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Abstract
Planted forests of alien tree species make significant contributions to the economy and provide multiple
products and ecosystem services On the other hand, non-native trees now feature prominently on the lists
of invasive alien plants in many parts of the world, and in some areas non-native woody species are now
among the most conspicuous, damaging and, in some cases, best-studied invasive species. Afforestation
and reforestation policies, both on public and private land, need to include clearly stated objectives and
principles to reduce impacts of invasive trees outside areas set aside for forestry. With the intention of
encouraging national authorities to implement general principles of prevention and mitigation of the risks
posed by invasive alien tree species used in plantation forestry into national environmental policies, the
Council of Europe facilitated the preparation of a Code of Conduct on Planted Forest and Invasive Alien Trees.
This new voluntary Code, comprising 14 principles, complements existing codes of conduct dealing with
horticulture and botanic gardens. The Code is addressed to all relevant stakeholders and decision makers
in the 47 Member States of the Council of Europe. It aims to enlist the co-operation of the forest sector
(trade and industry, national forest authorities, certification bodies and environmental organizations) and
associated professionals in preventing new introductions and reducing, controlling and mitigating negative impacts due to tree invasions that arise, directly or indirectly, as a consequence of plantation forestry.
Keywords
Biological invasions, environmental management, forest management, invasion pathways, plantation forestry,
self-regulation, tree invasions
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Introduction
Planted forests make significant contributions to regional and national economies
and provide multiple products and ecosystem services that support livelihoods and
biodiversity conservation (Brockerhoff et al. 2008, FAO 2015a, 2015b). However,
many widely used forestry trees are invasive – i.e. they spread from planting sites into
adjoining areas, and some species cause substantial damage. The challenge is to manage
existing and future plantation forests of alien trees to maximize current benefits, while
minimising present and future risks, negative impacts and without compromising future benefits and land uses. In many countries or regions, non-native trees planted
for production or other purposes often lead to sharp conflicts of interest when they
become invasive, and to negative impacts on ecosystem services and nature conservation (Dodet and Collet 2012, van Wilgen and Richardson 2012, Dickie et al. 2014).
A relatively small number of tree species form the foundation of commercial forestry enterprises in many parts of the world. Hundreds of other tree species are widely
planted for many purposes, including prevention of erosion and drift sand control, for
the supply of fuelwood and other products, for ornamentation, and in various forms
of agroforestry (Richardson 2011, Richardson and Rejmánek 2011). As a result, the
different forms of forestry have provided very important pathways for the introduction
and dissemination of alien trees (Wilson et al. 2009, Richardson and Rejmánek 2011,
Donaldson et al. 2014).
Non-native trees now feature prominently on the lists of invasive alien plants in
many parts of the world, and in some areas non-native woody species are now among
the most conspicuous, damaging and, in some cases, best-studied invasive species.
Twenty-one woody plant species feature on the widely cited list of “100 of the World’s
Worst Invaders” (Lowe et al. 2000), seven woody plants appear on a list of “100 of the
worst” invasive species in Europe (Richardson and Rejmánek 2011), and many alien
tree and shrubs are black-listed or controlled in Europe, such as Acer negundo, Acacia
spp., Ailanthus altissima, Pinus spp., Prunus serotina, Quercus rubra and Robinia pseudoacacia. Alien tree species can hybridise and introgress if the species have close relatives in
the native flora. This can be undesirable from a conservation point of view (Rhymer and
Simberloff 1996, Smulders et al. 2008, Felton et al. 2013, Kjær et al. 2014), especially if
the native species are rare in number compared to planted individuals of the introduced
tree (Ducci 2014). The impacts of non-native trees generally increase if the species establish themselves and spread in their new environment outside the area of cultivation,
but non-native tree species can have impacts even when they are not fully established or
widespread (Ricciardi and Cohen 2007, Jeschke et al. 2013, 2014). Indeed, non-native
tree species can have impacts as soon as they are introduced. For example, allergic pollen can affect human health, they can act as vectors of new pests or pathogens for other
plant species (e.g., Engelmark et al. 2001), they can modify ground vegetation, soil
properties and soil fauna (Finch and Szumelda 2007), water balance, fire resilience at
the stand level, within areas of their cultivation, relatively fast soon after being planted
in new environments (Woziwoda et al. 2014) and over very large areas.
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Besides the diverse ecological effects, tree invasions have many complex effects on
human livelihoods, both positive and negative. These have been clearly documented
in South Africa (especially for Australian Acacia and Prosopis species) and Papua New
Guinea (due to invasion of Piper aduncum). Prosopis invasions in sub-Saharan Africa
have led to considerable rangeland degradation, causing many problems for human
societies, especially those relying on subsistence agriculture (e.g., Mwangi and Swallow
2005, Shackleton et al. 2014). In Britain several introduced trees have become “culturally naturalised” (Peterken 2001) causing a change in the perception of nature (Mabey
1996). For example, Fagus sylvatica in northern and western Britain is widely accepted
by the general public as a native, and P. sylvestris is seen as a natural part of the scenery
in southern heathlands (Peterken 2001).
To encourage national authorities to implement general principles of prevention
and mitigation of the risks posed by invasive alien tree species into their national environmental policies, the Council of Europe has promoted the preparation of a Code
of Conduct on Planted Forest and Invasive Alien Trees (Brundu and Richardson 2015).
The hope is that this Code that provides guidelines focussing on key pathways and
core groups will be taken up by relevant sectors of society and eventually be included
in national legislation. The Code itself is voluntary and does not replace any statutory requirements under international or national legislation. The Regulation (EU)
No 1143/2014 of the European Parliament and of the Council of 22 October 2014,
on the prevention and management of the introduction and spread of invasive alien
species, does not make any specific reference to the Forest sector as a pathway for plant
invasions. On the other hand, it encourages (art. 13) the use of codes of good practice
to address the priority pathways and to prevent the unintentional introduction and
spread of invasive alien species into or within the Union.
This paper summarises the main features of the traditional and specialised types
of plantations that were promoted in the past and that are now important pathways
and sources for the introduction and dissemination of alien tree species in Europe. We
describe the fourteen principles of the Code of Conduct with a main focus on Europe,
while using insights from other regions where relevant to illustrate the evolution of
problems and emergence of management approaches. Evidence has accumulated rapidly around the world on the factors that contribute to invasions of alien trees used
in different forms of forestry in the past few decades (Richardson et al. 2014). Importantly, insights on the drivers of such invasions have been shown to be, to some extent
and with due care, transferable between regions, and countries with recent plantings
can learn important lessons from environmentally similar regions in other parts of the
world with longer histories of plantings (Richardson et al. 2015).

Global trends in planted forests
The Food and Agriculture Organisation of the United Nations (FAO) through its
Forest Resources Assessments (FRA) has been collating data on forest areas for two
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main types of forests: natural forests and forest plantations since 1980. In 2010, the
total area of planted forest was estimated to be 264 million ha (about 7% of the total
global forest area; FAO 2010a), and this increased to around 278 million ha in 2015
(FAO 2015a, 2015b, Payn et al. 2015). Planted forests by definition comprise trees
established through planting and/or through deliberate seeding of native or alien tree
species, including the use of clonally propagated materials and genetically modified
trees. Establishment is either through afforestation on land previously not classified
as forest, or by reforestation of land classified as forest. East Asia, Europe and North
America hold the greatest area of planted forests, together accounting for about 75%
of global planted forest area, followed by South America and Southern and Southeast
Asia (FAO 2010a, Payn et al. 2015). At the global level, non-native tree species grow
on about a quarter of the planted forest area (FAO 2010a). More recently, Payn et al.
(2015), using FRA 2015 data (FAO 2015a, 2015b), estimated that only between 18%
and 19% of the planted forests comprise alien tree species.
Some parts of Europe, particularly in the south, lack highly productive native
tree species with timber or growth characteristics suited to plantation forestry, and
foresters rely largely upon non-native tree species. These species can be established
easily on certain sites, have better growth rates than native species, and have greater
physiological adaptability to site conditions, including drought tolerance (Savill et al.
1997). The area dominated by introduced tree species covers about 9.5 million has or
4.4% of the total forest area (excluding the Russian Federation, Forest Europe 2015).
In the Russian Federation less than 100,000 ha of its vast forest area was reported as
comprising non-native trees (66,000 ha in 2015, FAO 2015a). In Denmark, Iceland
and Italy, introduced tree species are reported to occur also on other wooded land
(Forest Europe 2011).

Traditional and specialised types of plantations and introduced tree
species in Europe
The most important alien tree species traditionally used in Europe for timber production include Pseudotsuga menziesii, Picea sitchensis, Pinus contorta and other Pinus
spp., Larix spp., Populus hybrids and clones, Robinia pseudoacacia, Quercus rubra and
a number of Eucalyptus species. Apart from “traditional” types of plantations, that are
the most important and widely distributed, alien trees have been used in “specialised”
types of plantations (sensu Savill et al. 1997, FAO 2010b) and for many other reasons,
such as gardening, protective functions, arboreta, erosion protection and for increasing
the forest area through afforestation of abandoned or derelict land (Table 1). Robinia
pseudoacacia has been widely used for purposes such as ornamentation, timber, firewood, re-vegetation of dry land, soil stabilisation and to provide nectar for honey production (EEA 2008). Ailanthus altissima, mainly used as an ornamental or for roadside
plantings, is one of the most widespread invasive plant species in Europe (Sladonja et
al. 2015). Acer negundo (Saccone et al. 2010, Erfmeier et al. 2011, Manusadžianas et

Plantations on disturbed land
Short-rotation forestry, Shortrotation coppice

B

Botanic gardens and arboreta

Private gardens

I

J

Scientific research,
education
Ornamental and
multi-purpose

Ornamental and
multi-purpose

Other types (e.g., roadsides,
H windbreaks, urban forestry,
experimental plots, bee keepers)

Many tree species

Many tree species

Many species (e.g. Acer negundo, Ailanthus altissima, Prunus serotina, Robinia pseudoacacia)

Eucalyptus spp., Pinus spp., Populus hybrids and clones, Larix decidua, Picea spp., Liquidambar
styraciflua, Castanea dentata, Ulmus americana

Timber production,
land reclamation

G Genetically modified alien trees

Acacia spp., Azadirachta spp., Casuarina spp., Eucalyptus spp., Gleditsia spp., Prosopis spp.

Acacia spp., Eucalyptus spp., Pinus spp.

Alien tree taxa
Eucalyptus spp., Larix spp., Picea sitchensis, Pinus contorta, Pinus spp., Populus hybrids and clones,
Prunus serotina, Pseudotsuga menziesii, Quercus rubra, Robinia pseudoacacia
Acacia spp., Alnus spp., Betula spp., Eucalyptus spp., Pinus spp., Salix spp.
Acacia spp., Eucalyptus spp., Paulownia spp., Populus spp., Robinia pseudoacacia, clonal varieties
are interspecific hybrids of Salix spp.

Acacia spp., Eucalyptus spp., Pinus spp.

Mediterranean plantations and
sand dune stabilisation

F

Main purposes
Timber production,
soil protection
Land reclamation
Renewable bioenergy
production
Wood and nonwood products
Preventing
and combating
desertification

Soil protection

Arid zone plantations

E

D Agroforestry

C

Traditional types of plantations

A

Type

Table 1. Traditional and specialised types of planted forest (A-G) that are considered in the Code of Conduct on Planted Forest and Invasive Alien Trees. The other
types (H-L) are not specifically addressed in the Code. The most commonly used tree taxa used in each type of forestry are listed in alphabetical order.
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al. 2014) and Prunus serotina (Starfinger 1997, 2010, Starfinger et al. 2003, Pairon et
al. 2010, Vanhellemont et al. 2010) are both ranked third and are invasive in several
European countries (Forest Europe 2011, 2015).

Plantations on disturbed land
Numerous industrial processes disturb land of which the principal ones are mining,
extraction of sand, gravel and clay, rock and limestone quarries, deposition of waste
products including landfill sites, road and railway construction (Savill et al. 1997).
The substrate to be reclaimed is almost always derived from mining or earth moving,
and it is largely undeveloped subsoil or rock or it is polluted. The nature of reclaimed
sites necessitates the use of species which are tolerant of exposure and undemanding
nutritionally, characteristics often associated with pioneer species including alien trees
(Savill et al. 1997). Non-native plants are widely used for revegetation in many parts of
the world (D’Antonio and Meyerson 2002, Li 2006) if they fulfil a temporary successional role to colonize and ameliorate severely degraded sites and facilitate colonization
and eventual dominance by native flora (Seo et al. 2008). Species with exceptional
physiological tolerances are needed to improve site conditions and initiate soil-forming
processes; species of Acacia, Alnus, Betula, Eucalyptus, Pinus, Salix and other pioneers
are frequently employed for this purpose (Evans 2009a).

Short-rotation forestry and short-rotation coppice
Short-rotation forestry is the practice of cultivating fast-growing trees that reach their
economically optimum size between eight and 20 years old; each plant produces a
single stem that is harvested at around 15 cm diameter. The crops tend to be grown on
lower-grade agricultural land, previously forested land, or reclaimed land; they typically do not compete directly with food crops for the most productive agricultural land
(McKay 2011). Fast-growing poplars and willows can be cultivated in short-rotation
forestry (SRF) cycles of 15–18 years, but in short-rotation coppice (SRC) this is reduced further by cut-back/coppicing at 3–5-year intervals (Karp and Shield 2008).
Of the approximately 400 species of willows, the shrub willows (especially Salix
viminalis in Europe) are deemed most suitable as bioenergy crops (Kuzovkina et al.
2008). Other species that are used include S. dasyclados, S. schwerinii, S. triandra,
S. caprea, S. daphnoides and S. purpurea, and many clonal varieties are interspecific
hybrids (e.g. S. schwerinii × S. viminalis; Karp et al. 2011, Raslavičius et al. 2013).
Among poplar species, Populus nigra, P. alba and their hybrids (e.g., P. maximowiczii
× P. nigra, P. maximowiczii × P. trichocarpa, P. trichocarpa × P. deltoides) are most
suitable for bioenergy (Karp and Shield 2008, Faasch and Patenaude 2012). Many
other alien species, including clones, hybrids and genetically modified trees, are used or
are being tested for SRF/SRC, e.g., Robinia pseudoacacia in Albania, Italy, Germany,

Planted forests and invasive alien trees in Europe: A Code for managing existing...

11

Hungary and Spain (Grünewald et al. 2009, González-García et al. 2011, Rédei et al.
2011a, Kellezi et al. 2012, Ciccarese et al. 2014), Acacia saligna in Israel (Eggleton et
al. 2007), and Eucalyptus spp. in Portugal (Knapic et al. 2014) and in the UK (Evans
1980, Leslie et al. 2012, Keith et al. 2015).
The European Union has agreed to ambitious targets in terms of renewable energy
that will probably promote a dramatic increase in the use of biofuels including shortrotation forestry and short-rotation coppice. This expansion and the continuous search
for new species or genotypes may cause several direct and indirect undesired effects on
biodiversity, including an increase in the introduction of additional invasive alien tree
species into the region (Genovesi 2011).

