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14.1  Introduction 

Conifers, and specifically the Pinaceae family, have been one of the most visible 
and studied plant taxa in invasion biology (e.g., Richardson et al., 1994; Rejmánek 
& Richardson, 1996; Ledgard, 2001; Essl et al., 2011; Buckley et al., 2005; Gundale 
et al., 2014). Conifer invasions have several characteristics that make them appealing 
for ecologists, biogeographers, conservationists, and invasion biologists (Gundale 
et  al., 2014). First, conifers have been widely introduced and extensively planted 
as a forestry crop and ornamental species all around the world (Richardson, 2006; 
Simberloff et al., 2010; Essl et al., 2010). Second, most conifer species have attrib-
utes associated with high invasiveness such as large propagule production, small 
seeds, anemochoric dispersal, and broad ranges of climatic and edaphic tolerance 
(Rejmánek & Richardson, 1996; Essl et al., 2010). Third, conifer invasions are con-
spicuous in the landscape and can be studied in the field with simple observational 
techniques (Richardson, 2006; Visser et  al., 2014). Fourth, conifer invasions can 
have severe impacts on the local biota and ecosystem processes such as changes 
in water and fire regimes (Simberloff et al., 2010). Although conifers have become 
invasive across the world, the Southern Hemisphere has been especially affected by 
their establishment and expansion, particularly in the case of Pinus spp. (Simberloff 
et al., 2010), which, with the exception of one species, did not occur naturally south 
of the Equator (Lusk, 2008). 

Pine invasions are an important ecological and economic problem in different 
countries of the Southern Hemisphere (Simberloff et al., 2010; Pauchard et al., 2010). 
Many species of the Pinaceae family have been introduced throughout the world, 
mainly for forestry use. There are many positive outcomes of these large-scale intro-
ductions of non-native species, including timber production, pulp for paper, and job 
creation. These “positive” aspects of afforestation have been a matter of discussion 
when contrasted to changes in water regimes and soil characteristics (Jobbagy & 
Jackson, 2007; Little et al., 2009), and also in light of their effects on human well
being and health (Guadagnin et  al., 2009). Additionally, many of these large-scale 
plantations have spread into adjacent plant communities, frequently colonizing 
areas of high conservation value. The characteristics that make pines a good choice 
for forestry, like fast growth and maturation, have also facilitated their expansion 
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outside the planted areas. South Africa, Australia and New Zealand have historically 
been leading the research on tree invasions. In South America, concerns about the risk 
of tree invasions started much later, and systematic research has only been pursued 
in the last decade. The later establishment of large-scale plantations ca. 1970s, com-
pared to the Anglo-Saxon countries, and the incipient environmental movement may 
have slowed the attention to tree invasions as a potential threat to biodiversity and 
ecosystem services (Fonseca et al., 2013).

Pine invasions have been studied extensively since the 1980s, when the SCOPE 
report on biological invasions was published (Drake et  al., 1989). Myriad research 
projects on pine invasions were carried out in temperate and Mediterranean regions 
of the Southern Hemisphere, especially in South Africa and New Zealand, and largely 
in temperate grasslands and shrublands, as well as in the Mediterranean Fynbos 
(Richardson et  al., 1994; Higgins & Richardson, 1998; Richardson & Higgins, 1998; 
Simberloff et  al., 2010). Only recently have researchers started to pay close atten-
tion to pine invasions in lower latitudes and forest ecosystems, with most of these 
studies being carried out in South America (Simberloff et al., 2010; Falleiros et al., 
2011; Zenni & Ziller, 2011; Zenni & Simberloff, 2013; Zalba & Villamil, 2002). In the 
Southern Hemisphere, pines were used in forestry plantations in sub-tropical and 
tropical regions more recently than in temperate regions (Richardson et al., 2008), 
which probably explains the temporal and regional biases in pine invasion studies. 
Moreover, the paradigm that pines do not invade forests persisted until recently (Emer 
& Fonseca, 2010; Zenni & Simberloff, 2013). 

In 2007, a group of scientists studying conifer invasions met at Bariloche, Argen-
tina to discuss the present and future of conifer invasions in South America (Richard-
son et  al., 2008). They concluded that the relatively shorter period since massive 
introduction of conifers in South America was the main cause of the apparent res-
istance to invasion that was observed in several South American ecosystems, but 
that many species are showing invasive behavior on the continent (Table 14.1, Figure 
14.1, Simberloff et  al., 2010). In 2008 and 2009 an international (Argentina, Brazil 
and Uruguay) project focusing on alien tree invasions in the Pampas Biome of South 
America highlighted the effects of large-scale plantations as focuses for pine inva-
sion (Guadagnin et al., 2009; Fonseca et al., 2013). Research on conifer invasions can 
greatly benefit from studying processes at early stages of invasion, such as those in 
South America, compared to most evidence reported in the literature for areas where 
conifer invasions are consolidated. Furthermore, in terms of conservation and inva-
sion control, this region still has the opportunity for prevention and adequate man-
agement actions to avoid large-scale invasions, saving resources to restore native 
ecosystems after invasions have occurred. In recent years, new studies have been con-
ducted and evidence is mounting about the impacts that invasive pines are having in 
South American ecosystems, from microsite effects on plant diversity to large-scale 
changes in fire regimes. Thus, there is an urgent need for clear guidelines on how to 
deal with the undesired effects of invasive pines in South America.
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Tab. 14.1: Invasive Pinaceae species registered as naturalized and/or invasive in different biomes of 
South America (modified from Simberloff et al., 2010 based on current literature and records). 
“?” indicates there is no sufficient information to assess the invasive status.

Biome Country  Species Naturalized Invasive 

Tropical humid forests Brazil Pinus caribaea no no

Pinus chiapensis no no

Pinus elliottii yes yes

Pinus maximinoi yes yes

Pinus oocarpa no no

Pinus patula no no

Pinus taeda yes yes

Pinus tecunumanii no no

Subtropical Brazil Pinus caribaea no no

Argentina Pinus caribaea ? ?

