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Abstract Tree invasions have escalated in impor-

tance in the last few decades (more species, greater

area invaded, more types of impacts, increasing

complexity of management challenges), and are

increasingly studied from many perspectives. This

research spans many disciplines, including ecology,

population biology, genetics, remote sensing, ecolog-

ical modelling, risk analysis, resource economics and,

increasingly, the humanities. There has been sub-

stantial progress in understanding patterns and pro-

cesses, but many unanswered questions remain. Only a

few invasive trees have been well studied, many of

them in only a small part of their invasive range.

Invasive trees often have substantial impacts, espe-

cially when they invade formerly treeless vegetation.

Trees have several features that make them useful for

understanding key aspects of biological invasions (the

determinants of invasiveness and invasibility), but

also the full spectrum of human perceptions and values

that frames biological invasions as an environmental

problem. This editorial provides background and

summarizes the main outputs from a workshop held

in Argentina in September 2012 that set out to

summarize current knowledge on key topics and to

determine the most important challenges facing

researchers and managers. The sixteen papers in the

special issue of Biological Invasions span disciplines,

geographic regions and taxa and provide novel

insights on pathways and historical perspectives,

detection and monitoring, determinants of invasive-

ness, function and impact, and the many challenges

that face managers.
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Introduction

Trees did not feature prominently on national, regional

and global lists of the most important invasive plants

until fairly recently. In the past few decades, however,

hundreds of tree species have become invasive

(Richardson and Rejmánek 2011; Rejmánek and

Richardson 2013), and many now feature on lists of

the most widespread and damaging of all invasive

species (Weber 2003; Richardson and Rejmánek
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2011). Invasive trees have substantial and growing

impacts on biodiversity, ecosystem functioning, and

human livelihoods in many regions. However, many

species are still useful, in some areas and in some

contexts, for the same reasons for which they were

introduced and disseminated, or for totally new uses.

Few of the major invasive trees are exclusively

desirable or undesirable; this creates complex, con-

text-specific problems for researchers, society and

managers.

The ultimate reason for the escalation of problems

with tree invasions worldwide is the rapid increase in

the human-mediated transport and dissemination of

thousands of species for a wide range of purposes,

especially forestry, agroforestry and ornamental hor-

ticulture. Vast plantations of alien trees now dominate

many regions of the world. Alien trees are also

increasingly conspicuous as ornamental and amenity

plants and in different forms of agroforestry, and other

species are widely used for food production. Large-

scale projects are championing the use of trees, mainly

non-native species, for the provision of goods and

services, especially in developing countries (Low

2012). The massive propagule pressure, in many cases

coinciding with disturbances in receiving environ-

ments, is driving the emergence of invasions in many

regions. The long time lag for tree invasions (Kowarik

1995) has probably given the false impression that

trees are less invasive than some other plant forms, but

the massive invasion debt created by a century or more

of dissemination and planting of non-native trees is

now leading to the manifestation of many large-scale

invasions. Hundreds of papers now document diverse

aspects of tree invasions (Table 1), including histor-

ical accounts of introductions and plantings, the

emergence of problems with particular taxa and

approaches for dealing with them, detailed studies

on the ecology of invasions and the effects of invasive

species, and the application of modern molecular

techniques to reconstruct invasion histories and

unravel fundamental aspects of their dynamics. The

human dimensions of invasions have begun to be

explored by historians, sociologists, philosophers and

economists.

Despite the increasing attention to trees as invasive

species worldwide, problems associated with these

invasions are increasing in magnitude and complexity.

There are very few success stories—where the extent

and impacts of tree invasions have been reduced to the

satisfaction of all stakeholders. Many introduced tree

species are both crops of commercial, cultural or

aesthetic importance in some parts of the landscape,

but serious pests in others, creating vexing conflicts of

interest which thwart or paralyse management efforts.