Agroforestry
Agroforestry systems include both traditional and modern land-use systems where trees
are managed together with crops and/or animal production systems in agricultural settings. Agroforestry is practiced in both tropical and temperate regions, for both wood
and non-wood products, including food and fibre for improved food and nutritional
security (Jama and Zeila 2005). The potential of agroforestry to contribute to sustainable development has been recognized in international policies, including the United
Nations Framework Convention on Climate Change (UNFCCC) and the Convention on Biological Diversity (CBD), justifying increased investment in its development (FAO 2013). Agroforestry (or “silvoarable agroforestry”) has traditionally formed
important elements of European and Mediterranean landscapes, has the potential to
contribute towards sustainable agriculture in Europe in the future, and it is supported
by the Common Agricultural Policy (Eichhorn et al. 2006).
Nevertheless, many agroforestry systems, particularly those that depend on tree
planting in or near treeless landscapes, rely heavily on alien plant taxa. As is the case
in all endeavours based largely on non-native species, problems arise when these alien
trees spread from sites of introduction and cultivation to invade areas where their presence is, for various reasons, deemed inappropriate. In some areas, problems caused by
the spread of agroforestry trees from sites set aside for this land use pose a serious threat
to biodiversity that may reduce or negate any biodiversity benefit of the agroforestry
enterprise (Richardson et al. 2004).

Mediterranean plantations and sand dune stabilisation
Plantations in the Mediterranean have a long history. In mountainous areas, coniferous
plantations were once limited to land at risk from erosion, but these now cover large
areas of pastoral land and even agricultural land, either as a result of the establishment
of plantations (e.g., Pinus nigra) or through colonization of abandoned land. Pinus
radiata was planted in more than 300,000 has of old fields in Spain during the sec-
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ond half of the 20th century, mainly in Atlantic areas. More recently, the species has
also been planted in acidic soils of the wet Mediterranean area in former agricultural
lands with lime-free soils and annual rainfall exceeding 700 mm (Romanyà and Vallejo
2004). Plantations dominated by pines (Pinus halepensis, P. pinaster, P. pinea) are very
common in coastal areas and are increasing in extent, despite an increase in major
forest fires. Traditional forest activities (e.g., cork extraction, P. pinaster sawmills) have
been replaced by multiple uses linked to tourism, hunting, and recreational activities
(Etienne 2000).
In Turkey, afforestation with P. pinaster was undertaken by the French for the protection of sand dunes around Terkos Lake in 1880 (Deniz and Yildirim 2014). Italian
foresters developed successful techniques for stabilizing sand dunes, and as a result of
their efforts several thousand hectares of dunes were fixed and afforested in Italy in the
1940s with Pinus spp., Acacia spp. and Eucalyptus spp. (Messines 1952).

Genetically improved and genetically modified alien trees
Diverse biotechnological methods are being intensively pursued to support plantation
forestry with alien trees. These include clonal propagation (e.g., Rédei et al. 2002,
2011a, 2011b), interspecific hybridization, the use of a variety of molecular tools
to intensify the selection of superior genotypes (DNA fingerprinting, genome mapping, gene identification and genome sequencing) and transformation (Grattapaglia
and Kirst 2008, Strauss et al. 2009). However, of this diverse array of technologies,
only transformation, defined by the use of direct modification and asexual insertion of
DNA into organisms in the laboratory (that is, genetic engineering or modification),
engenders attention from the Convention on Biological Diversity, strong government
regulation and controversy over its use, even for research (Strauss et al. 2009).
Traits introduced to genetically modified (GM) trees include modification (quality and quantity) of lignin and cellulose composition, optimised biomass for biofuel
production, resistance to pests and diseases, herbicide tolerance, altered growth and
reproductive development, among others (Strauss et al. 2009). Hence, GM technology
is clearly part of the toolbox for breeding of trees for agriculture and forestry use (Aguilera et al. 2013, Ledford 2014). Ecological risks associated with commercial release
range from transgene escape and introgression into wild gene pools to the impact of
transgene products on other organisms and ecosystem processes. Evaluation of those
risks is confounded by the long life span of trees, and by limitations of extrapolating
results from small-scale studies to larger-scale plantations (Frankenhuyzen and Beardmore 2004).
Many tree species are the focus of GM research. Frankenhuyzen and Beardmore
(2004) identified 33 species of forest trees that had been successfully transformed and
regenerated and additional species are reported by Häggman et al. (2013). Although
most field trials have involved Populus spp. because of the status of poplar as a model
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organism for tree genomics and biotech (e.g., Jansson and Douglas 2007), and most
have occurred in the United States, field tests have also been conducted in a number of
other tree species and geographies around the world. In Europe 44 confined field trials for Populus spp. (30), Betula pendula (6), Eucalyptus spp. (4), Picea abies (2), Pinus
sylvestris (2) have been approved (Council Directive 90/220/EEC of 23 April 1990,
Strauss et al. 2009, Häggman et al. 2013).

The Council of Europe’s policy on invasive alien species and pathways
Founded in 1949, the Council of Europe (CoE) is the oldest European international
governmental organisation. It groups together 47 member states, 28 of which are
members of the European Union. For almost 50 years, the CoE has been helping to
build a set of rules, principles, and strategies related to culture, environment, ethics,
and sustainable development (Martin et al. 2013). The CoE has proposed 200 legally
binding European treaties or conventions, many of which are open to non-member
states on topics ranging from human rights, the fight against organized crime, and
the prevention of torture to nature conservation and cultural co-operation. It has
also developed many recommendations to governments, setting out policy guidelines with the intention to encourage national authorities to implement these general
principles into their national environmental policies (Lasén Díaz 2010, Martin et al.
2013). Importantly, the CoE also promotes actions to avoid the intentional introduction and spread of alien species, to prevent accidental introductions and to build
an information system on invasive alien species. Since 1984 the Committee of Ministers of the CoE adopted a recommendation to that effect. Also, the Bern Convention (Convention on the Conservation of European Wildlife and Natural Habitats),
the main Council of Europe treaty in the field of biodiversity conservation, requires
its Contracting Parties “to strictly control the introduction of non-native species”
(Article 11, paragraph 2.b).
In 2003, the Bern Convention adopted the European Strategy on Invasive Alien
Species (Genovesi and Shine 2004), aimed at providing precise guidance to European
governments on issues relating to invasive alien species. The Strategy identifies European priorities and key actions, promotes awareness and information on invasive
alien species (IAS), strengthening of national and regional capacities to deal with IAS
issues, taking of prevention measures and supports remedial responses such as reducing adverse impacts of IAS, recovering species and natural habitats affected. National
strategies have been drafted and implemented by many of the Parties following the
priorities set in the European Strategy. Many recommendations which specifically addressed invasive alien species and major pathways of introduction have been adopted
by the Standing Committee since 1997. The CoE has promoted and supported the
preparation of many codes of conducts for pathways, such as the ones on horticulture,
botanic gardens, recreational fishing, hunting, protected areas and zoological gardens.
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Target audience for the Code of Conduct
The Code is addressed to all relevant stakeholders and decision makers in the 47 Member States of the Council of Europe. It aims to enlist the co-operation of the forest
sector (trade and industry, national forest authorities, certification bodies and environmental organizations) and associated professionals in preventing new introductions
and reducing, controlling and mitigating negative impacts due to invasive alien tree
species in Plantation Forestry. It complements the Code of Conduct on Horticulture
and Invasive Alien Plants published by the Council of Europe (Heywood and Brunel
2009, 2011) aimed at the horticultural industry and trade and the European Code of
Conduct for Botanic Gardens on Invasive Alien Species (Heywood and Sharrock 2013).
These three codes should also be considered by private or public gardens or arboreta in
Europe with major collections of alien trees that are not considered forest plantations
in the narrow sense. The Code is voluntary and does not replace any statutory requirements under international or national legislation but should be seen as complementary
to them, and to general policies such as the State of Europe’s Forests 2015 report, and
as a soft-law standard (Hickey et al. 2006, MacKenzie 2012, Terpan 2015). Although
voluntary, it is important that such as many stakeholders as possible should adopt
the good practices outlined in this Code so as to reduce the likelihood of compulsory
legislation having to be introduced should self-regulation fail. Private forest enterprises
and public forest managers may wish to publicize their adherence to the Code through
adopting a symbol or logo indicating this. Some of the principles of this Code could
become part of forest certification schemes and sustainable forest management criteria
and indicators.
To be fully effective and to increase the likelihood of a long-term behaviour
change, a voluntary Code should be widely disseminated and translated into national
languages. A straightforward example is provided for by the implementation of the
Code of Conduct on invasive alien plants in Belgium during the AlterIAS LIFE+ project (Halford et al. 2014). National authorities should acknowledge that the issue of
invasive alien trees is a major threat for species, habitats and ecosystems, and undertake
measures to ensure that all the available legislation established to prevent introductions
of invasive species from forestry is fully understood, and effectively transposed, implemented and enforced. National authorities should develop strategies and protocols
for dealing objectively with conflicts of interest between those who benefit from the
introduction, dissemination and cultivation of alien trees, and those who perceive, and
are affected by, negative impacts of these invasion alien trees.

The principles of the Code of Conduct on planted forest
The fourteen principles of the Code of Conduct are clustered in five groups: (1) Awareness;
(2) Prevention & Containment; (3) Early Detection & Rapid Response; (4) Outreach;
(5) Forward Planning. They are the following:

Planted forests and invasive alien trees in Europe: A Code for managing existing...

15

1.1 Be aware of regulations concerning invasive alien trees;
1.2 Be aware of which alien tree species are invasive or that have a high risk of becoming invasive, and of the invasion debt;
1.3 Develop systems for information sharing and training programmes;
2.1 Promote – where possible – the use of native trees;
2.2 Adopt good nursery practices;
2.3 Modify plantation practices to reduce problems with invasive alien tree species;
2.4 Revise general land management practices in landscapes with planted forests;
2.5 Adopt good practices for harvesting and transport of timber;
2.6 Adopt good practices for habitat restoration;
3.1 Promote and implement early detection & rapid response programmes;
3.2 Establish or join a network of sentinel sites;
4.1 Engage with the public on the risks posed by invasive alien trees, their impacts and
on options for management;
5.1 Consider developing research activities on invasive alien trees species and becoming involved in collaborative research projects at national and regional levels;
5.2 Take global change trends into consideration.
Table 3 summarizes the relationship between the plantation cycle and the fourteen
principles. The concepts of awareness, prevention, early detection and rapid response,
outreach and forward planning are also also in the Code of Conduct on Horticulture and
Invasive Alien Plants and in the European Code of Conduct for Botanic Gardens on Invasive Alien Species, but most of the principles of the Code of Conduct on Planted Forest
and Invasive Alien Trees are significantly different. This is due, for example, to the large
extent of many planted forests, which are often present in very fragile ecosystems, and
to the fact that planted forests make significant contributions to regional and national
economies and provide multiple products and ecosystem services that support livelihoods and biodiversity conservation.

1.1 Be aware of regulations concerning invasive alien trees.
Those engaged in the planted forest sector need to be aware of their obligations under
regulations and legislation. The Regulation (EU) no. 1143/2014, the Plant Health
Directive 2000/29/EC, the Wildlife Trade Regulations (338/97/EC and 1808/2001/
EC) and the Habitats Directive (92/43/EEC) only apply to the 28 member countries
of the European Union. Many other international conventions addressing issues of
invasive alien species have been ratified by European and Mediterranean Countries
(Shine 2007, Srivastava 2011, Table 2). At the national (or subnational) level, some
countries have legislation and/or regulations aimed at preventing possession, transport,
trade or release in the wild of specific invasive alien trees (Suppl. material 1). For example, in Norway, the 2005 white paper on the Government’s environmental policy
and the state of the environment in Norway (Report No. 21 – 2004-2005 - to the

Biodiversity Strategy of the European Union

Plant Health Regime in the European Union

Council Directive 92/43/EEC of 21 May
1992 on the conservation of natural habitats
and of wild fauna and flora

Forest Certification

Sustainable Forest Management

CoE / Bern Convention

International Plant Protection Convention
(IPPC)
European and Mediterranean Plant
Protection Organisation (EPPO)
The Convention on International Trade in
Endangered Species of Wild Fauna and Flora
(CITES)

Convention on Biological Diversity (CBD)

Legal instrument

The Bern Convention (Convention on the Conservation of European Wildlife and Natural Habitats), the main Council of
Europe treaty in the field of biodiversity conservation, requires its Contracting Parties “to strictly control the introduction
of non-native species”. In 2003, the Bern Convention adopted the European Strategy on Invasive Alien Species and since
1997 many Recommendations on invasive alien species have been adopted by the Standing Committee.
Statement of Principles for the Sustainable Management of Forests was adopted in 1992 at the Earth Summit in Rio in
response to global concerns about forestry practices and the exploitation of natural forests.
Most certification standards refer to the use of appropriate provenances, varieties and species for afforestation and
reforestation. Native species are always preferred, but alien species are allowed where they are substantially superior to
indigenous species for reaching plantation objectives (Stupak et al. 2011) or as long as negative impacts can be avoided or
minimized.
According to Article 22.b, in implementing the provisions of this Directive, Member States shall: “ensure that the
deliberate introduction into the wild of any species which is not native to their territory is regulated so as not to prejudice
natural habitats within their natural range or the wild native fauna and flora and, if they consider it necessary, prohibit
such introduction.
The introductions of some tree species might be restricted or specifically regulated due to phytosanitary reasons
The Target 5 of the EU Biodiversity Strategy requires that “by 2020 Invasive Alien Species (IAS) and their pathways
are identified and prioritised, priority species are controlled or eradicated, and pathways are managed to prevent the
introduction and establishment of new IAS”. Action 16 of the Target 5 commits the EU to a dedicated legislative
instrument on the issue.

It primarily addresses trade in endangered species, can prevent or better regulate the transfer of endangered species that
may be invasive. Araucaria araucana and Dalbergia nigra are included in Suppl. material 1.

The alien trees Acacia dealbata, Ailanthus altissima and Prunus serotina are listed in the EPPO list of invasive alien plants.

Relevance to plantation forestry
The Convention made numerous decisions with respect to alien species, many of which are directly relevant to the
management of alien tree species. In particular, the COP 11 Decision XI/19.
It aims to prevent the introduction and spread of plant pests. The aim of the CBD to prevent the introduction of alien
species corresponds in large measure to the aim of the IPPC.

Table 2. The main international legal instruments relevant to planted forests and invasive alien plants. The list includes both hard- and soft-law (the latter being
quasi-legal instruments without legal binding force).
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EU Energy Policy

EU Forestry Policy and CAP

EU Regulation on Invasive Alien Species

Legal instrument

Relevance to plantation forestry
This instrument seeks to address the problem of invasive alien species in a comprehensive manner so as to protect native
biodiversity and ecosystem services, and to minimize and mitigate the human health or economic impacts that these
species can have [Regulation (EU) No 1143/2014 of the European Parliament and of the Council of 22 October 2014 on
the prevention and management of the introduction and spread of invasive alien species].
Council Regulation (EEC) no. 2080/92 of 30 June 1992 instituted a Community scheme of aid for forestry measures in
agriculture. It was intended to promote the reforestation of agricultural land also with the use of alien trees (e.g. Eucalyptus
spp. and Robinia pseudoacacia).
The European Union’s Renewable Energy Strategy (Directive 2009/28/EC) calls for 20% of the EU’s final consumption of
energy to be from renewable energy sources by
2020. This instrument thus promotes the planting of alien trees, as biomass from short-rotation coppice and short-rotation
forestry has the potential to contribute significantly to Europe’s targets for enewable energy.