Brazil Pinus chiapensis no no

Argentina Pinus elliottii yes ?

Brazil Pinus elliotii yes yes

Pinus maximinoi yes yes

Pinus oocarpa yes yes

Pinus patula no no

Pinus radiata no no

Pinus serotina ? ?

Argentina Pinus taeda yes ?

Brazil Pinus taeda yes yes

Pinus tecunumanii yes yes

Tropical grasslands Brazil Pinus caribaea no no

Pinus chiapensis no no

Pinus elliottii yes yes

Pinus kesiya no no

Pinus maximinoi no no

Pinus oocarpa yes yes

Pinus patula no no

Pinus pseudo-strobus no no

Pinus taeda yes yes

Pinus tecunumanii yes yes



continued Tab. 14.1: Invasive Pinacea species registered as naturalized and/or invasive in different 
biomes of South America (modified from Simberloff et al., 2010 based on current literature and 
records). “?” indicates there is no sufficient information to assess the invasive status.

Biome Country  Species Naturalized Invasive

Tropical dry forest Argentina Pinus elliottii yes yes

Pinus halepensis ? no

Pinus taeda yes ?

Pinus radiata ? no

Temperate grasslands Argentina Pinus elliottii yes yes

Brazil Pinus elliottii yes yes

Uruguay Pinus elliottii ? ?

Argentina Pinus halepensis yes yes

Pinus patula ? yes

Pinus pinaster yes yes

Uruguay Pinus pinaster yes yes

Argentina Pinus pinea no no

Pinus radiata yes yes

Pinus roxburghii ? ?

Pinus taeda yes ?

Brazil Pinus taeda yes yes

Warm desert Argentina Pinus ponderosa yes no

Evergreen Sclerophyllous 
Forest

Chile Pinus radiata yes yes

Pseudotsuga menziesii  ? ?

Temperate rain forest Argentina Pinus contorta yes no

Chile Pinus radiata yes yes

Argentina Pinus radiata yes ?

Pseudotsuga menziesii yes yes

Chile Pseudotsuga menziesii yes yes

Mixed mountain systems Chile Pinus contorta yes yes

Pinus ponderosa yes no

Pinus radiata no no

Pinus sylvestris yes yes

Pseudotsuga menziesii yes yes

Cold winter desert Argentina Pinus contorta yes yes

Chile Pinus contorta yes yes

Argentina Pinus ponderosa yes no

Pseudotsuga menziesii yes no
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Fig. 14.1: Examples of pine invasions in South America. A) Pinus radiata in Maulino Forest. 
Cauquenes, Chile; B) University volunteers controlling Pinus radiata in Costal Forest. Hualpen, 
Chile; C) University volunteers controlling Pseudotsuga menziesii in Conguillio National Park, Chile; 
D) Pinus contorta in Malalcahuello National Reserve, Chile; E) and F) Pinus taeda in the Restinga 
ecosystem, Florianópolis, Brasil; G) Control of Pinus halepensis in Ernesto Tornquist Provincial Park. 
Buenos Aires, Argentina; H) Pinus contorta in Bariloche, Argentina; I) Pinus contorta in patagonian 
steppe. Coyhaique, Chile.

Here, we review the evidence of impacts, management, and the policy context of pine 
invasions in South America in order to advance in the reduction of this threat to biod-
iversity and ecosystem services. We will tackle these issues across biomes of South 
America: tropical and subtropical forests; tropical and subtropical grasslands, savannas 
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and shrublands; Mediterranean forests and shrublands; temperate grasslands, savan-
nas and shrublands; and temperate and sub-Antarctic forests. We advocate a more com-
prehensive approach to control pine invasions using prevention, early detection, con-
tainment and population management, restoration, and the inclusion of society in all 
steps of this process. We hope that drawing upon the experience of other countries with 
more advanced invasion scenarios may help to better manage the problem in South 
America before higher environmental, social and economical costs arise.

14.2  Pine Invasions and Their Impacts in South America 

14.2.1  Tropical and Subtropical Forests

Pines were introduced to tropical and subtropical South America in the 19th century, but 
mostly at small scales and for horticulture. During the second half of the 20th century, 
governments started to import numerous pine species for silvicultural experimentation, 
and by the 1960s large-scale commercial pine plantations became common in many 
areas (Zenni & Ziller, 2011; Zenni & Simberloff, 2013). Because commercial plantations 
benefited from provenance trials, foresters tended to plant provenances and species in 
climates and soils to which they were well adapted (Zenni et al., 2014). This resulted in 
positive genotype-by-environment interactions that promoted invasions. Currently, lat-
itudinal patterns of pine invasion seem to match the latitudinal variation in pine native 
distributions. Not surprisingly, tropical pines are invasive in tropical regions, sub-trop-
ical pines are invasive in sub-tropical regions, and temperate pines are invasive in tem-
perate regions. Climate is a major driver limiting pine range distributions in both native 
and introduced ranges (e.g., Boulant et al., 2009; Nuñez & Medley, 2011; McGregor et al., 
2012a). In the tropical Central Savannas of South America we currently see invasions by 
Pinuso ocarpa and Pinus elliottii, whereas in sub-tropical forests and grasslands we see 
invasions by Pinus taeda and also by P. elliottii. In sub-tropical forests Pinus glabra is 
also invasive, though only in one location as far we know, probably owing to the limited 
planting of the species (Zenni & Simberloff, 2013). We lack records of pine invasions in 
tropical forests (i.e., Amazon or Atlantic rainforests).