In September 2012 a workshop was held on Isla

Victoria Island, Nahuel Huapi National Park near

Bariloche, Argentina, to assess the state of knowledge

of tree invasions worldwide. The meeting aimed to

Table 1 Major players contributing to knowledge of tree invasions

Journals Subject categories Countries Funding Organizations

Biol Invasions (198) Environmental sciences/ecology (1,537) USA (816) NSF (110) Stellenbosch U (45)

Plant Ecol (78) Biodiversity conservation (484) Australia (154) USDA (26) US Forest Service (44)

Biol Cons (58) Plant sciences (195) South Africa (89) EU (18) Rice U (41)

Divers Distrib (54) Forestry (155) Canada (85) CIB (14) US Geol Survey (38)

J Ecol (50) Evolutionary biology (89) France (76) ARC (13) U Florida (33)

Ecology (47) Biochemistry molecular biology (61) Germany (66) ASCR (9) Oregon State U (31)

Oecologia (46) Physical geography (61) New Zealand (62) NSERC (9) Colorado State U (30)

Rest Ecol (46) Zoology (40) Britain (60) WfW (9) U Cape Town (30)

Ecol Appl (42) Genetics heredity (24) Spain (51) NC (8) U Wisconsin (28)

J Appl Ecol (39) Agriculture (20) Japan (50) CAS (7) UC Davis (27)

The top 10 journals, ISI Web of Science subject categories, countries, funding agencies and organizations of the 1,537 publications in

the Ecology category ([2,000) were listed from a search on Web of Science (5 November 2013) using ‘tree*’ and ‘invasi*’ as search

terms. Numbers in brackets are the number of publications. NSF National Science Foundation, CIB DST-NRF Centre of Excellence

for Invasion Biology, ARC Australian Research Council, ASCR Academy of Sciences of the Czech Republic, NSERC Natural

Sciences and Engineering Research Council of Canada, WfW Working for Water Programme, South Africa, NC Nature Conservancy,

CAS Chinese Academy of Sciences. Some studies report on range expansions of native tree species within, or adjacent to the native

range of the species
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synthesize current knowledge in selected areas and to

determine the most important challenges facing

researchers and managers. The phenomenon of alien

tree invasions was discussed and debated from many

angles and perspectives during the 4-day meeting. The

overall aim was to move the research agenda for tree

invasions beyond the elucidation of case studies

towards a more general understanding of the wide

range of factors involved in mediating the outcome of

introductions and shaping the options for manage-

ment. The workshop was attended by 22 participants

from at least nine countries (as reflected by their

current affiliations) who brought diverse interests and

experience with tree invasions.

This special issue of Biological Invasions com-

prises a collection of 16 papers that arose from

deliberations at the workshop. The papers provide a

reasonable cross-section and flavour of issues from the

frontline of research on tree invasions. Early versions

of all papers were presented and discussed at the

meeting. All have undergone substantial revision and

reworking based on discussions in Argentina and

following peer review. This editorial provides a brief

background to, and the rationale and context for, the

special issue. It also summarizes the key findings of

the papers and discusses some priorities for future

work.

Why study tree invasions?

For several reasons, trees are particularly interesting

subjects for the study of invasions. The natural

experiment of tree introductions around the world

(Richardson et al. 2004, 2011) provides many oppor-

tunities that have yet to be fully exploited to gain

insights on the many interacting factors that mediate

the outcome of introductions of different species.

Several species have emerged as poster child exam-

ples of tree invasions; these include Melaleuca

quinquenervia, Miconia calvescens, Mimosa pigra,

Morella faya and Triadica sebifera (Richardson

2011). Various approaches, ranging from detailed

autecological studies to macroecological or compar-

ative studies have been undertaken to explore the

drivers of invasions in a few key genera with many

invasive species, notably Acacia (Richardson et al.

2011) and Pinus (Richardson 2006). In some cases,

perspectives from these studies have been explicitly

applied to other taxa. For example, life-history traits

that confer invasiveness in Pinus (Rejmánek and

Richardson 1996) and other conifers (Richardson and

Rejmánek 2004) have been successfully used to

predict invasiveness in woody plants in general

(Rejmánek et al. 2013). However, much work remains

to be done to test whether insights from model groups

and systems can be reliably applied much more widely

(Kueffer et al. 2013). Such insights are urgently

required to improve our ability to screen species for

invasiveness—both new introductions and species

already widely planted and which may constitute a

substantial ‘‘invasion debt’’ (sensu Essl et al. 2011).