Planted forests and invasive alien trees in Europe: A Code for managing existing...
17

Code
Principles

1.1, 1.2, 2.1

1.2, 5.2

1.2, 2.3

2.3, 2.4, 2.5

2.3, 2.4

2.2

2.4

2.4

Species and provenances
selection

Risk assessment

Plantation design

Plantation roads

Site preparation

Nursery, plantation
establishment and
restocking

Fertilizing

Weeds, pest & disease
control

Site and location assessment
1.1
and selection

Forest activity / operation

Decision-support schemes and research findings should be applied to identify the most appropriate sites for cultivation of
alien trees within landscapes; biodiversity issues and ecosystem services must be always considered in plantation design and
site selection.
The use of native species or non-invasive alien or less-invasive alien tree species as alternatives for highly invasive alien species
in plantation forestry should be always considered.
Risk assessments are available for many alien tree species, e.g. for Ailanthus altissima and many Acacia spp. It is important to
incorporate climate change into risk models for an anticipatory evaluation of scenarios for invasiveness of alien trees.
Containment of alien trees to areas set aside for their cultivation must become an integral part of silviculture and must be
incorporated in best-management practice guidelines and certification schemes.
Plantation roads and tracks should be designed and managed to a standard capable of carrying anticipated traffic with
reasonable safety while minimising impacts on environmental and cultural values, and to reduce the risk of acting as corridors
for dispersal of invasive trees. Where revegetation is used to stabilise fills or embankments, the species must be suitable for the
site and where possible native to the area.
Plantation establishment and maintenance activities should be appropriate for successful tree establishment and growth and
be undertaken with care for the protection of environmental and cultural values and immediate neighbouring land uses. Site
preparation activities should be appropriate for successful tree establishment and growth, whilst minimising potential adverse
environmental impacts.
The overall objective should be to produce suitable planting stock, which may include seedlings, cuttings and wildlings.
Planting stock should also be potentially able to restore biodiversity (requiring a range of native species and reliable
identification and labelling). Native alternatives to invasive tree species should be produced. The nursery industry should be
proactive in their approach to stop producing and selling potentially invasive species and by developing best-management
practices for invasive tree species in stock.
Fertiliser and chemicals should be used only where appropriate to the site conditions and circumstances and with care for the
maintenance and protection of water quality, biodiversity, soil values and neighbouring land uses.
Forest protection measures should be taken to minimise the impact of damage agents on plantations and surrounding assets,
lands and communities.

Operational goals and exemplifying actions

Table 3. The main phases and activities of a forest plantation cycle and their relationships with the principles of the Code of Conduct on Planted Forest and Invasive
Alien Trees. The fourteen principles are clustered in five groups: (1) Awareness; (2) Prevention & Containment; (3) Early Detection & Rapid Response; (4) Outreach; (5) Forward Planning.
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2.4, 2.5

1.2, 2.4

1.2, 2.1, 2.3,
2.4

1.2, 2.3, 2.4

2.4

1.3, 3.1, 5.1,
5.2

1.3, 2.3, 2.4,
2.5

1.2, 1.3, 3.1,
3.2

1.2, 1.3, 2.6,
5.1

Timber harvesting

Regeneration

Environmental
(biodiversity) and cultural
values in plantations

Soil & water

Fire prevention,
suppression, prescribed fire

Research & development

Plantation Management
Plan

Monitoring, Early warning
and rapid intervention

Restoration

1.1

1.1

2.3, 2.4

Spacing, thinning, pruning
and rotation length

Legislation Framework
relevant to PF and IAS
Certification schemes and
voluntary codes

Code
Principles

Forest activity / operation

Forest plantation owners should be aware of activities that favour the spread of invasive alien tree species. For example,
coppicing was found to be a driver of the invasion by Ailanthus altissima and Robinia pseudoacacia.
Timber harvesting must be conducted legally and safely, and be managed to minimise the impact of harvesting operations on
environmental and cultural values. This includes felling operations, processing and extraction, log landing and processing sites
localisation and management.
Silvicultural methods for regeneration must suit the ecological requirements of the forest type, taking into consideration the
requirements of sensitive understorey species and local conditions.
Significant environmental and cultural values should be considered at all stages and adverse impacts minimised by appropriate
planning and management. Biological diversity and the ecological characteristics of native flora and fauna within forests are
maintained.
Soil and water assets within forests must be conserved. River health must be maintained or improved, soil, waterways and
aquatic and riparian habitats should be protected from disturbance. Waterways may act as corridors for secondary invasions.
Fire may promote or suppress invasive tree populations. Invasive tree populations may also alter fire regimes The risk of
promoting the spread of fire-tolerant or pyrophytic alien trees must be taken into account when planning the use of prescribed
burning in plantation forests.
Plantation forestry must be supported by R&D, e.g., revisit as many sites as possible in Europe where many alien tree species
were planted long ago, and global-change trends must be considered.
Plantation management plans (PMPs) should incorporate strategies for alien outbreaks. PMPs should be prepared prior
to operations and should demonstrate how the principles of environmental care, cultural heritage maintenance and fire
protection objectives will be achieved, taking into account the presence in the plantation of alien trees, accounting for the
scale, intensity and risk associated with an operation. PMPs should be revised at appropriate intervals or in response to
changed circumstances.
Forest [plantation] health should be monitored and maintained by employing appropriate preventative, protective and
remedial measures. Alien tree wildings are relatively easy to control only in the very early stage of invasion.
Specific guidelines are needed for the restoration of sites previously occupied by plantations with alien trees. Forest and
restoration managers need to understand the competitive role that native and alien tree species have in the regeneration
dynamics of plantations and how this might be manipulated to favour native forest regeneration.
Must comply with all laws and accepted principles for sound plantation management and issues relating to invasive alien
species.
Native species are always preferred in certification schemes, but alien species are allowed where they are clearly superior to
indigenous species for reaching plantation objectives, as long as negative impacts can be avoided or minimized.

Operational goals and exemplifying actions
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Code
Principles

1.2, 1.3, 3.1,
4.1

1.2, 1.3, 3.1,
4.1

1.2, 1.3, 3.1

Forest activity / operation

Stakeholder mapping and
participation

Outreach

Safety and Training

Planted forests and control methods must actively engage with affected stakeholders and be supported by appropriate
communication and complaint-management strategies. For example, public-participation GIS and related tools can generate
spatial information for a variety of urban, regional, and environmental planning applications.
The general public is one of the most important stakeholder groups in national issues of forests and forestry and must be kept
informed.
Establishment, management and harvesting activities must be conducted in a safe and responsible manner by trained
operators who have the skills, knowledge and tools relevant to the activity being undertaken.

Operational goals and exemplifying actions
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Storting), the new Forestry Act (Act of 27 May 2005, no. 31, relating to forestry), the
Nature Diversity Act (Act of 16 June 2009, no. 100), the Regulation on non-native
trees (Regulation of 15 March 2013, no. 284), the national Strategy on Invasive Alien
Species (published in May 2007) and the Norwegian Black List (Gederaas et al. 2012),
are the main national specific documents referring to non-native trees. The Guidelines
on trees, shrubs and plants for planting and landscaping in the Maltese Islands limit
the use of alien trees in afforestation projects on agricultural land (MEPA 2002). The
Iceland Forest Service has put forth a set of guidelines to afforestation planners: planting of aliens trees within natural woodlands is discouraged (Gunnarsson et al. 2005).
Planting in treeless land must be carefully assessed considering the phenomenal and
unique importance of the Icelandic breeding waterfowl populations which are at risk
from the forestry. The Swedish Forestry Act placed restrictions on the planting programme of Pinus contorta in 1987, 1989 and 1991 due to extensive infection by Gremmeniella abietina in high elevation areas in northern Sweden after periods of extreme
weather conditions from 1984 to 1987 (Karlman 2001).

1.2 Be aware of which alien tree species are invasive or that have a high risk of
becoming invasive, and of the invasion debt.
Over 430 alien tree species worldwide are known to be invasive, and the list is growing as more tree species are moved around the world and become established in novel
environments (Rejmánek and Richardson 2013, van Wilgen and Richardson 2014).
Increasing awareness of problems associated with invasive forestry trees means that
information on invasive species and ways of dealing with them is becoming more easily accessible - on the Internet, in scientific and popular publications, and via special
interest groups. Ignorance is no longer an excuse for disseminating invasive alien trees
(Richardson 2011). Global lists of invasive alien trees are available (Richardson and
Rejmánek 2011, Rejmánek and Richardson 2013). “Invasive elsewhere” is one of the
most robust predictors of invasiveness in trees, and there is strong evidence that species
replicate invasive behaviour in environmentally-similar conditions in different parts of
the world (Wilson et al. 2011).
The fact that some alien forestry trees have not yet spread from given planting sites
should not be taken as evidence that invasions will not occur in the future. Experience
with the same species in other parts of the world, including areas where the species
have long residence times, should be evaluated to assess the extent of “invasion debt”
(Richardson et al. 2015; Rouget et al. 2016).
Some countries have national or sub-national black lists (Suppl. material 1), identifying those alien species whose introduction is prohibited or discouraged due to their
potential adverse effects on the environment or human, animal or plant health. Alien
tree species that appear on black-lists should not be used for new plantations. An alternative approach used in other countries relies on a “white list” approach (or red, green
and amber, see Perrings et al. 2005, Simberloff 2006) for identifying alien species that
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pose low invasion risk. Both listing systems have pros and cons (Simberloff 2006). For
example, black-lists should only be considered as guides and one should not assume
that non-listed alien tree species are safe. Additionally, in a huge country the translocation of a species from one part to another is just as likely to lead to invasions as are
trans-continental introductions. For this reason, Notov et al. (2011) propose the adoption of three-level system of sub-national lists called “black books” for Russia.
Nevertheless, lists offer a useful approach for both companies and government
agencies and could be used to fast-track approval of species or to reduce liability for
forest owners when using low-risk non-native trees for plantations. Only in a few
European countries are such lists supported by dedicated legislation (Essl et al. 2011);
in other cases they are not legally binding even if scientifically sound, with priorities
based on a rigorous risk assessment process. There are over 100 risk assessment models
for invasive plant species (Leung et al. 2012), with some decision schemes developed
specifically for trees or woody plants (Reichard and Hamilton 1997, Pheloung et al.
1999, Haysom and Murphy 2003, Widrlechner et al. 2004, Křivánek and Pyšek 2006,
Gordon et al. 2011, 2012, Kumschick and Richardson 2013, Wilson et al. 2014). At
the same time, only a few risk assessment methods are in line with the requirements of
the Regulation (EU) No 1143/2014 (Roy et al. 2014).

1.3 Develop systems for information sharing and training programmes.
The efficacy of any strategy to address invasive alien trees, including the capacity to
produce reliable risk assessment reports (see principle 1.2), depends on the available
information, and on the sharing of data, knowledge and experience. Information sharing systems would greatly improve the ability of authorities to prevent the introduction
and spread of invasive tree species (e.g., Katsanevakis et al. 2014). Also, invasive species
management requires specialist knowledge and skills which can only be developed over
time. The capacity and awareness of land owners, forestry officials and other stakeholders are crucial for the effective implementation of the principles of the Code. There is a
need to strengthen training institutions and to revisit the training curricula of forestry
personnel and other stakeholders in silviculture, species and provenance identification,
reduced impact logging, resource assessment, and in the management of both natural
forests and non-native tree plantations.

2.1 Promote – where possible – the use of native trees.
The use of native species or non-invasive alien or less-invasive alien tree species as alternatives for highly invasive alien species in planted forest should be always considered (Richardson 1998, FAO 2010c, Gordon et al. 2012, Lorentz and Minogue 2015, Peltzer at al.
2015), as should the precise provenance of seeds and germplasm (Aarrestad et al. 2014).
For example, Lorentz and Minogue (2015) remark that trait selection during breeding is
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potentially a very effective containment approach for managing Eucalyptus invasion risk.
The likelihood of spread can be reduced by decreasing fecundity or by increasing the age
to maturity, although the later method may negatively influence productivity (Gordon
et al. 2012). This strategy has been successfully implemented in other taxonomic groups,
including a triploid Leucaena hybrid in Hawaii (Richardson 1998). Likewise, elimination of seed production is thought to be a feasible goal for Eucalyptus (Gordon et al.
2012), and elimination of fertile pollen production has already been accomplished in the
transgenic hybrid E. grandis × E. urophylla (AGEH427) (Hinchee et al. 2011). Ensuring
containment of genetically modified trees through sterility could be significant because it
eliminates the need for costly, uncertain and complex ecological research to understand
and predict the impacts (FAO 2010d). However, the major limitation to this approach
is that the permanence of containment technology is still uncertain (FAO 2010d, Lorentz and Minogue 2015). An additional obstacle to this solution is that FSC regulations
currently expressly forbid any use of GM trees (Strauss et al. 2004, Brunner et al. 2007,
Meirmans et al. 2010, Richardson 2011). In addition, some invasive alien tree species
(Ailanthus altissima, Populus spp., Robinia pseudoacacia) also spread by vegetative propagation. Plantations of non-native species of Acacia, Eucalyptus and Pinus and have typically been relatively free of pest problems during the early years of establishment due to a
separation from their natural enemies. This situation has however changed dramatically
recently, as pests are accidentally introduced, but also as native organisms have started to
infect and infest alien trees (Payn et al. 2015, Wingfield et al. 2015).

2.2 Adopt good nursery practices.
Best-practice methods relating to species and provenances of seed (Karlman 2001), seedling
production, weed, pest and disease control should be adopted (FAO 2011). Weeds should
be identified, recorded, and eradicated where possible, before planting. The EPPO standard
PP 1/141 (3) describes the conduct of trials for the efficacy evaluation of herbicides in
tree and shrub nurseries including nurseries within forest stands (EPPO 2009). Nurseries
can act as important sources of alien species into plantation sites. Many forest pests, both
insects and pathogens, have also entered new lands via nursery stock. Nurseries have a
fundamental role in promoting the use of native trees, stocking suitable provenances, and
proposing alternative native tree species in place of alien species (principle 2.1).