14.2.2  Tropical and Subtropical Grasslands, Savannas and Shrublands

The impacts of invasive pines in tropical and sub-tropical savannas have been studied 
more extensively than in other tropical and sub-tropical biomes in South America. In 
these savannas, P. elliottii densities can reach more than 12,000 plants per hectare in 
a period of 20 years and exclude non-woody plants from the native community. The 
result is a novel plant community highly dissimilar to non-invaded areas (Abreu & 
Durigan, 2011). However, in older pine stands, the re-establishment of native species 
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previously excluded may occur, owing to the natural trimming process of the invas-
ive population. Sub-tropical pines are shade-intolerant species and self-recruitment 
underneath dense pine invasions is limited, which results in an open canopy after 
pines reach full size, lowering competition for light and allowing native species to 
re-colonize the invaded area (Abreu et  al., 2011). In these cases, even though pine 
density in the invasive population decreases and native richness and abundance 
increases, the plant community remains highly dissimilar to non-invaded communit-
ies (Abreu et al., 2011; Dostál et al., 2013). 

In tropical ecosystems, the impact caused by pine invasions on native plant com-
munities is probably similar to the impacts observed in other biomes. The impacts are 
visible faster in these ecosystems, due to higher pine growth rates in warmer regions. 
In grassland relicts in the Atlantic rainforest, pine invasions decrease the overall 
richness and abundance of native grasses, forbs, and shrubs (Falleiros et al., 2011). 
Researchers have characterized the spread of pines in South American sub-tropical 
forests (e.g., Emer & Fonseca, 2010, Zenni & Simberloff, 2013), but little is known 
about its impacts. The few studies that attempted to measure impact of pine invasions 
in tropical forests found that invasions tend to increase the depth of the litter layer 
and reduce recruitment of native species (Voltolini & Zanco, 2010).

Sub-tropical pines (e.g., P. taeda and P. elliottii) are also invasive in coastal dunes 
along the Atlantic coast of Brazil (Portz et al., 2011; Zenni & Ziller, 2011). The invasions 
in dune habitats frequently form monocultures thick with pines that exclude native 
species and cause soil erosion. Also, most invasion reports are from coastal dunes 
in southern Brazil. Only preliminary assessments have been made on the status of 
pine invasions and their impacts on coastal dunes in lower latitudes, such as with the 
spontaneous spread of P. pinaster in southern Buenos Aires (Argentina) (Yezzi et al., 
2011, 2013; Cuevas & Zalba, 2011).

14.2.3  Mediterranean Forests and Shrublands

In the Mediterranean region of Chile, Spaniards and other Europeans first intro-
duced non-native conifers in the 17th century, initially as ornamentals and later to 
control erosion and stabilize dunes (Peña et  al., 2008; Simberloff et  al., 2010). In 
the late 19th century, monospecific plantations were established where native forests 
had been destroyed (e.g. by mining, fires and grazing). Pinus radiata was intro-
duced unintentionally in 1885 and planted with other North American conifers as an 
ornamental species (Lara & Veblen, 1993). Starting in the late 1960s, P. radiata was 
planted in large scale afforestation projects, heavily subsidized by the Chilean gov-
ernment since 1974, as the species was found to be especially suitable for the timber 
and pulp industries (Espinosa et al., 1990; Le Maitre, 1998). At present, commercial 
plantations of P. radiata reach c.a. 1.5 million ha and are the basis for forest industry 
in Chile (Infor, 2013).
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Pinus radiata from plantations are invading natural forests and xeric open shrublands, 
especially when disturbances such as harvesting and fire open the forest (Bustamante 
& Simonetti, 2004). There is evidence of pine invasion in open areas; however, the 
mechanism is not yet clear. The effect of the shading of native shrub Lithrea caustica 
on the seedling establishment of P. radiata is positive for recruitment and negative for 
seedling survival in semiarid ecosystems. This suggests that a common mechanism 
proposed to resist invasion in forest ecosystems such as shading is probably not suffi-
cient to inhibit invasion in a semiarid region (Becerra & Bustamante, 2011). In coastal 
maulino forests, P. radiata is invading following deforestation and fragmentation 
(Bustamante & Castor, 1998; Bustamante et al., 2003). In small isolated Nothofagus 
forests, surrounded by P. radiata plantations, the species invades protection zones, 
especially after disturbance that creates openings in the vegetation (Bustamante & 
Castor, 1998). 

This invasion is relatively recent and has occurred rapidly. Bustamante and 
Simonetti (2005) indicated that the seeds of P. radiata are dispersed into the native 
forests, however seedling establishment occurs only at the edges and, therefore, 
they conclude that this exotic species is not invading less disturbed native forests. 
In less than a decade, it is possible to find a high proportion of young individuals 
and reproductive individuals growing inside fragments of native forest (Gomez et al., 
2011). Moreover, the pine density is negatively correlated with fragment size, while 
the proportion of reproductive pines is not similarly correlated (Gomez et al., 2011). 
Due to the small size of the forest fragments present in this area along with current 
evidence, an increase is expected in the invasion of pine in the Mediterranean area. 
This situation could be reversed if active management of the invasion in native forest 
fragments and surrounding plantations is applied.

Pines, besides their negative impacts on biodiversity, may hold some potential for 
restoration of wildlife within plantations. Pinus radiata plantations might be a suitable 
habitat where the native tree Cryptocaria alba can regenerate (Guerrero & Bustamante 
2007). Similarly, in degraded open sites where nurse plants are not available, P. radiata 
trees invading may facilitate the regeneration of native species, although studies show 
that facilitation produced by native trees is stronger than that produced by P. radiata 
(Becerra & Montenegro, 2013). Moreover, a well-developed understory in forestry 
plantations might serve as a surrogate habitat for native species and mitigate the neg-
ative effect of plantations on species richness (Simonetti et al., 2013)

14.2.4  Temperate Grasslands and Savannas

Patagonia temperate grasslands or steppes in Chile and Argentina cover a much more 
extensive area compared with forests in Southern South America. They have also 
been the target of large afforestation plans, especially in Argentina. From 1970, pines 
have been planted mostly in these areas and nowadays, due to legal restrictions on 
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plantations with non-native species in native forest areas, grasslands are the only 
ecosystem where companies and local owners can establish new pine plantations. 
Overall, two species were used in monospecific plantations: Pinus ponderosa and 
Pinus contorta. Pinus contorta has shown more aggressive invasive behavior, gener-
ating saplings up to 4 km from parent trees (Langdon et al., 2010). When close to the 
source of seeds, Pinus contorta has invaded under different densities that depend on 
vegetation cover and land use, among other variables. In steppe areas where grazing 
has been removed, the invasion is more dense (Sarasola et al., 2006). On the other 
hand, ponderosa pine, the species most planted, has not shown invasive potential, 
with saplings reaching only 50 meters from parent trees.