Tree invasions into formerly treeless or tree-poor

systems are relatively easy to detect and map, using

conventional as well as new high-tech methods. This

paves the way for obtaining data at levels of accuracy

and at spatial scales that have hitherto been unavail-

able to population biologists and modellers for study-

ing invasions over large areas. This, and advances in

computer technology and the Internet, is opening new

doors for the application of new analytical methods

with the potential for shedding new light on the roles

of many factors in mediating the success of introduced

species at different stages of the introduction–natural-

ization–invasion continuum (Richardson and Pyšek

2012) and how they reshape invaded communities

(Hui et al. 2013). Exciting advances in molecular

ecology have revolutionized knowledge on the genetic

structure of populations, allowing for the reconstruc-

tion of introduction and invasion histories (Le Roux

et al. 2011), and shedding light on many aspects

implicated in invasion dynamics, including the role of

symbionts (Ndlovu et al. 2013). Many tree species are

pioneer species and rapid colonizers in their native

ranges, and some have become more abundant and/or

undergone large range expansions in response to

changing environmental factors. Such changes in

abundance and distribution have been well studied

and have shed light on many processes that are

relevant for understanding range changes in novel

environments (e.g. Richardson and Bond 1991 for

Pinus; Polley et al. 2002 for Prosopis).

Trees have a special place in the human psyche,

though the manifestation of this is highly context

specific (e.g. Hayman 2003). In some contexts,

wooded areas are perceived as being ‘‘good’’ (indic-

ative of a healthy ecosystem) whereas treeless vege-

tation is perceived as ‘‘barren’’ or degraded. Such
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perceptions certainly drove tree-planting initiatives in

the fynbos region of South Africa soon after European

colonization (Richardson et al. 1997). In this region

and in many others, the perception of trees has

changed with the rise of conservation culture and

invasive alien acacias, eucalypts, pines, and other

species, are increasingly seem as undesirable by some

sectors of society but as crucial resources by others

(e.g. Kull et al. 2011). This duality has inevitably led

to a lack of consensus about tree invasions, and in

some cases to heated conflicts (Dickie et al. 2014).

Partly because of their large size, but also for other

reasons, many trees are important ecosystem engi-

neers. Adding trees to an ecosystem very often results

in major changes, particularly in those systems that

were previously treeless or poor in tree cover.

Increased water use, changes to disturbance regimes,

and diverse effects on local biodiversity have all been

shown to result from alien tree invasions. Such

impacts have led to substantial management pro-

grammes in many countries. Probably the most

famous is the Working for Water program in South

Africa which has since 1995 sought to reduce the

major threat posed by alien tree invasions while

simultaneously addressing key socio-political priori-

ties relating to poverty alleviation (van Wilgen et al.

2011). In this case, the main justification for the major

investment in management has been the indisputable

impact of tree invasions on crucial ecosystem ser-

vices—water production from catchments. Even in

this case (van Wilgen and Richardson 2012), but much

more so when the benefits of management are less

closely tied to economically important resources,

striking conflicts of interest have arisen that thwart

or halt management interventions (e.g. Kull et al.

2011). Such problems call for a much better under-

standing and quantification of impacts of woody plant

invasions and for objective approaches for unpacking

elements of conflict and for finding solutions.

Key insights from the special issue

A word cloud constructed in Wordle (www.wordle.

com) using the full text of all papers in the special

issue (Fig. 1) reveals the many concepts and themes

invoked in addressing the diverse issues covered in the

16 papers. Although influenced by the particular

selection of studies featured in the special issue, the

image provides a useful snapshot of the many

dimensions that underpin a scientific understanding of

the phenomenon of tree invasions and the issues that

must be considered when considering management

options. Emergent issues or focus areas that can be

seen in the word cloud include the following:

Countries/regions South Africa, Australia, New

Zealand [sustained introductions and wide-scale

plantings in these countries has resulted in massive

tree invasions], South America as a new hotspot of

invasion? (Argentina, Chile, Brazil).

Genera: Acacia, Pinus, Eucalyptus, Casuarina

[elements of invasiveness are well studied in the first

two genera; eucalypts are interesting for their modest

invasive success despite very wide dissemination;

casuarinas have only recently been very widely

planted and little is known of their invasion ecology].