2.3 Modify plantation practices to reduce problems with invasive alien tree species.
Containment of alien trees to areas set aside for their cultivation must become an integral part of silviculture and must be incorporated in best-management practice guidelines and certification schemes (e.g., Engelmark et al. 2001, Richardson and Rejmánek
2004, Richardson 2011, Dodet and Collet 2012, Felton et al. 2013). Silvicultural
practices can either enhance or hamper biological invasions (e.g. Sitzia et al. 2016).
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Wingfield et al. (2015) have called for a global strategy to promote the health and sustainability of planted forests. Practices to reduce problems with invasive forestry trees
need to be incorporated in such a strategy.
Decision-support schemes and research findings should be applied to identify the
most appropriate sites for cultivation within landscapes; biodiversity issues and ecosystem services must be always considered in plantation design and site selection (e.g.,
Veldman et al. 2015). While some of these rules can be considered of general utility,
some other good practices refer to specific alien tree species and aim to mitigate specific
impacts, as in the case of the practices suggested by Finch and Szumelda (2007) for
Douglas fir in temperate forests of Central and Western Europe, by Ledgard (2002)
for the same species in New Zealand, by Engelmark et al. (2001) for lodgepole pine
in Sweden, by Rejmánek and Richardson (2011), Calviño-Cancela and Rubido-Bará
(2013), Lorentz and Minogue (2015) for Eucalyptus.
To avoid natural spread, eucalypts should not be planted near rivers and streams.
Temporarily flooded or eroded banks are suitable habitats for spontaneous establishment
of their seedlings. Moreover, their seeds can be dispersed over long distances by running
water (Lorentz and Minogue 2015). Calviño-Cancela and Rubido-Bará (2013) suggest
the establishment of a safety belt around eucalypt plantations in Spain to reduce eucalypt
spread from plantations in the absence of fire. This measure would require the elimination of all newly recruited individuals in this safety belt (e.g. a 15-m wide belt could
reduce the probability of eucalypt spread in more than 95%) before they mature and
start producing their own seeds, thus hindering the advance of the front line of invasion.
For this purpose, Calviño-Cancela and Rubido-Bará (2013) recommend interventions at
1-2-year intervals to uproot saplings and resprouts. Their results refer to a situation without fire. Fire stimulates regeneration (Gill 1997) and could increase dispersal distances,
so that additional measures would probably be needed to control E. globulus spread after
fires. In addition, Catry et al. (2015) suggest planting sterile Eucalyptus trees and prioritizing control in regions with the highest probabilities of recruitment.

2.4 Revise general land management practices in landscapes with planted forests.
In many cases, options exist for managing plantations of non-native trees and adjoining
areas (invaded or potentially invasible) by manipulating disturbance regimes (e.g., fire
cycles, grazing levels) to impede invasion (e.g. van Wilgen et al. 1994). The management of planted forests should also promote biodiversity (e.g., Zapponi et al. 2014),
both within the planted forest itself and in areas of natural forest that are retained
within the planted forest landscape (e.g. establish planted forests on degraded sites and
retain areas of high biodiversity value protected) as recommended by the Secretariat of
the Convention on Biological Diversity (2009). Managers can modify the silviculture
of plantations in other ways to enhance diversity. For example, small variations in the
timing and type of site preparation can affect the development and composition of the
understory (Carnus et al. 2006).
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Specific attention and management practices should be followed in the case of
genetically modified tree plantations, such as hybrid or transgenic poplars and conifers
(Engelmark et al. 2001, FAO 2006, 2010c, 2011, Brunner et al. 2007, Strauss et al.
2009, Di Fazio et al. 2012, Häggman et al. 2013). In Canada and many other countries, regulatory guidelines have been created regarding the introduction of such plants
with novel traits (which in Canadian regulation includes alien species and transgenics;
Bonfils 2006, Meirmans et al. 2010).
Forest plantation owners should be aware of those forestry activities that favour
the spread of invasive alien tree species (Sitzia et al. 2016). For example, coppicing
was found to be a driver of invasions by Ailanthus altissima and Robinia pseudoacacia
in South Tyrol, Northern Italy. Radtke et al. (2013) concluded that currently applied
coppice management, involving repeated clear cuttings every 20–30 years, favours the
spread of both invasive tree species. They suggested an adaptation of the management
system to avoid further invasion.
The risk of promoting the spread of fire-tolerant or pyrophytic alien trees must be
taken into account when planning the use of prescribed burning in plantation forests.
For example, the resprouting ability and pyrophytic seeds of Acacia dealbata allows this
species to establish after fires in the northwestern Iberian Peninsula (Sanz Elorza et al.
2004, González-Muñoz et al. 2011). Maringer et al. (2012) describe the colonization
of burned patches by Ailanthus altissima and Robinia pseudoacacia on the southern
slopes of the Alps. Todorović et al. (2010) suggest that the post-fire invasive potential
of Pauwlonia tomentosa can, at least partly, be explained at the germination level.
Finally, tailored management practices should be followed in plantations for bioenergy production (SRF/SRC) to ensure the careful choice of new planting sites for
favouring biodiversity (Weih 2008, Framstad 2009), protecting hydrology (Christen
and Dalgaard 2012), conserving landscape values and for the restoration of the site
after the cultivation cycle (Hardcastle 2006, McKay 2011, Neary 2013, Caplat et
al. 2014). In Austria 10 principles for short-rotation forestry systems, from the viewpoint of nature protection and environment, have been declared since 1998 (Trinkaus
1998). Principle 2 states that “ … Indigenous plants should play an important part,
because non-indigenous plants (e.g., Robinia pseudoacacia and Ailanthus altissima) often show an undesirable tendency to spread”.

2.5 Adopt good practices for harvesting and transport of timber.
Harvesting activities such as road construction and movement of harvesting equipment are well known to disperse seeds or propagules of invasive species and to cause
disturbances that help them to flourish (Kaplan et al. 2014).
Harvesting and transport of non-native trees should be planned, supervised and
undertaken by appropriately trained personnel. Good practices should minimise the
risk of further spread of invasive alien species, and the disturbance that could promote
the establishment of other invaders. Careful planning will substantially reduce the road
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density required within a forest, the number of temporary timber extraction tracks,
and minimise adverse environmental impacts such as soil disturbance, compaction
and erosion. Whenever feasible, alien trees should be harvested individually or in small
groups, to limit the risk of creating suitable habitats for other invaders.
Forest personnel should be trained to recognize and report unusual pests and
symptoms of diseased or infested trees, and to carry out practices that reduce the risk
of pest and weeds populations moving to other locations. Personnel should wear outer
layers of clothing and footwear that are not “seed friendly” to minimise the risk of
spreading alien species accidentally.

2.6 Adopt good practices for habitat restoration.
Specific guidelines for the restoration of sites previously occupied by plantations with alien
trees need to be adopted. Restoration objectives can be broadly classified into overarching
strategies, such as rehabilitation, reconstruction, reclamation, and replacement (see Stanturf et al. 2014). Only native plant species should be used for habitat restoration in areas
affected by plantations. Native tree species can grow in the understory of alien tree plantations established for timber production or a variety of other forestry purposes. Not all
alien tree plantations develop species-rich understories; some remain as tree monocultures.
Low light intensity below the canopy, distance to seed sources, inhospitability to seed
dispersers, poor soil or litter conditions for seed germination or seedling growth, intensive
root competition with the planted alien species, chemical inhibition and other forms of
allelopathy and plant interactions, plantation design, or periodic disturbances by organisms or any external factor are likely causes that require careful consideration (Lugo 1997).
Guidelines for restoration of sites previously occupied by plantations of Robinia
pseudoacacia have been produced in the Piedmont region of Italy. Sturgess and Atkinson (1993) suggested management strategies for the restoration of near-natural
sand-dune habitats following the clearfelling of Pinus plantations in Britain, and
Brown et al. (2015) proposed approaches for plantations of alien conifers on ancient woodland sites. Szitár et al. (2014) assessed the recovery of open and closed
grasslands over five years following the removal of alien pine plantations through
burning at an inland sand dune system in Hungary. Arévalo and Fernández-Palacios
(2005) proposed continuous elimination of Pinus radiata and enrichment with new
individuals of P. canariensis on Tenerife, Canary Islands (Spain). Hughes (2003) and
Moss and Monstadt (2008) propose management guidelines for the restoration of
floodplain forests in Europe.

3.1 Promote and implement early detection & rapid response programmes.
Early detection and initiation of management can make the difference between being able
to employ feasible offensive strategies (eradication) and facing the necessity of retreating
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to a more expensive defensive strategy (mitigation, containment, etc.). Proactive measures
to reduce the chances of invasions and to deal with problems at an early stage must be
incorporated in standard silvicultural practices. Developing watch lists of possible new
tree invaders can also enable more rapid reaction (Richardson 2011, Faulkner et al. 2014).
The relatively long initial lag phase between introduction and naturalization/invasion and slow dynamics observed in many forest plantation tree species compared
with other plant species, offers opportunities to control the alien species while escaped
populations are still small (Finnoff et al. 2007, Dodet and Collet 2012). Any signs of
invasiveness reported inside the forest plantation or in its proximity should be carefully
monitored so as to avoid serious problems developing.
Conifer wildings are relatively easy to control in the very early stage of invasion, as
they are relatively easy to detect (most invasions are into grasslands and shrublands),
and their direction of spread (downwind), and age when significant seed production
begins (usually 10-15 years) is very predictable. There are therefore good opportunities
to intercept the spread sequence very early in the cycle, and prevent wildings becoming
dominant and uncontrollable outside the forest plantation (Froude 2011).
However, experience with introduced conifers in new environments indicates that
spread events could begin at any time, even if little significant spread had been observed up to that time. Possible reasons could be synchronisation of all factors needed
for successful spread (e.g. plentiful seed, low herbivores/ pathogens, good germination
and seedling establishment conditions), arrival of suitable symbionts (notably mycorrhizae) to aid early establishment, and climatic change to conditions more suited to
the planted alien trees (Despain 2001; Engelmark et al. 2001). Widespread natural
establishment of Eucalyptus globulus plants in Portugal was recently documented by
Águas et al. (2014) and Catry et al. (2015).

3.2 Establish or join a network of sentinel sites.
The idea of having a network of sentinel sites for monitoring or detecting biological
changes or phenomena is not new and has been most widely applied to monitoring
the spread of infectious diseases (e.g., Sserwanga et al. 2011, Vettraino et al. 2015).
This approach has also been advocated for detecting the arrival or initiation of spread
of alien species (Richardson and Rejmánek 2004, Meyerson and Mooney 2007) and
a national system for detecting emerging plant invasions was proposed in the United
States (Westbrooks 2003), but has yet to be implemented.
Plantations of alien trees should form part of any sentinel site network for monitoring alien tree invasions. Other areas that are likely to act as sources of propagules
and sites of entry for new invasions are areas of human habitation where gardens have
been established, especially where these adjoin natural vegetation (Alston and Richardson 2006), and experimental plantings, arboreta or botanical gardens containing alien
tree species. Visser et al. (2014) have shown that Google Earth can be an useful tool for
establishing a global sentinel site network for tree invasions, because imagery is con-
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tinuously being updated, is free and low-tech. The wide availability of Google Earth
could enable monitoring of this network of sentinel sites as part of ‘‘citizen science’’
efforts which could help to: (1) identify emerging trends in tree invasions; (2) provide
valuable locality information for particular alien tree species; (3) monitor changes in
alien tree species abundance and distribution over time; (4) help ensure legislative
compliance of land managers and plantation owners; and (5) track management efforts over time (Visser et al. 2014). Besides such sentinel sites, new technologies such
as smartphone application software (apps) are increasingly used to reach a wider audience on the subject of invasive alien species and to involve the public in recording
them (Adriaens et al. 2015).

4.1 Engage with the public on the risks posed by invasive alien trees, their impacts
and on options for management.
The general public is one of the most important stakeholder groups in national issues
of forests and forestry (e.g., Hemström et al. 2014). The active and informed participation of communities and stakeholders affected by plantation forest management decisions is critical for the credibility and sustainability of management processes. Social
learning (Leys and Vanclay 2011), public awareness-raising and communication activities are crucial for informing and educating the public, thereby allowing them to more
effectively participate in decision making. Public participation GIS and related methods can be effectively used for decision-making processes related to planted forests
(Brown et al. 2015). Public support for control efforts directed at invasive alien trees
must be sought through carefully planned, long-term outreach initiatives involving,
among other things, meetings with stakeholders, local village leadership, employment
of villagers from areas adjacent to invaded sites, and the effective use of media outlets
(Andreu et al. 2009, McNeely 2001, Marchante et al. 2010, Schreck Reis et al. 2011).
Forestry has become more complex over the years. This form of land use now impacts
on a wider stratum of people and environments than ever before, and is subject to
many social and environmental demands.
Furthermore, an increasing number of tourists are interested not only in experiencing unique natural and cultural environments and forest landscapes but also in
learning more about them. Forest-based tours are an ideal opportunity to share information about different types of forest environments, native and non-native tree species, restoration actions, wildlife and landscapes, and how they function.

5.1 Consider developing research activities on invasive alien trees species and becoming involved in collaborative research projects at national and regional levels.
Invasion biology is a complex multidisciplinary field and public and private plantations
of alien trees are good places to conduct research on topics such as the spread, control,
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management and risks posed by invasive alien trees in collaboration with national or
local environment agencies, research centres and appropriate regional or European
bodies. Great Britain, for instance, with its long history of tree introductions and large
plantings of many alien species (e.g. Picea sitchensis, the commonest British tree, Peterken 2001), is a good natural laboratory for studies of the determinants of naturalization and invasion in conifers and its consequences (Richardson and Rejmánek
2004). It would be very informative to revisit as many sites as possible in Europe where
many alien tree species were planted long ago, e.g. the experimental plantings of many
conifers in Italy (Nocentini 2010), Portugal and Spain, and abandoned plantations
(Richardson and Rejmánek 2004). The exchange of information on the management
experiences is another key aspect.

5.2 Take global change trends into consideration.
Forest management and conservation are expected to be strongly influenced by global
change. Besides forest species, strategies and references for environmental management
and conservation will be affected by global change trends (Jackson et al. 2005, Aitken
et al. 2008, Canadell and Raupach 2008, Diaz et al. 2009, Heller and Zavaleta 2009,
Thompson et al. 2009, Strassburg et al. 2010, Milad et al. 2013). For example, rapidly
changing climate patterns, altered disturbance and nutrient regimes, and increased
fragmentation are likely to favour the expansion of pine invasions worldwide (e.g.,
Higgins and Richardson 1999, Richardson and Rejmánek 2004).
Bernier and Schoene (2009) propose three possible approaches for adapting forests to climate change: no intervention, reactive adaptation and planned adaptation.
Unfortunately, most current management belongs to the first or at best to the second
category. No intervention means business as usual, with tree species and site selection,
management targets and practices based on the premise that the planted forest will
adapt more or less as it has in the past. Reactive adaptation is action taken after the fact.
Planned adaptation, on the other hand, involves redefining planted forest goals and
practices in advance in view of climate change-related risks and uncertainties.
In planted forest, climate change could affect the dynamics of alien tree invasions in many interacting ways, for example by: (a) causing modification in the native
ecosystems, promoting range changes, naturalisation and spread of both native and
alien trees (e.g., Iverson et al. 2008, McKenney et al. 2011); (b) favouring individual
traits of particular alien trees (e.g. Capdevila-Argüelles and Zilletti 2008, Kawaletz
et al. 2013, Castro-Díez et al. 2014); and (c) modifying introduction pathways and
promoting increased use of certain alien tree taxa (Courbet et al. 2012, Lindenmayer
et al. 2012), including a process of re-thinking the importance of the “always choosing native species” principle. Managed relocation has been proposed as a means of
maintaining forest productivity, health, and ecosystem services under rapid climate
change (e.g., Schwartz et al. 2012). Discussion is intensifying in many countries on
whether and, if so, then to what extent, alien tree species should be used for afforesta-
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tion, especially when native species are no longer able to fulfil essential forest functions.
For example, in this regard, for the first time the growth potential of Cedrus libani
was evaluated under climatic conditions in Central Europe (Bayreuth, Germany) by
Messinger et al. (2015).
Finally, it is important to incorporate climate change into risk models for an anticipatory evaluation of scenarios for invasiveness of alien trees. Risk maps that incorporate
the effects of climate change should help land managers and forest stakeholders with
longer-term planning activities. Management plans of nature reserves should incorporate
changes to invasion risk driven by global warming more explicitly. For example, Kleinbauer et al. (2010) suggest that the area suitable for invasions by Robinia pseudoacacia will
increase considerably in Europe under a warmer climate. They argue that management
plans for European nature reserves should incorporate such changes to invasion risk by
species such as this one more explicitly. Reducing propagule pressure by avoiding plantings of R. pseudoacacia close to protected areas and sensitive habitats would be a simple
way of reducing the risk of further invasions of this species under future climates. On
the contrary, González-Muñoz et al. (2014) found no evidence that climate change will
cause substantial changes to the invasion dynamics of A. dealbata in Spain.