Extensive pine plantations have been established in areas that were formerly 
steppe or open woodland, where lack of fuel continuity was a major limitation to fire 
spread (Nuñez & Raffaele, 2007). Today, however, areas of these non-native conifers 
have burned and others create the potential for extensive crown fires in habitats pre-
viously characterized by surface fires and lower fuel volumes (Veblen et al., 2003). 
Burned plantations interfere with post-fire succession to the original matorral veget-
ation (Nuñez & Raffaele, 2007) creating a positive feedback between fire and invas-
ive pines. This effect of fires promoting pine expansion has also been documented 
for warmer pampas grasslands, where invasions by Pinus halepensis and P. radiata 
have been associated with fires (Zalba et al., 2008). Introduced conifer plantations in 
Argentinean Patagonia have increased fire severity. For example, plantations of Pinus 
ponderosa and P. contorta have produced major conflagrations, initiated by lightning 
and human activity.

Replacement of native treeless vegetation with dense even-aged forests is by far 
the most striking impact of pine invasions in these ecosystems (Richardson et  al., 
1994; Richardson & Higgins, 1998; Zalba & Villamil, 2002). Pine species may threaten 
to convert entire shrubland and grassland communities into conifer forests, with 
several native species in danger of at least local extirpation (Harding, 2001) even 
in high elevation environments (Pauchard et  al., 2009). In northwest Patagonia in 
Argentina, Lantschner et al., (2008) found that the impact of pine plantations on bird 
communities depends on the landscape context and stand management practices. 
When plantations replaced steppes, the bird community was partially replaced by a 
new one, similar to that of ecotonal forests. 

Pine invasion in Argentinean pampas reduced the diversity of native plants, dis-
placing endemic species and promoting invasion by other non-natives (Zalba & Vil-
lamil, 2002; Cuevas & Zalba, 2009), and are also associated with changes in bird com-
munities, including decline of obligate grassland birds and colonization by species 
that are less habitat-specific and colonize from forested regions (Zalba, 2000). Grazing 
has been found to promote plant invasion in this region (de Villalobos & Zalba, 2010, 
Loidy et al., 2010; 2012), where cattle and feral horses reduce the biological resistance 
of native plant communities, creating windows of opportunity for the establishment 
of pine seedlings (de Villalobos et al., 2011).
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The light environment underneath pine plantations and invasions is critical 
to determine vegetation diversity. A reduction in plant diversity has been observed 
under young Pinus contorta trees (5-15 years) in the steppe of Coyhaique in the 
Chilean Patagonia (Pauchard et  al., unpublished data). Similar results were found 
in the steppes of Patagonia in Argentina, where dense and closed plantations with 
cover close to 90% see reductions of vegetation species richness from 31.7 to 10.4, and 
a cover reduction from 45.5% to less than 0.5% (Gyenge et al., 2010). The reduction 
in diversity is positively correlated with pine size, and it can therefore be expected 
that older invasions have similar effects to those seen in plantations where almost 
no understory species are able to coexist with pines (Nuñez & Raffaele; 2007). Corley 
et al., (2006; 2012) found that in dense plantation assemblages, richness of ants and 
beetles were modified and impoverished, with fewer ants in introduced pine plant-
ations than in native steppe vegetation and fewer ant species in dense plantations. 
The impacts of pine invasions may be more intense that those associated with plant-
ations, given the significantly higher density of stems in invaded areas (> 10 000 ind/
ha) compared with the less dense plantations (ca. 1  000-1  600 ind/ha). Therefore, 
studies should address both the effects of plantations and invasion in these open 
environments.

14.2.5  Temperate and Sub-antarctic Forests

The temperate ecosystems of Chile and Argentina have been extensively planted 
with introduced Pinaceae species in recent decades, both for production purposes 
and to restore eroded and degraded land (Pauchard et al., 2014). In southern Chile, 
the Chilean Forestry Institute (Instituto Forestal) developed a species introduction 
program in the early 1960s, establishing trial plots in more than 100 areas located 
between the semi-arid and temperate regions, including protected areas such as 
parks and reserves (Loewe & Murillo 2001; Pauchard et al., 2014). Peña and Pauchard 
(2001) first warned that the introduced conifers of these trial plots were becoming 
invasive. Pinus radiata is not suitable for these harsher environmental conditions; 
therefore other species (P. contorta, P. ponderosa, P. sylvestris, and Pseudotsuga 
menziesii) are becoming widespread for plantation in more extreme, colder environ-
ments, accounting for ca. 50,000 ha. All species have been shown to be able to estab-
lish outside plantations, and P. contorta and P. menziesii are considered invasive in 
particular types of ecosystems (Peña et al., 2007; Simberloff et al., 2003). Pinus con-
torta and P. menziesii have become invasive in open and disturbed areas, as well as 
in natural vegetation, in the southernmost, colder environments (Peña et al., 2008; 
Pauchard et al., 2008). In Argentina, conifers were first introduced for forestry pur-
poses to Isla Victoria, in the Patagonian Andes, in 1910, as an experimental project 
(Simberloff et al., 2010). A Pinus ponderosa C. Lawson plantation initiated there in 
1927 is one of the first conifer plantations in Latin America (Cozzo, 1987). Planta-
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tions on this island served as a government nursery for the rest of Argentina through 
the 1960s (references in Simberloff et al., 2002), and plantation forestry in Patago-
nia increased rapidly in the 1970s (Schlichter & Laclau, 1998). Today, plantings of 
Pinaceae species are unevenly distributed across the Patagonian forest as a product 
of specific and localized efforts of afforestation. Those plantations include species 
such as P. radiata, P. ponderosa, P. contorta, P. sylvestris, Larix decidua and Pseudot-
suga menziesii. Although several species are able to establish in native forests open-
ings, P. menziesii is by far the most invasive conifer in forest dominated by Austro-
cedrus chilensis and Nothofagus dombeyi (Sarasola et al., 2006).

