stakeholder
acceptance. Roura-Pascual et al. (2011) used scenario plan-
ning as a tool for learning about the future options for
management in South Africa’s Cape Floristic Region, a
region suffering from substantial problems with invasive
plants. Scenario planning is a tool that allows us to iden-
tify the driving forces of uncertainty that shape the current
situation and potential trajectories of different interven-
tions so that we can develop realistic strategies for future
management.

The way forward

The authors of this paper represent five member countries
and believe our agenda is broadly in line with that of others’
(Pauchard et al. 2004). One way to accomplish this future
collaboration is through a Latin American Invasive Plants
Network. This network could contribute to the following
key objectives:

(1) Support the formation of research groups for study-
ing plant invasions in Latin American countries.
The network could help coordinate a campaign to
direct national and international organisations to
fund priority research and training, especially of
early career scientists.

(2) Develop a regional strategic and collaborative
research focus incorporating the novel ecosystem
approach and biodiversity protection as the two
main guiding principles. Research should focus
on providing supporting information for the devel-
opment of effective quarantine, early intervention
and strategic control. Information and tools that
will be needed include: spatially explicit species
inventories, prioritisation of species using WRA,
basic research on priority species, management
options and contacts of relevant experts. New and
existing multimedia tools should be developed to
share knowledge. Parallel research assessing the
ecological/evolutionary impact of invasive plants
should also be encouraged.

(3) Raise public and government awareness of eco-
nomic and environmental costs of plant invasions
and communicate the message that prevention is far
more cost effective than cure. The principle goal is
to encourage a coherent quarantine network among
Latin American countries.

According to the above objectives, the highest priority
projects for the Latin American Invasive Plants Network
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include: (a) an in-depth evaluation of the state of the knowl-
edge of invasive plant research including the compilation
of existing literature (both grey and peer reviewed); (b) a
Latin America wide collation and analysis of inventory and
ecological data; and (c) the development of a standard and
readily usable protocol for WRA of all species in distinct
ecological regions.
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