Conclusions
The Code of Conduct on Planted Forest and Invasive Alien Trees is a voluntary tool and it
does not replace any statutory requirements under international or national legislation. It
should be seen as complementary to them and as a soft-law standard (Hickey et al. 2006,
Terpan 2015). Its principles should be considered in forest management to mitigate risks
related to use of invasive alien trees in plantations. Wood is often the most important
product of plantations but non-timber forest products and the provision of ecosystem services also need to be considered in sustainable silvicultural systems. Long generation times
of forest trees and rotation cycles often preclude the rapid adoption of new management
regimes over large forested areas. Therefore, both the application of the suggested principles and the monitoring of the effects will need to be systematically phased in.
Alien tree invasions are currently more widespread outside Europe, especially in
the southern hemisphere. New insights on the factors that determine invasiveness and
on ways of managing tree invasions are emerging rapidly (Richardson et al. 2014).
Although socio-political factors in Europe demand unique approaches for dealing with
tree invasions, developments from elsewhere, especially regarding ways of dealing with
conflicts of interests and effective engagement with multiple stakeholders, provide
many useful lessons. For these reasons, and also because the role of “forestry in the
Anthropocene” in general is being actively debated (e.g. Lugo 2015), the Code will
need to be revised regularly.
Invasion biology is a complex multidisciplinary field and public and private plantations of alien trees are good places to conduct research on topics such as the spread,
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control, management and risks posed by invasive alien trees in collaboration with
national or local environment agencies, research centres and appropriate regional or
European bodies. Key priorities for further research to enhance our ability to manage
tree invasions more effectively include: (1) better understanding of the edaphic, climactic anthropogenic and biotic factors that cause some tree invasions to succeed and
others to fail; (2) improved schemes of risk assessment for alien trees (including transgenic trees) that could reliably take into account impacts on ecosystem services and
effect of climate change on the invasiveness of alien trees in different biogeographical
regions; (3) novel and improved methods for early detection & rapid response; (4)
tailored decision-support schemes, adaptive strategies and silvicultural systems for the
management of new and existing plantations with alien trees and for the restoration
of sites after a change of the land use and in degraded areas; (5) management strategies and tools for novel forest ecosystem dominated by alien species escaped from
cultivation (Lugo 2015); (6) how to better instigate behaviour change in owners and
stakeholders to enable and encourage a more co-operative approach to the management of planted forests and build consensus with the public on controversial methods
and species.
Plantations and restored forest ecosystems are a key strategy not only for tackling
climate change, biodiversity loss and desertification, but can also yield products and
services that support local people’s livelihoods (Chazdon 2008). At the 2104 UN Climate Summit, an unprecedented alliance of governments, companies, and civil society
issued the New York Declaration on Forests, which aims to restore 350 million hectares of deforested and degraded landscapes by 2030. This pledge complements and
extends the Bonn Challenge, an existing global effort to restore 150 million hectares by
2020, facilitating the implementation of several existing international commitments
that require restoration, including the CBD Aichi Target 15, the UNFCCC REDD+
goal and the Rio+20 land degradation target.
In the past, many restoration efforts have failed for a variety of reasons. Success in
restoration initiatives should not be reported and measured simply as number of trees
or hectares planted, as these measures do not necessarily imply long-term success and
the conservation or restoration of ecosystem services. Of course many factors can influence whether restoration initiatives will successfully achieve ecological and livelihoodrelated goals, starting with the right selection of species, provenances and genotypes.
Importantly, the 12th Conference of Parties to the CBD adopted a decision in October 2014 that urged parties “to give due attention to both native species and genetic diversity in conservation and restoration activities, while avoiding the introduction and
preventing the spread of invasive alien species (Decision XII/19, 17 October 2014).
We propose that the principles of the Code of Conduct on Planted Forest and Invasive Alien Trees could be considered as the foundation for a global strategy of planted
forest, forest management and restoration to mitigate the risks related to use of invasive alien trees in forestry. Dedicated research, innovative solutions and a bettercoordinated global approach are needed to face this challenge.

32

Giuseppe Brundu & David M. Richardson / NeoBiota 30: 5–47 (2016)

Acknowledgements
The authors gratefully acknowledge the many colleagues that have provided useful
information on invasive alien trees, national black lists, forestry management issues
and other topics during the preparation of the Code of Conduct of Planted Forest
and Invasive Alien Trees. In particular we thank Paulina Anastasiu, Trausti Baldursson,
Linda Berglund, Urszula Biereżnoj-Bazille, Etienne Branquart, Sarah Brunel, Ignazio
Camarda, Thomas Campagnaro, Paulo Carmo, María Amparo Carrillo-Gavilán, Catherine Collet, Alberto Del Lungo, Jana Durkošová, Pierre Ehret, René Eschen, Franz
Essl, Eladio Fernandez-Galiano, Astra Garkaje, Quentin Groom, Michel Hermeline,
Melanie Josefsson, Marion Karmann, Frank Krumm, François Lamarque, Myriam Legay, Merike Linnamagi, Cristina Máguas, Albert Maillet, Elizabete Marchante, Hélia
Marchante, Patrice Mengin-Lecreulx, Mariam Mironova, Andrei Orlinski, Gerardo
Sánchez Peña, Ewa Pisarczyk, Peter Roberntz, Helen Roy, Joaquim Sande Silva, Lisa
Schembri, Tommaso Sitzia, Wojciech Solarz, Øystein Størkersen, Rob Tanner, Teodora
Trichkova, Lucie Vitkova, Vladimir Vladimirov, Gian-Reto Walther and Pawel Wasowicz. We gratefully acknowlegde Jan Pergl and Petr Pyšek for their useful comments.
DMR acknowledges funding from the DST-NRF Centre of Excellence for Invasion Biology in South Africa and the National Research Foundation of South Africa
(grant 85417). The Code of Conduct on Planted Forest and Invasive Alien Trees is a
document prepared by G. Brundu and D.M. Richardson on behalf of the Bern Convention, Council of Europe.

References
Aarrestad PA, Myking T, Stabbetorp OE, Tollefsrud MM (2014) Foreign Norway spruce (Picea abies) provenances in Norway and effects on biodiversity. NINA Report 1075, 39 pp.
Adriaens T, Sutton-Croft M, Owen K, Brosens D, van Valkenburg J, Kilbey D, Groom Q, Ehmig
C, Thürkow F, Van Hende P, Schneider K (2015) Trying to engage the crowd in recording
invasive alien species in Europe: experiences from two smartphone applications in northwest
Europe. Management of Biological Invasions 6: 215–225. doi: 10.3391/mbi.2015.6.2.12
Aitken SN, Yeaman S, Holliday JA, Wang T, Curtis-McLane S (2008) Adaptation, migration
or extirpation: climate change outcomes for tree populations. Evolutionary Applications 1:
95–111. doi: 10.1111/j.1752-4571.2007.00013.x
Águas A, Ferreira A, Maia P, Fernandesa PM, Roxod L, Keizerc J, Silvaa JS, Regoa FC, Moreira
F (2014) Natural establishment of Eucalyptus globulus Labill. in burnt stands in Portugal.
Forest Ecology and Management 323: 47–56. doi: 10.1016/j.foreco.2014.03.012
Aguilera J, Nielsen KM, Sweet J (2013) Risk assessment of GM trees in the EU: current regulatory
framework and guidance. iForest 6: 127–131. doi: 10.3832/ifor0101-006
Alston KP, Richardson DM (2006) The roles of habitat features, disturbance, and distance
from putative source populations in structuring alien plant invasions at the urban/wildland

Planted forests and invasive alien trees in Europe: A Code for managing existing...

33

interface on the Cape Peninsula, South Africa. Biological Conservation 132: 183–198.
doi: 10.1016/j.biocon.2006.03.023
Andreu J, Vilà M, Hulme PE (2009) An assessment of stakeholder perceptions and management of noxious alien plants in Spain. Environmental Management 43: 1244–1255. doi:
10.1007/s00267-009-9280-1
Arévalo JR, Fernández-Palacios JM (2005) Gradient analysis of exotic Pinus radiata plantations
and potential restoration of natural vegetation in Tenerife, Canary Islands (Spain). Acta
Oecologica 27(1): 1–8. doi: 10.1016/j.actao.2004.08.003
Bernier P, Schoene D (2009) Adapting forests and their management to climate change: an
overview. Unasylva 60: 3–4.
Bonfils A-C (2006) Canada’s regulatory approach. In: Williams CG (Ed.) Landscapes,
genomics and transgenic conifers, Springer, Dordrecht, The Netherlands, 229–243. doi:
10.1007/1-4020-3869-0_13
Brockerhoff EG, Jactel H, Parrotta JA, Quine CP, Sayer J (2008) Plantation forests and biodiversity: oxymoron or opportunity? Biodiversity and Conservation 17: 925–951. doi:
10.1007/s10531-008-9380-x
Brown G, de Bie K, Weber D (2015) Identifying public land stakeholder perspectives for
implementing place-based land management. Landscape and Urban Planning 139: 1–15.
doi: 10.1016/j.landurbplan.2015.03.003
Brundu G, Richardson DM (2015) Code of Conduct on Plantation Forestry and Invasive Alien
Trees—First draft—T-PVS/Inf (2015) 1. Council of Europe, Strasbourg.
Brunner AM, Li J, Di Fazio SP, Shevchenko O, Montgomery BE, Mohamed R, Wei H, Ma C,
Elias AA, Van Wormer K, Strauss SH (2007) Genetic containment of forest plantations.
Tree Genetics & Genomes 3(2): 75–100. doi: 10.1007/s11295-006-0067-8
Calviño-Cancela M, Rubido-Bará M (2013) Invasive potential of Eucalyptus globulus: Seed
dispersal, seedling recruitment and survival in habitats surrounding plantations. Forest
Ecology and Management 305: 129–137. doi: 10.1016/j.foreco.2013.05.037
Canadell G, Raupach MR (2008) Managing forests for climate change mitigation. Science 320:
1456–1457. doi: 10.1126/science.1155458
Capdevila-Argüelles L, Zilletti B (2008) A perspective on climate change and invasive alien
species. T- PVS/Inf (2008) 5 rev. 2nd Meeting of the Group of Experts on Biodiversity
and Climate Change. Convention on the Conservation of European Wildlifevand Natural Habitats, Standing Committee, Strasbourg, 16 June 2008, 31 pp. doi: 10.1126/science.1155458
Caplat P, Hui C, Maxwell BD, Peltzer DA (2014) Cross-scale management strategies for optimal control of trees invading from source plantations. Biological Invasions 16: 677–690.
doi: 10.1007/s10530-013-0608-7
Carnus J-M, Parrotta J, Brockerhoff E, Arbez M, Jactel H, Kremer A, Lamb D, O’Hara K,
Walters B (2006) Planted forests and biodiversity. Journal of Forestry 104: 65–77.
Castro-Díez P, Valle G, González-Muñoz N, Alonso A (2014) Can the life-history strategy explain the success of the exotic trees Ailanthus altissima and Robinia pseudoacacia in Iberian
floodplain forests? PLoS ONE 9(6). doi: 10.1371/journal.pone.0100254

34

Giuseppe Brundu & David M. Richardson / NeoBiota 30: 5–47 (2016)

Catry FX, Moreira F, Deus E, Silva JS, Águas A (2015) Assessing the extent and the environmental drivers of Eucalyptus globulus wildling establishment in Portugal: results from a countrywide survey. Biological Invasions 17: 3163–3181. doi: 10.1007/s10530-015-0943-y
Chadzon RL (2008) Beyond deforestation: Restoring forests and ecosystem services on degraded
lands. Science 320: 1458–1460. doi: 10.1126/science.1155365
Christen B, Dalgaard T (2012) Buffers for biomass production in temperate European agriculture: A review and synthesis on function, ecosystem services and implementation. Biomass
and Bioenergy 55: 53–67. doi: 10.1016/j.biombioe.2012.09.053
Ciccarese L, Pellegrino P, Silli V, Zanchi G (2014) Short rotation forestry and methods for
carbon accounting. A case study of black locust (Robinia pseudoacacia L.) plantation in
central Italy. Rapporti 200/2014, ISPRA – Istituto Superiore per la Protezione e la Ricerca
Ambientale, Roma, 49 pp.
Courbet F, Lagacherie M, Marty P, Ladier J, Ripert C, Riou-Nivert P, Huard F, Amandier L,
Paillassa É (2012) Le cèdre en France face au changement climatique: bilan et recommandations, 32 pp. http://prodinra.inra.fr/record/179283
D’Antonio C, Meyerson LA (2002) Exotic plant species as problems and solutions in ecological restoration: a synthesis. Restoration Ecology 10: 703–713. doi: 10.1046/j.1526100X.2002.01051.x
Deniz T, Yildirim HT (2014) Institutional and political assessment of forest plantations in
Turkey. International Forestry Review 16: 199–204. doi: 10.1505/146554814811724847
Despain DG (2001) Dispersal ecology of lodgepole pine (Pinus contorta Dougl.) in its native
environment as related to Swedish forestry. Forest Ecology and Management 141: 59–68.
doi: 10.1016/S0378-1127(00)00489-8
Di Fazio SP, Leonardi S, Slavov GT, Garman SL, Adams WT, Strauss SH (2012) Gene flow
and simulation of transgene dispersal from hybrid poplar plantations. New Phytologist
193: 903–915. doi: 10.1111/j.1469-8137.2011.04012.x
Diaz S, Hector A, Wardle DA (2009) Biodiversity in forest carbon sequestration initiatives:
not just a side benefit, Current Opinion in Environmental Sustainability 1: 55–60. doi:
10.1016/j.cosust.2009.08.001
Dickie IA, Bennett BM, Burrows LE, Nuñez MA, Peltzer DA, Porté A, Richardson DM, Rejmánek
M, Rundel PW, van Wilgen BW (2014) Conflicting values: ecosystem services and invasive
tree management. Biological Invasions 16: 705–719. doi: 10.1007/s10530-013-0609-6
Dodet M, Collet C (2012) When should exotic forest plantation tree species be considered as
an invasive threat and how should we treat them? Biological Invasions 14: 1765–1778.
doi: 10.1007/s10530-012-0202-4
Donaldson JE, Hui C, Richardson DM, Wilson JRU, Robertson MP, Webber BL (2014)
Invasion trajectory of alien trees: the role of introduction pathway and planting history.
Global Change Biology 20: 1527–1537. doi: 10.1111/gcb.12486
Ducci (2014) Species restoration through dynamic ex situ conservation: Abies nebrodensis as a
model. In: Bozzano M, Jalonen R, Thomas E, Boshier D, Gallo L, Cavers S, Bordács S, Smith
P, Loo J (Eds) The State of the World’s Forest Genetic Resources – Thematic Study. Genetic
considerations in ecosystem restoration using native tree species, FAO, Rome, 225–233.