Some factors seem to be slowing down the invasion of Pinaceae into forests, 
but these factors clearly do not provide a full barrier to the invasion (Simberloff 
et al 2010; Nuñez et al., 2013). Among these factors, seed predation is playing an 
important role since pine seeds appear to be highly consumed and preferred by the 
native seed predator fauna (mainly birds and rodents) (Nuñez et al., 2008; Caccia 
& Ballaré, 1998). Also, lack of compatible mycorrhizal fungi may be delaying the 
invasion in forests (Nuñez et al., 2009). Although these factors may prevent inva-
sion, other factors such as the presence of exotic mammals (deer, wild boar) can 
be promoting the invasion by preferring to consume their competitors — native 
tree species — instead of pines (Nuñez et al., 2008; Relva et al., 2010). In addition, 
exotic mammals have been shown to disperse mycorrhizal fungi needed for pine 
invasion, so they may be accelerating their invasion (Nuñez et al., 2013). Therefore, 
even though some factors may be acting as a barriers to invasion in forests, there 
is ample evidence that pinaceae can invade in temperate and sub-Antarctic forests, 
producing large impacts.

Few studies have shown impacts of introduced conifers in temperate forests in 
South America, in either plantations or invaded areas. A decrease in plant diversity 
was recorded in Araucaria araucana forests invaded by Pinus contorta in the Andes 
of South-central Chile (Urrutia et  al., 2013). In forested ecosystems, invasive pines 
displace native species, but their effect seems to be lower than in the open temperate 
steppe (Pauchard et  al., unpublished data). Changes in fuel conditions and there-
fore in potential increase in fire frequency and intensity has been reported for these 
Araucaria forests. The main effect in young invasive stands is related to higher flam-
mability and fuel continuity, although it is expected than in older stands the amount 
of fine fuel could also increase (Cóbar-Carranza et al., 2014). Due to the lack of studies 
of the impacts of pine invasions in the biota of temperate forests, changes in animal 
and plant communities documented in conifer plantations can be extrapolated to 
invaded ecosystems. In small mixed plantations of Pseudotsuga menziesii, Pinus 
radiata, and P. sylvestris embedded in forests dominated by Nothofagus dombeyi in 
Northwest Patagonia, Paritsis and Aizen (2008) found decreasing species richness of 
understory vascular plants, epigeal beetles, and birds. 
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14.3  Current Policies and Management Actions on Pine Invasions

Biological invasions have only recently become part of the conservation agenda in 
South America. Unfortunately, many invasive species have been, and are still pro-
moted as, important cultivars in forestry, farming and farm-fisheries (Nuñez & 
Pauchard, 2010). Pine plantations have been widely promoted across South America 
as an efficient and fast forestry cultivar, creating a strong industrial complex that uses 
pines as primary material for pulp, boards, and wooden furniture (Espinosa et al., 
1990). Government subsidies for pine plantations have been put in place in many 
countries, including Chile, Argentina, and Brazil. Native ecosystems and degraded 
areas have been widely afforested and no prevention actions have been implemented 
to control spread (Simberloff et al., 2010).

Deficient forestry policies have increased the risk of pine invasions as much as 
the lack of data on invasive species has hindered control efforts. The first databases 
on invasive alien species in South America were online in 2003 in Argentina and in 
2004 in Brazil (Box 14.1). The database structure was then disseminated to Chile, 
Uruguay, Paraguay, Bolivia, Peru, Ecuador, Colombia, Venezuela, and Surinam. This 
database was established between 2005 and 2011 by joint efforts of the Inter-American 
Biodiversity Information Network (IABIN) thematic network on invasive alien species 
(I3N), The Horus Institute for Environmental Conservation and Development in 
Brazil, the Universidad Nacional del Sur in Argentina, The Nature Conservancy South 
America Invasive Alien Species Program, and the Global Invasive Species Programme 
(GISP). The database led to the increased visibility of biological invasion issues at 
a continental scale, and to governmental concerns aligned with the guidelines and 
requests of the Convention on Biological Diversity.

Box 14.1. Alien Species Database and Conifer Invasion 
Management.
The I3N Network databases have been a substantial aid for research and a starting point 
for broader consultation upon building the species lists at the state or national levels. 
Once lists are in place, regulations are needed to define restrictions for the use of the 
species, and more development in legal terms, leading to changes in land use and general 
awareness. In Rio Grande do Sul, Brazil, where what is probably the most extensive pine 
(P. taeda and P. elliottii) invasion in Brazil can be seen along sand dunes and coastal grass-
lands, specific regulations for the use of pines have been proposed. The intention lies 
in reorganizing the landscape, maintaining plantations that are clearly limited and not 
allowed to expand over the surrounding landscape. The ornamental use of pines will be 
interrupted, as well as their use as shade trees or windbreaks. Production shall continue 
unharmed, but more responsibly while applying proper management practices to prevent 
and control invasions. These regulations are derived from Portaria SEMA RS 79/2013, the 
official list of invasive alien species published by the State Secretary of Environment.
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Governments have taken considerable time to realize the importance of the threat 
posed by invasive species, while economic and political criteria have overridden 
environmental concerns. In the last few years, efforts to limit invasions have finally 
percolated into government and policy. Brazil, Colombia, and Uruguay developed 
and published official National Strategies for managing invasive alien species 
between 2009 and 2011, and Argentina is expected to complete one by the end 
of 2016. Although a rather large number of articles have been published in Latin 
America on biological invasions, the issue remains relatively under-studied in aca-
demic circles (Quiroz et al., 2009). Pines are no exception, with most of the work 
already done focused on describing and understanding invasions, and less on how 
to control them.