Driving forces abundance, climate, forestry, plant-

ing, time, use [key factors that mediate tree invasions].

Processes establishment, dispersal, interactions,

mutualisms, spread [indicating the diversity of mech-

anisms that need to be considered in tree invasions].

Scales global (world), regional, national, land-

scape, x, (grid)cells, ecosystems, population, individ-

uals, local, sites [integration of insights from different

scales is needed to understand and manage tree

invasions].

Research tools genetics, imagery (esp. Google

Earth), metrics, models, traits [a sample of available

methodologies used to study tree invasions].

Considerations for management abundance, bene-

fits, change, conflict, control, costs, distribution,

economic, effort, extent, habitat, impacts, novel(ty),

range, removal, plantations, prediction, presence, risk,

source, strategy, values [elements typically requiring

elucidation in a multidimensional evaluation of issues

relating to tree invasions].

Despite the variety of topics highlighted in the word

cloud, some important areas of research relating to tree

invasions did not receive strong attention in the special

issue. The bias in favour of southern hemisphere case

studies affects many issues, notably the attention given

to species that are particularly problematic in this

hemisphere. Despite this, the word cloud clearly

shows a remarkable variety of topics of importance

in the study of tree invasions. In the next section we

discuss key findings from the special issue papers

under five broad non-overlapping headings.
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Pathways and history

Historical biases have defined the pathways for the

global movement of tree species and how invasions

have permeated perceptions of the environment in

different parts of the world. Rejmánek (2014) provides

a detailed analysis of the 434 trees known to be

invasive in 15 regions of the world [using the list of

species in Rejmánek and Richardson (2013)] to

determine major trends in human-assisted exchanges

of dendrofloras. Results of the analysis can be used to

derive a donor–acceptor network of alien tree inva-

sions (Fig. 2) which shows that some regions are much

more important donors than others. This paves the way

for further work to reconstruct invasion histories in

different regions and explore and dissect apparent

imbalances in the roles of some areas as acceptors and

donors.

Bennett (2014) applies perspectives from environ-

mental history to examine how invasions within a

particular geographical, cultural, and ecological con-

text (tree invasions in South African fynbos) were

disproportionally important in shaping the awareness

of invasions in other places. He argues that such

‘‘model invasions’’ have been valuable for catalysing

national and international interest in biological

Fig. 1 Word cloud compiled from the full text (Abstract

through Discussion) of the 16 papers in the special issue of

Biological Invasions on ‘‘Tree invasions – patterns, processes,

challenges and opportunities’’. References were excluded and

the text was edited to remove author names and superfluous/

irrelevant words and to merge synonyms. The size of words is

proportional to the number of times they appear

Fig. 2 The global donor–

acceptor network of

invasive alien trees. Arrows

indicate that a donor region

has contributed more than

five invasive species to an

acceptor region [data from

Table 3 in Rejmánek

(2014)]. South America also

includes Caribbean islands

and Central America.

Regions on the outside of the

figure play a minor role (or

no role) as donors, whereas

those towards the centre of

the figure are major donors
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invasion since the 1980s. This analysis suggests that

much work remains to be done to unpack the rationale

for particular ideologies in different regions. Such

insights are crucial for developing sustainable man-

agement strategies.

Detection and monitoring

Because of their large size and since many tree

invasions occur in formerly treeless vegetation, inva-

sive trees are relatively easy to detect and map over

large areas. Visser et al. (2014) assess the value of

using freely available imagery on Google Earth to map

invasions for research and management purposes.

Despite some important limitations, this tool offers

superb opportunities to gain insights on many aspects

of tree invasions with obvious applications for

research and management. Wilson et al. (2014) review

the metrics most commonly used to measure tree

invasions and propose a standardised set of metrics to

streamline improved exchange of information among

researchers and managers. Such standardised metrics

are crucial for monitoring invasions, and for prioritiz-

ing and evaluating the efficacy of control methods.

Focussing on Acacia invasions in South Africa,

Donaldson et al. (2014) develop a protocol using

scale-area curves for monitoring invasive tree distri-

butions at different spatial scales. This approach is

applied to explore the regional and national-scale

distribution patterns for Acacia species introduced and

disseminated for different purposes. Results show how

distribution patterns at different spatial scales need to

be considered when formulating comprehensive man-

agement plans.