Planted forests and invasive alien trees in Europe: A Code for managing existing...

35

Eggleton M, Zegada-Lizarazu W, Ephrath J, Berliner P (2007) The effect of brackish water
irrigation on the above- and below-ground development of pollarded Acacia saligna shrubs
in an arid environment. Plant Soil 299: 141–152. doi: 10.1007/s11104-007-9371-9
Eichhorn MP, Paris P, Herzog F, Incoll LD, Liagre F, Mantzanas K, Mayus M, Moreno G,
Papanastasis VP, Pilbeam DJ, Pisanelli A, Dupraz C (2006) Silvoarable systems in Europe - past, present and future prospects. Agroforestry Systems 67: 29–50. doi: 10.1007/
s10457-005-1111-7
Engelmark O, Sjöbergb K, Andersson B, Rosvall O, Ågrend GO, Baker WL, Barklund P,
Björkman C, Don G. Despainf, Elfving B, Ennos RA, Karlman M, Knecht MF, Knight DH,
Ledgard NJ, Lindelöw Å, Nilsson C, Peterken GF, Sörlin S, Sykes MT (2001) Ecological
effects and management aspects of an exotic tree species: the case of lodgepole pine in Sweden.
Forest Ecology and Management 141: 3–13. doi: 10.1016/S0378-1127(00)00498-9
EPPO (2009) PP 1/141(3): Weeds in tree and shrub nurseries. EPPO Bulletin 39(3): 246–249.
doi: 10.1111/j.1365-2338.2009.02300.x
Erfmeier A, Böhnke M, Bruelheide H (2011) Secondary invasion of Acer negundo: the role
of phenotypic responses versus local adaptation. Biological Invasions 13: 1599–1614. doi:
10.1007/s10530-010-9917-2
Essl F, Nehring S, Klingenstein F, Milasowszky N, Nowack C, Rabitsch W (2011) Review
of risk assessment systems of IAS in Europe and introducing the German-Austrian Black
List Information System (GABLIS). Journal for Nature Conservation 19: 339–350. doi:
10.1016/j.jnc.2011.08.005
Etienne M (2000) Pine agroforestry in the West Mediterranean Basin. In: Ne’eman G, Trabaud
L (Eds) Ecology, biogeography and management of Pinus halepensis and P. brutia forest
ecosystems in the Mediterranean Basin. Backhuys Publishers, Leiden, The Netherlands,
355–368.
European Environment Agency (2008) European Forests – Ecosystem Conditions and Sustainable Use. EEA Report number 3/2008, EEA, Copenhagen.
Evans J (1980) Prospects for eucalypts as forest trees in Great Britain. Forestry 53: 129–43. doi:
10.1093/forestry/53.2.129
Evans J (2009a) The Multiple Roles of Planted Forests. In: Evans J (Ed.) Planted forests: uses, impacts, and sustainability. CAB International and FAO, 61–90. doi:
10.1079/9781845935641.0061
Evans J (2009b) Sustainable Silviculture and Management. In: Evans J (Ed.) Planted forests: uses, impacts, and sustainability. CAB International and FAO, 113–140. doi:
10.1079/9781845935641.0113
Faasch RJ, Patenaude G (2012) The economics of short rotation coppice in Germany. Biomass
and Bioenergy 45: 27–40. doi: 10.1016/j.biombioe.2012.04.012
FAO (2006) Responsible management of planted forests: voluntary guidelines. Planted Forests
and Trees Working Paper 37/E, Food and Agriculture Organization of the United Nations, Rome, Italy, 73 pp. http://www.fao.org/forestry/site/10368/en
FAO (2010a) Global Forest Resources Assessment 2010. Main Report. FAO Forestry Paper
163. Food and Agriculture Organization of the United Nations, Rome, Italy, 340 pp.

36

Giuseppe Brundu & David M. Richardson / NeoBiota 30: 5–47 (2016)

FAO (2010b) Fighting sand encroachment - Lessons from Mauritania. FAO Forestry Paper
158, Food and Agriculture Organization of the United Nations, Rome, Italy, 74 pp.
FAO (2010c) Planted forests in sustainable forest management. A statement of principles.
Food and Agriculture Organization of the United Nations, Rome, Italy, 16 pp. http://
www.fao.org/docrep/012/al248e/al248e00.pdf
FAO (2010d) Forests and genetically modified trees. Food and Agriculture Organization of the
United Nations, Rome, Italy, 235 pp. http://www.fao.org/docrep/013/i1699e/i1699e.pdf
FAO (2011) Guide to implementation of phytosanitary standards in forestry. FAO Forestry
Paper 164, Food and Agriculture Organization of the United Nations, Rome, Italy, 101 pp.
FAO (2013) Advancing Agroforestry on the Policy Agenda: A guide for decision-makers, by G.
Buttoud, in collaboration with O. Ajayi, G. Detlefsen, F. Place & E. Torquebiau. Agroforestry Working Paper no. 1. Food and Agriculture Organization of the United Nations.
FAO, Rome, Italy, 37 pp.
FAO (2015a) Global Forest Resources Assessment 2015. Desk reference. Food and Agriculture
Organization of the United Nations, Rome, Italy, 244 pp.
FAO (2015b) Global Forest Resources Assessment 2015. How are the world’s forests changing?
Food and Agriculture Organization of the United Nations, Rome, Italy, 47 pp.
Faulkner KT, Robertson MP, Rouget M, Wilson JRU (2014) A simple, rapid methodology
for developing invasive species watch lists. Biological Conservation 179: 25–32. doi:
10.1016/j.biocon.2014.08.014
Felton A, Boberg J, Björkman C, Widenfalk O (2013) Identifying and managing the ecological
risks of using introduced tree species in Sweden’s production forestry. Forest Ecology and
Management 307: 165–177. doi: 10.1016/j.foreco.2013.06.059
Finch O-D, Szumelda A (2007) Introduction of Douglas fir (Pseudotsuga menziesii (Mirb.)
Franco) into Western Europe: Epigaeic arthropods in intermediate-aged pure stands in
northwestern Germany. Forest Ecology and Management 242: 260–272. doi: 10.1016/j.
foreco.2007.01.039
Finnoff D, Shogren J, Leung B, Lodge D (2007) Take a risk: preferring prevention over
control biological invaders. Ecological Economics 62: 216–222. doi: 10.1016/j.
ecolecon.2006.03.025
Forest Europe (2011) State of Europe’s Forests 2011. Status and Trends in Sustainable Forest
Management in Europe. Ministerial Conference on the Protection of Forests in Europe,
Forest Europe Liaison Unit Oslo, 337 pp.
Forest Europe (2015) State of Europe’s Forests 2015, Forest Europe Liaison Unit Madrid, 312 pp.
Framstad E (Ed.) (2009) Increased biomass harvesting for bioenergy - effects on biodiversity,
landscape amenities and cultural heritage values. TemaNord 2009: 591, Nordic Council
of Ministers, Copenhagen. www.norden.org/publications
Frankenhuyzen K von, Beardmore T (2004) Current status and environmental impact of transgenic trees. Canadian Journal of Forest Research 34: 1163–1180. doi: 10.1139/x04-024
Froude VA (2011) Wilding Conifers in New Zealand: Beyond the status report. Report prepared
for the Ministry of Agriculture and Forestry. Pacific Eco-Logic, Bay of Islands, 44 pp.
Gederaas L, Moen TL, Skjelseth S, Larsen L-K (Eds) (2012) Alien species in Norway – with the
Norwegian Black List 2012. The Norwegian Biodiversity Information Centre, Norway, 212 pp.

Planted forests and invasive alien trees in Europe: A Code for managing existing...

37

Genovesi P, Shine C (2004) European strategy on invasive alien species. Convention on the
Conservation of European Wildlife and Habitats (Bern Convention). Nature and environment, No. 137, Council of Europe Publishing, Strasbourg, 67 pp.
Genovesi P (2011) European biofuel policies may increase biological invasions: the risk of
inertia. Current Opinion in Environmental Sustainability 3: 66–70. doi: 10.1016/j.cosust.2010.12.001
Gill AM (1997) Eucalypts and fires: interdependent or independent? In: Williams JE, Woinarski JCZ (Eds) Eucalypt Ecology: Individuals to Ecosystems. Cambridge University Press,
Cambridge, 151–167.
González-García S, Gasol CM, Moreira MT, Gabarrell X, Rieradevall i Pons J, Feijoo G (2011)
Environmental assessment of black locust (Robinia pseudoacacia L.)-based ethanol as potential transport fuel. The International Journal of Life Cycle Assessment 16: 465–477.
doi: 10.1007/s11367-011-0272-z
González-Muñoz N, Costa-Tenorio M, Espigares T (2011) Invasion of alien Acacia dealbata
on Spanish Quercus robur forests: Impact on soils and vegetation. Forest Ecology and Management 269: 214–221. doi: 10.1016/j.foreco.2011.12.026
González-Muñoz N, Linares JC, Castro-Díez C, Sass-Klaassen U (2014) Predicting climate
change impacts on native and invasive tree species using radial growth and twenty-first
century climate scenarios. European Journal of Forest Research 133: 1073–1086. doi:
10.1007/s10342-014-0823-5
Gordon DR, Tancig KJ, Onderdonk DA, Gantz CA (2011) Assessing the invasive potential of
biofuel species proposed for Florida and the United States using the Australian Weed Risk
Assessment. Biomass Bioenerg 35: 74–79. doi: 10.1016/j.biombioe.2010.08.029
Gordon DR, Flory SL, Cooper AL, Morris SK (2012) Assessing the invasion risk of Eucalyptus
in the Unites States using the Australian Weed Risk Assessment. International Journal of
Forestry Research, Article ID 203768. doi: 10.1155/2012/203768
Grattapaglia D, Kirst M (2008) Eucalyptus applied genomics: from gene sequences to breeding
tools. New Phytologist 179: 911–929. doi: 10.1111/j.1469-8137.2008.02503.x
Grünewald H, Böhm C, Quinkenstein A, Grundmann P, Eberts J, von Wühlisch G (2009)
Robinia pseudoacacia L.: a lesser known tree species for biomass production. BioEnergy
Research 2: 123–133. doi: 10.1007/s12155-009-9038-x
Gunnarsson KS, Eysteinsson T, Curl SL, Thorfinnsson T (2005) Iceland. Acta Silv. Lign.
Hung. Special Edition, 335–346. http://aslh.nyme.hu/fileadmin/dokumentumok/fmk/
acta_silvatica/cikkek/VolE1-2005/iceland.pdf
Häggman H, Raybould A, Borem A, Fox T, Handley L, Hertzberg M, Lu M-Z, Macdonald P,
Oguchi T, Pasquali G, Pearson L, Peter G, Quemada H, Séguin A, Tattersall K, Ulian E,
Walter C, McLean M (2013) Genetically engineered trees for plantation forests: key considerations for environmental risk assessment. Plant Biotechnology Journal 11: 785–98.
doi: 10.1111/pbi.12100
Halford M, Heemers L, van Wesemael D, Mathys C, Wallens S, Branquart E, Vanderhoeven
S, Monty A, Mahy G (2014) The voluntary Code of Conduct on invasive alien plants in
Belgium: results and lessons learned from the AlterIAS LIFE+ project. EPPO Bulletin 44:
212–222. doi: 10.1111/epp.12111

38

Giuseppe Brundu & David M. Richardson / NeoBiota 30: 5–47 (2016)

Haysom KA, Murphy ST (2003) The status of invasiveness of forest tree species outside their
natural habitat: a global review and discussion paper. Forest Health and Biosecurity Working Paper FBS/3E. Forestry Department. FAO, Rome. [unpublished] http://www.fao.org/
docrep/006/J1583E/J1583E00.HTM
Hardcastle PD (2006) A Review of the Impacts of Short-rotation Forestry. LTS International.
Short Rotation Coppice Willow, Best Practice Guidelines (Ireland).
Heller NE, Zavaleta ES (2009) Biodiversity management in the face of climate change: A review of 22 years of recommendations. Biological Conservation 142: 14–32. doi: 10.1016/j.
biocon.2008.10.006
Hemström K, Mahapatra K, Gustavsson L (2014) Public Perceptions and acceptance of intensive forestry in Sweden. Ambio 43: 196–206. doi: 10.1007/s13280-013-0411-9
Heywood VH, Brunel S (2009) Code of Conduct on Horticulture and Invasive Alien Plants.
Nature and Environment No. 155. Strasbourg, Council of Europe Publishing.
Heywood VH, Brunel S (2011) Code of Conduct on Horticulture and Invasive Alien Plants.
Illustrated version. Nature and Environment No. 162. Strasbourg, Council of Europe
Publishing.
Heywood VH, Sharrock S (2013) European Code of Conduct for Botanic Gardens on Invasive Alien Species. Council of Europe, Strasbourg, Botanic Gardens Conservation International, Richmond, 61 pp.
Hickey GM, Innes JL, Kozak RA, Bull GQ, Vertinsky I (2006) Monitoring and information
reporting for sustainable forest management: An inter-jurisdictional comparison of soft law
standards. Forest Policy and Economics 9: 297–315. doi: 10.1016/j.forpol.2005.09.001
Higgins SI, Richardson DM (1999) Predicting plant migration rates in a changing world: the
role of long-distance dispersal. American Naturalist 153: 464–475. doi: 10.1086/303193
Hinchee M, Zhang C, Chang S, Cunningham M, Hammond W, Nehra N (2011) Biotech Eucalyptus can sustainably address society’s need for wood: the example of freeze tolerant Eucalyptus in the southeastern US. BMC Proc 5(Suppl. 7): 124. doi: 10.1186/1753-6561-5-s7-i24
Hughes FMR (Ed.) (2003) The Flooded Forest: Guidance for policy makers and river managers in Europe on the restoration of floodplain forests. FLOBAR2, Department of Geography, University of Cambridge, 96 pp.
Iverson LR, Prasad AM, Matthews SN, Peters M (2008) Estimating potential habitat for 134
eastern US tree species under six climate scenarios. Forest Ecology and Management 254:
390–406. doi: 10.1016/j.foreco.2007.07.023
Jackson RB, Jobbágy EG, Avissar R, Baidya Roy S, Barrett DJ, Cook CW, Farley KA, le Maitre
DC, McCarl BA, Murray BC (2005) Trading water for carbon with biological carbon
sequestration. Science 310: 1944–1947.
Jama B, Zeila A (2005) Agroforestry in the drylands of eastern Africa: a call to action. ICRAF Working
Paper no. 1. Nairobi: World Agroforestry Centre, 29 pp. doi: 10.1126/science.1119282
Jansson S, Douglas CJ (2007) Populus: A model system for plant biology. Annual Review of
Plant Biology 58: 435–458. doi: 10.1146/annurev.arplant.58.032806.103956
Jeschke JM, Bacher S, Blackburn TM, Dick JTA, Essl F, Evans T, Gaertner M, Hulme PE,
Kühn I, Mrugała A, Pergl J, Pyšek P, Rabitsch W, Ricciardi A, Richardson DM, Sendek

Planted forests and invasive alien trees in Europe: A Code for managing existing...