Private efforts have, in some cases, moved faster than government initiatives 
when dealing with tree invasions. In the last decade, controlling biological inva-
sions became a principle of the Forest Stewardship Council, first applied to pines 
that escape plantations, then gradually extended to other invasive species present 
in forest company properties. Although the principle is in place, complementary reg-
ulations are needed to make it functional. Official lists of invasive species constitute 
important references along with regulations that limit or even prohibit their use. The 
Colombian Ministry of Environment and Sustainable Development published a pre-
liminary list of invasive species in 2011 (Ministerio de Ambiente y Desarrollo Sosten-
ible, 2011), as well as a publication on risk analysis of introduced species in 2010 
(Baptiste et al., 2010). In Brazil, due to the lack of a national list, three official lists 
have been published at the state level in Paraná, Santa Catarina, and Rio Grande do 
Sul, while Rio de Janeiro and São Paulo are working on official lists at present. In 
Chile, FSC criteria and social awareness have pushed companies to recognize the 
invasive status of Pinus radiata. Companies are now required to control invasive pines 
outside plantations under these new forest certification schemes. Interestingly, forest 
companies are leading ambitious plans to control P. radiata in protection zones and 
forests of high conservation value.

The concern and awareness of the problem of biological invasions have grown 
in parallel with worldwide awareness and have been incorporated into the agenda of 
different agencies of national and provincial governments. This growth is the result 
of a maturation process over the last ten years, probably associated with pressure 
from environmental NGOs, as well as the increased availability of local and regional 
scientific information that gives certainty to the real dimension and relevance of the 
issue. Thus, in May 2013, a workshop funded by the national government of Argen-
tina was held in Bariloche with the participation of international and local research-
ers, provincial and national decision makers, and forestry producers. Consensus was 
reached on the need to take action. Among the actions outlined is the inclusion of 
national regulations to subsidize new requirements for forestry plantations, such as 
measures to prevent invasions, monitoring, and control plans in future afforestation 
efforts, and exclusion of Pinus contorta among the species to be subsidized for plant-
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ations due to its high invasive potential. These regulations became effective in 2014 
(MAGPNA, 2014).

In temperate and sub-antarctic forests, although substitution of native forest 
is no longer allowed, governments of both Chile and Argentina are still pushing for 
further pine plantations in eroded or deforested areas. Unfortunately, native forests 
take a relatively long time to recover after fire or other disturbances, especially if 
these are repeated over time. Thus, in an effort to reduce deforestation and increase 
provision of forest goods, governments have subsidized plantations in marginal 
conditions with limited economic results and negative environmental impacts. 
Forest companies, which in the past were also responsible for extensive plantations 
of invasive pines in these areas, are now recognizing that they have to reduce these 
negative impacts. Lately, these companies have not been planting some species, 
such as Pinus contorta, and have plans for the eradication of plantations of this 
species in Chilean Patagonia. 

Efforts to control pines in South America are very limited, and pine control 
is only recently becoming a concern for forest companies and government agen-
cies. In Argentinean Patagonia, the national parks administration is reducing the 
areas with plantations inside their domain and is controlling the spread of pines 
into natural areas (APN, 2000). Recently, several projects including pine invasion 
control and monitoring protocols in provincial forests are being conducted, funded 
by the national government. Their goal is to evaluate the impact of invasion and 
strategies to control their spread, with the ultimate goal of incorporating pine inva-
sion control as a regular forestry practice. One incentive for these projects is the new 
national forest protection law that aims, among other goals, to control the presence 
of exotic species in national forests. South American temperate grasslands have 
been the setting for some of the first attempts at controlling invasive pines and 
restoring native communities. Mechanical control of Pinus halepensis and P. radiata 
has been conducted in Southern Argentinean Pampas since the early nineties, 
combined with studies on pine reproductive biology, seed longevity, and invasion 
spread, following an adaptive management strategy (Cuevas & Zalba, 2009; 2010; 
2013). Considering the effects of fires on seed release from serotinous cones, and the 
interval between recruitment and seed set, fire has been identified both as a pro-
moter of pine invasion but also as a potential tool for their control, providing that 
time between fires is less than that required for tree maturation (Cuevas & Zalba, 
2010; Zalba et al., 2009).

In Chile, no formal studies have been conducted to develop the best eradication 
techniques, but forest companies are under pressure to eradicate invasive pines in 
protection zones due to forest certification regulations (Pauchard et al., 2014). The 
impact of pine invasions is slowly being considered both by private and public stake-
holders, and there are currently plans to develop techniques to control them at local 
scales. However, it is not yet clear if large-scale management will be implemented or 
if specific regulations will enforce the control of pine invasions.
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14.4  The Future: How to Reduce Impacts?

In technical terms, at the stand scale, pine invasions may be among the least com-
plicated to control, especially as adult trees do not re-sprout once cut down. However, 
in landscapes dominated by pine plantations, propagule pressure is so high that 
re-invasion may occur and ecosystem processes that trigger invasion may already be 
changed (e.g. fire regimes). Also, because they are dispersed by wind, pines can reach 
places with limited accessibility in mountains and protection zones, where they are 
not detected until their canopies have surpassed the native vegetation.

Given the relative predictability in terms of the species and the areas than can be 
invaded, and how easy it is to detect and eliminate them, people managing invasive 
pines may have an advantage compared to other more subtle or resistant invasions 
(e.g. Acacia spp.). Nonetheless, there are several shortcomings, especially as pines are 
seen as an important economic resource, and therefore, cultural and economic lim-
itations usually complicate the implementation of prevention and control strategies. 
Conflicts abound in governmental agencies with contrasting visions and objectives, 
as well as on private properties where owners wish to take advantage of invasions 
without taking responsibility for them, and thus do not undertake any proper forest 
management. The main challenges are in communication and coordination, and 
clear regulations are strongly needed. 