Determinants of invasiveness

Understating why some species or populations are

more invasive than others is a major challenge in

invasion ecology. Five papers in the special issue

address this broad topic in very different ways for

trees. Hui et al. (2014) compared the native range

structures of Australian eucalypts with those of

Australian acacias. The human preference for intro-

ducing species with larger ranges was found to be

much greater for acacias than for eucalypts as the

native range of invasive acacias is three times larger

than the range of invasive eucalypts, even though no

difference was found in average range size for these

two genera. The link between large range size and

invasion success was only strong for acacias, not for

eucalypts. These results are important for predicting

trajectories of invasion success in these taxa. Pyšek

et al. (2014) evaluated the global invasion success of

temperate trees and shrubs with native ranges in

central Europe. They explored the role of the native

distribution of these species and of biological traits in

determining whether they have become invasive

elsewhere in the world. Their results also showed a

strong effect of native range size, but emphasize the

role of traits in conferring invasiveness. Gundale et al.

(2014) propose Pinus contorta as a model species for

studying how introduced tree species interact with

local factors in their native and non-native ranges.

They discuss requirements for a model taxon in this

regard, and discuss options for deriving key insights

on fundamental mediators of invasions from the study

of P. contorta. Several species of Casuarina have been

widely planted outside their native range. Although

some species are already naturalized and invasive,

many plantings are too recent for invasions to have

occurred and it appears that a major invasion debt

exists in many regions. Potgieter et al. (2014) provide

a framework for assessing the invasion ecology of

Casuarina taxa worldwide. They show that although

some insights from widely-studied invasive trees

apply to casuarinas, taxon-specific insights are crucial

for understanding aspects of invasion and for guiding

management. Zenni et al. (2014) argue that knowledge

of the role of phenotypic plasticity and local adaption

in determining invasiveness could improve the under-

standing of the performance of alien trees at different

stages of the introduction–naturalization–invasion

continuum and improve the ability to assess invasion

risk. Results from all these studies have potential for

incorporation into protocols for predicting invasive-

ness of introduced trees and guidelines for

management.

Function and impact

Nuñez and Dickie (2014) studied the prevalence of co-

invasions and novel associations of invasive trees and

mutualistic soil biota (mycorrhizas and nitrogen-fixing

bacteria). They found that many trees invade with their

own symbionts rather than forming new associations

in their invaded range. They also found that invasion

of some mutualistic species, especially those with
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novel ecosystem functions, can have large impacts in

native ecosystems. Rundel et al. (2014) explored why

alien trees have been able to establish and proliferate

so successfully in many ecosystems where native trees

are either absent or rare. They propose a conceptual

model of limiting factors and releases from these

limitations for grassland and shrubland ecosystems.

Such insights are important for understanding invasion

dynamics and the profound impacts on ecosystem

processes such as biogeochemical cycling, carbon

sequestration and hydrology that such invasions cause.

Both studies cast new light on the fundamental

mediators of tree invasions.

Management challenges

Caplat et al. (2014) developed a spatially explicit

model for prioritising and allocating management

effort among management units in heterogeneous

landscapes to slow or contain invasive trees. They

show that targeting peripheral stands consistently

yields the best results at the landscape scale, whereas

the most efficient allocating of effort at the regional

scale depends on both habitat quality and tree life-

history. Kaplan et al. (2014) use the situation with

emerging Acacia stricta invasions in South Africa to

develop a protocol for objective risk mapping at

multiple spatial scales and show how such insights

are useful for assessing the feasibility of eradication.

Dickie et al. (2014) discuss the dichotomy between

positive and negative effects of invasive trees on

ecosystem services and identify three areas where the

conflicts over the removal of invasive trees are most

likely to occur: urban and near-urban trees; trees that

provide direct economic benefits; and invasive trees

that are used by native species for habitat or food.

Van Wilgen and Richardson (2014) review the

evidence of tree invasion management. Focussing

on experiences in South Africa, they argue for the

implementation of a new approach to alien tree

management involving multiple approaches to

achieve sustainable outcomes.