39

A, Vilà M, Winter M, Kumschick S (2014) Defining the impact of non-native species.
Conservation Biology 28: 1188–1194. doi: 10.1111/cobi.12299
Jeschke JM, Keesing F, Ostfeld RS (2013) Novel organisms: comparing invasive species,
GMOs, and emerging pathogens. Ambio 42: 541–548. doi: 10.1007/s13280-013-0387-5
Kaplan H, van Niekerk A, Le Roux JJ, Richardson DM, Wilson JRU (2014) Incorporating risk
mapping at multiple spatial scales into eradication management plans. Biological Invasions
16: 691–703 doi: 10.1007/s10530-013-0611-z
Karlman M (2001) Risks associated with the introduction of Pinus contorta in northern
Sweden with respect to pathogens. Forest Ecology and Management 141: 97–105. doi:
10.1016/S0378-1127(00)00492-8
Karp A, Shield I (2008) Bioenergy from plants and the sustainable yield challenge. New Phytologist 179: 15–32. doi: 10.1111/j.1469-8137.2008.02432.x
Karp A, Hanley SJ, Trybush SO, Macalpine W, Pei M, Shield I (2011) Genetic improvement
of willow for bioenergy and biofuels. Journal of Integrative Plant Biology 53: 151–165.
doi: 10.1111/j.1744-7909.2010.01015.x
Katsanevakis S, Genovesi P, Gaiji S, Nyegaard Hvid H, Roy H, Nunes AL, Sánchez Aguado F,
Bogucarskis K, Debusscher B, Deriu I, Harrower C, Josefsson M, Lucy FE, Marchini A,
Richards G, Trichkova T, Vanderhoeven S, Zenetos A, Cardoso AC (2013) Implementing
the European policies for alien species – networking, science, and partnership in a complex
environment. Management of Biological Invasions 4: 3–6. doi: 10.3391/mbi.2013.4.1.02
Kawaletz H, Mölder I, Zerbe S, Annighöfer P, Terwei A, Ammer C (2013) Exotic tree seedlings
are much more competitive than natives but show underyielding when growing together.
Journal of Plant Ecology 6(4): 305–315. doi: 10.1093/jpe/rts044
Keith AM, Rowe RL, Parmar K, Perks MP, Mackie E, Dondini M, McNamara NP (2015)
Implications of land-use change to Short Rotation Forestry in Great Britain for soil and
biomass carbon. GCB Bioenergy 7: 541–552. doi: 10.1111/gcbb.12168
Kellezi M, Stafasani M, Kortoci Y (2012) Evaluation of biomass supply chain from Robinia
pseudoacacia L. SRF plantations on abandoned lands. Journal of Life Sciences 6: 187–193.
Kjær ED, Lobo A, Myking T (2014) The role of exotic tree species in Nordic forestry. Scandinavian Journal of Forest Research 29: 323–332. doi: 10.1080/02827581.2014.926098
Kleinbauer I, Dullinger S, Peterseil J, Essl F (2010) Climate change might drive the invasive
tree Robinia pseudacacia into nature reserves and endangered habitats. Biological Conservation 143: 382–390. doi: 10.1016/j.biocon.2009.10.024
Knapic S, Pirralho M, Louzada JL, Pereira H (2014) Early assessment of density features for
19 Eucalyptus species using X-ray microdensitometry in a perspective of potential biomass
production. Wood Science and Technology 48: 37–49. doi: 10.1007/s00226-013-0579-y
Krivánek M, Pyšek P (2006) Predicting invasions by woody species in a temperate zone: a test
of three risk assessment schemes in the Czech Republic (Central Europe). Diversity and
Distributions 12: 319–327. doi: 10.1111/j.1366-9516.2006.00249.x
Kumschick S, Richardson DM (2013) Species-based risk assessments for biological invasions:
advances and challenges. Diversity and Distributions 19: 1095–1105. doi: 10.1111/
ddi.12110

40

Giuseppe Brundu & David M. Richardson / NeoBiota 30: 5–47 (2016)

Kuzovkina YA, Weih M, Romero MA, Charles J, Hurst S, McIvor I, Karp A, Trybush S,
Labrecque M, Teodorescu I et al. (2008) Salix: botany and global horticulture. Horticultural
Reviews 34: 448–490.
Lasén Díaz C (2010) The Bern Convention: 30 Years of Nature Conservation in Europe. Review
of European Community & International Environmental Law, RECIEL 19: 185–196. doi:
10.1111/j.1467-9388.2010.00676.x
Ledford H (2014) Brazil considers transgenic trees. Nature 512: 357. doi: 10.1038/512357a
Ledgard N (2002) The spread of Douglas-fir into native forest. New Zealand Journal of Forestry 47: 36–38.
Leslie AD, Mencuccini M, Perks M (2012) The potential for Eucalyptus as a wood fuel in the
UK. Applied Energy 89: 176–182. doi: 10.1016/j.apenergy.2011.07.037
Leung B, Roura-Pascual N, Bacher S, Heikkilä J, Brotons L, Burgman MA, Dehnen-Schmutz
K, Essl F, Hulme PE, Richardson DM, Sol D, Vilà M (2012) TEASIng apart alien species risk assessments: a framework for best practices. Ecology Letters 15: 1475–1493. doi:
10.1111/ele.12003
Leys AJ, Vanclay JK (2011) Stakeholder engagement in social learning to resolve controversies
over land-use change to plantation forestry. Regional Environmental Change 11: 175–190.
doi: 10.1007/s10113-010-0132-6
Li MS (2006) Ecological restoration of mineland with particular reference to the metalliferous
mine wasteland in China: a review of research and practice. Science of the Total Environment 357: 38–53. doi: 10.1016/j.scitotenv.2005.05.003
Lindenmayer DB, Hulvey KB, Hobbs RJ, Colyvan M, Felton A, Possingham H, Steffen W,
Wilson K, Youngentob K, Gibbons P (2012) Avoiding bio-perversity from carbon sequestration solutions. Conservation Letters 5: 28–36. doi: 10.1111/j.1755-263X.2011.00213.x
Lorentz KA, Minogue PJ (2015) Exotic Eucalyptus plantations in the southeastern US: risk
assessment, management and policy approaches. Biological Invasions 17: 1581–1593. doi:
10.1007/s10530-015-0844-0
Lowe S, Browne M, Boudjelas S (2000) 100 of the world’s worst invasive alien species. A selection from the global invasive species database. Invasive Species Specialist Group, Auckland,
New Zealand.
Lugo AE (1997) The apparent paradox of reestablishing species richness on degraded lands
with tree monocultures. Forestry Ecology and Management 99: 9–19. doi: 10.1016/
S0378-1127(97)00191-6
Lugo AE (2015) Forestry in the Anthropocene. Science 349: 771. doi: 10.1126/science.
aad2208
Mabey R (1996) Flora Britannica. Sinclair-Stevenson, London, 480 pp.
MacKenzie CP (2012) Lessons from Forestry for International Environmental Law. Review of European Community & International Environmental Law 21: 114–126. doi:
10.1111/j.1467-9388.2012.00751.x
Marchante E, Marchante H, Morais MC, Freitas H (2010) Combining methodologies to increase public awareness about invasive plants in Portugal. In: Brunel S, Uludag A, FernandezGaliano E, Brundu G (Eds) 2nd International Workshop on Invasive Plants in Mediterranean
Type Regions of the World, Trabzon, Turkey, 2–6 August 2010, 227–239.

Planted forests and invasive alien trees in Europe: A Code for managing existing...

41

Maringer J, Wohlgemuth T, Neff C, Boris Pezzatti G, Conedera M (2012) Post-fire spread of
alien plant species in a mixed broad-leaved forest of the Insubric region. Flora 207: 19–29.
doi: 10.1016/j.flora.2011.07.016
Martin MA, Martínez de Anguita P, Acosta M (2013) Analysis of the ‘‘European Charter on
General Principles for Protection of the Environment and Sustainable Development’’ The
Council of Europe Document CO-DBP (2003)2. Journal of Agricultural and Environmental Ethics 26: 1037–1050. doi: 10.1007/s10806-012-9427-6
Manusadžianas L, Darginavičienė J, Gylytė B, Jurkonienė S, Krevš A, Kučinskienė A,
Mačkinaitė R, Pakalnis R, Sadauskas K, Sendžikaitė J, Vitkus R (2014) Ecotoxicity effects
triggered in aquatic organisms by invasive Acer negundo and native Alnus glutinosa leaf
leachates obtained in the process of aerobic decomposition. Science of the Total Environment 496: 35–44. doi: 10.1016/j.scitotenv.2014.07.005
McKay H (Ed.) (2011) Short Rotation Forestry: review of growth and environmental impacts.
Forest Research Monograph, 2, Forest Research, Surrey, 212 pp.
McKenney DW, Pedlar JH, Rood RB, Price D (2011) Revisiting projected shifts in the climate envelopes of North American trees using updated general circulation models. Global
Change Biology 17: 2720–2730. doi: 10.1111/j.1365-2486.2011.02413.x
McNeely JA (Ed.) (2001) The Great Reshuffling: Human Dimensions of Invasive Alien Species. IUCN, Gland, Switzerland and Cambridge, 242 pp.
Meirmans PG, Lamothe M, Gros-Louis M-C, Khasa D, Périnet P, Bousquet J, Isabel N (2010)
Complex patterns of hybridization between exotic and native North American Poplar species. American Journal of Botany 97: 1688–1697. doi: 10.3732/ajb.0900271
MEPA (2002) Guidelines on Trees, Shrubs and Plants for Planting and Landscaping in the
Maltese Islands. Environmental Management Unit Planning Directorate, 63 pp. http://
www.mepa.org.mt/
Messines J (1952) Sand-dune fixation and afforestation in Libya. Unasylva 6(2): 51–58. http://
www.fao.org/docrep/x5363e/x5363e02.htm#sand%20dune%20fixation%20and%20afforestation%20in%20libya
Messinger J, Güney A, Zimmermann R, Ganser B, Bachmann M, Remmele S, Aas G (2015)
Cedrus libani: A promising tree species for Central European forestry facing climate change?
European Journal of Forest Research 134: 1005–1017. doi: 10.1007/s10342-015-0905-z
Meyerson LA, Mooney HA (2007) Invasive alien species in an era of globalization. Frontiers in Ecology
and the Environment 5: 199–208. doi: 10.1890/1540-9295(2007)5[199:IASIAE]2.0.CO;2
Milad M, Schaich H, Konold W (2013) How is adaptation to climate change reflected in current
practice of forest management and conservation? A case study from Germany. Biodiversity
and Conservation 22: 1181–1202. doi: 10.1007/s10531-012-0337-8
Moss T, Monstadt J (2008) Restoring floodplains in Europe. Policy context and project exeriences.
IWA Publishing, London, 355 pp.
Mwangi E, Swallow B (2005) Invasion of Prosopis juliflora and local livelihoods: Case study
from the lake Baringo area of Kenya. ICRAF Working Paper, no. 3. World Agroforestry
Centre, Nairobi, 66 pp.
Neary DG (2013) Best management practices for forest bioenergy programs. WIREs Energy
Environ 2: 614–632. doi: 10.1002/wene.77

42

Giuseppe Brundu & David M. Richardson / NeoBiota 30: 5–47 (2016)

Nocentini S (2010) Le specie forestali esotiche: la sperimentazione di Aldo Pavari e le prospettive
attuali. L’Italia Forestale e Montana / Italian Journal of Forest and Mountain Environments
65: 449–457. doi: 10.4129/IFM.2010.4.09
Notov AA, Vinogradova YuK, Mayorov SR (2011) On the problem of development and management of regional black books. Russian Journal of Biological Invasions 2: 35–45. doi:
10.1134/S2075111711010061
Pairon M, Petitpierre B, Campbell M, Guisan A, Broennimann O, Baret PV, Jacquemart A-L,
Besnard G (2010) Multiple introductions boosted genetic diversity in the invasive range of
black cherry (Prunus serotina; Rosaceae). Annals of Botany 105: 881–890. doi: 10.1093/
aob/mcq065
Payn T, Carnus J-M, Freer-Smith P, Kimberley M, Kollert W, Liu S, Orazio C, Rodriguez L,
Neves Silva L, Wingfield MJ (2015) Changes in planted forests and future global implications. Forest Ecology and Management 352: 57–67. doi: 10.1016/j.foreco.2015.06.021
Peltzer DA, Bellingham PJ, Dickie IA, Hulme PE (2015) Commercial forests: Native advantage.
Science 349: 1176. doi: 10.1126/science.349.6253.1176-a
Perrings C, Dehnen-Schmutz K, Touza J, Williamson M (2005) How to manage biological invasions under globalization. Trends in Ecology and Evolution 20: 212–215. doi:
10.1016/j.tree.2005.02.011
Peterken GF (2001) Ecological effects of introduced tree species in Britain. Forest Ecology and
Management 141: 31–42. doi: 10.1016/S0378-1127(00)00487-4
Pheloung PC, Williams PA, Halloy SR (1999) A weed risk assessment model for use as a biosecurity tool evaluating plant introductions. Journal of Environmental Management 57:
239–251. doi: 10.1006/jema.1999.0297
Radtke A, Ambra S, Zerbe S, Tonon G, Fontana V, Ammer C (2013) Traditional coppice
forest management drives the invasion of Ailanthus altissima and Robinia pseudoacacia
into deciduous forests. Forest Ecology and Management 291: 308–317. doi: 10.1016/j.
foreco.2012.11.022
Raslavičius L, Kučinskas V, Jasinskas A (2013) The prospects of energy forestry and agroresidues in the Lithuania’s domestic energy supply. Renewable and Sustainable Energy
Reviews 22: 419–431. doi: 10.1016/j.rser.2013.01.045
Rédei K (2002) Management of black Locust (Robinia pseudoacacia L.) stands in Hungary.
Journal of Forestry Research 13: 260–264. doi: 10.1007/BF02860087
Rédei K, Csiha I, Keserü Z (2011a) Balck locust (Robinia pseudoacacia L.) short-rotation crops
under marginal site conditions. Acta Silvatica & Lignaria Hungarica 7: 125–132.
Rédei K, Csiha I, Keserű Z, Végh AK, Győri J (2011b) The Silviculture of Black Locust (Robinia pseudoacacia L.) in Hungary: a Review. South-East European Forestry 2: 101–107.
doi: 10.15177/seefor.11-11
Reichard SH, Hamilton CW (1997) Predicting invasions of woody plants introduced into North
America. Conservation Biology 11: 193–203. doi: 10.1046/j.1523-1739.1997.95473.x
Rejmánek M, Richardson DM (2013) Trees and shrubs as invasive alien species - 2013 update
of the global database. Diversity and Distributions 19: 1093–1094. doi: 10.1111/ddi.12075
Rhymer JM, Simberloff D (1996) Extinction by hybridization and introgression. Annual Review
of Ecology and Systematics 27: 83–109. doi: 10.1146/annurev.ecolsys.27.1.83

Planted forests and invasive alien trees in Europe: A Code for managing existing...