New regulations and research in some key areas (e.g. restoration) are crucial in 
helping to prevent the impacts of these invasions throughout South America. Inva-
sions are widespread on the continent, but appropriate management can prevent 
future invasions and control current ones, at least in properties associated with 
forestry production. A clear understanding of how biotic, abiotic, and anthropogenic 
factors affect pine invasion is needed for effective control (Figure 14.2). There is no 
universal “recipe” for pine invasion management, as the factors determining the 
invasion outcome vary with the species, the site, and the silvicultural and control 
strategies. Thus, only general guidelines of the best management practices can be 
addressed in this text.

Controlling pines is not only good for the environment but also for the forestry 
industry, given that invasions hamper future silvicultural practices, are sources of 
diseases, increase fire frequency, and affect the sustainability of the forestry business 
with negative marketing repercussions. Here, we address some of the key stages of 
pine invasion management:

1) Prevention and risk analysis: Despite the fact that the biological characterist-
ics of species have not been enough to precisely predict invasion behavior by alien 
species, risk analysis can provide valuable inferences on invasion probability and 
its consequences. This information can be used in decision-making and to define 
management strategies and public policies (National Research Council, 2002). Risk 

332   Aníbal Pauchard et al.



does not only involve species biology, but also environmental damage, social and 
economic impacts, and public health issues, as well as the feasibility of control or 
eradication. Risk is the product of the likelihood of an event or process and its con-
sequences (National Research Council, 2002). Risk analysis techniques are now an 
important tool to prevent plant invasions and may be used for screening new pine 
introductions (see Box 14.2).

Fig. 14.2: Site-specific factors determining the outcome of a pine invasion modified from Pauchard 
et al. (2014). The interaction between species traits and the invaded community determines the 
expected invasion risk. However, silvicultural techniques and landscape planning may reduce 
or increase this risk, affecting propagule pressure. For example, the use of other species wind 
buffers to avoid seed dispersal or the establishment of plantations in safe-sites of the landscape 
may reduce the risk of invasion. Control actions should target all stages of the invasion and should 
be coordinated with the silvicultural schemes at the stand and lanscape scales. Policies and regu-
lations set the stage for both silvicultural and control practices and therefore are crucial to reduce 
pine invasions.
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Box 14.2. Assessing the Risk of New Pine Introductions.

Risk assessment protocols can be used for different and complementary purposes. Originally 
conceived to assess the risk of introducing new species into a country, they can be applied to 
help define management priorities for several species in a given area according to the level 
of risk, select species in a commercial genus that will pose less problems in terms of inva-
sion, provide scientific evidence of invasive capacity in the absence of field data or research, 
and provide impartial assessments of species to be included in official invasive species lists. 
Pines may also be screened using risk assessment tools (McGregor et al., 2012b).

One of the most relevant variables of weed risk assessment is climate. Climate is a good 
predictor of conifer naturalization and invasion both at the genotype and at the species 
levels (Nuñez & Medley, 2011; Zenni et al., unpublished). In general, climatic information 
from native and other invasive ranges of pines can be used to assess the risk of naturaliza-
tion in another region. Climate, combined with knowledge from forestry trials (Zenni et al., 
2014) and intense propagule pressure, explains why commercial forestry tends to be the 
most frequent source of pine invasions (Essl et al., 2010).

The Universidad Nacional del Sur in Argentina and the Horus Institute in Brazil 
designed new risk analysis protocols and adjusted existing ones to fit South American 
conditions through the I3N - IABIN Invasive Species Network. Results of assessments 
are available for 149 plants at http://www.institutohorus.org.br/index.php?modulo=inf_
analise_risco. This platform can be used to evaluate new pine introductions in South 
America, including analyses of species pathways within the South American continent.

It is unlikely that many new conifer species will be introduced in South America in the 
coming years, given that a large proportion of species have already been introduced 
to the continent. However, introduction programs are still in place for forestry and 
ornamental uses. Therefore, pre-introduction screening tools (i.e., Pheloung et  al., 
1999) should be used before allowing new introductions into South America. Predictive 
models that consider species mean trait values (e.g., Rejmánek & Richardson, 1996; 
Grotkopp et al., 2002) tend to work only at larger spatial scales (Zenni & Simberloff, 
2013). Instead, models of current and potential spread at the genotype level that expli-
citly incorporate climate, soil, belowground interactions, and commercial plantations 
can be highly informative. For instance, recent work has shown that genotype-environ-
ment interactions are a major driver of Pinus taeda invasions (Zenni et al., in review). In 
this study, the authors found that genetic constraints limit the ability of provenances to 
invade in unfavorable introduced habitats. The invasive potential of provenances was 
largely predictable by isoclines of temperature and precipitation. The adaptive mechan-
ism was strong enough to overcome important differences in propagule pressure. 

2) Early detection: Plans to start forestry practices need to be associated with plans 
to control the spread of trees. Decades of pine invasion research have shed light on the 
process of invasion. There is strong scientific evidence available in a number of areas 
that can be readily used for prevention and control of invasions. There is information 
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on the key characteristics of invaded ecosystems that make them more prone to inva-
sion, and the characteristics of species that make them more capable of invading. 
For example, there is ample evidence that some areas are more invasible than others 
(e.g. open disturbed areas are easily invaded, while close mature forests are less so), 
and some species are more invasive than others (species with smaller seeds invade 
more than species with large seeds (Rejmanek & Richardson, 1996)). The identifica-
tion of the ecological events that open opportunities for pine establishment and inva-
sion, like fires, grazing by large ungulates, and topsoil removal, can help to prevent or 
lead to early detection and eradication of new foci of invasion. This information can 
be relatively easy to use in legislation to guide tree plantations into areas with low 
risk of invasion, as well as to direct the introduction of species with low probability 
of invasion. This may not solve the invasion problems completely, but would make 
it easier or cheaper to manage. Species that are notably problematic (e.g. Pinus con-
torta, P. radiata, P. elliottii) and areas more prone to invasion or sensitive zones, such 
as natural reserves, need to be excluded or carefully monitored. 