Priorities for future work

Tree invasions are on the rise in many parts of the

world—the number of invasive species is increasing,

as is the area affected by invasions and the magnitude

of impacts. Introductions and further plantings for

plantation forestry, agroforestry and ornamentation

are likely to continue, adding new species and

increasing propagule pressure. Recent and ongoing

plantings have committed many areas to new inva-

sions in the future. These trajectories call for focussed

work on several fronts to provide inputs to policies,

strategies and management programme to deal with

invasive alien trees.

Many papers in this special issue provide insights

that are important for improving risk assessment

protocols. Links between pathways of introduction

and dissemination, life-history traits and environmen-

tal conditions provide information that can be used to

enhance the accuracy of risk assessments. The very

large number of invasive trees worldwide precludes

detailed studies on each species. Gundale et al. (2014)

and Potgieter et al. (2014) show that information from

carefully selected model groups is useful, and further

work in this direction is warranted (Kueffer et al.

2013). Taxon-specific information is, however, crucial

in certain cases—e.g. where conflicts of interest

exist—and detailed research on certain taxa and

invasion events is required.

There is an urgent need for sharing of experiences

between regions, including stories of successes, inno-

vative approaches, and failures. Experiences with

particular species in one part of the world are useful for

predicting broad outcomes in other areas (e.g. Rich-

ardson et al. 2008; Wilson et al. 2011).

New uses for trees, such as biofuel production, are

changing introduction pathways, with important

implications for invasion risk. Lessons learnt from

past invasions resulting from particular introduction

histories (e.g. commercial forestry; Richardson and

Blanchard 2011) and modelling approaches (e.g.

Caplat et al. 2014; Donaldson et al. 2014) need to be

applied to forecast the dimensions of problems from

these new pathways to identify precautions that could

reduce future problems.

In many parts of the world, society is starting to

realize that tree introductions not only have benefits

but also major costs and that tree invasions have

detrimental effects on biodiversity and ecosystem

services. However, much work remains to ensure that

the threats posed by invasive trees are adequately

contextualized to allow for rationale debate among

multiple stakeholders to pave the way for pragmatic

and sustainable solutions. Forestry certification
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schemes such as FSC (Forest Stewardship Council)

now require that forestry companies include the

negative externalities of tree planting invasions. This

trend will likely increase in the future in response to

stricter environmental regulations (see discussion in

van Wilgen and Richardson 2014).

Prioritizing species and areas for management is

becoming increasingly complex in all spheres of

conservation given the many interacting problem and

external factors. The situation regarding the man-

agement of invasive alien trees is no different. The

fact that most of the most invasive species are

commercially or otherwise important in some parts

of the landscape but undesirable in others is a huge

complicating factor. In some cases, solutions may lie

in classic plant control using mechanical or chemical

tools; in other cases solutions may be in the use of

biological control using agents that reduce seed

production and therefore the risk of invasive spread

(the situation with Australian acacias in South Africa

is probably the best example; Moran et al. 2005). In

most cases, solutions will require transdisciplinary

endeavours to find innovative approaches to conflict

resolution. Approaches for multidimensional evalu-

ation of perceptions of the problem and options for

management are available (e.g. Schwartz et al. 2012)

and need to be applied to problems relating to tree

invasions. There is increasing interest and support

for pragmatic solutions to invasions—e.g. the con-

cept of novel ecosystems which calls for certain

ecosystems to be managed without rigid application

of native-alien or invasive–non-invasive criteria, but

rather by considering clear objectives for ecosystem

services and sustainability (Hobbs et al. 2013).

However, a balance between nativeness and ecosys-

tem function will have to be achieved. In areas

where tree invasions have profoundly modified

ecosystems and where restoration to some historical

condition is either practically impossible or even

undesirable, society may have to learn to live with

invasive trees and the changes they have brought to

ecosystems. In many other areas with lower levels of

landscape transformation due or where the presence

of the non-native species poses a clear threat to

native biota and ecosystem services, control of the

invaders may be achievable and desirable. Risk

assessment at global and local scales should be

required when adding new tree species to ecosystems

or when expanding their plantings.
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