43

Ricciardi A, Cohen J (2007) The invasiveness of an introduced species does not predict its impact.
Biological Invasions 9: 309–315. doi: 10.1007/s10530-006-9034-4
Richardson DM (1998) Forestry trees as invasive aliens. Conservation Biology 12: 18–26. doi:
10.1046/j.1523-1739.1998.96392.x
Richardson DM (2011) Forestry and Agroforestry. In: Simberloff D, Rejmánek M (Eds) Encyclopedia of Biological Invasions, University of California Press, Berkeley and Los Angeles,
241–248.
Richardson DM, Binggeli P, Schroth G (2004) Invasive agroforestry trees: problems and solutions. In: Schroth G, de Fonseca GAB, Harvey CA, Gascon C, Vasconcelos HL, Izac
A-MN (Eds) Agroforestry and Biodiversity Conservation in Tropical Landscapes. Island
Press, Washington, D.C., 371–396.
Richardson DM, Hui C, Nuñez MA, Pauchard A (2014) Tree invasions: patterns, processes,
challenges and opportunities. Biological Invasions 16: 473–481. doi: 10.1007/s10530013-0606-9
Richardson DM, Le Roux JJ, Wilson JRU (2015) Australian acacias as invasive species: Lessons
to be learnt from regions with long planting histories. Southern Forests 77: 31–39. doi:
10.2989/20702620.2014.999305
Richardson DM, Rejmánek M (2004) Conifers as invasive aliens: a global survey and predictive
framework. Diversity and Distributions 10: 321–331. doi: 10.1111/j.1366-9516.2004.00096.x
Richardson DM, Rejmánek M (2011) Trees and shrubs as invasive alien species - a global review. Diversity and Distributions 17: 788–809. doi: 10.1111/j.1472-4642.2011.00782.x
Romanyà J, Vallejo VR (2004) Productivity of Pinus radiata plantations in Spain in response
to climate and soil. Forest Ecology and Management 195: 177–189. doi: 10.1016/j.
foreco.2004.02.045
Rouget M, Robertson MP, Wilson JRU, Hui C, Essl F, Renteria JL, Richardson DM (2016)
Invasion debt–quantifying future biological invasions. Diversity and Distributions 22(4):
45–456. doi: 10.1111/ddi.12408
Roy H, Schonrogge K, Hannah D, Jodey P, Branquart E, Vanderhoeven S, Copp G, Stebbing
P, Kenis M, Rabitsch W, Essl F, Schindler S, Brunel S, Kettunen M, Mazza L, Nieto A,
Kemp J, Genovesi P, Scalera R, Stewart A (2014) Invasive alien species – framework for
the identification of invasive alien species of EU concern. Brussels, European Commission,
298 pp. [ENV.B.2/ETU/2013/0026]
Saccone P, Pagès J-P, Girel J, Brun J-J, Michalet R (2010) Acer negundo invasion along a successional gradient: early direct facilitation by native pioneers and late indirect facilitation
by conspecifics. New Phytologist 187: 831–842. doi: 10.1111/j.1469-8137.2010.03289.x
Sanz-Elorza M, Dana Sánchez ED, Sobrino Vespertinas E (2004) Atlas de plantas alóctonas invasoras en España. Ministerio de Medio Ambiente, Madrid. doi: 10.13140/2.1.2740.3849
Savill P, Evans J, Auclair D, Falck J (1997) Plantation Silviculture in Europe. Oxford University Press, Oxford, 297 pp.
Schreck Reis C, Marchante H, Freitas H, Marchante E (2011) Public Perception of Invasive Plant Species: Assessing the impact of workshop activities to promote young
students’ awareness. International Journal of Science Education 35: 690–712. doi:
10.1080/09500693.2011.610379

44

Giuseppe Brundu & David M. Richardson / NeoBiota 30: 5–47 (2016)

Schwartz MH, Hellmann JJ, McLachlan JM, Sax DF, Borevitz JO, Brennan J, Camacho AE, Ceballos G, Clark JR, Doremus H, Early R, Etterson JR, Fielder D, Gill JL, Gonzalez P, Green
N, Hannah L, Jamieson DW, Javeline D, Minteer BA, Odenbaugh J, Polasky S, Richardson
DM, Root TL, Safford HD, Sala O, Schneider SH, Thompson AR, Williams JW, Vellend
M, Vitt P, Zellmer S (2012) Integrating the scientific, regulatory and ethical challenges posed
by managed relocation. BioScience 62: 732–743. doi: 10.1525/bio.2012.62.8.6
Seo KW, Son Y, Rhoades CC, Noh NJ, Koo JW, Kim J-G (2008) Seedling Growth and Heavy
Metal Accumulation of Candidate Woody Species for Revegetating Korean Mine Spoils.
Restoration Ecology 16: 702–712. doi: 10.1111/j.1526-100X.2008.00485.x
Shackleton RT, Le Maitre DC, Pasiecznik NM, Richardson DM (2014) Prosopis: a global
assessment of the biogeography, benefits, impacts and management of one of the world’s
worst woody invasive plant taxa. AoB Plants 6: plu027. doi: 10.1093/aobpla/plu027
Shine C (2007) Invasive species in an international context: IPPC, CBD, European Strategy
on Invasive Alien Species and other legal instruments. EPPO Bulletin 37: 103–113. doi:
10.1111/j.1365-2338.2007.01087.x
Simberloff D (2006) Risk assessments, black lists, and white lists for introduced species: are predictions good enough to be useful? Agricultural and Resource Economics Review 35: 1–10.
Sitzia T, Campagnaro T, Kowarik I, Trentanovi G (2016) Using forest management to control
invasive alien species: helping implement the new European regulation on invasive alien
species. Biological Invasions 18(1): 1–7. doi: 10.1007/s10530-015-0999-8
Sladonja B, Sušek M, Guillermic J (2015) Review on invasive tree of Heaven (Ailanthus altissima
(Mill.) Swingle) conflicting values: assessment of its ecosystem services and potential biological threat. Environmental Management 56: 1009–1034. doi: 10.1007/s00267-015-0546-5
Smulders M, Beringen R, Volosyanchuk R, Vanden Broeck A, Schoot J, Arens PFP, Vosman
B (2008) Natural hybridisation between Populus nigra L. and P. × canadensis Moench. Hybrid offspring competes for niches along the Rhine river in the Netherlands. Tree Genetics
& Genomes 4: 663–675. doi: 10.1007/s11295-008-0141-5
Srivastava N (2011) Changing Dynamics of Forest Regulation: Coming Full Circle? Review of European Community & International Environmental Law 20: 113–122. doi:
10.1111/j.1467-9388.2011.00720.x
Sserwanga A, Harris JC, Kigozi R, Menon M, Bukirwa H, Gasasira A, Kakeeto S, Kizito F,
Quinto E, Rubahika D, Nasr S, Filler S, Kamya MR, Dorsey G (2011) Improved malaria
case management through the implementation of a health facility-based sentinel site surveillance system in Uganda. PLoS ONE 6: e16316. doi: 10.1371/journal.pone.0016316
Stanturf JA, Palik BJ, Dumroese RK (2014) Contemporary forest restoration: A review emphasizing function. Forest Ecology and Management 331: 292–323. doi: 10.1016/j.
foreco.2014.07.029
Starfinger U (1997) Introduction and naturalization of Prunus serotina in Central Europe. In:
Brock J, Wade M, Pysek P, Green D (Eds) Plant Invasions: Studies from North America
and Europe. Backhuys Publishers, Leiden, 161–171.
Starfinger U, Kowarik I, Rode M, Schepker H (2003) From desirable ornamental plant to
pest to accepted addition to the flora? – the perception of an alien tree species through the
centuries. Biological Invasions 5: 323–335. doi: 10.1023/B:BINV.0000005573.14800.07

Planted forests and invasive alien trees in Europe: A Code for managing existing...

45

Starfinger U (2010) NOBANIS – In vasive Alien Species Fact Sheet – Prunus serotina – From:
Online Database of the European Network on Invasive Alien Species – NOBANIS. http://
www.nobanis.org [accessed 30 August 2015]
Strassburg BBN, Kelly A, Balmford A, Davies RG, Gibbs HK, Lovett A, Miles L, Orme CDL,
Price J, Turner RK, Rodrigues ASL (2010) Global congruence of carbon storage and biodiversity in terrestrial ecosystems. Conservation Letters 3: 98–105. doi: 10.1111/j.1755263X.2009.00092.x
Strauss SH, Brunner AM, Busov VB, Ma CP, Meilan R (2004) Ten lessons from 15 years of
transgenic Populus research. Forestry 77: 455–465. doi: 10.1093/forestry/77.5.455
Strauss SH, Tan H, Boerjan W, Sedjo R (2009) Strangled at birth? Forest biotech and the
Convention on Biological Diversity. Nature Biotechnology 27: 519–527. doi: 10.1038/
nbt0609-519
Sturgess P, Atkinson D (1993) The clear-felling of sand-dune plantations: soil and vegetational
processes in habitat restoration. Biological Conservation 66: 171–183. doi: 10.1016/00063207(93)90003-J
Szitár K, Ónodi G, Somay L, Pándi I, Kucs P, Kröel-Dulay G (2014) Recovery of inland sand
dune grasslands following the removal of alien pine plantation. Biological Conservation
171: 52–60. doi: 10.1016/j.biocon.2014.01.021
Terpan F (2015) Soft Law in the European Union—The Changing Nature of EU Law. European Law Journal 21: 68–96. doi: 10.1111/eulj.12090
Thompson I, Mackey B, McNulty S, Mosseler A (2009) Forest Resilience, Biodiversity, and
Climate Change. A synthesis of the biodiversity/resilience/stability relationship in forest
ecosystems. Secretariat of the Convention on Biological Diversity, Montreal. Technical
Series no. 43, 67 pp.
Todorović S, Božić D, Simonović A, Filipović B, Dragićević M, Giba Z, Grubišić D (2010)
Interaction of fire-related cues in seed germination of the potentially invasive species
Paulownia tomentosa Steud. Plant Species Biology 25: 193–202. doi: 10.1111/j.14421984.2010.00293.x
Trinkaus P (1998) Short-rotation forestry: discussion of 10 Austrian principles from the viewpoint of preservation of environment and nature. Biomass and Bioenergy 15: 109–114.
doi: 10.1016/S0961-9534(98)00009-9
van Wilgen BW, Richardson DM, Seydack AHW (1994) Managing fynbos for biodiversity:
constraints and options in a fire-prone environment. South African Journal of Science 90:
322–329.
van Wilgen BW, Richardson DM (2012) Three centuries of managing introduced conifers in
South Africa: benefits, impacts, changing perceptions and conflict resolution. Journal of
Environmental Management 106: 56–68. doi: 10.1016/j.jenvman.2012.03.052
van Wilgen BW, Richardson DM (2014) Challenges and trade-offs in the management of
invasive alien trees. Biological Invasions 16: 721–734. doi: 10.1007/s10530-013-0615-8
Veldman JW, Overbeck GE, Negreiros D, Mahy G, Le Stradic S, Fernandes GW, Durigan
G, Buisson E, Putz FE, Bond WJ (2015) Where tree planting and forest expansion are
bad for biodiversity and ecosystem services. BioScience 65: 1011–1018. doi: 10.1093/
biosci/biv118

46

Giuseppe Brundu & David M. Richardson / NeoBiota 30: 5–47 (2016)

Vanhellemont M, Verheyen K, Staelens J, Hermy M (2010) Factors affecting radial growth of
the invasive Prunus serotina in pine plantations in Flanders. European Journal of Forest
Research 129: 367–375. doi: 10.1007/s10342-009-0342-y
Vettraino AM, Roques A, Yart A, Fan J-t, Sun H-h, Vannini A (2015) Sentinel trees as a tool
to forecast invasions of alien plant pathogens. PLoS ONE 10(3): e0120571. doi: 10.1371/
journal.pone.0120571
Visser V, Langdon B, Pauchard A, Richardson DM (2014) Unlocking the potential of Google Earth as a tool in invasion science. Biological Invasions 16: 513–534. doi: 10.1007/
s10530-013-0604-y
Weih M (Ed.) (2008) Short rotation forestry (SRF) on agricultural land and its possibilities for
sustainable energy supply. TemaNord 2008: 543, Nordic Council of Ministers, Copenhagen. http://www.norden.org/publications
Westbrooks R (2003) A National Early Detection and Rapid Response System for Invasive
Plants in the United States: Conceptual Design. Federal Interagency Committee for the
Management of Noxious and Exotic Weeds (FICMNEW).
Widrlechner MP, Thompson JR, Iles JKD, Dixon PM (2004) Models for predicting the risk
of naturalization of nonnative nonnative woody plants in Iowa. Journal of Environmental
Horticulture 22: 23–31.
Wilson JRU, Gairifo C, Gibson MR, Arianoutsou M, Bakar BB, Baret S, Celesti-Grapow L,
DiTomaso JM, Dufour-Dror J-M, Kueffer C, Kull CA, Hoffmann JH, Impson FAC,
Loope LL, Marchante E, Marchante H, Moore JL, Murphy DJ, Tassin J, Witt A, Zenni
RD, Richardson DM (2011) Risk assessment, eradication, and biological control: global
efforts to limit Australian acacia invasions. Diversity and Distributions 17: 1030–1046.
doi: 10.1111/j.1472-4642.2011.00815.x
Wilson JRU, Caplat P, Dickie IA, Hui C, Maxwell BD, Nuńez MA, Pauchard A, Rejmánek
M, Richardson DM, Robertson MP, Spear D, Webber BL, van Wilgen BW, Zenni RD
(2014) A standardized set of metrics to assess and monitor tree invasions. Biological Invasions 16: 535–551. doi: 10.1007/s10530-013-0605-x
Wilson JRU, Dormontt EE, Prentis PJ, Lowe AJ, Richardson DM (2009) Something in the
way you move: dispersal pathways affect invasion success. Trends in Ecology & Evolution
24: 136–144. doi: 10.1016/j.tree.2008.10.007
Wingfield MJ, Brockerhoff EG, Wingfield BD, Slippers B (2015) Planted forest health: The
need for a global strategy. Science 349: 832–836. doi: 10.1126/science.aac6674
Woziwoda B, Kopeć D, Witkowski J (2014) The negative impact of intentionally introduced
Quercus rubra L. on a forest community. Acta Societatis Botanicorum Poloniae 83: 39–
49. doi: 10.5586/asbp.2013.035
Zapponi L, Minari E, Longo L, Toni I, Mason F, Campanaro A (2014) The Habitat-Trees
experiment: using exotic tree species as new microhabitats for the native fauna. iForestBiogeosciences and Forestry 8: 464–470. doi: 10.3832/ifor1281-007

Planted forests and invasive alien trees in Europe: A Code for managing existing...

47

Supplementary material 1
Supplementary tables
Authors: Giuseppe Brundu, David M. Richardson
Data type: tables
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