3) Containment and population control: Regarding post-invasion management, 
plans have to be in place to control the spread even when all precautions selecting sites 
and proper species have been taken (Figure 14.2). An adaptive management strategy is 
usually the best way to reduce uncertainty about the best control options, and also for 
understanding the causes behind the invasion (Zalba, 2010; Zalba & Ziller, 2007). Pines 
tend to colonize new areas, even in their native range, so expecting them not to do so 
is unrealistic. Information on the age of cone production (i.e. the start of seed produc-
tion) is key for controlling the invasion. It is important to implement control measures 
soon after the trees reach reproductive age and not wait long enough for invasive trees 
to start producing cones themselves. Knowing the dynamics of the seeds, both in the 
cones and in the soil bank, is key information for effective pine control. Visiting the 
sites every few years (depending on the area and the age of cone production) to remove 
all the trees colonizing plantation surroundings is critical.

When invasions reach large scales and dominate the landscape, restoration 
becomes essential. Otherwise, if no active restoration is conducted, new invasions 
by pines or by other invasive plants (with similar or higher impacts) are highly likely. 
In South America, we can potentially avoid reaching the levels of invasion found in 
other countries such as New Zealand or South Africa, but if such levels are reached, 
active restoration plans must be implemented. Given the cost of restoration efforts, it 
is highly beneficial to avoid the stage were restoration becomes a requirement. 

In order to avoid invasion of areas outside plantations, along roads, and through-
out the landscape, regulations need to be in place restricting the use of pines to forestry, 
wood, pulp and paper, and other forest products. Other common uses, such as shade, 
wind-breaks, or ornamental purposes, need to be banned. Plantation owners have to be 
made responsible for control work and forest company associations need to engage in 
cleaning up current invasions, taking responsibility for the wide spread of the species. 
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Roadsides must be prioritized and kept clean of pines. Forestry stands must be clearly 
visible and pines must be contained within them. Those interested in producing pines 
must have projects approved by environmental agencies, even if there is a simplified 
process for small farmers, who also have to commit to controlling spread beyond plant-
ations. Pine seedlings must no longer be distributed by public institutions or events, 
except for forestry production programs with clear rules established to avoid invasions. 
Pine species that has shown invasive behavior, in South America or elsewhere, should 
be listed as invasive species so that all broader legislation referring to environmental 
impacts can also refer to side the effects of badly managed plantations.

4) Restoration: Pines may be relatively easy to control locally, but international exper-
ience shows that restoration is needed for achieving a true recovery of the native veget-
ation after prolonged invasions. New Zealand has conducted massive efforts to control 
pine invasions in temperate grasslands using herbicide and mechanical control, but 
such efforts do not necessarily imply a recovery of the natural ecosystem. Other invasive 
species such as shrubs and herbs may become dominant as the pine is controlled. Active 
restoration may be required in cases where pines have decimated the original native 
plant populations and where few or no propagules of the native species are present. 
Changes in soil chemistry, litter depth, and soil biota may hamper the recovery of native 
vegetation. Ad hoc restoration plans should be developed in conjunction with control 
measures. In some cases, passive restoration may be sufficient to restore natural veget-
ation, for example around isolated pine trees in protection zones. In other cases, where 
massive stands of pines have displaced native vegetation, active restoration needs to be 
planned before controlling the pine. It may even be recommended that restoration and 
control are gradually implemented to facilitate the establishment of the native vegeta-
tion under the protection posed by the invasive pines. Control plans should always be 
aimed at restoring ecosystem function, structure, and the composition of native plant 
communities. On the other hand, the use of pine species for restoration purposes needs 
to be carefully reviewed and regulated (Zalba, 2013).

5) Public awareness and regulatory frameworks: Great effort should be aimed at 
increasing awareness of the importance of preserving native biodiversity and the threats 
posed by the expansion of invasive alien species, including pines. Education actions have 
to be directed not just to the public in general, but also to specific actors like governmental 
agencies, international aid and development programmes, and professionals in the field 
of natural resources. For pines, the positive services that they provide when growing in 
plantations should be recognized, and a clear distinction should be made with those 
pines growing outside plantations and invading natural communities. This distinction 
may be difficult to comprehend for the general public, but it is crucial to avoid useless 
generalizations and confrontations between private and public stakeholders. Basic regu-
lations should be approved in all countries of South America indicating that pine plant-
ations owners should take all necessary actions to avoid the negative externality of pine 
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invasions. Forest certification schemes have already advanced towards that goal, thus it 
should not be difficult to adopt those regulations into national laws.

14.5  Concluding Remarks

Pine invasions are occurring in South America across multiple biomes and landscapes. 
However, there is a delay to these invasions when compared to similar regions in Africa, 
Australia and New Zealand, because of the more recent expansion of forest afforestation. 
While the impacts of pine invasions vary according to the ecosystem being invaded, it is 
clear that they pose a risk to local and regional biodiversity by affecting ecosystem com-
position, structure, and function. Changes in fire regimes may be one of the most striking 
elements of pine invasions. Policy and legal frameworks in South America have favored 
pine plantations with no consideration of the negative externality caused by their inva-
sions. Still, governments subsidize the planting of extremely invasive pines. Actions in 
the future should consider: 1) prevention of new introductions; 2) early detection of inva-
sions; 3) containment and control; 4) restoration; and 5) strengthening of regulations 
and public awareness. South America is still on time to take the necessary actions to 
reduce pine invasions, and it should learn from the experience of other regions where 
pine invasions are now causing major ecological and economic costs.
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In a nutshell

–– Pines are among the best-studied groups of invasive species. In South America pines 
have been planted for forestry, and in many areas are becoming highly invasive. 

–– The impacts of pine invasions can be high and vary according to region, posing a 
risk to local and regional biodiversity by affecting ecosystem composition, structure, 
and function. Still, governments subsidize the planting of extremely invasive pines.

–– It is clear that governments and stakeholders should take immediate action to 
prevent this problem, which is currently at a stage where its control is doable. 

–– The experience of other regions such Africa, Australia, and New Zealand should 
help South America to prevent and manage pine invasions to avoid further environ-
mental and economic costs.
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